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sequence that 17 péetse’('?é'é‘(g'ft"’@@'@/é’ Pfaﬁﬂ%%afnp?se}“’ac‘?f?@'ﬁ?g %tﬁeqﬁsﬁongﬁptf% Yicid
sequedte sdmgising am BHEQ dcl Sudrende thathiextddast Qomd®@@hblak5@@w chipaging acithuman
CTLA- 4; as@;#&cg BiRbwAtin 80 EOR013, aP{M’?ﬁﬁr{%‘r Ebtntdga?gmﬁd M@queg théxis at
COFYpI’I Ses, a a Lent. selL.ecte rrom n
of toniciP 3{’;? r‘f@gt‘caglﬁ F’f %'g ggamagmnoasﬁ;gj BESET %'Ow%er e| éq@u? nsth% ant
antlbody binds to human CTLA-4; and a chelating agent, wherein the chelating agent is selected
from the group consisting of ethylenediaminetetraacetic acid, diethylenetriamine pentaacetic acid
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The present invention also provides a conposition conprising at |east

one anti body conprising an am no acid sequence that is at |east 90%

| dent| cal i@@éychal n am no acid sequence sh%,tg}(}@ﬁ,@,.agp
and further conprising an amno acid sequence that Is at

40I east 90% i dentical to a light chain am no acid sequence shown in

SEQ 1D NEx mtﬁbtnmﬁé gdlcp Ntzhﬁeélﬁll dﬁléqg%od?éc@ﬁtsactdobag%ﬂﬁget%b{ ofbthev\'ﬂﬁi RiN: t he

conposSi tion conp e, trehal sﬁ r%sorlg r}\g EDTA.
The pres éeﬁfia‘-‘ﬁ‘ﬁﬁé’f% V%fﬁ déﬂ”%'l?"\f?fod?)iaa%?”%acﬁt&?r?ﬁ‘(‘j YR ag ﬁfﬂ‘ﬁ §|aﬁg t | east
one ant i haskyeoipiiosiacetc askd, diN-hiohgicixgtintygioade(trishydrodmethyimettdst 90%

i denti cal i VTN I id, def
2006/ 0963'5%%&1{%@%%8%?@%@%%%% efino} hon\é\eﬁu On’ZsaEg c:é;:a”::% and
further @@fﬁ’ﬁ?‘ﬁ"’é"%@eﬁﬁtea?l???ﬁf’sﬁﬁ'l tﬁﬁ%ﬂ'&f’@ aip» gl calclm sy,

i dentibcalsoditn edetditay rcrtsomm:eqretaenpmassam efletsisg tiin 8ed, Sprbyom ciirgle, Splydrass fie 4,

wherein Lhe t%ek.hnaﬁafe Qw&#ae tni&mhé!ﬁﬁ&é‘ séelUnfdeboxydhrite€ iafd inixRires GBS L1 ON

conpri ses hi s ine, . tre o n the
conposi tion hig e oS5y 'f"feB{Eﬁ 5%8 & SOQI?O% Q%‘ o é@;;@%#?érﬁone%%‘ay

i nvent i omorairisivg pr avind ecid seaseiep Bl ie ﬁ*d?ﬁSbQﬂ’Yp'ﬂ?fﬁ'F%’ %*Eea}’!é*‘é'é"f‘ agyne acid -
ant i body sé@ﬁﬁ’d@%ﬁbxﬁi AGEQND Ak A@nafitier SEARIBIG &n arhiab adidsaatierice thatis 80%

Iaﬁgn}‘lla(r:?:l' g%t%g%a lden?ca)( fo ahﬁht%h%rﬂﬂo Qlﬁd Qeqﬁ&gé' S |rﬁ§am N@ 485@*"\13 PBlo 2,

guence that Is I SEIIBT%O%
i denti calaﬂmmdhb'mqsé%l‘u%ﬁﬁ'éﬂnﬂén‘iﬁq@ Ca?!f“d'g §%‘°cihé°ﬁ€’8’”§'??o%ﬁ’a N9 3%%’%'5
wher ei n t he amhé peshnt irvends 4o providasa Shipasidan camprisirigrt leérs onsoantiensli t | on
conpris e%{xﬂ bl'%}ﬂggh Eﬁmotaéﬁ Q@c{u%@ thaP@ kSQE Qf% ﬁenﬁ@ai Whe‘f:a hainiifiiotlcia t he

concentra giyg en a ceH'latl??t

The pr esSRIVENTRABAYR BrPES [Q('J“Op?d\? WEET&WBE’JI?BSSP #78R a%%sﬁ%'r” TEr NG at | east
one a0t i baeysoetica torgightrehainemivo agid shavengeelmvs in HER 10 MO wheteiztheg 0o

| dent i Calanﬁﬁad@mn&%wnmm R hBIEHE a§8 UG THecoRTPAYMY d BUHGEQ | D NO. -

2, and urt he sin am n st 90‘V :
Zenn " oo AR e 5 R BRERSR bl oS 0%
wher ei n tdqep@@mwﬁmﬁld)ﬁﬂléﬁ?ﬂﬂ*gnf{ed“%ﬁ@ﬁﬂﬂamwd&“t'cﬂﬁé? BgaY ¢ aé'd?ﬂf’d?l ti on
conpr i seselichiéd ok in SECEDAl2Eand fpRbreempisaipen 8Minandd Ealdgcetineis et n t he

conc e;‘@t rqlds F oS 1der*} Eﬁtctid egﬁgﬂ?chaﬁ aﬂPxB l.'i\'E‘.ld g&;u@ﬂ\& shown in SEQ Td‘ﬁon{ SR&8h the

i nvention a on g%r# 'ﬁ“ﬁngi a%g Wg“d the
ant i body %‘?ﬁav P@M@ h%ﬂfh@ﬁ%cf* aftq %chg'ém?éﬁ PSRt “H’“%l‘ﬁgﬁ‘ &% B
i dent i calbutfer iBselte®d yrom i gnoup wbnsEtingDd doetale) servinetesdivwanal, sireBigtigine - 2,

and further,ca Ho]sf"dhlaﬂe @%sﬂ’m{%lda&lcgrb&@qm%mﬁhﬁélelé Scidlblydid, raate, 90%
identical to a t.

nce NO. 4,
wher ei n t'R&C 37 BBORF 3 HB“E’F?T ﬁ’% %ﬁﬁ% VA J]QUCC'P]ﬁgc"?%%'%nEl tion
conpr30s esbehzestel, binaeic atid, ahiadreisesdelsis) w%maletesm@ﬁde isTRos #% the
concent r ghirs flerddp! ysorbate 80 is between about 0.01 mg/nm to about
10 ng/m . The present .in ent| on t )
conprising at -H' RISESTS TN PEDRY ‘ﬁr%gg C%ﬁr)ol\élggﬁ& nggﬁ%&a’g?gm[bmmence
that is aqom;)éars;tangm%q agisrequente tha ispt l?é‘é\??""dq?a?‘ﬁ' 9 ANRRYY SainPra

shown i n QEERMOAKN iPSE@MING:2; arlvdirthectopprisigey aarnoaidsequeatedhat 5q?¢|ence
t hat !3? alt | S?’/S dﬁ%%ézd g% V\#E btﬁiﬁl anﬁrﬁeaald sécﬂ%ﬁcﬁc‘sﬂé\bﬂn @Ebri@ N@Ch WheRmURNCe

shown
wher ei n t ﬁé‘b‘lf’dﬁﬁ'é%'i"tm@ﬁ” @B‘rﬁp‘? pRdR chefaiing @Fﬁtef“mfef 8‘?1%9”8@%3 g%f )‘%8? EAq
80 and EDJuffer sthrprieis mistidvee. concentrati on of pol ysorbate 80 ts about 0.2

mg/m . 3.5 TheT!‘Br ?e%@ﬁtmvbﬁ%ﬁ QIE& %Vl@és%(?:orﬁﬁ&\ﬁbﬁj@&mﬁlsﬁ@m%! dnb@ﬁlsbody
conpri sing at

st _one_an ng_ac e
that is afCmMAEERgargHong %ﬁeﬂ‘t&&?e% n%@ﬂwpgqfﬁf"%ﬁgﬁlhﬁ%w ?wdg'ﬁlgggtgoﬁce
shown4g n SE@rcDsiNGN I2SEQ@ HUND12, adartreoropiprigngrn amncavidseauensathdiégfience
that is a aét@@%%lideﬁ&ﬁ’tbg v%ﬁ (ol arﬁu% Ridl sbglRhcCdhghmMindEQND I\ﬂl?ﬂdul’&&ﬁmﬁé’lce

\?\/ﬂhg\rM;I Innt ﬂ'@'bﬁ@ §f°t']”8'ﬁ (‘Fb? |a§é§ o 32'%’3? %ﬁ%ﬁ%m% éjﬁmér%mgH%pg Vs o %’at e

histidine comprises L-histidine or D- hlstldlne



The present invention also provides a conposition conprising at |east
one anti body wherein the anti body conprises a heavy chain amno acid
sequence CQPHbiopHISEQ ID NO 2 40 and a light chain apgmgs086didd7sss
sequence conprising SEQ ID NO 4, wherein the antibody binds to human
CTLA-4; and a chelating agent, and the antibody is stable at a

tenmpegature Ofrhe qgs%bt |§v%nltowajs§gvrolvﬁé§§ dﬂ-@gé{ﬁon%@nﬁ\%ﬁbﬁﬂeaﬁ one anﬂ-tﬂﬁy

prese t inventi risi

S| one
ant i body consisiag an emigo arnti sesHRRpe HGhpAS '%&9% ‘H@Eﬁaﬁ AR & r"i‘ES"“&é’ §
sequence se@mdeisibwgn SEQID ROND an@fuftter cONDr2D0 61 8964 edPETIWS2 18U 807555

V\,ﬁ gt’jelanl 'tk%&teo@ h%&éﬁf@ﬂﬁfgf@ﬁétg arﬁ'ﬁ u&a@gﬂ{o‘wﬁ ingESIoAd: 2, Medreidihe

a chel a
And the ATHEPBOURFS N EiaRis LA 2 Seripp ap R ceRati s R AdERle o,
about1026 hisedescompiees pihesgdimt. | nventi on-al so provi des a conposition
conpri sing at Th@ﬁé&nﬁ%nﬁdﬁ%é&%ﬁ(udesacomﬂ&ﬂﬂﬂ’n@oﬂpﬁé}@ aladst bechntica@igpr i ses

a heavy chai n_am no, aci a

i aht | hePHPRiEe b AR G STUEE Bo s AL P PR g R e B, |
ant i body. shiusdes showhin PER !Q’NQAZZBHG maers;orépr@maﬁn Agna geis peauencq theHg at -
ant i body et @B/ﬁbérﬁcaafo AightORRR bAY B8 Squatee YiowhCSED D MWD: 4, Bbestin tleout

26 weg r?at'b&f‘y?@dig? h aé'lsc,elnL%\ 4b§1(51eanctha5!8 aalsqérﬁ v@\'é% tq@&nﬁoﬁmélﬁé en

corrpr1i nﬁé am no acl d sequence
that is ebndeatsiien Q@%qod'éﬁtai’%*&gf“t"bab& hﬂ?}?b@’r‘iﬁ?%"%{m no acid 15sequence
shown in SEQ ik MekenRinventich distrdrdvizies & copositornpméarisivarst izestaus ahtisetyuence  ~ -

fs ngm' |S naéﬁiﬁ s Sahé%é b V\Eél:ﬁubﬁc%'the{%@ aﬂeéét 9&5‘% ;dem%hﬂio aﬁad%ﬂcmi %u&%@e nce

o CoanLiiDody, Bl nds L9 Dumon (CTLA 4
and- a chefeateneREhaNRIHSEIRAICE RrAng fHkth S’rFPF‘B apemip aBH UGN B | east
one cac! et ot% ieertical tp alivtit chhiawining acift seduenceshyyusn SEQIR NPHe whgrels &1t

I nventi o naggtj;o?l? biRGAY hilfsh ErAUTRRS éﬂe@fhg%siﬁrwrfetmw&onip@aﬁdn cosmeins a
ant i body

ris n ci g sequence that is at |east 90% .
i dent i cal S tﬁ%&@%ﬁ {naé’ﬁ’i?trgg §C| d sequence shown in SEQ |D NO 2,
and further cdippiesémgventiomalsqriovidep 8 caBRASEIPLEMPHERY 3t eastone @HBpdY9 s
i denti cal g rlﬁddn&hﬁno(‘abﬁlssqlﬁﬁ&diﬁht&@t Bas @0 eeotzath aweevy oheBEQindaddO. 4,

e Bl 0t D B gy s o

wher e 'S st g gast Sl X eggl % g\f reezing..
and t hawi la@tm%tdﬁréw@mw gelpRminpeed e%ea@é‘»ﬁ?“"i AFERLY DR 4E8 PR i des
a conposi &m,myemasptblhamagcm-:t enad4 cleintingaventbethyeic hepernpsiten fdihean no

acid Sequ@oﬂﬁ:ﬁsets ﬂf[aaét §neaéx0|E@ﬁ§Ele§Q1°/ﬂdrr¢tﬁ@5:'03@0n§l9(ln§Om agdhds, N am no

acid sequence shown in , and further conprising an am no
aci d sequiaganthang Ruffgss. Ieast 90% i deritical to a |ight chain anino
aci d sequence ﬁiecmvasemmvm BIED piOyides a opmpestiom canpsisiah et RFsiRRe BIRAY t o
human CTLc%nﬂx i d Wi Bdeh B cABAN at ie\éﬂ%%lldhnmew athbsvyehapasing add i s

stored 30 for a- erlo ut
40C, the EF@E‘?’E% g%(gk) 'gﬁqijaa renh\agfgolﬂ%’ﬁ %@'ﬁg;ﬁdggg{?ﬁ%gé%t@%r t he
conposi t i eastaprd I@ﬂtlcaﬁgﬂé@é?@'W'Wéﬁﬁ%ﬁ?epﬁ‘awn BSER 1P HO: &N EeHEP se
i denti cal 5EBHAYPHGE toHimaA CKLA, dhd @ ciedrgih@adenty waggeinthetchraposition Bitimared f or

gbgﬁil &)ggwgﬁggsuiieasﬁ t\%e&é Esé}ecttﬁ%%ﬁ\rtﬁé b c‘aﬂs@pﬁ’b’fttmﬁh@%gehﬁ at | east

sent |nv |on al so provides a conposi
conpri si ngUf@Ftamtéﬁ@ bigiges- antl body 35conprising an am no "aci d sequence
that is at |easfe FQ&%]ﬂud,el‘itoh(aBb plodides reawpysitioh apmprising Adeastong agkngdence

shown in ?ET%“S. : !,\%E.ﬁ %@ﬂ% .t 8fis &QéHé{ do%d ﬂ&wt.@entoaemea@ caguh dmmeauence

that is a i n nce

Shown | n_ SEGEIBSREY 1 SEQHSNG; 7 aﬂ%fan%f?qwavg B B0 pPecflinte PR R

and a agheleattiong icegtdat to awhie ckaimarmhearid sequanohEhewa in $RGHIDI NO: &t Wheean %r a

period of , Eg M bire WYRRIER CHLASL SRRRALIME § é?nf whbemtheddfmpoditr fueer ease

bet ween af aggr e%at e chr oHrat%g dg?)r@ﬁa area for the conposition

and an ag§PBRjEEERPBNEETYr AFHED Tor an otherwi se identical

The present invention also provides a composition comprising at least one antibody

comprising an amino acid sequence that is at least 0% identical fo a heavy chain amino acid
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10The present invention also provides a conposition conprising at

| east one anti body conprising an am no acid sequence that is at | east
90% i dent i Gy 20hcoguopeavy chain am no acid sequence showyrfsa@feidotsss
NO 2, and further conprising an am no acid sequence that Is at | east
90%|dent| cal to a Ilght chain amno aci'd sequence shown in SEQ I D

NO 4, wherein the aptj i ng
agent® WABUERSS SMH l@’ﬁg épdm ?ﬁ’g‘ﬁl&l ésm:{s;?‘(l:)?%'l ér?g? ac'@&qu%lg {;{g@l @%t about
24 weeks leadt ea%tnmm@ﬁatauaré Chgfin @rmwac'%@iewwowwr%ﬁ%@ tvidiseeinife

aﬁgr egat %nt%@ﬂgpdmfa QOHuRTEh RFBK-42Hna A chekiting Agent, eihgreis itttel compastidn arthag?r eEat e
chr omat ogr am corrp05|t|on acki ng
the chel 5¢TH ags %‘8?&'?‘{*’{%% toarn & X%thl} d‘:[ %Mggcﬁanlt gﬁgﬂug@]

eri1od of about 24 eks at
a tenperat ur e T Pféﬂ?ﬁij'@‘feﬂ% 3‘3P§r°éi!jesl %%PO%WB GOMBHING FHETSL PP Ythe
conpagi t icepriskg & ahiaeadidseqaerae fadid aiéasedptiitierBidal toeatiesviachaia aminaeid at ur e
of about sécgrg dpe SHSJM iR%éb é% g%oﬁ) &h& gﬂﬁer Q&hﬂfs‘ﬂ‘sb Marfihio 8BS SHq08HcE Bal i§§t| d Ues

at am no uce a u

or great éﬂaSttgl%ﬁd%“‘?%o aé'@“‘&@?”é?’ﬁ‘f‘?@?ﬁ %?ﬂ't‘%‘f’e %WW %%%bmeswh%ﬂ &n th
Lysyl Encagpep bistasehunenlorwsd: dy ssbgding egarh wieteh fecopmpasiien iifhee HPLC,
when- co ”E%&%eé a aJaQtE‘on@ BikdiRRdiRtels oM 1HeQRIP Shrislstiy d buality &gehtsee of a
chel atl ng agent present vention, al so egasaécggsdea conposition
conpriPsi iy’ a“ﬁse%?gtb”qf ?IFPH}?B?F %58%%%? PTG “eSSent ral Iy of an anino -
aci d sequence Thépresansingntidneeotpraydies & Wﬁlwlcomﬁ'%gﬁéﬁw ORGP i no
aci d sequgf Er%m@ RRWRinb Bc@géaub@em is &t leadngbof wéritiba fo £egasy cHainraghino acid
ont! carretistie FPyRsER PRz and ?uqH&gsrﬁprgmggn LB bol SR80 i ot

aln anmno ac
wher ei n tlmt@mmmwtomlﬁa@hwaamﬁaﬁd mewcashoa'ﬁw %E%iPe'N%ﬁ H "aa@ﬁt
The pbes effibotipbifdiit Biinadl GRARKE and atbslaing agenphedietsindine cotppsiiciitjenat “| east
one anti %rqgrlls%gaﬁé)a@ﬁ i ek A gel%d%'ﬁ% g?&lp@oﬁﬁh@&%l&tf@éeniss at | east :

90% i dent rf gavy re h aﬂ‘ na p ?Igsg ex pie tr?haisls
NO 2, arfd ﬁ‘cﬁﬁ“fsh%}db%‘?@l“@? Pi'éeotf" I %‘?‘Ff?%" 3%‘?6‘ el eh SPERAT™ s at

| east 90%siectediréne thk gtoop eonisistjigtof trbwtdse chumbagomannpek, sabrsenyless KSR i n SEQ
ID NG 4,408, Slchhst MexAR! punQsh, dﬂtﬁd&/cﬁ)ﬂbxhklé’f&&u@h%h hafExyath@lalaal i ng

agent . The present inven rovides a method for preparing a
stabl¥® | |‘ﬁ\.'f¥)§°‘ BN ER ["fxu5‘73t€ec5?“£03| tion conprising m xi

n
nonocl onal antTihe CFEEgN! ipventien desthrevideq CPMRPSHINGORREDIR 3t LgFtope %E%E%deft abl e
chel at n%o\ﬁ;‘lﬁ@d’ﬁg dnfmiHd seia@bkienoshihat b of BakY 0@ idontiblaba hédvy ciefin dnkieo acid

ZBE)LP 0(212 %%%Eee s';l’@wm%kd lgq\l(? anpRs! rfhb%mkr?slr%taﬂ Lafitho a8 sBquBRdel 1Ol is @f

erature o g f\lgafehbel en an
aggr egat deash?Qmigedigs g '98&‘?5?‘"&“!"@19 aF'SFe“t“ﬁ'éce§F%YY5’l g SF E‘ﬁ wherein
phar ngac e tdntisdaly bias1p Gsmén OTLACH I & shiclatnarayamolereil theipenpogifanurher
anti bodi eg, ngﬁgstahgas‘?'% E@Ltﬁi&ﬁt@geﬁgﬁ% th@@gu@d&nﬁﬁﬂé gaalidty efdn@at ogr am

peak area TOr an herw se i d on |F1Ck| ng the

chel at i ngPUsBdats, pRERUTPTS, Whegnsge PB'F’Wa?gﬁ'gg%)%Dd[s%sfa bWl 24 weeks at a
t enperat ure ofThalpmsent #O@tion sisaprovides atcomprsition Comprisingat agiaap entitpdent i on

al so pr ovi RSy aRiRihcli@bgithadXhatiisZ REst HORAehwaRb a&h@éﬂycﬁﬁﬂ&mﬂo acid

anti bodi e n ceu a mn
A P grnowﬁw S N B iR TR A A TRleRe e Ok 1 1
the anti bleakt e@,% idaotical t@hbﬂ*ﬁﬁ@é\ﬂﬂ'@aﬁcidfe%ﬁ@ﬁa%? iB SERP & ﬁgvhaéﬁﬁbee

W[ler e It n V\Qﬁe?ciymﬁ\d@@rmmam CTI0N4:iaRd 5 biAag6l dgant, @hapen lhedormﬁosahomttheEtAf weeks
al a tenperature at e

hr ormat gg? g}ﬂ“ﬁeé Rl 309, %&%:Péﬁt%eie&%?fgﬁ?ﬁ ?r%tﬁj;? d@@&t\?@%ﬂoﬁ&ty@ﬁ&ﬁ@g

ar ea harmaceut’i cal
conposi t i sfagtaipendpuyigrsnuirerin WH&?‘VOAPR“?P”@FL%%“&HF P8 1 AP SANSiSHinQf
chel agg ngmagﬁa; trehalosk, 8fTbiRy grvegt, @on i, anthel ogaitaoh xyialkelwemh lEtidol, wpylens

ot herw se ||ycol l#eq@gngﬁﬂ%%g*wg%né m&@eg%e;gg,p chel ating 1l0agent that is

stored fof ‘51%) ature f abcz)t 40C,
is at |east ab&ﬂpriﬁ?&“”"emm a'S?H‘@V'EﬂSé'é’QWP“i“HU Rrigio & 'Eéa(? SUT885 o

comprising an amino acid sequence that is at least 90% identical to a heavy cham amino acid
sequence shown in SEQ.ID NO: 2, and further, c_omprising an amino acid sequence thatis at -
7




The present invention also provides, a |liquid pharnmaceuti cal
conposition conprising nonocl onal anti-CTLA-4 antibodi es and a.

phar maceut \wepbbdpoeeept abl e chel ating agent, wherei n 208deudids@orsss
concentration of the antibodies range from about 0.0006 mllinmolar to
about 1.35 mllinolar and the nolar concentration of the chelating
agents r arge 90% iderticahoa tighD ci@d3miid doidrseduncet showrbio FECID NG i wiwisingfe  and

wher ei n %ﬁocﬂ%nﬁ torrﬁ'rhhﬁ)C@LA @@ha Q%la%ﬁg iRnCRdah ihe @omgRMbn fuages from
about O. a

inventi es a
b o pFRFARR LR AT TERETSERRL b e Pl RpRe L APl ¢
ant i - CTLAsthctams, iabdblifies, wimtkinthp leaiciveagenicPopisEy 2 B CeficRB P hel at i ng
agent, wher ei ﬁéd?&emv@ﬁtioﬁ ae geme%ta Rp&ditioh b@np&mhg Boetisbsheraatibgey f r om

about 0. 0006, m || r

conc&ht r SARYANG N ?"H%O %%d ﬁealfenﬁe tHat Je :?EE&Stagr? l;}]elé'i:(hjm r om lo eg&%%ﬁ'@ \@)95@&

m |1 i nol sequense ghavartin SBQ HR ND; awﬁmchfﬂﬂheawmms ! ?‘F"B%@'C‘rﬁ?ﬂ“‘aﬁ”“‘f thigAlof

anti bodi %asttg@%maim@ttb AQgHAgRIN arfif g aseficane oot SEQUDIND: dbeheteirlihe 30The

present L Oenl 00, 2500 5 XIS o BnddfilhfboPhRE GRS R Sabuok RARASI L on

conpri i antl Ies and 2 H ar ma%eutl cally
accept abFemrsises aiteﬁﬁ@n%@@mem spieetp@from R Eravp PAPISIG AL BAPNAREH of the
ant i hedi egfacamgent bafersabioutin He GO@8y agehl dommiises anon-wbieing sigagavherain the

m | 1inol ﬁ{, %Q%g@@ﬁ?a{??&ﬂrﬁs&%féﬁ&toﬁésicﬂbﬁnﬁﬁatﬁsﬁ*“ele@t@@*r&ﬁ thQroag Bdtsistirgp es

from abo apout 50 m | |inolar wherein the
mol ar r aBYEOssf AP WEUEHIERBY at i ng agent ranges from 35about
0. 00001 to abt prédsft inwshiEneisn ptobidesrtompogitionicemprsing At Ipasbeneagtitogy

chel aé' ngorﬂ:?r%ﬂb ai& §miﬁ99&ﬂ sé&u%me thlat is at leab@oPiBEEEN to d ey dhbinamEbsad .
rovi_aes ca one.

Do 20 <&quench show i SRS RS 8 fuﬁﬁ’e”E\S,’ﬁ;lrstng On %ﬁ%’é& éééggeééé gﬁﬁ@&é

human CTleastB0%dsatticel f@ﬁéla@ttchwgaralg@mld seqppc phowg it SEH PR o‘H heggin e

provi des aﬁtaﬂ@b@ﬁhﬁ@@@hﬂrﬂeﬁ@ﬂﬁ@mﬂ&lchelatmg agamp whsieingheatomipesiten futibeme

?géh??gglcgﬁg 2L Ile%gt O%Qﬁ%EIJPIPSQ?E%{Bq from g‘}é A cBMtn%ﬁ td%fctt\} @@ﬁﬁs 95%

am no aci uence shown | q\:h rNg
and furt ﬁélffac@ﬁﬁrﬁ“i%’wﬁ@s whergiihedonisty AoeOLRIBFRes 2 PR IRIIGY Sé‘f’arl R G804 |
i dentgscalnoh-fedacing sybdr ictehiloseam no aci d sequence shown in SEQ ID NO 4,
wher elt nbf he arji B@gétﬁt R dRch di® thE@é"a SohdpBsifion RMPrishglRlRETBSECAMIbRR! | Y
accept abl e exci pi en er el
concgnt r PP '”(SF‘" AminP 888?‘3‘“’?1’5’?&*!&@55&%8%6} 'dg'% %‘? é‘%@éaﬂ%/:ﬁ%{n ame s
2006/ 096494RAH HHIODHEGOD BB 2.5TH Airheregapiisng 80 aftinp 67d SR B Fdes a
phar maceyfdscal, BGRBRE 4 lightth&iR BRnb Stiflgec@énok efmtn IDBEQ INKODY diferein the

o e S B il 5Bl R oAbl 0

heavygoch seqguence further
conpri si rrgmarisea Al lerst @@leﬂ‘?'@@tﬁ%‘?ﬁ‘?@ﬂt"ﬁ‘é‘?e srgupaqonfﬂ%'a%?f ey ?Qféﬁtl cal to a
| i ght chaiuRaddrts)andamitéls, segremnieesushoamnisistle@GEQrdnDhai@oupconsikivg ef n t he
ant i body o'.yi(g Sarde? %Qag@ﬁrsqﬂoﬁg éomﬁn&d@cypmatm@% et Jsd‘fat@%@i%@@cble

eXC|p|ent os] t1on CO anc

anti body qlwa:pder @H@@Ique@med%ﬁ&yl %ﬁobﬁﬁ’n m%sﬁ éb‘%ﬁ%alﬁ% r/yfarﬁuk&)etame The
presegyt | Iﬂuﬂﬁhmmearh%typsaamside$n<aeypmcromae.@maryb%r00€@wwyl badaine,

conpri si ng,, Fé/l SRRt cfiBetdind, lléafb%ldeﬁ}w b&a.mg c@damaﬁb:aw -Barhifl, Sequence
that is at ast 95%’ denti ¢ %ﬂlc{? E l %9{8 éam d sequence
shown i n 'gpiepMigpRREY-betaing gyrs Brlpmé %ﬁ am' am no 'aci d sequence
15t hat | siseteatapdispropBletaiiemyisanidorsoryl- ¢imgh!|ar@lﬁ%i°ﬁm&ﬁ?fﬁ@/‘ ﬁ'E'FW[%’B‘ﬂ%ence
shgwn i E iSbetak tich!@o ﬁ-’dm\’é‘flﬁraﬁﬁnﬁ dobiBm ity aadyyI-Riuradks disaivrmethyl GEYA- 4 :

and a pharnmaceytic e exci ition
cont afths taurem@@vﬁfom%aﬂ%%e%ﬁ@a%wuw Rl oy e Bl oA

ng/ m to appet aRDOXWEEerect. . The present i nventl on al so provides a

phar maceut i cal T,ﬁcbmg@,alg.{vhman QIEProvidHs RGompositieasdmRiSionat igustdnb antjpody
conpri si ngoma@rlslr?gn%nné)mlr?océCld qHENG& i D Rbst oBosHenti @GP & neARPchAEBhh& &g tO @

sequence shown in SEQ 1D NO: 2, and further comprising an amino acid sequence that is at
8



Figure 5 is a line graph that shows the percent aggregation in
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(Pear son, Met laggrekdnt Mi@hkionl 8t Beided 8 cérdiSiion col@adimC leadvhdiaribodybt . -

2' g;qﬁgﬁcé%gﬁas?@gn%%%%% @“Réehﬁaﬁ i E%s?%%e%eﬁlcgl%ékmg mnﬁﬁmar' ng

e rnven ase contai ni n nunber
of setfuerreaengomeyhindST IBNGI2: BPGHRPIIPTIEA é’"E‘Bﬁ‘B‘ F%que'ﬂﬁe
BLAST, es@gteod kiyniibdl &s4 ghtehak binidtatid sersieng stkefnduBEQ mweneweers:n ti&s '
suppl i ed s stadd duriR &L
215: 403- zf%g"?igg Bhif R +E 4 ?&eg" %ﬁtﬁgm&? geftbodyh it auni &
(1997). Temst ‘P"@ﬁé‘i'?l"f&f*ﬂ?ﬂ %Fﬂérﬁl”fnﬁé t@%ﬁfh"@’ﬁﬁ conpared for honol ogy
wi | | gener al | yThbereagnt Ingerdibn alfromovides agamprsitiorctomprisieg af ieest on¢igniibedyy  at

't eaStZCf‘P%ﬁl{a Ahd B BiHeSBid sEBRcRcolal Bl ok héaﬁbO%%ﬁﬁcaﬁ@@H&av?éhd‘tﬁ@ﬁiﬁﬂm
ypically a

I east ues fer
about 35 ﬁeg‘éei”%ﬂ‘é’wn ¥ @é&% %h?rﬁ@ rg'erac P’g‘bsmsge c%n %aa?ﬁ F’% u@PJe‘?hart E%gs
froma | deaseS0Fidiriical ¢ a kit shein@minogeig apAuskag shewn ip SEGARRN r‘hWereM“e
conpar e adntiktRy Bhdsto HEAMEONESS; and a chelafng'dgb] vtjpadin the antibydyed $tehdd duvieg at

amount " "iELPh2okis ) ATRHI ELLES b Somdhngipsages and for peri ods of

ti me necessary, erapeutic result, V\Jgé;

i ncl udfes t r eat WERIESHT INEPORFRPrades @ cPPeRsling ‘?°6W”1°’J‘F9 3} degRi o5 pojibody
condi t i on@mptiding e alnindxeidisededed thatts al @asi e \kehireto mhyavy ahajn atindhadide
severit yos%tquéﬁg@slﬁgrﬂq{ S I’Il@ zbéwd%rkh%yéoﬂﬁ)ﬁ&g dntandir® dc s@tﬁiefléértﬁéif @fat

understo | ar su i mens
shoul d be®2iflre Fe@%ﬁ"@ﬁ‘f ?Pé'“a?&ﬁ'l?reaidr?ﬁ Lieac a1 §F\Eﬁ% ﬁg’r E3TLE ¢ he
pr of essi oawdibody bidgmemtmert CTlkes; ged 8 delaticidaents viardimyhenrthestopepsiiogisfiPreche
adm ngst r@f 4 io@bt HH& 26 QEBR S & ieRPSratuA  atidiBio°d ass@R et 1@amen et . fOrt h

herein are exe 0

are ot | OGBS rf»aXwrﬁan%ée%maeeasv*‘c’rot%eeé’%&??‘oé%ﬁf e e sh 3y weklc
conposi t i @ea for sriadidryise ldentwéwamseum léewwe@?'e@s Rgent WaR fiprefor g period
ant i body @fapanbi Redky apOeinbeatuRsRY aboar 40°aacaldstagodtasf act ors such as

the di sease Stﬁ%%{es%ﬂ?ﬁ\ferﬁﬁﬁ als?ﬁg\n 'ag:'aﬁwin&gtloﬁ E'tﬁndrt@iﬂé é(t'léjc\'éf?dne aﬂtEE)g dy

ability of th I On I
respof@e FIMPIiFieg FRININA ﬁ‘fﬁ%ﬁeque&Fﬁj‘hf‘th%atéPé‘Etlgroé’ddet”Mt@ g]Fa"VsEB‘?W #1Ee 74 i on
of the ansdgbedy sficanmbER IDNO: Aatdfetrepeutriged dnanmfd @iitsequencaibatinati s

al so one 85'5’( %&Wﬁueﬁttaaﬁ@xa@maﬁ émmod&meamé@s!ho@ﬁ ﬁqﬂsfébﬁe% Hhﬁle%ﬁﬁfth@Ody

or antibo ortion are henef I
of f oot s aniokcy bngg O LRIEn FdL A & ey PP B BB P51 SompPRER G 670
t r eat ment for @pérind ekabanl24uebfset b fenmatiypr kbl g, the desreasdbbabusendho is i n

need gf %rég%@%ﬁ%ﬁfo l%f‘n &a@%@ﬂo@ﬁé Borf8ifbnidn@ Bn aé‘_gPé RUhRMSREraM peak
preventlon the su

that is' afefosgn ‘?‘B‘?’l‘”sﬁ }de?t§a' Co%%‘ﬁﬁ'«g{ﬂa@ﬁ@é@dcq'f}%{"g@@\/‘ﬁ E's ﬁtéreg foﬁeg’lﬁﬁ'o sia
condi t i onof dbbw 24 eeeks st atsineeraturd of abayt ¢090.d8latiensi abeyt2de Whergin Hg
chromatographic separation comprises SE-HPLC.
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15-The present invention provides novel formnulations for anti-CTLA-4
anti bodi es. As used herein, the phrase "anti-CILA-4 antibody refers

to any antiyeodysooedorany portion thereof, that is capablg9fs:bésndiR9
to any portion of a cytotoxic T- Iyrrphocyte associated protein 4

(" CTLA-4") pol ypeptide that may be present within or isolated from

| ! h
"é_?{ A? i g§| ype?rtecpgés%ﬁﬂéygzgﬁtlgﬁggia B%Oike?s a Joﬁmﬁos%héorﬁprﬂﬂb ¥heRt érﬂ%ni b%dy?l Uffan

the pres é‘PWP“F‘ﬁQ@h@rF'B%a‘?Wdeé‘C%WBE%ﬁ lgapt A ﬁ%ﬁrv‘fﬁ' E?r?j]ea‘f}'r"hﬂﬂ ﬁ@@f’ 8?1 aI
ant i bodi eeuedca shamtiaBBEQZ NOC2, snd futier pomoishoaedmianadid ETuercehalit #ibody

can be a AYighflGientdd| T%nlbl’ﬁ chan‘u&mﬁﬂé ZRFkeql enbé'émﬂn ﬁrEECbl@d\}O 4] Winekdif ther

ﬁonﬁgg: gﬁgﬁtﬁa&qﬂq?ndm@&%%n %ﬁﬁ | U"(W a chc-{%fa\% agi;e[ngfuherelﬂﬁt the c r@p;ggl?%n is stored”
ant i 1GTL Aor 4 parivtdliobaihies weleksd adgreperatiire eflsbeut #GE. 18 éeqmapﬁ betheenZBpr esent

i nvention gjrgﬁ\atél‘ﬂ?on{a%?aﬁ\ sk hre%ﬂ\eéorﬁ'ﬁb%h@ﬂéﬂid%ﬁ aggreaiedhfudsogiatn e par e

h h d
R s iy
ant i - CTLA abouiritinlseksi a8 tappershirasf @bel G 0F at past a%&@VwWPﬁreF HEaplets ent

i nvent i OReteétoh l8dGed 1B @RAs Rt akdinfoidntibiesihanale aygtagiedi es havi ng t he -

112 1 U, ST kARGl S PG SRR Ak R lR) O™

ant i - CTLAomprising ab@amegclmqewca#@t i§ & leash P02 ingitics] i@ gaye q‘f"'ﬂé‘ &8dnt
i nvent i oRedqueadeldEN ihGER IBND: 2,GIl Ariker rompsIng Bmbmian téiberdlense ﬁ'aw Alg the
heavy anqea%l' bt déﬁh@i! {3 ﬂﬂh@ﬂaﬁﬁh ﬂo §t§@éb%ﬂéiﬁ§ st%nﬁﬁ'@i@mi NdQdvRSein the

ticilinmm

ant i bodi @gtt%}f iefrp]dsécr\ I@Jn@ﬁgﬁT&ﬁﬁ aqd&rc agtgug\ﬁ;?rﬁ w[hﬁrgan w[hgnt?w tcor?aplnqo\%[% I%A\OI‘ d
i ncl ue titvageriait AbouC wieels atprieahatiut olahpithoid: s chereesh getvpen %eavy and

light chajhe.am o n@s@ég%ﬁﬁéwgﬂeﬁ@cﬁ tt@fcoipddition ARRMtagbreghte Eirehhatégrampdak

?ans ﬁga\%gag?{ dlh |oﬁ‘nm|se d(}l]eg? L otmpg‘éatloln ?ac%ﬁitﬂé El%gat&%aﬁﬁ thad liEQ‘?Jre fra ;}eh@d

EMmPRo monocl ona
ant i body f #tut a@e@m ianeeperatserraeut o5y F&b‘ﬁﬁﬂ gitout #re “é?‘ﬁ??ﬁ‘ BRI For
exanpl e, JaRBRsliORabmRbbi Dadynchkie?s.1 has the same heavy and |ight
chai n,.am no acilng? &V@E{nﬁc@ ﬁs}ﬁ%&?@&@ﬁﬂ&@iﬁoﬂo%@:ﬁ)@% leHQ R dnlibediy -

Thus,ref erence an
ticili mureaBwIsnggR .aewor?afg %%@ﬂ%é%g? ablagpt Py P HF"“E"ﬁ'é? %ﬁ%ﬁw %5‘ "y%" inp acid
sequencesse§laveshionn BEEA ID NMOS, and fuathel deamm!gtah emingeti beaertgithel i af or

the heavy, h@dhﬁldéﬂgéﬁbéi hiiR&in biinblekid %ﬂ%c&@ﬁb\r«)ﬁaﬁ sabendogahéteih@e t he
i ght chain

| acki ng ¥ WHP'H%ﬁ to F'%?rh "31 Eifke ?pgllg{)-gg a@ﬁ Whe -t ‘gleﬁ ﬂ%%a%s ﬂl&qg}éfored
| ost 3 dopm mepod ¢fiabout 84 wegks phroidineesatdrg of ﬁ@%ﬁﬁrﬁﬁ‘”@&e&fﬁ@e DEfWee'V@

2006/ 0964Q1LRCH, u&&g&@d;&& Fea&r&lisr tad@dinbositpn asdaagarebite GirbrAatdgram peak
ant i bodi es Eﬂ‘:a %/5}? o?ne&msei Een[tl(?aﬁlg&ﬂ:ogponqécﬁ(ﬁghgQﬁgaimgf%ﬁhﬁa@@t&gd RBF4 Elenod

sequences®f al ns xanp e,

the anti Qt’ﬁb_wi%‘Meeé%ﬁﬁti%@ﬂp%@”fﬁﬂf/aqﬁ@48%%‘9??*6 Y B WREESIERNEERe  \whi ch

have ' garram]post,nt;oﬁeas Sueed/iyr £ heaibt6f, abbih €4 wheks at Sindps el hsmuniGig - CTLA- 4

antib ggé"og?erga?ﬂs%ﬁﬁgtégw‘ﬁﬂ va¥aRY ciiBeBod known in the art. In
oy SUDC AsS

gener a ass an

an ant| bod ¥ %Gr\ det erm
Usi ng ant i bodi & Preset inventign plgo %’B‘éﬁ,@ﬁlcem?ﬁi‘o'bc‘%}ﬂ”f' ¢34ieaFt 0f 5%

subcl ass @fnpasiig dnchino Bidckq@ntd thadh 2 bast98%dieniinal to r A4V c@ﬁﬁaﬁm!m@ The =

class_andsSHheL ARRnGPOE@D USILLM liFE: Qhpfidgih- afio difistalefiodthants As

well as o ernativel be
det er mi neﬁaﬁwo % @&{‘Hé’ﬁ’g? ﬁEQhéF']a'“cﬁm"ﬁ’ E‘Iﬁéls‘?el‘%ﬂce 0\?'}1'8 S%@ﬂD ?‘J g)n'% @%@?ﬁ% of
t he he@vyarainetiybindé ioglunan BEiAé aod a blteistiagrdehiodiasen wormriyasampgsifonds slored -

am no aci g 3 Eélid& BFa%éutt:aQ vJeEl% &8 @%e@mert@ a6t £b°S AR IRRAGSe Btwesakn OUS
class and su uI|n and_det er

e eubc! agisage B AHR S B RSl iin i Sk Gb{E chloMhohilf foaie oS

area for an otherwise identical composition lacking the chelating agent that is stored for a period
of about 24 weeks at a temperature of about 40°C, is at least about 2%, wherein when the
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human CDR am no aci d sequences derived fromthe W 3-30 or 3-33 gene,
or conservative substitutions or somatic nmutations therein. It is
under st oodwidabe/dob®1VH 3- 33 gene encodes from 25FR1 t hr aegiisdoddRoess

t he heavy chain variable region of an anti body nol ecule. Thus, the

i nventi on enconpasses an anti body that shares at |east 85% nore

pr ef er abl at. | east 90% er.a S

nore Pr eFé'P%cﬁlt‘Q“ s tPrﬁdZ‘ﬁ&peé%é?f a?/)é‘f 2‘%%‘?9& S?ré?eé nﬁrzo ag’f’ lt]tl4(83ics/ hegéfﬁ@
nmor e pr efpercarid boyigatian oflnwimnlr@T%derémﬂvmraeld peedon Aabie yedugad by 83 snowgB o,
yet nore ypk %feﬁtﬁaﬂé'oy gredbr th@asby, 28 %etemnsbar@stenpihriiCdigastioh withQHS

o 1 bR R BACCA L Rhe o AHODAIE il LR3I DO

ticilinu conp regions in
i ts |i ghtaniiediehin@spnpestion hetis fﬂF‘FEDfAE‘Te'%'f‘Q f9R8t-012 gene or it may
conpripse t he CRERre&Ht iABtidf aldoppoviiss & bahpsitidnGiombisingebleast one antibddg ot her

embodi meng, r%g% ng%ﬁ%}}fng ¥&il &éq%@ncgtttﬂgls %pgéspgqi/y adlaﬁlﬁéi% & ﬁeagy ﬂ%‘n%e&%?ﬁ’ee n

CTLA4 and. era e antl i nhibit
bi ndi ng \APEYENEEANGWIKN QIR N g furtas SaTPsisg 60 2I0P 7 PSS Tk 8t

pr ef er abligast mbcitdntidDtoraMigbirchiioamhp afidseqearmaphavnabSE®R IIENGIM, wherbicotb@r
yet nore aﬁ{ b%ﬁi?%ﬁtglty Hun?%\ﬁ/l%’\'tl_A% &Maqheigﬁ\‘ﬁ%ﬁent% ef‘:‘e\ﬁ%eﬁ'ﬂfe‘:‘corﬁﬁ&fh@ﬁ @Q{obbd

for exa {NI %?E/ﬁ" ?:gt can_inhibit
bi ndi'Ag \X?ftarPeBﬁF % kgt # Wpks ésade'BFPef%{%ﬂ ab?b‘d‘" o], 6?"5%8 ol

pr ef er ablaggredde chkdnoatodraywpeak afearfordhecoapbesition grtanraggiedaie effremaiedram pegisout

5 nMor | ougs:, an%%mf@éﬁ&n@éa%cﬁi’p@gﬁdﬁ iacﬁlh@iﬂé cHeldlily Qfent (AMRY stor@d foYRfodIOr €

pr ef er abl t ment ,

t he anti Oé%t'_,&gé) [}SO% erli],f)gga?%{e 8% al’l?a'g{ 454&{ éa : a&*ugélp C&h%ls qMPRSH)OU'[
10- 8, or ogmpesitien lsaforqciri@rtawen@ﬁﬁfebw &4 ‘é‘?%’&‘f‘)ﬁ%ﬁ terawﬁﬁit"e PhRbYUIAO G thedetdr

af f i riot y ,perBft@xipaiRh 6T rAdhiynineabqdlles 30ddhaidgoaminess afrédunéd by, anamdureven’

2006/ 8523@%@%@@1@93%%/%@9’%%%‘953?%%%3‘“'9‘;" bl il gl s an
ant i body EmHereptidgapietaued pysergiation Wl reversRd BRrsa RE T tsn FeRAaRg 88 vy and

l'i ght chainfbodies NG cdmpckitiee thatin tesofefchéiigagent.body ti cili mumab.

Further, the %E bre oot éiwé(\ndééa c&%ﬁ&rﬁcoﬁ‘r@ﬁsnﬂj a{i‘@aé’tg:né‘\éﬂtlbod
ant i body i RI |.imu

o ef dBab| GRUSIER SO LD RO ERTET bBS e T e Rl g
chai n secprémoasid saquenss shbiveintiERD NEha, and ughersansisting @qﬁ?ﬂ“élﬂ:ﬂf ﬁ“ %Eﬁj@‘ﬁbe
and/ or 105e @enb@taeﬁys ANt gomaen%o%ﬂigm&ﬁ@esmm adédgbeady siidwaiid SEuImab.

For exagpm(ﬁ wlheéem {8,18 gtt%%o%y 5 ’tc?llul.[aﬁjant&lj\ Q nﬁ glché?eﬂﬁata en‘(\hl ch an

ant i bod Ral'n ‘am no aci equences
vari abl e sequérr“n‘é é@sﬁﬁtﬂ‘l’%ﬂ“ow @'@ﬁﬂ?& AGRBROSHPN §awrisiHG 3t ﬂfaeryn? APPYrumab
bi ndszo | neoadighf eranambodiciieaduendetioat &t leb 4§% teotakic @ ey elsinantito i

ant i body f ay%nefg&;@%%vsoﬁﬁ No: Qhéndq‘{;;lﬁibrrhoﬁ aluge%%mwfaraca@&m% 1 Rk g

sequences, | n_anot her enbodr ment ai BVE,\ él on.is
pract i cede%%?q{g‘d%'ﬁ"’%m?"Wﬂ'”@"‘éfﬁtﬁc‘ﬂéwe?%émwﬁﬁﬁ %E HEEEY Mehai n
conpri si naptibdug biadd tnbuaei ATlsejaahegwlabfg a@BR- 1, CDR-2, and CDR-3, ‘and.’a

light chain COrFﬁBrreéédmvéd%@na@wew@@a%e%gwe@s&. sfabR1iduid CDR-2, and
CDR- 3 of an h nr%Pg anges from

ant
A T e e A Ve SRR L Ve
changes, phlaamaspuictllyecespiable chelating agestia n@@nmtwmp@@e%ﬂwmﬁf et he

group | co n§rh:§r§dér Nehefthn WiRA tr@%ﬁi@ﬁtloﬁfs s[t%lﬁ@ a’:\:l’endicﬁé! BIL 34 Ryekobler s ‘
nonpol ar [esi dues ar
unc IElar ged®PRYFHESE abOPte&l @gigerrr%ﬁ{ea of t:'QR"%IE ergg ¢°§§*°§%§’ %‘t J?&{ fﬁ'ptﬂ .
pol ar ¢ haqrtgtéethrz@@h@@é@eutﬂ@h@pn@eﬁgqmepmmswa rr@ﬂooéqnal@@tl G k- ﬂﬁmt@P gagethe. -
resi dyes; cHéQEh‘rgCHQQx&%n\d ah by@egidStdrizttotaTyak ¥ae fop bilothdi@ise identical :
non-conservati.ve s e sisting.
of subst i ?on{po%thonéz%cﬂlggfhe %Hél%]ﬂg g%egu{ fhatT %&g& f?pa ;EJ:’!Q% atﬂgut 9k QHbks %Pé] g

r-uncharged residues
25and sub@tﬂpﬁfa‘!-'iecﬂﬁallﬂm%ﬁ%pﬁ)ﬁ"éﬁ‘ag‘r%‘ﬂt&ks for poI ar residues, additions

The present invention also provides a method for stabilizing monoclonal anti-CTLA-4
antibodies in a liquid pharmaceutical composition comprising forming a liquid composition
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preferably, at |east 85% even nore preferably, at |east 90% yet
nore preferably, at |least 95%- nore preferably, at |east 99%
sequence i ¢gendbdoss@i Sequence simlarity with the heavyp@f)gszﬂoﬁldb%s
|l ight chain, or both, CDR- 1, CDR-2 and CDR-3 sequences of

anti body ticilinmmb. Even WD 2006/ 096491PCT/ U52006/ 007555 5 nore -
preferably, the antibody shares 100% sequence identit se e
si mi | &ri topmprping “ﬁ?@“‘??é‘ﬁ%"dEH?"@‘FWE‘CE’HP&'BSFWP"G‘@B@%“” }f‘tzwé‘ﬁﬁ” %Hﬁ?qg
sequenc esompdshioh iBatoamtiorageyiod af ebdut 24 weehadl.a temperature of aboairdotth the

enbodi me < o . ¢ ée@ﬂb%t
80% Irmr efHe ik tgrggl ,.g;f Q’ﬁéﬁpkﬁé@ﬁi’ﬁ'%é@ mb%a?é’éfbrb%a@%ﬁﬁ%ha?ﬁa

st 85%. .even
90% yet P%‘E'"a? TSRy g?oma@”ﬁ“ aaiEE e ihgies aﬂ‘? é?&'?%agr%gdeafa? S
99% and agpstaipcredeatainny pealilamatior B0 Ogrwise igatitalsomgesition tapking the ehglatinic e
10si ni'o' ardg&MththoFe'ﬂ?orQ%@Ndﬁ o BiunodddRrslat andingdeldtng oieELADTE & aeddh t he
CDR-1 and CDR-2 sequences of germine DP50. In yet another
enbodi rrerﬁbm&’e/"t he present invention, the antibody shares at |east
80% nore pr efloe alsbsnt ingantivnezizntpr@ing a mglpd fopihe trpata e phipieapplagi candifan
90% vyet ARE@R!, 85reidiRd ¥dmidittedr@asthe Bibjact AMUK phareibeduadl yompasitidneast: -

st @i Ry § hEeRny SRR hir AEHERE S (L diodd sdFRRgsCCe
t he dBR- 1and@mharma%ﬁw@abm9@f@&fﬂe'ﬁw§gw germine V, A27, or ‘gernline
Vv, 012. | The pesewinehitioredido, prévies antsthedibt e &eﬁmemtbbailyeopss:a trandition

anti body ;#QQ cﬁ\?‘orﬁ r H; étﬁﬂﬁh@@nng-{@ﬂbgulﬂec élﬁhﬁ phgl'ﬁma élfbnand

| i ght chaln I ne gene derivation ? U{ﬁéaﬁn% kﬁﬁr o

nmonocl onaﬂomﬁf‘r‘t"}gb% ra&%‘t‘?a”![e Sclive aopqtiof ReeERR’ 2 tiady Feipmapie ay y

Chai n DNAenHiaghérm@tealicalDidetdbldchilaBBE@géeD Wiereindhe GIRIRIHHIQEERANIgEDed oK

‘(]][ GI IE%I (Ctﬁ%\ﬁ%o]eetfimabéﬁo@ghgt h) DP' 50 (3 33) D1-26 6 3 (CDNA) -

ull-len

accor dancg Wi t efﬁée%%eé‘éﬁ'} alforR/%VHe?SW ethqihp\he trgﬁ;ﬂ? ,Q%P'g S%Soﬁfag‘a Bongiion

t owar ds time sutigcet, pmr\sma@n‘lmrﬁth@g[wﬂﬂs@uml@haxgﬂwsiwa?fﬁwmﬂ?aéﬁﬂ“@%lwu on. The

)EzF’- 5&) gengmpBsirgpainsRpétitay eRdtie@rantaf WbhodlodB aftaTiLlay apeibuely tidiimumab;
enoMbuse i eav

XenOMDUS elRT i €imabdlidefly Aol e @ (g2l AR REL.ClddNE B8P rheavy

Sherate antibodies. Bias,
t her e3or eireajment ¢j @ineeiasipeonition. pref er red bi ndi ng notif of the
ant i body- ant i gene preatre naerticroaisaprivides espdot fdr Betrhamedmba nesglagie op@ition es
of bindi r\gatsgo;%]cp%orﬁﬂfsinﬂgﬁ}nﬁl@tgrﬂdwﬁa's@d?é& %'Fd'p‘ﬁhﬂécedhéhl sition

enbodi nent s

| ch
a Vi anocwgdﬁﬁfaﬂ@t'ﬁ%é %‘?f Qgﬁtof'BPQ?\CQ”%BW'"%né&gquyic(’:”ﬁn?u@\g@vl a
a synt hetard a phavkaceuticrily acsapidieehetatinaroed, Wersnibie nepplagia sendiipiis goatcel n

CNQ.'?: nBONE'dl{'IQ é@ée!eﬁ{ed frStf kRS 3&%lsﬂr?giof frifa, iqL&ﬁﬁ)s cal Biatites, tg@ﬁrltﬁbar&teatad:’r oc.
ant i bodi e¥® ?i’ E&ﬁ’sﬁ%‘%’ae Sog" Ta§%§%§ o gqoof?%/cél o TN k@@%{)es i ri D&%‘—i

and Vt. d@?ﬁlﬁhmﬁﬁ%"@efexpr essed on a si ngl e poI ypeptide-chain,  but -
usi ng a | i nkertrelpadserit ésmion alboprovides aadt fopwrepaing paquid amgmpbﬁﬂdmaemstatheed WO

35 donai n:?ntlggf:i tcg'ﬁ r@@%‘% 4 Qbﬂ??inetr Q&ﬁ;ﬁ@l}{g irnﬁﬁq%loﬂzg ah6T lgpﬂgdhﬂ&dyrﬂallrﬂmgb in

wi th conple another  chain _and Creﬁlnh%two anti gen
bi ndi ¥y sPauisn, a@:éﬁéseé"'@j’ CO”W.?F'I qoglgrising a phprmapeuticaly geeeptaple prelalinggagh.  So¢
USA 90: 6444- 6478 ptck&a Biventamdisdprblidde aRartidle ofrbaraifaptu@toomptisinge: container -

2:1121-1 1\%15104 %J%%%)mlxturg of at Rané %@f%ﬁbod? R&irthd WGy 4diight EX-@M an

anti body o orated into a nol ecul e either

nvent%cﬁ % i.ncor
coval ent | $MBP 2GLTRILRNSPEN IFUNYMEOANE @ CPYIR 899K noadhesi n t hat
speci fically 3ke piBerz0061t00 6490PEHs 88209 B100aB8HalSionpekiion con@TiEing 4. | n

S Ulc h @Oﬂbmﬁka amLmAqDEﬁ(uﬁamégwd R anﬁgc@nmwyaatc@@taa@ cﬁéléthg Qfen@ “hévgﬁer
po ypep I de chaln, 0 i de
Cha h. or PRAPAETEURIBT BF S CHIN EiRp PR pry O Sodd Rl lr BLbARFSS
millimolar and the molar concentration of the chelating agent ranges from about 0.003 millimofar
to about 50 millimolar, and wherein the molar ratio of antibodies 1o chelating agent ranges from
about 0.00001 to about 450. _
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I n anot her enbodi nent, the anti-CTLA-4 anti body has selectivity (or
specificity) for CTLA-4 that is at |east 100 tines greater than its
sel ecti vi t wof @bs/@Bw10t her pol ypeptide. In sonme 10 enbodpd®éBes/doRs
anti-CTLA-4 anti body does not exhibit any appreciable specific .
binding to any other protein other than CTLA-4. One can deternine the

ia ecki vi E % Ofl'hr{ ¥8sefventoh biSo ﬂroﬂﬂésl ahrqdy pﬁ@maﬁﬁhdé} dbmipssitng copprisnds wel |
nown in e ar A
i nst ance MOBPRPNEARY gﬂfg%ﬁm FQ%O(‘}I b ggﬁ ?&%n?% ly é&&taﬁﬁ%&@blﬁaﬂr@a&bérﬁ Mwh Efl?lr

He- VI
ELI SA, oftheRaoir carigarirationpf t@@ﬁ@ﬂ@%@mﬁm @OURWOWNW%T%\ "Bﬂt F CTLA—
anti body m.umn&aaﬁa@{he mefar Egpeditrktion af thy chizilatio augnt rengkS €th Abolt 0.008 ritimelar

enbodi ”E out ej.ta nbiﬁaél d%hrelnm% rﬂ&arqgtlotdf'gntﬂgd?éﬂo 9&% 1y égfenttrﬁ}%es from

anti - I1oON. 1S NO e

errbodp msﬁwt 00h91 ¢a %‘@P‘rﬂﬁﬁd‘{“e!egﬂéh%@"md'ﬁsﬁ@mPféagv @f?&?‘ﬁ”’bgﬂfﬁ?

ant i - CTL Antbo6iad hdvipd yhedibavylaad ightabainiaornoi ssidisequepgee stantibodpficilpaymali n
aspects of t h%h@ﬁr@&%ﬂhveh{b\ﬁ%m)'p%@ld% Qﬁuﬂ?hm@%&%@ﬁﬁoh%@ﬁmbmcm ly-.

does not conprise.a caus ‘
pol ypept impECGBFBH&T 54‘ fi‘”t@Pﬁ??ﬁ %‘Btaé’harﬂﬁf"? 8@?" e sfaﬁqgem wherein
modi f i catiieanslar chmentsatiproef heentiodiesrangesiraf ahqb@ 0096 aviimals to 3ad 16 bot:h

of ”\F h%ﬂ){r}{oiér%ld e GHar eéﬂﬁérmﬁt:dafofﬁneehadihg &dentyadiged binkb6lit 0503 mitimoldes a -

si gna ence

cbodi ot S8R AP, BT BerPRaR T At hea St Sy aleft s Tom,

t he anti a0t A080EnBbdMdH0es i ncl udes a si gnal sequence. 25Table 2
lists the sequea @séndﬁﬁﬂntﬂniﬁb?prc(vﬂﬂét lickidWhemaoéutitdt eonmgeitian compgdsirgs t hat

gg? (r)g:\pzj Eﬁon\é ona?an d %‘Ii.ﬁ-glaﬂtﬂmg Ias erir’a% cﬁﬂ@%etﬁt@ﬂy ogaﬁblé; %ﬁaﬂ% é‘&ﬁﬁi Wiein

uences 1or '
nonod@ondhe faﬁﬁ"lfﬁwt@@?@ a""f%"SleéraZ‘gemm a?—%ﬂﬁkﬂ?”ﬂlﬂ‘ﬁ{?‘“?ﬁi‘%\m@ﬂ ,I&:?%T | Li ODY
11,-.2. 1" m;itugblar and the nSEQCENGHREBNT tHe lcRRiting 6SRQangsKeS: apout G003 millimolar
Heavy. BENAg dihereirt tATBRY ratio 6i&ntibGibsho cRetdiMhadent randdgifom
Acid. 11. t% 616 ?@Tlfnm QlNéh t h) eiemz 1'mrllc’%opnls elrrbodl ments, the nucleic
aci d nol e”é’EI‘I‘té’OQ?JFﬁﬂbP%té a nucl eot| de sequence 'that encodes the VL
anm no aci d sedhenpeeendhventierodiogmeides afiquisbrharmepeytical C?"EEPE@“WUW'S'QQ) or

a pordl Or}nmnoﬁlbr?éi safoTLhn aﬁ@dﬁ&m@ﬁhﬁbfﬁﬁ‘rﬁﬁc&uﬁcﬁl@bﬁbeﬁt@blé clesmticgaeni, seseiat

| east the CDRZ id
encodes tHe™3A 9?8%3@%18" gﬂh%aenﬁ%d%gfr antgg FFQ'?%@?HB%G h %g Lﬁdupl @6:

ant i body . milimolgtang tt@m@mcmﬂ?ﬂ%ﬁm Cﬁ@?‘t”ig@‘ﬁerlt ?“&eséﬁﬁ‘tqba'ﬁ&f)gs B'B'f"fq!aén
conpri si ng afddirdo GiR3lar, kil wiestdidine mampeo &f antidodies foghelatn agent GRRE fiami no
acid sequgjngtq)hgab&q&cat ed by SEQ 1D NO 10, the light chain CDR2
am no aci ence by SEQID NO , 11, and the |jght ch no
aci d Hequence By PoEeyt EenieR a'iDszV'%ai*@%%{iB"ﬁTﬁ%f 8%7%%%@ 51 n
ot her enbadicemnl anti-CHA-rantheies auba pharrodoedtishlly 6e¢ﬁ®@§|9§h%ﬁtwa%ﬁi wheraigi d

sequence £ ﬁ'klto[al &n@éntrgt%ﬁ%hhg g%)od?&%ng@@‘%m agét%l) 08 miliRAR6 o A 1.88% or
99% i dentica

h
enbodi menTdi m°{aﬁ%"%Eﬁ:‘f‘@?’@%‘ﬁ’f’tﬁﬁ'%?@?q% {:ncgrra%?rlJt fa o ?e X F%ﬁr!l}%om% q %ll%‘n&
sequence lkout Ehmdigetar.tahe whérejp the ieder rrtia Al andbogier & chalgiingpeent ’3699%@@ | D
NQ 455 0 r atduPRidob P13 2bELR B8R ivherbll et dlar fib df anfbaiey heahelatingtagent isrbeutison

I ncl ude " nuc ls 5 tﬁg g%e[?h%rgrglon b rbﬁ&eé%h ég) 4 Pi‘?a?:%ac@ht%gll o\SmFLt»sr itloh? gﬁﬁﬁnsmg at

condi ti ons, desc nucl el ¢ acid ]
sequence leagonk ugen Iﬁ@npqwﬁlta"&'ﬁ&%a'ﬁ'ﬁ?%’o“"'%?é?"&ithg gefifaicinds fo %‘E@“ EURNG]
4. In furphedcheriedigemnt s, the nucleic acid noledul e conprises a

nucl eotide ee Qﬁqe npi?eéth@gmf?@égg ?%w%al p%.)gﬁﬁacéjt@é? bdrh ﬁb@m&f canB@stMﬂt BEdNO |

aci d sequence qu %ait ah ‘@8&5‘
consefat Precantipady eoreriSHY ALANING rksegrrIrp halls ?td?aé gsd“f FHIERL o5} Nep{ Bopin
non- 15coBsRbYad katermasiavnacSED Bula:d, and fudres compisingn @it aidsedishent s
the sequefce, eNCades, DR MRAEnERENBULABaueRb haIARYQ D GORE.

regi on, £ ég , a._conti s Port.l q i ncl Li %

wherein the antibody binds to human CTLA-4; & a p armaceutically acceptable excipient,
wherein the composition contains a concentration of antibody that is at least about 10 mg/ml.
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30pharmaceuti cal |y acceptabl e exci pient conprising a chelating agent.
In other aspects; the present invention provides a liquid

phar maceut woahosa@s@@esi ti on conprising at |east one i sol@d©@es2006M815s5
anti body that binds to CTLA-4, wherein the antibody conprises a heavy
chain am no acid sequence with-at |east 90% sequence identity to SEQ

ID N 2 and @4 argéam.@%@op a@%md@sq ahamaﬁ.ea%omogmo@oﬂpmat RAYo

sequence identit

present Prr‘ﬁ/%‘ﬁ?qdéﬂ ROrpRTS g gaamige F‘f'Qﬁﬁqﬂe”ﬁﬁg’F‘Hﬁﬁ"é‘fﬁs ﬂg@gﬁ%gsﬁeav i
conpr i si aginateill sagénce skovinsSER EXNLRYaNT famier batyisingait aninaRes see e A- 4

wher ei n {hgs antdsPeAy ideRioRkd éfgaﬁt Raill BAWY a6iB %@e@@sﬁ@vn iRSEd IsRgQUENCe

h at | % h
i no- acPROSBARERIROPL SR EiaL GsaR et ke SR plobl | o'

404. 10 wherein thegbhpesitias pentins,a doheenitien efrﬁnﬂqumy@ﬁﬁngﬁﬁffw ghauiEsmg(ml f°
l'iquid phedpBragii.cal conposition conprising at |east one isolated

hunman anti bod t hat ses a
heavy chain a Wéesﬁgfjavegtg’&ﬁgsﬁg% %ﬁ%ph%%cgmg?ltc@geﬁ @Eéﬁ ugﬁ’ﬁse' I en%tl ty
to SEQ | bre aythyGerDBHa o1 PN REFDERIBI TS N5bis argst 955 'a?mw%tq 3 RFRYY AR n
am N0 aciafhins@EIH estienddishdwrah SE@ &3 NOIE) YncRbhe natprisidgat artiyo dadd ﬁEﬂ@nb@ NO -

15t ek 8BRS 0B8RBS, L iy ARl AECAAEREhESAofh RSAND ROALN 2 10

aC| d Seque var i a ii% Eé)?I 2 and
a |ight oheeh t's%ﬁ“H?Pd&EWF *géuuﬁé}ﬁTérAt%a'id %B*ﬁ‘ﬁ? §‘§‘§a"é’ﬁ‘é°99 ?S‘Eﬁpée“P egi on
SEQ | D N@heréin thercofnpoditioe corgisedongentréition atnkibig jhatrengss from sbait Hemefni to
10chai n %gg,dgg c?rﬁﬂglﬂl sequence conprising SEQ I D NGO 5 and a light chain
am no aci Se(&uence co r| Sa%iﬂi S %?Ef@ | I n fousgtltongom ?‘?Pi&ﬁe%s t he
anti body conp F%@rgse&“ () r'ﬁ%ceﬁt'cg SqUBTHCe" EOmpr SEQ

| D N@0O 2.camentiodyicghprisiigan ﬁmmlaq@s%erd:eé‘@qﬁ@hle@t Bmrispntisn! e keey ¢

4. In st 'aHmo%EB@éqtﬁﬁdé%ﬁévﬁ'l in BE@ l@Nbli}Qﬁd’fuﬁﬁﬁfﬁbmﬁ‘Eﬁgan &Hnamldummd

sequence .conpri si

utilize éhagﬁ Iﬁas\llgl&?, 'd§§"°a'ene ace'%PqLFFﬁ %&g&’ﬁgﬁﬁﬁ?bgﬁi with a
CDR1, a @bReinthgrntipodpbRds “@@Hﬂ@h‘é@-’\ "4 a"d a pha”F‘?Ferﬁ%"yé‘ﬁ??BﬁP’ﬁﬁFfp'enf 'he

ant i - CTL Avhérefithe ddambysiticd cbitaind 4 conmbat(oalosantikeuy tirat i sbd@PEYHY/R06) , whi ch

has the heavy Tﬂggregéngf}%engﬁgailég r%dﬂél@boa @&ﬁ&s;ﬁﬁﬂ!&ﬁ‘lﬂﬁﬁ% Qfon@EHelaﬁQPég

ticilTnumab. , .enbodi ment fthe@I q {%fﬁi toa
ant i - CTLANY atleast MSENHROISpRaPrising: a1 PYIng pHGSayenge S‘H? B eRs \ '%%l tope
on human iﬁi\bﬂ&hﬂn ahino etithesquencb selimremBEQ IR HQ: Zaan amiGTecK seapadapthpiidi es

i nhi bi t %Héﬁ%ai gfél\%th:héﬁ bi@iho aslibdusidedhdv@n 80 IBNSLD jvRéin the

Pr epar at IE’C‘%_ Fl/bn%gclé %T Anti - CTLA-4 Anti body Fornmul ati ons:

The anti ORY ﬁ dasrﬁ’ B 1?‘3 cally is formul ated as a pharnaceuti cal
conpd®i ti on f Jhe prepent @mnéqareﬁlsoamﬁc%ss 8 EPTBRCSEPN qopPHSIgE BjoBR Phelafing Fgqat
enmbodi Mendng af IB&s Mnfﬁﬁ?bﬁm;ﬁﬁhg @R BRMG biill Siubre tal ki least ebscidenicd itd on.

In anot heineﬁvy (a)m arrr%g%ﬂd Esgqger%g 3 (iﬁglt:'d) ﬁ?hcﬁﬁé) gp%fn& 5@@Séq§9f@e {hhﬂél bd.

COITDOSI t1 o 0S| OI’]S resené 1 hvent on i.nvol ve -
one or mﬂ??@t%ﬂ%ﬁemi@&l"gﬁiﬁﬁ‘é‘&lﬂ@ﬁalac'd a?ﬂuP’EFG(?P@@ iBPECHRNPHY &) ?FBH" in
conbi nat i amAbdsly bindib anmECETLANC athéryin e @efiioaitanpasesiapimntional lgh? ati-

conprise bt agﬁetgb%g ﬁg\ﬂf{g%e r%a%ld Al DShiPHRRS aonde}éﬁuénbé%le ghifhRmasl at i ons

of the present_1nv 01 nvol ve one qc onal

o
anti bodi es of TREEHY é‘?ﬁrit‘?fha'?%”%"éﬂ?ﬁﬁﬁﬁr\c’ﬂ FPTWGP?{'RBHQ?%F%"@[WF%%F
accept abl @mpzstiopicemprising wininglat ieastpnd s¢-OTLA¢iadiibedy kavig the haavyisad wht ng

agent. Thg.h&rRo a@B @édﬁ@ﬁd@h‘%ﬂ tRefhuR YR O§tiiloh QAN af 1IB3sebife &&aﬁ?@%@aﬂ ations

which are in s

aC![I ve i nglredl-@"ﬁtpées?'g "'B%F%'Brf %%derf"%sa"ﬁﬁ?B ihggrtef’l@aefﬁ b neo a¥l {ﬂd&wn
exci paent ig'a s(hiehicomhpising aduinsiedrad) thasebjedha qid R}Uﬁli"lﬂﬁel@éﬁﬁ C‘?’@ﬂi@‘&?ﬁ‘abl y
(i.e., saé&%walndostréﬁa%smaw%ﬁ%@danmn@f §UdsEHe shPCPIAY hrdiBodyavidRet | Ve

d f th
EER RN SRt R E S

chelating agent.
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I n anot her enbodi nent, the invention is directed to a conposition
conprising an anti CTLA-4 anti body, a pharmaceutically acceptable
chel ati ng a@eRbsooguophar maceuti cal | y-acceptable WO PCT/US2006/007555
2006/ 096491PCT/ US2006/ 007555 Sbuffer, apharnmaceutically acceptable
surfactant, and a pharmaceutically acceptable tonicity ' agent.

In anpther e "ﬂnoﬂﬂ[ g%ﬁ}l_rkﬁﬁtﬂﬁ afsgg@m&és%g«tlr& g%@ﬁ%ta%u t%_ﬁmﬂwg%% ktgll-"%d

conprising an a

ant i body apbedyEARPISHgE mest@erﬁﬁﬁw?m%me ghieasbonganialA-6 gl deVd'@g'B? ?‘Bed in

10t hi s apégdvi amtlighirthaih Bminb ecie sdaoekicaotticilin Unebdrosmhadisn, ancbmsayamonteeer an .

anti - LA@A}?"@ L ppaq;{?&gtrgaw %téb&b% c}(gg% Q@an@.CI d sequence t hat i's 90%
or

95% am no ac; d ‘&E V\{n (R I? .
2 na t ur t o RS i¥s8iod AP PR BOF 8" B U Lo IPa o SOBRS: ooy
or 9960 i tastioheanltibedy camMidingiaih apina esidsewense tiabis ahieash95%idSEICH k3 IN@vy 2.

I n anot heg rﬁam&ﬂac@aauenw&oﬁpmm ibiNgR 2%Hﬁlfrﬂh§|%mﬁa"hlr@% amfadladd 4
ant i body tahat IS

ANt - CTL AemaBRd B8y orst BB HERER 3 RIET STgliAe uRal ARSIt g s=Q D
conposi t Non4 whareintiies angbqsly éinfiola lpard@Bérd; Brdia pharmpaspaicallygpaceabieon. | n
one enbo@kc?am whirBR 1 kb ekitioR asrEkERLtoh@alratieR BIXARIY MBS a10seerhee 1an -
ant i LA- | ntibody conprising a V. amno acid sequence that is'
90% %mgd? 99% i dentical to a VL ami no acid sequence shown in SEQ
ID NO 4, and further 20conprises a VH am no acid sequence that is
90% 95% or 99% i dent i cRRIEE BERCRHAATION O IEPEAY iR ence shown in SEQ
ID NGO 2. In gpethes 2 eirgedh terthows he pdriaptiaghrdphimnraceolsitesaiormulations

COMPOS ¢ 1,80 BIRL] 56512l BF\ofeHyid oRilioh Opimbbithon feignoc! onal

anti - concentrat| on

ant i l?de i.n tﬁ@“'?lzdﬁﬁ bpr greab aBaYs BaPerethitEs VIR ‘@P“fﬁ*ﬁ%ft"ma&%'é‘ﬁt

i nvent i ONaddas @ememiahgnsatterlsme advelitor Gn tb 7rckeks yredwrEleBDSPABE | i t er |
(mg/ m) s /g @y, at 25 Ieast about 1.0 ng/m or hlgher at | east .
about 10 m_ or hi gher st about r i ast
Sbout 100 vyl FIOVEA 1 BFaiesh et 0% A SPoHD Surose iy ten i Bhiep®
certain @nbm@gﬁemttesaccelhretedecr@élnm&%ﬂﬁlg@ﬁorefp tq Haveglt LRERLA- 4 ant | body
genersl |y ran@%&e“ﬂu@ﬂ]uﬁz@;@éﬁh tl'Q;lt é‘lowﬂﬂ/efﬁercérﬁtc’mwtiro@ﬂ@mfmhﬁh forthatioAinabout -

0.5 ng/ mlto abo

from abolf '%S% i ﬂ‘?%g ag%g'%m %ngwa%er S%Q%U%Q%%g&%ht/%ﬁ{(%out
50 30ny/ @DSFfﬁrQﬁh about 10 ng/m to about 35 ng/m, from about 15 '
mg/ mt o about Fid0rersé Aline grdphittsat sHo@s the PBrcerg Apdregalion mmombmﬂirmmopst he
concentr g EﬂSBFHgQLﬂJepgccglgHedng% Q%"Cqm% tééh\kééﬁs!) % d

phar maceu tion ran

ng/ Mm% n sone @Hﬁ%? friingrasaphifay WSQWPF?SS'HFWWEFQW‘?giﬁ“%tﬁg%éﬁ%‘%g used
where t he/aﬂnmm*sfnmnmtionssamstmt@adwr &@ﬂle@wbem@nmm@”@éﬁiflw&%f‘ wegRsnky
used her ggpgpAdie terns “chelating agent” generally refers to an

exci pient t can fo m at t oval en

ot her wi se) t otFé?uF?ezt'?;iF ?rcﬂrlaph ’Hjag%g) Fheﬁ I’G%ng a%req%tsdr}lgvanobﬁet étfor%ﬁ’l&‘oﬁéi

mul t i dentastaduricliapah BDTARvel casiolgee wetpcpﬂergtgﬁ %‘F‘@@FSIQF HGE épr E%W;?dé‘le?‘isons
as a gt ahjylgezer to-conplex ' with species, which mght pronote

tabilit i |
st 107, L SO LD G708 0 A
f unct i onaiarighisdasplormuiatiprice &fUHCH@@éEB& Pl en sleiage YideiaseserAgrBRYoscbups -
and am noogt RERESte 2AeaRES IEDEPAGE; t hese groUps in ami nopol ycar boxylic

aci ds, hydroxwg?, IRk lﬂﬁ’é(%@ﬁh%é?ﬁl'mqg’thet}%%ﬂ%@r@bdﬁgﬁiﬂrvg%é’{ebﬁorﬁﬂ%laﬁ@nls and

t he . Ilke r esul capaci %%
Howe v | ffww@eewdqrﬁve#ﬂthon@t%et ﬁﬂrﬁfehwetm?we by PRkt ed to
chel at i ng. agerdiguredrd isratine graphthat stews thelpatcem dpta ferdrblytic) a’m.thﬂes;ormatmﬁm m .
bonds wi t tdo@ kot 913 VO
2006/ 0964‘%&%?%@%%%?63 %ﬁ@e{g 'ﬁ"{’]gtpgﬁdd;‘[faﬁfdgoﬁaéw?%ﬁe ° lﬁ’ y any
weeks by ISDSPAGE; and -

The
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5Such chel ati ng agents can reduce or prevent degradation O an
antibody that is formulated without the protection of a chelating
agent. wo 200h®8493 concentration of a chel ati ng agentpdéusRéaisLd
to, it is intended that the recited concentration represent the nolar
concentration of the free acid or free base formof the chelating

agent 5 For exggleas, domgngn@rm@fusrm«msmwsambmtebm aAg)@nito aad cert ai n
AU T IBRBLIRGS U R AdGRIERAP| L P RSy ARRK R doMichiBARS Ff%n@mm@ws 0. 01

m cr onol &r9 a out
10. 0 mi | [tierfl length Fuelgpiida senyencedorifect 1oy Fain 43R5 1D MO figyre
f r om aboughow thdsuiiehdith amhascid @qadnoeiior the @1.211 hkavyohais (SEGHDNCHEL abidlm

0.03 mll H}z%'a% Pé@ﬁﬁﬁ@%ﬁheoﬁ% melaw éﬁQin%nﬁbiemeﬁrés%dﬁa@@@émééﬁ%'ﬁcﬁets‘[he

concentra

ul d
Conp o { TARE MBI BRAMER S SePHHHIoS - G TP Hor Ll g ieesy
t ni | |i noltae cDA.s8RiedGeiatd dsrivbas: CORNUGRTFSSPAMHI(SER RoNQy7); GRFBut 0. 05
: : ' mD: A 9@9&«2\/\&&@ (bluj m@l e"}rand @bﬁyioﬁhdHrLMWGW\a(SEQabmui 9)8 %g
| I'i nol drduresHGshows t%‘%) 'frfquﬁ' er?B‘F%?Pée fa@%ﬁ % %’%‘ a\“l(é%| ©0.34
| |'i ol anD sadveute @niddadid dehiemes ofithe falldenath . 0light ¢higin r@ﬁ%w N%ﬁ) apdite
1.0 mgl | 'llﬂﬁ%lc@s{m vdnﬂbl&%foﬁh@m@iﬂﬂ?&ﬁhe%@ﬁ Sraciiehe] £ GECADINGE). Ofe @hino acid

chel atin ent fie?cihfgg;ﬁ:g? inglcgtecz %sr?o!lolméngll%ﬁ{ F‘P%B%NSVQDQ%@d tich: WBJ 8bre:

about O. or a
enbodi rrerﬁASSt-(ﬁﬁ (SESHIDEW:11 4% FrstORIS: OR¥IETRFGSEGEMNO; B-about 0. 05
mllinolar. In another enbodi nent, the concentration of chelating

agent is about 0.13 m'bfzfm@dagyfisﬁ@w@f@wmﬂw se, the
concentrations listed herein are ose concentration anQi ent,
Eyanﬁag@ according

condi?d ons, ( 1&e melpdaangieshriauss AJSpMETEM PR &5
i nt er meditat@vérgiotdneetabdwes! kaGmdcine ed anhs desdribef inyeious gebpa@kand Mg ons

are al so d,pendedndeQ aeark efdd aAd dl&é@lbs%d'tﬂ?é’@ﬂ&dt% prdg@f{t sFechiBRbeunidsanges

f |
o val Ve islng dosaTnat] ol aby Shodllp BRNE S hss wiluted. ge
enmbodi nerald $ieg Barebraebergtordease, Goid Sangderter. FFP"OH?Q%@”“Q’?“@UR?' ¥Ghsi stl ng
of EDEA, EHRA: FrEbddis iRREicBiiar BitioRs; Greuae eafiishihdwssbedtdsan o) Bodliaentand t he'

chel ating is ,age t ng
agont 1 o et APRREbs, T ey b s TR i RIRP ERITIy pIEDE o SpAlg )
anot her  ehrsesti M¥+{t 990} H@zym%sremctpnawéwfe?@i%?che'svﬁﬁaﬁ rteﬁgfﬁ*%!awﬁ{df"gé% ,
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comprises a heavy chain amino acid sequence with-at least 90% sequence identity to SEQ 1D
NO: 2 and a light chain amino acid sequence with at least 90% sequence identity to SEQ 1D NO:
3B 4
In other aspects, the present invention provides a liquid pharmaceutical composition
comptising at least one isolated human antibody that binds to CTLA-4, wherein the antibody
comprises a heavy chain amino acid sequence with at least 95% sequence identity to SEQID
NO: 2 and a light chain amino acid sequence with at least 95% sequence identity to SEQ 1D NO:
40 4 I |
In other aspects, the present invention provides a liquid pharmaceutical composition
comprising at least one isolated human antibody that binds to CTLA-4, wherein the antibody

comprises a heavy chain amino acid sequence with at least 99% sequence identity to SEQ 1D
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The formulations were then filtered through 0.2 p. sterilizing grade
filters anthilled into 20vials. Afill-volume of the to 1 mM was used

in 2 m Tyge hodledps vials. The, vials were closed Wt%&?%ﬁuﬁ%sl

Flurotec(r) coated stoppers, crinp sealed, and placed in s
chanbers stored upright at 40QC for 2, 5 and 7 weeks. The vials were

washed agd. @H'fd%q\%e;ﬁggn affio W68 SqlidtRe dith AMRBPIoKYRqUehés keriBitd SEGIPRPET S.

Duplicate vials I mredi ately anal yzed for |evels of aggregation
and fragfrent ation. 25 Table 4: Antibody Formul ati ons Test ed:
For mul ati on Birfdilbethéf pecahé aitibedyrcoBpristas heavy chaingmitoacidsea@ooatiat, pH
5.5 (ng/ Han]g;risés ACEhRNE BT SER) IDRBBO ah@a Foht chahGalitiRidN¥aglendeMPai +
PEG3350 (10). 5880 %O. 2% io%éﬁg}f @{}% §u§ur pse, F(‘39{)) g’%%g%& . r%érsé @ﬁ@agft e
Sor bi t ol '?Sﬁ%%ﬁ‘?%e §1o o | OSSP gﬁé‘f‘ PR (0T 25 Acet at e
Mannii@ ol ciaiigmiro d@idseiiency @MPRFRSHDIDNO: SEnGa ditt PRANATIRIESEIEIEH) PS80
I(D gétz)) g gbﬁ%ﬁlfsiﬂ 5EQ BORYI 6. O fultHd s ROB O BntiBYdySorbpizes ARéRy biahsintiral acld4 8) -
(0. quuer(a)ce cHr%Erls%SEEQ'\r@NB' ﬁgrld a(léﬂr?chgigapﬁﬁb Q&d g&ﬂjence comprising SEQ ID
' NO: 4. In still other aspects, the antibody comprises a Vy; amine acid sequence comprising.
human FR1, FR2, and FR3 sequences that utilize a human Vy; 3-33 gene family operably linked
i5  inframe with a CDR1, a CDR2, and a CDR3 sequence. -
In one embodiment, the anti-CTLA-4 antibody Is ficilimumab (also known as CP-
675,206), which has the heavy-and light chain amino acid sequences of antibody ticilimumab.
In ane embodiment of the present invention, the anti-CTLA-4 antibodies specifically bind
to a conformational epitope on human CTLA-4. In other embodiments, the anti-CTLA-4
20  antibodies inhibit human tumor growth after administration to'a subject.

Preparation of the Monocional Anti-CTLA-4 Antibody Formulations:
The anti-CTLA-4 antibody typically is formulated as a pharmaceutical composition for -
parenteral administration to a subject. In one embodiment, the pharmaceutical composition is a
25  liquid composition. In another embodiment, the pharmaceutical composition is a liquid.
composition. .
The compositions of the present invention invoive one or more anti-CTLA-4 monoclonal
_antibodies of the invention in combination with pharmaceuticaﬂy acceptable excipients, which
comprise histidine and/or a chelating agent. The liquid formulations of the present invention
30 °  involve one or more anti-CTLA-4 monoclonal antibodies of the invention in combination with
pharmaceutically acceptable excipients, which comprise histidine and/or a chelating agent.
The ferm “"pharmateutical composition" refers to preparations which are in such form as
to permit the biological activity of the active ingredients to be effective. "Pharmaceutically
. acceptable excipients” (vehicles, additives) are those, which can reasonably {i.e., safely) be
35 administered to a subject fo provide an effective dose of the active ingredient employed. .The
term "excipient” or “carrier” as used herein refers to an inert substance, which is commonly used
as a diluent, vehicle, preservative, binder or stabilizing agent for drugs. As used herein, the term
“diluent” refers to a pharmaceutically acceptable (safe and non-toxic for administration to a
human) solvent and Is useful for the preparation of the liquid formulations herein. Exemplary
40 diluents include, but are not limited to, sterile water and bacteriostatic water for injection (BWFI).
In another embodiment, the invention is directed to a composition comprising an anti:
CTLA-4 antibody and a pharmaceutically acceptable chelating agent. In another embadiment,
the invention is directed to a liquid pharmaceutical composition comprising an anti-CTLA-4
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T e e L
Fi gur es 14 anidod?, a pharmaceutically accepiable butfer, and a pharmaceutlcally acceptab!e surfactant.
In another embadiment, the invention is directed o a composition comprising anti-CTLA-4
antibody, histidine, and a pharmaceutically acceptable surfactant. In another embodiment, the
invention is directed to a composition comprising anti-CTLA-4 antibody, histidine, and
35  polysorbate 80. |
' In another embodiment, the invention is directed to a composition comprising an anti-
CTLA-4 antibody, a pharmaceutically acceptable chelating agent, a pharmaceutically acceptable - -
buffer, and a pharmaceutically acceptable surfactant. .
In another embodiment, the invention is directed to a composition comprising an anti= ..
40  CTLA-4 antibody, a pharmaceutically acceptable chelating agent, a pharmaceutically acceptable
buffer, and a pharmaceutically acceptable tonicity agent. ‘
In another embodiment, the invention is directed to a composition comprising an anti-
CTLA-4 antibody, a pharmaceutically acceptable chelating agent, a pharmaceutically-acceptable
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' Oé) ’ 4gu4)er],' lalp a‘m%éo,egtic%ﬁ/&cge%ta%!e%J?factant, and a pharmaceutically acceptable tonicity -
agent. .
' In another ermbodiment, the invention is directed to a compasition comprising an anti-
CTLA4 antibody and histidine. ' .
“The anti-CTLA-4 antibody present in the composition can be as previously described in
10 this application. In one embodiment, the composition comprises an anti-CTLA-4 antibody
comprising a V,-amino acid sequence that is 90%, 95%, or 99% identical to a Vi amino acid
sequence shown in SEQ ID NO: 4, and further comprises a Vy amino acid sequence that is 90%, "
95%, or 99% identical to a Vi amino acid sequence shown in SEQ ID NO: 2. In another -
embodiment, the composition comprises an anti-CTLA-4 antibody that is monaclonal ami-CTLA-
15 4 antibody 11.2.1.

The anti-CTLA-4 antibody present in the liquid pharmaceutical compositions can be as
previously described in this application. In one embodiment, the liquid pharmaceutical
compositions comprise an anti-CTLA-4 antibddy comptising a Vy amino acid sequence that is’ -
90%, 95%, or 99% Identical to a V| amino acid sequence shown in SEQ ID NO: 4, and further

20 comprises a Vi, amino acid sequence that is 90%, 95%, or 99% identical to a Vi amino acid- ’
sequence shown in SEQ ID NO: 2. in another embodiment, the liquid pharmaceutical
composition comprises an anti-CTLA-4 antibody that is monoclonal anti-CTLA-4 antibody 11.2.1, -
The concentration of the anti-CTLA-4 antibody in the liquid'pharmaceutical compositions
of the present invention is generally at least about 0.1 milligram per milliliter (mg/mi} or higher, at
25  least about 1.0 mg/mi or higher, at ieast about 10 mg/ml or higher, at least about’50 mg/m! or
higher, at least about 160 mg/ml or higher, or at least about 200 mg/ml or higher. in certain
embodiments, the concentration of the anti-CTLA-4 antibody generally ranges from about 0.1
. mg/m! to about 200 mg/mi, from about 0.5 mgfrﬁl to about 100 mg/m!, from about 1 mg/mi to
about 70 mg/mi, from about 2.0 mg/m! o about 65 mg/m, from about 5.0 mg/mi to about 50
30  mag/ml, from about 10 mg/ml to about 35 mg/ml, from about 15 mg/ml to about 25 mg/ml, or is
about 20 mg/ml. In one embodiment, the concentration of the anti-CTLA-4 antibody in the liquid
pharmaceutical composition ranges from about 50 mg/ml to about 100 mg/mi, In some
embodiments, higher antibody concentrations can be used where the composition is intended for:
subcutaneous delivery.
35 _ As used herein, the terms “chelating agent” generally refers to an excipient that can form
at least one bond (e.g., covalent, ionic, or otherwise) to a metal ion. A chelating agent is typically
a multidentate ligand that can be used in selected liquid compositions as a stabilizer to-complex "~ -
with species, which might promote instability. Often, compounds that can act as a chelating
agent will have electron-rich functional groups. Suitable electron-rich functional groups include - -
40  carboxylic acid groups, hydroxy groups and amino groups. Arrangement of these groups in
aminopolycarboxylic acids, hydroxypolycarboxylic acids, hydroxyaminocarboxylic acids, and the
like, result in moieties that have the capacity to bind metal. :

However, the present invention is not intended to be limited to chelating agents primarily

by the chelating agent’s abllity to form bonds with a metal ion. Therefore, the present invention is
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0.42% 16 0.3%0.50% 17 0.3% 0.49% 18 0.3% 0.47% Table 5(b):
Aggregation and Fragnentation Results at 2 Wek Tine Point:

Fo i i
1520 2 0. IO EBERL 02600 16% 4 0. 5% 1. 13% 5. 0. 5% 1. TN
1.34%7 0.6%1.34%8 0.6% 1.44%9 0.6% 1.22% 10. 0.5% 1.16% 11 0.4%
1. 29% 12p0t intended to be limited by any specific mechanism by which the chelating agent acts inthe -
formulations of the present invention and the excipients termed chelating agents herein may
achieve their properties through mechanisms that are altogether unrelated to the .chefating-
agent's ability to form bonds with-a metal ion.

Chelating agents that are suitable for use in the present invention, include, but are not

10 limited to, aminopolycarboxylic acids, hydroxyaminocarboxylic acids, N-substituted glycines, 2-
{2-amino-2-oxacthyl} aminoethane sulfonic acid (BES), deferoxamine (DEF), citric acid,
niacinamide, and desoxycholates. Examples of suitable aminopolycarboxylic acids include

. ethylenediaminetetraacetic acid (EDTA), diethylenetriamine pentaacetic acid 5 (DTPA), -

nitrilotriacetic acid (NTA), N-2-acetamido-2-iminodiacetic acid (ADA), bis(aminoethylglycolether,
15 N,N,N',N-tetraacetic acid (EGTA), trans-diaminocyclohexane tetraacetic acid (DCTA), giutamic

acid, and aspartic acid. Exampies of suitable hydroxyamihocarboxylic acids include N-

hydroxyethyliminodiacetic acid (HIMDA), N,N-bis-hydroxyethylglycine (bicine) and N-

(trishydroxymethyimethyl) 10 glycine (iricine). An example of a suitable N-substituted glycine is

glyeylglycine. An example of a suitable desoxycholate is sodium desoxycholate. Mixtures of two'
20  or more chelating agents are also encompassed by the present invention.

Chelating agenis used in the invention can be present, where possible, as ihe free acid
or free base form of the compound (e.g., teferred to interchangeably herein as “EDTA" or
“gdetate”) or as a corresponding salt form (e.g., the corresponding acid addition salt or base
addition salt; such as disodium edetate). Suitable acid addition salts, .g., include alkalimetal

25  salts (e.g., sodium or potassium salts), alkaline earth metal salts (e.g.; calcium saits), and salts
can be prepared using other weakly bound metal ions. As is known in the art, the nature of the
salt and the number of charges to be neutralized will depend on the number of carboxyl groups
present and the pH at which the stabilizing chelating agent is supplied. As is also known in the
art, chelating agents have varying strengths with which particular target ions are bound. By way

30  of further illustration, suitable salts of EDTA include dipotassium edetate, disodium edetate,
edetate calcium disodium, sodium edetate, trisodium edetate, and potassium edetate; and a
suitable salt of deferoxamine (DEF) is deferoxamine mesylate (DFM).

Chelating agents used in the invention can be present as an anhydrous, so]vated or
hydrated form of the compound or corresponding salt. Where the chelating agent is in & solvated

35  or hydrated form, it can be present in varying states of soivation or hydration (including, e.g.,
anhydrous, hydrated, dihydrated, and trihydrated forms). By way of further illustration, & sLitable
hydrate of EDTA is disodium EDTA dihydrate; and suitable forms of citric acid include anhydrous’
citric acid, citric acid monohydrate, and trisodium citrate-dihydrate. '

Suitable chelating agents used in the antibody compositions of the present invention

40 aiso include, for example, those that bind to metal ions in solution to render them unable to react

- with avallable O, thereby minimizing or preventing generation of hydroxyl radicals which are free
to react with and degrade the antibody. Chelating agents can lower the formation of reduced
oxygen species, reduce acidic species (e.g., deamidation) formation, reduce antibody
aggregation, and/or reduce antibody fragmentation in the compositions of the present invention.
38



0.4% 1.19% 13 0.4% 1. 00% 14 0.4% 0. 99% 15 0. 5% 124% 16 0.5% 1. 00% 17
0.5%1.07% 18 0.5% 0.96% 10 WO 2006/ 096491PCT/ US2006/ 007555 5Tabl e
5(c): Aggrgephb@dsand Fragmentation Results at 5 Week &@U??&@%T“

Formmul ati on Percent Aggregation Percent Fragnentation 3%

1.40% 2 0.9%1.59% 3 12%2.61% 4 1.1% 1.49%5:1.0% 2.12% 6 0. 6% 1. 56%

7 1. 7% 2. 50%
5 Suc c%elatmg agents can reduce or prevent degradation of an antibody that is formulated

wﬂhout the protection of a chelating agent.

When a concentration of a chelating agent is referred to, it is intended that the recited
concentration represent the motar concentration of the free acid or free base form of the
chelating agent. For example, the concentration of chelating agent in certain liquid

.10  pharmaceutical compositions generally ranges from about 0.01 micromolar to about 50
millimolar, from about 1 micromolar fo about 10.0 millimolar, from about 15 micromolar to about
" 5.0 milimolar, from about 0.01 millimolar to about 1.0 millimolar, or from about 0.03 millimolar to

about 0.5 millimolar. In certain embodiments, the concentration of chelating agent in the liquid * -~
pharmaceutical composition can be about 0.01 millimolar, 0.02 millimolar, 0.027 millimotar, 0.03

15  millimolar, about 0.04 millimolar, about 0.05 millimotar, about 0.06 millimolar, about 0.07 '
millimolar; about 0.10 millimolar, about 0.20 millimolar, about 0.26 millimolar, about 0.27
millimolar, about 0.30 milimotar, about 0.31 millimolar, about 0.34 millimolar, about 0.40
millimolar, about 0.50 millimolar, or about 1.0 millimolar. In certain embodiments, the
concentration of chelating agent is about 0.027 millimolar, about 0.05 millimolar, about 0.13

20  millimolar, or about 0.27 milimolar. In one embodiment, the concentration of chelating agent is
about 0.05 millimolar. In another embodiment, the concentration of chelating agent is about 0.13
millimolar. '

Unless stated otherwise, the concentrations listed herein are those concentrations at
ambient conditions, (i.e., at 25°C and atmospheric pressure). Ranges intermediate to the above-

25  recited chelating agent concentrations are also intended to be part of this invention. For
example, ranges of values using a combination of any of the above-recited values as upper
andfor lower limits are intended to be included. '

in one embodiment, the chelating agent is selected from the group consisting of EDTA,
DTPA, DFM, and mixtures thereof. In another embodiment, the chelating is agentis DFM. In

30  another embodiment, the chelating agent is EDTA. In another embediment, the chelating agent‘
is DTPA. In another embodiment, the liquid pharmaceutical composition comprises EDTA In an
amount that generally ranges from about 0.01 micromolar to about 50 millimolar, from about 1
micromoiar to about 20.0 millimolar, from about 15 micromolar to about 10.0 millimolar, from
about 0.01 millimolar to about 5.0 millimotar, or from about 0.03 millimolar to about 1 millimolar.

35  |n certain embodiments, the concentration of EDTA in the liquid pharmaceutical composition can
be about 0.01 millimolar, 0.02 millimolar, 0.027-millimolar, 0.03 millimelar, about 0.04 millimolar,
-about 0.05 millimolar, about 0.06 millimolar, about 0.07 millimolar, about 0.10 millimolar, about
0.20 millimolar, about 0.26 millimolar, about 0.27 millimolar, about 0.30 millimolar, about0.31
millimolar, about 0.34 millimotar, about 0.40 millimolar, about 0.50 millimolar, or about 1.0

40  milimolar. in certain embodiments, the concentration of EDTA is about 0.027 millimolar, about
0.05 millimolar, about 0.13-millimolar, or about 0.27 millimolar. In one embodiment, the
concentration of EDTA is about 0.05 millimolar. In another embodiment, the concentration of
EDTA is about 0.13 millimolar. In another embodiment, the liquid pharmaceutical composition
cormprises EDTA in an amount of about 0.27 millimolar.
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2. 96% 3 S As noted above, the compositions of the present invention optionally may further

comprise a pharmaceutically acceptable buffer in additionto a chelating agent. As used herein,
the term "buffer” refers to an added composition that allows a liquid antibody formulation to resist
changes in pH. In certain embodiments, the added buffer allows a liquid antibody formuiation te
resist changes in pH by the action of its acid-base conjugate components.

© 10 . For example, a buffered formulation may be prepared by adding L-histidine-+Cl! (L-
histidine-hydrochloride) and L-histidine in the appropriate amounts to arrive at a desired pH.
However, in other embodiments, the added buffer allows a liquid antibody formulation fo resist
changes in pH by the action of its acid-base conjugate components. By way of a second
example, a buffered formuiation may be prepared by adding an acid, such as hydrochloric acid,

15  and L-histidine in the appropriate amounts to-arrive at a desired pH.

Examples of suitable buifers include, but are not limited to, acetate (e.g., sodium
acetate), succinate (e.g., sodium succinate), gluconate, citrate (e.g.,, and other organic acid
buffers, including, but not limited to, buffers such as amino acids (e.g., histidine), acetic acid,
phosphoric acid and phosphates, ascorbate, tartartic acid, maleic acid, glycine, {actate, lactic

20  acid, ascorbic acid, imidazoles, carbonic acid and bicarbonates, sqccinic acid, sodium benzoic
acid and benzoates, gluconate, edetate (EDTA), acetate, malate, imidazole, tris, phosphate, and-
mixtures thereof. In one embodiment, the buffer is acetate.

In ancther embodiment, the buffer is histidine. The histidine starting material used to
prepare the compositions of the present invention can exist in different forms. For example, the

25  histidine can be an enantiomeric {e.g., L- or D-enantiomer) or racemic form of histidine, a free .

acid or free base form of histidine, a salt form (e.g., a monohydrochloride, dihydrochlcride,
hydrobromide, suifate, or acetate salt) of histidine, a solvated form of histidine, a hydrated form
(e.g., monohydrate) of histidine, or an anhydrous form of histidine. The purity of histidine base
and/or salt used to prepare the compositions generally can be at least about 98%, at least about
30 99%, or at least about 99.5%. As used herein, the term "purity” in the context of histidine réfers
to chemical purity of histidine as understood in the art, e.g., as described in The Merck Index,
13th ed., O'Neil et al. ed. {Merck & Co., 2001).
When a concentration of a buffer is referred to, it is intended that the recited
concentration represent the molar concenfration of the free acid ot free base form of the buffer.
35  For example, the concentration of the buffer when present in certain liquid pharmaceutical
' compositions can range from about 0.1 millimolar (mM) to about 00 mM. In one embodiment,
the conceniration of the buffer is from about 1 mM to about 50 mM. In ancther embodiment, the -
concentration of the buffer is from about 5 mM to about 30 mM. in various embodimenté, the
canceniration of the buffer is about 1 mM, about 5 mM, about 10 mM, about 15 mM, about 20
40  mM, about 256 mM, about 30 mM, about 35 mM, about 40 mM, about 45 mM, about 50 mM,
about 55 mM, about 60 mM, about 65 mM, about 70 mM, about 75 mM, about 80 mM, about 85
mM, about 90 mM, about 95 mM or about 100 mM. In one embodiment, the concentration of
histidine in the pharmaceutical composition is about 10mM. In ancther embodiment, the
pharmaceutical composition contains about 10 mM of L-histidine (in base form). In another
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to the above-recited pH's are also intended to be part of this invention. For example, ranges of
15  values using a combination of any of the above-recited values as upper and/or lower limiis are
intended to be included. In one embodiment, the liquid pharmaceutical composition is buffered
to maintain a pH of about 5.5. In another embodiment, the liquid pharmaceutical composition is -
buffered to maintain a pH of about 6.0. .
As noted above, the compositions of the present invention optionally may further
20  comprise a pharmaceutically acceptable tonicity agent in addition to a chelating agent. As used
herein, the terms “fonicity agent” or “tonicifier” refers to an excipient that can adjust the osmotic
pressure of a liquid antibody formulation. In certain embodiments, the tonicity agent can adjust-
the osmotic pressure of a liquid antibody formulation to isotonic so that the antibody formulation
is physiologically compatible with the cells of the body tissue of the subject. In stili other
25  embodiments, the “tonicity agent” may coniribute o an improvement in stability of any of the anti- -
CTLA-4 antibodies described herein. An "isotonic" formulation is one that has essentially the
same osmotic pressure as human blood. Isatonic formulations generally have an osmotic
pressure from about 250 to 850 mOsm. The term "hypotonic" describes a formulation with an
osmotic pressure below that of human blood. Correspondingly, the term "hypertonic" is usedto -
30 describe a formulation with an osmotic pressure above that of human blood. |sotonicity can be
measured using a vapor pressure or ice-freezing type osmometer, for example.
. The tonicity agent used to prepare the compositions of the present invention can exist in
different forms. When the tonicity agent is referred to, it is intended that all of these different
forms are encompassed by the name of the tonicity agent. For example, the tonicity agent can
35  bein an enantiomeric (e.g., L- or D-enantiomer) or racemic form; isomers such as alpha or beta,
including alpha, alpha; or beta, beta; or alpha, beta; or beta, alpha; a free acid or free base form; -
a hydrated fdrm {e.g., monohydrate), or an anhydrous form, ’
in one embodiment, the tonicity agent is a saccharide. As used herein, the term
'saccharide® refers to a class of molecules that are derivatives of polyhydric alcohols.
40  Saccharides are commonly referred to as carbohydrates and may contain different amounts of
sugar (saccharide} units, e.g., monosaccharides, disaccharides and polysaccharides.
Saccharides that are suitable for use as a tonicity agent in the present invention, include, but are
not limited 1o, saccharides selected from the group consisting of fructose, glucose, mannose,

41



Buf fer Type Tonicifier Surfactant (ng/nil) No. 20 M pH 5.5 (mai) .
1 Acetate NaCl (9) PS80 (0.2) 2 Acetate NaCl (9) + PEG3350 (10) P880
(0.2) 3 Acwioabesosofose (90) P880 (0.2) 4 Acetate Sor big@buda46)ootB880
(0.2) 19 Acetate Trehal ose (90) P880 (0.2) 20 Succinate Nad (9)
P880 (0.2) 21 Succinate NaCl (9) + PEG350 (10) PS80.(0.2) 7
Succi Aat eorERRey Xyipse, (aptppe. paiose; BHompe, geiFRulA ed%'tnb‘fVPIB‘ge"Wﬂ%fm%%O '
(0.2)  22iakhstyidiyeeryNadeth, (vHer-RBBR fdari2) ard3niktires indienle NaCl (9)
+PEG3350 (10) I:P é%@eﬁ Qnt?ohiment, the tonicity agent is a polyol. As used herein, the term "pd!yol"
refers an excipient with multiple hydroxyl groups, and includes sugars (reducing and nonreducing
sugars), sugar alcohols and sugar acids. In one embodiment, the polyol has a molecular weight
.40 that is less than about 600 kD (e.g., in the range from about 120 o about 400 kD). A "reducing
sugar" is one which contains a hemiacetal group that can reduce metal ions or react covalently
with lysine and other amino groups in proteins and a "nonreducing sugar" is one which does not
have these properiies of a reducing sugar. Polyols that are suitable for use as a tonicity.agent in
the present invention, include, but are not limited to, polyols selected from the group consisting of
15  mannitol, trehalose, sorbitol, erythrifol, isomalt, lactitol, maltitol, xylitol, giycerol, lactitol, propylene
glycol, polyethylene giycol, inositol, and mixtures thereof. In one embodiment, the tonicity agent
is a non-reducing sugar selected from the group consisting of trehalose, sucrose, and mixtures
thereof,
In one embodiment, the tonicity agent is mannitol. In another embodiment, the tonicity .
20  agentis D-mannitol. |n ancther embodiment, the tonicity agent is trehalose. In another.
‘ embodiment, the tonicity agent is o o-trehalose dihydrate. In another embodiment, the fonicity
agent is sucrose.

In ene embodiment, concentration of the tonicity agent in the liquid pharmaceutical
composition ranges from about 1 millimolar to about 600 millimolar, from about 1 millimolar to

25  about 400 millimolar, from 1 millimolar to about 300 millimolar, or from 200 milliho!ar to about
275 millimolar. In one another embodiment, the tonicity agent.is mannitol and is present in the
liquid pharmaceutical composition at a concentration of about 247 millimolar. In another
embodiment, the tonicity agent is trehalose and is present in the liquid pharmaceutical
composition at a concentration of about 222 millimolar. In another embadiment, the tonicity

30 agent is trehalose and is present in the liquid pharmaceutical composition at a concentration of
about 238 millimolar. In another embodiment, the fonicity agent is sucrose is present in the liquid
pharmaceutical composition at a concenration of about 263 millimolar. '

In one embodiment, concentration of the tonicity agent in the liquid pharmaceutical
composition ranges from about 1 mg/m! to about 300 mg/mi, from about 1 mg/m! to about 200

35  mg/ml, or from about 50 mg/ml to about 150 mg/ml.. In ancther embodiment, the tonicity agent is
mannitol and is present in the Jiquid pharmaceutical composition at a.concentration of about 45
mg/ml millimolar, in another embodiment, the tonicity agent is trehalose and is present in the
liquid pharmaceutical composition at a concentration of about 84 mg/ml. In ancther embodiment,

. the tonicity agént is trehalose and is present in the liquid pharmaceutical composition at a

40  concentration of about 90 mg/ml. In another embodiment, the tonicity agent is sucrose and is
present in the liquid pharmaceutical composition at a concentration of about 90.mg/ml.

In one embodiment, the tonicity agent is a salt; such as sodium chloride. In one
embodiment, when the tonicity égent is g salt, the concentration of the salt in-the liquid
pharmaceutical composition ranges from about 1 mg/ml o about 20 mg/mi. in another
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25  sulfobetaine, myristyl-sulfobetaine, linoleyl-sulfobetaine, stearyl-sulfobetaine, lauryl- sarcosine,

myristyl-sarcosine, linoleyl-sarcosine, stearyl-sarcosine, linoleyl-betaine, myristyl-betaine, cetyl-
betaine, lauroamidopropyl-betaine, cocamidopropyl-betaine, linoleamidopropyl-betaine,
myristamidopropyi-betaine, palmidopropyi-betaine, isostearamidopropyl-betaine,
myristamidopropyl-dimethylamine, palmidopropyl-dimethylamine, isostearamidopropyl-
30 dimethylamine, sodiumn methyl cocoyl-taurate, disodium methy! oleyl-taurate, dihydroxypropy!
peg 5 linoleammonium chlotide, polyethylene glycol, polypropylene giycol, and mixtures thereof.
. In one embadiment, the surfactant is a polysorbate surfactant comprising at least one
excipient that is selected from the group consisting of polysorbate 20, polysorbate 21,
polysorbate 40, polysorbate 80, polysorbate 61, polysorbate 65, polysorbate 80, polysorbate 81,
35  polysorbate 85, and mixtures thereof. In another embodiment, the liquid pharmaceutical
coraposition comprises polysorbate 80.
The concentration of the surfactant when present in the composition generally ranges
from about 0.01 mg/mi fo about-10 mg/mi; from about 0.05 mg/ml to about 5.0 mg/-ml, from about
0.1 mg/ml to about 1.0 mg/ml, or from about 0.2 mg/mi to about 0.7 mg/ml. In another
40  embadiment, the surfactant is present in an amount that is about 0.2 mg/mi. In ancther
embodiment, the surfactant is present in an amount that is about 0.5 mg/ml. In one embodiment,
the liquid pharmaceutical composition contains about 0.2 mg/mi polysorbate 80. In another
embodiment, the liquid pharmaceutical composition contains about 0.4 mg/ml polysorbate 80. In
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5  another embodiment, the liquid pharmaceutical composition contains about 0.5 mg/ml
polysorbate 80.

Ranges intermediate to the above-recited surfactant concentrations are also intended to
be part of this invention. For exampie, ranges of values using a combination of any of the above-
recited values as upper and/or lower limits are intended to be included.

- 10 The compositions of the present invention optionally may further comprise a
pharmaceutically acceptable antioxidant in addition to a chelating agent. Suitable antioxidants
include, but are not limited to, methionine, sodium thiosulfate, catalase, and platinum. For
example, the liquid pharmaceutical composition may contain methionine in a concentration that
ranges from 1 mM to about 100 mM, and in particular, is aboui 27 mM. '

15 In one embodiment, the present invention encompasses a composition comprising at
least one antibody comprising an amino acid sequence that is at least 95% identical to a heavy
chain amino acid sequence shown in SEQ ID NO: 2, and further comprising an amino acid
sequence that is at least 95% Identical to a light chain amino acid sequence shown in SEQ ID
NOQ: 4, wherein the antibody binds to human CTLA-4; and a chelating agent.

20 In one embodiment, the present invention encompasses a composition comprising at
least one antibody comprising an amino acid sequence that is at least 95% identical to a heavy -
chain amino acid sequence shown in SEQ 1D NO: 2, and further comprising an amino acid
sequence that is at least 95% identical to a light chain amino acid sequence shown in SEQ [D
NO: 4, wherein the antibody binds to human CTLA-4; and a chelating agent.

25 In one embodiment, the present invention encompasses a composition comprising at
least one human monocional ant-CTLA antibody, wherein the antibody binds to human CTLA-4;
and a chelating agent.

) In one embodiment, the present invention encompasses a liquid pharmaceutical
composition comprising at least one human monoclonal anti-CTLA antibody, wherein the

30  antibody binds to human CTLA-4; and & chelating agent.

In one embodiment, the present invention encompasses a composition comprising at
least one antibody comprising an amino acid sequence that is at least 95% identical 0'a heavy
chain amino acid sequence shown in SEQ 1D NO: 2, and further comprising an amino acid
sequence that is at least 95% identical to a light chain amino acid sequence shown in SEQ ID

35. . NO: 4, wherein the antibody binds to human CTLA-4; and a pharmaceuticaily acceptable.
excipient, wherein the composition contains a concentration of antibody that is at least about 10
mg/ml, at least about 15 mg/ml, at least about 20 mg/ml or at least about 25 mg/mi, -

In one embodiment, the present invention encompasses a liquid pharmaceutical
composition comprising at least one antibody comprising an amino acid sequence that is at least

40  95% identical to a heavy chain amino acid sequence shown in SEQ ID NO: 2, and further -
comprising- an amino acid sequence that is at least 95% identical to a light chain amino acid
sequence shown in SEQ ID NO: 4, wherein the antibody binds to human CTLA-4; and a
pharmaceutically acceptable excipient, wherein the composition contains a concentration of
antibody that ranges from about 10 mg/ml to about 200 mg/mi.
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colorl esSbham%n%rakiid%g&ﬁﬁc%sshown in SEQ 13 NO: 2, and further comprising an amino acid
sequence that is at least 95% identical to a light chain amino acid sequence shown in SEQ ID '
NO: 4, wherein the antibody binds to human CTLA-4; and a pharmaceutically acceptable

10 . excipient, wherein the compaosition contains a concentration of antibody that ranges from about
15 mg/ml to about 200 mg/ml. '

In one embodiment, the present invention encompasses a contposition comprising at
least one antibody comprising an amino acid sequence that is at least 95% identical fo a heavy
chain amino acid sequence shown in SEQ ID NO: 2, and further comprising an amino acid

15  seguence that is at least 95% identical to a light chain amino acid sequence shown in SEQ ID.
NO: 4, wherein the antibody binds to human CTLA-4; and a pharmaceutically acceptable
excipient, wherein the composition contains a concentration of antibody that ranges from about
20 mg/ml to about 200 mg/mil.

In one embodiment, the present invention encompasses a‘composition comprising at -

20  least one antibody comprising an amino acid sequence that is at least 95% identical to a heavy
chain amino acid sequence shown in SEQ ID NO: 2, and further comprising an amino acid
sequence that is at least 95% Identical to a light chain amino acid sequence shown in SEQ'ID -
NO: 4, wherein the aniibody binds {o human CTLA-4; and a pharmaceutically acceptable
excipient, wherein the composition contains a concentration of antibody that ranges from about

25 50 mg/mito about 260 mg/ml.

In one embodiment, the present invention encompasses a liquid pharmaceutical
composition comprising at least one antibody comprising an amino acid sequence that is at least
95% identical to a heavy chain amino acid sequence shown in SEQ 1D NO: 2, and further
comprising an amine acid sequence that is at least 95% identical to a light chain amino acid -

30  sequence shown in SEQ ID NO: 4, wherein the antibody binds to human CTLA-4; and a
pharmaceuticé!ly acceptable excipient, wherein the composition contains a concentration of
antibady that ranges from about 100 mg/m| to about 200 mg/ml.

In one embodiment, the present invention encompasses a composition comprising at ™
least one antibody comprising an amino acid sequence that is at least 95% Identical to a heavy

35  chain amino acid sequence shown in SEQ ID NO: 2, and further comprising an amino-acid.” -~
sequence that is at least 95% identical to a light chain amino acid sequence shown in SEQ ID -
NO: 4, wherein the antibody binds to human CTLA-4; and a pharmaceutically acceptable
excipient, wherein the composition contains a conceniration of antibady that ranges from about
10 mg/ml to about 25 mg/ml.

40 In one embodiment, the present invention encompasses a composition comprising at
least one antibody comprising an amino acid sequence that is af least 95% identical to a heavy .
chain amino acld sequence shown in SEQ ID NO: 2, and jurther comprising-an amino acid
sequence that is at least 95% identical to a light chain amino acid sequence shown in SEQ ID
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-1 in one embaodiment, the liquid pharmaceutical composition comprises from about 0.01
mg/m! to about 200 mg/m! of monoclonal anti-CTLA-4 antibody ticilimumab; and from about 0.3
. micromolar to about 50 millimolar of chelating agent.

10 In another embodiment, the liquid pharmaceutical composition comprises from about 0.1
mg/m! to about 100 mg/ml of monoclonal anti-CTLA-4 antibody ticilimumab; and from about 3
micromolar to about 5.0 millimelar of chelating agent. -

In another embodlment the liguid pharmaceutical composxtlon comprises from about 0.1
mg/ml to about 100 mgiml of monoclonat anti-CTLA-4 antibody ficilimumab; and about 0.27
15 millimolar cﬁ‘ chelating agent.,
in another embodiment, the liguid pharmaceutical composition comprises from about 0.1
mg/ml to about 100 mg/ml of monocional anti-CTLA-4 antibody ticilimumab; and from about 0.3 -
micromoilar to about 50 millimolar of EDTA.
In another embodiment, the liguid pharmaceutical composition comprises from about 0.1 -

20  mg/mi to about 100 mg/m! of monoclonal anti-CTLA-4 antibody ticilimumab; and from about 3
micromolar to about 10.0 millimolar of EDTA.

In another embodiment, the liquid pharmaceutical composition comprises from about 0.1
ma/ml to about 100 mg/m! of monoclonal anti-CTLA-4 antibody ticilimumab; and from about 0.1
-millimolar to about 1.0 millimolar of EDTA.

25. Ih another embodiment, the liquid pharmaceutical composmon comprises from about 0.1
mg/ml to about 100 mg/ml of monoclonal anti-CTLA-4 antibody ticilimumab; and about 0.27 .
millimolar of EDTA. .

_ Inanother embodiment, the liquid pharmaceutical composition comprises from about 0.1
rﬁgfml to about 100 mg/ml of monoclonal anti-CTLA-4 antibody ticilimumab; and from about 3

30 mtcromolar to about 5.0 millimolar of DTPA. ‘

In another embodiment, the liquid pharmaceutical compos:tron comprises from about 0.1
rg/ml to about 100 mg/ml of monoclonal anti-CTLA-4 antibody ticiiimumab; and from about 3
micromolar to about 5.0 millimolar of deferoxamine.

In one embodiment, the liquid pharmaceutical composmon comprises from about 0.01

35  mg/m! to about 200 mg/ml of monoclonal anti-CTLA-4 antibody ticilimumal; and from about 1
mM to about 100 mM of histidine. ] _ .

In another embodiment, the liquid pharmaceutlca[ cornposmon comprises from about 0.1
mg/mi to about 200 mg/ml of monoclonal anti-CTLA-4 antibody ticilimumalby; from about 3 .
micromolar to about 5.0 millimolar of chelating agent; and from about 1 mM to about 100 mM of

40 histidine. |

in another embodiment, the liquid pharmaceutical composition comprises from about 0.1
mg/ml to about 200 mg/ml of monoclonal anti-CTLA-4 anibody ticilimumab; from about 3
micromolar to about 5.0 millimolar of chelating agent; and from about 10 millimolar to about 400
miliirnolar of trehalose.
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micromolar to about 5.0 millimolar of chelating agent; from about 10 millimolar to about 400
millimolar of trehalose; and from about 1 mM to about 100 mM of histidine.
In another embodiment, the liquid pharmaceutical composition comprises from about 0.1
10 mg/ml to about 200 mg/mi of monoclonal anti-CTLA-4 antibody ticilimumab; from about 3
micromolar to about 5.0 millimolar of chelating agent; from about 10 millimolar to about 400
millimolar of trehalose; from about 1 mM to about 100 mM of histidine; and from about 0.005
millimolar to about 10 millimolar of polysorbate 80.
_ In another embodiment, the liquid pharmaceutical composition comprises from about 0.1
15 mg/ml .to about 200 mg/mi of monoclonal anti-CTLA-4 antibody ticilimumab; from about 3
micromolar to about 5.0 millimolar of EDTA; from about 10 millimolar to about 400 millimolar of a
tonicity agent; from about 1 mM to about 100 mM of a buffer; and from about 0.005 millimolar to
aboutt 10 millimolar of a surfactant.
I another embodiment, the liquid pharmaceutical composition comprises from about 0.1 -
20  mg/mlto about 200 mg/mi of monoclonal anti-CTLA-4 antibody ticiimumab; from about 3
micromolar to about 5.0 millimolar of EDTA; from about 10 millimolar to about 400 millimolar of a
tonicity agent; from about 1 mM fo about 100 mM of histidine; and from about 0.005 millimolar to
about 10 milimolar of a surfactant.
In another embodiment, the liquid pharmaceutical composition comptises from about 0.1
25  mg/ml o about 200 mg/m! of monoclonal anii-CTLA-4 antibody ticilimumab; from about 3
micromolar to about 5.0 millimolar of EDTA,; from about.10 millimolar to about 400 millimolar of
trehalose; from about 1 mM to about 100 mM of histidine; and from about 0.005 millimolar to
about 10 millimolar of a surfactant. : ‘
In certain aspects of the present invention, the liquid anti-CTLA-4 antibody compositions
30  comprise from about 0.1 mg/ml to about 200 mg/mil.of monoclonal anti-CTLA-4 antibody
ticilimumab; from about 1 mM to about 100 mM of histidine; from about 0.008 millimolar to about
10 millimotar of polysorbafe 80; from about 3 micromolar to about 5.0 millimolar of EDTA; and
from about 10 millimolar to about 400 millimolar of trehalose.
in other aspects of the present invention, the liquid anti-CTLA-4 antibody compositions
85  comprise from about 1.0 mg/ml to about 100 mg/ml of monoclonal anti-CTLA-4 antibody )
| ticilimumab; from about 10 mM to about 50 mM of histidine; from about 0.01 millimolar to about
1.0 millimolar of polysorbate 80; from about 3 micromolar to about 5.0 millimolar of EDTA; and
fram about 100 millimolar to about 300 millimofar of trehalose.
In other aspects of the present invention, the liquid anti-CTLA-4 antibody compositions
40  comprise from about 10 mg/ml to about 50 mg/ml of monoclonal anti-CTLA-4 antibody
ticilimumab; from about 10 mM to-about 30 mM of histidine; from about 0.05 milimolar to about
0.5 millimolar of polysorbate 80; from about 0.1 millimolar to about 1 millimolar of EDTA; and
from about 200 millimolar to about 250 millimolar of trehalose,
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In anothet embodiment, the invention is directed to a stable liquid pharmaceutical
composition comprising an anti-CTLA-4 antibody and a pharmaceutically acceptable chelating

_agent, wherein the molar concentration of the antibody ranges from about 0.0006 millimolar to

about 1.35 miilimolar and the molar concentration of the chelating agent ranges from about 0.003
millimolar to about 50 millimolar, and wherein the molar ratio of antibody to chelating agent
ranges from about 0.00001 to about 450; from about 0.0001 to about 100; from about 0.005 to
about 50; from about 0.001 to about 10; from about 0.01 to about 5; from about 0.1 fo about 1; or
is about 0.5. )

In another embodiment, the invention is directed to a siable liquid pharmaceutical
composition comprising ticilimumab and a pharmaceutically acceptable chelating agent, wherein
the molar concentration of the antibedy ranges from about 0.0006 millimolar to about 1.35
millimaolar and the molar concentration of the chelating agent ranges from about 0.003 millimolar
to about 50 millimolar, and wherein the molar ratio of antibody o chelating agent ranges from
about 0.00001 to about 450; from about 0.0001 to about 100; from about 0.005 fo about 50; from
about 0.001 to about 10; from about 0.01 to about 5; from about 0.1 {o about 1; or is about 0.5.

In another embodiment, the invention is directed o a stable liguid pharmaceutical

composition comprising ticilimumab, a pharmaceutically acceptable chelating agent, and

histidine; wherein the molar concentration of the antibody ranges from about 0.0006 millimolar to
about 1.35 millimolar, the molar concentration of the chelating agent ranges frorn about 0.003
miliimolar to about 50 millimolar, and the molar concentration of histidine ranges from about 1
millimolar to about 100 millimolar; and wherein the molar ratio of antibody to chelating agent
ranges from about 0.00001 to about 450; from about 0.0001 to about 100; from about 0.005 to
about 50; from about 0.001 to about 10; from about 0.01 to about 5; from about 0.1 to about 1; or
is about 0.5. .

In another embodiment, the invention is directed to a stable liquid pharmaceutical
compasition comprising ficlimumab, a pharmaceutically acceptable chelating agent, and
histidine; wherein the molar concentration of the antibody ranges from about 0.0008 millimolar to
about 1.35 millimolar, the molar concentration of the chelating agent ranges from about 0.003
millimolar to about 50 millimolar, and the molar concentration of histidine ranges from about 10
millimolar to about 50 millimolar; and wherein the molar ratio of antibody io chelating agent
ranges from about 0.0001 to about 100; from about 0.005 to about 50; from about 0.001 to about
10; from about 0.01 to about 5; from about 0.1 to about 1; or is about 0.5. '

In another embodiment, the invention is diretted to a stable liquid pharmaceutical
composition comprising ticilimumab, a pharmaceutically acceptable chelating agent, and
histidine; wherein the molar concentration of the antibody ranges from about 0.0006 millimolar to
about 1.35 millimolar, the molar concentration of the -chelating agent ranges from about 0.003
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In another embodiment, the invention is directed to a stable liquid pharmaceutical
composition comprising ticilimumab, a pharmaceutically acceptable chelating agent, and
histidine; wherein the molar concentration of the antibody ranges from about 0.0006 millimolar to

20  about 1.35 millimolar, the molar concentration of the chelating agent ranges from about 0.003
millimolar to about 50 millimolar, and the molar concentration of histidine is about 20 millimolar;
and wherein the molar ratio of anfibody to chelating agent ranges from about 0.001 to about 10;
from about 0.01 to about 5; from about 0.1 to about 1; or is about 0.5,

25  Methods of Producing Anti-CTLA-4 Antibodies and Antibody Producing Celf Lines:

Antibodies in accordance with the invention can be prepared through the utilfzation of a
transgenic mouse that has a substantial portion of the human antibody preducing genome
inserted, but that is rendered deficient in the production of endogenous, murine, antibodies. Such
mice, then, are capable of producing human immunoglobulin molecules and antibodies and are

30  deficient in the production of murine immunoglobulin molecules and antibodies. Tebhnologies
utilized for achieving the same are discussed below.

It is possible o produce transgehic animals (e.g., mice) that are capable, upon
immunization, of producing a full repertoire of human antibodies in the absence of endogenous
immunoglobulin production. In particular, however, one embodiment of transgenic production of

35  ‘mice and antibodies therefrom is disclosed in U.S. patent number 6,662,736 to Hanson, efal
Through use of such technology, antibodies that bind to CTLA-4 and hybridomas producing such
antibodies can be prepared.

Human antibodies avoid potential problems associated with antibodies that possess
murine or rat variable and/or constant regions. The presence of such murine or rat derived

40  proteins can lead to the rapid clearance of the antibodies or can lead o the generation of an
immune response against the antibody by a subject that receives administration of such
antibodies. .

For example, it has been ciescnbed that the homozygous deletion of the antibody heavy~

chain joining region (Ji) gene in chimeric and germ-line mutant mice results in-complete .
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Nitrogen in | yBQQrinJe Ier%%din%tsi, fle %%L@Q QrYt%en is isolated and/or purified CTLA4. Ina
preferred embodiment, the CTLA-4 antigen is human CTLA-4. In some embodiments, the CTLA-
40 4 antigen is a fragment of CTLA-4. In some embodiments, the CTLA-4 fragment comprises at
least one epitope of CTLA-4. In other embodiments, the CTLA-4 antigeni is a cell that expresses
or overexpresses CTLA-4 or an immunogenic fragment thereof on its surface. In still other
embodiments, the CTLA-4 antigen is a CTLA-4 fusion protein. CTLA4 canbe punned from
natural sources using known fechnigues. . -
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10 for immunizing non-human animals such as mice, rats, sheep, goats, pigs, cattle and horses are
well known in the art. See, e.g., Harlow and Lane, supra, and U.S. Patent 5,994,619, Ina
preferred embodiment, the CTLA-4 antigen is administered with an adjuvant to stimulate the
immune response. Exemplary adjuvants include complete or incomplete Freund's adjuvant, RIB{
(muramyl dipeptides) or ISCOM (immunostimulating complexes). Such adjuvants may protect

15 the polypeptide from rapid dispersal by sequestering it in a local deposit, or they may contain
substances that stimulate-the host to secrete factors that are chemotactic for macrophages and
other components of the immune system. Preferably, if a polypeptide is being administered, the
immunization schedule can involve two or more administrations of the polypeptide, spread out
over several weeks.

20 After immunization of an animal with a CTLA-4 antigen, antibodies and/or aniibody-
producing cells can be obtained from the animal. In some embodiments, anti-CTLA-4 antibody-
containing serum is obtained from the animal by bleeding ar sacrificing the animal. The serum
may be used as it is obtained from the animal, an immunoglobulin fraction may be obtained from
the serum, ér the anti-CTLA-4 antibodies may be purified from the serum.

25 In some embodiments, antibody-producing immortalized cell lines are prepared from
cells isolated from the immunized animal. After immunization, the animal is sacrificed and lymph
node and/or splenic B cells are immortalized. Methods of immortalizing cells include, but are not
limited to, transfecting them with oncogenes, infecting them with an oncogenic virus, cultivating
them under conditions that select for immortalized cells, subjecting them fo carcinogenic or

30  mutating compounds, fusing them with an immortalized cell, e.g., a myeloma cell, and
inactivating a tumor suppressor gene. See, ¢.g., Harlow and Lane, supra. In a preferred
embodiment, the immunized animal is a non-human animat that expresses human
immunoglobulin genes and the splenic B cells are fused to a myeloma cell line from the same -
species as the non-human animal. In a more preferred embodiment, the immunized animal is a

36  XENOMOUSE™ animal and the myeloma cell line is a non-secretory mouse myeloma. In an
even more preferred embodiment, the myeloma cel line is P3-X63-AG8-653. I fusion with
myeloma cells is used, the myeloma cells preferably do not secrete immunoglobulin polypeptides
(anon-secretory cell line). Immortalized cells are screened using CTLA-4, a portion thereof, or a
cell expressing CTLA-4. In a preferred embodiment, the initial screening is performed using an

40  enzyme-linked immunoassay {ELISA} or a radioimmunoassay. An example of ELISA screening
is provided in WO 00/37504.

Anti-CTLA-4 antibody-producing cells, e.g., hybridomas, are selected, cloned and further
screened for desirable characteristics, including robust growth, high antibody production and
desirable antibody characteristics, as discussed further below. Hybridomas can be expanded in
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culture in vitro. Methods of selecting, cloning and expanding hybridomas are well known to those
of ordinary skill in the art. '

As will be appreciated, antibadies in accordance with the present invention can be
recomhinantly expressed in cell lines other than hybridoma cell lines. Nugcleic acid sequences

. 10 encoding the cDNAs or genomic clones for the particular antibodies can be used for
transformation of a suitable mammalian or nonmammatian host celis.

The present invention alsg encompasses nucleic acid molecules encoding anti-CTLA-4
antibodies. In some embodiments, different nucleic acid molecules encode a heavy chain and a
light chain of an anti-CTLA-4 immunoglobulin. In other embodimenits, thé same nucleic acid

15  malecule encodes a heavy chain and a light chain of an anti-CTLA-4 immunoglobulin. In one
smbodiment, the nucleic acid encodes an anti-CTLA-4 antibody of the invention.

A nucleic acid molecule encoding the heavy or entire light chain of an anti-CTLA-4
antibody or portions thereof can be isolated from any source that produces such antibody. In
various embodiments, the nucleic acid molecules are isolaied from a B cell isolated from an

20  animal immunized with anti-CTLA-4 or from an immortalized cell derived from such a B celi that
expresses an anti-CTLA-4 antibody. Msthods of isclating mRNA encedirig an antibody are well-
known in the art. See, e.g., Sambrook, et al, Mofecular Cloning 3rd Ed. Vol.3 (1989). The
mRNA may be used to produce cDNA for'use in the polymerase chain reaction (PCR) or cDNA
cloning of antibody genes. In a preferred embodiment, the nucleic acid molecule is isolated from

25  ahybridoma that has as one of its fusion partners a human immunogliobulin-producing celi from a
non-human transgenic animal. In an even more preferred embodiment, the human
immunoglobulin producing cell is isolated from a XENOMOUSE™ animal, In another
embodiment, the human immunoglobulin-producing cell is from a hon-human, non-mouse
tfans’genic animal, as described above. In another embodiment, the nucleic acid is isolated from

30  anon-human, non-transgenic animal. The nucleic acid molecules isclated from a non-human
animal may be used, e.g., for humanized antibodies.

In some embodiments, a nucleic acid encoding a heavy chain of an anti-CTLA-4
antibody of the invention can comprise a nuclectide sequence encoding a Vy domain of the
invention joined in-frame to a huclectide sequence encoding a heavy chain constant domain from

35  anysource. Similarly, a nucleic acid molecule enceding a light chain of an anti-CTLA-4 antibody
of the invention can comprisé a nucleotide sequence encoding a V. domain of the invention
joined in-frame to a nucleotide sequence encoding a light chain constant domain from any
souree.

In a further aspect of the invention, nucleic acid molecules encoding the variable domain

40  of the heavy (V) and light (VL) chains are “converted” to full-length antibody genes. In one
ermbodiment, nucleic acid molecules encoding the Vy or V. domains are converied to full-length
antibody genes by insertion into an expression vector already -encoding heavy chain constant
(Cy) or light chain (C,) constant domains, respectively, such that the Vi segment is operatively
linked to the Cy segmenit(s) within the vettor, and the V|, segment is operatively linked to the Co
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nucleic acid molecule encoding a Vi andfor Vi domains to a nucleic acid molecule encodinga Gy
and/or C,_ domain using standard molecular biological techniques. Nucleic acid sequences of '
human heavy and light chain immunoglobulin constant domain genes are known in the art. See,

10 e.g., Kabat ef al., Sequences of Proteins of Immunological Interest, 5th Ed., NIH Publ. No. 81-
3242, 1981. Nucleic acid molecules encoding the full-length heavy and/or light chains may then
be expressed from a cell into which they have been introduced and the anti-CTLA-4 antibody
isolated. : ’

The present Invention also provides veciors comprising nucleic acid molecules that

i5  encode the heavy chain of an anti-CTLA-4 antibody of the invention or an antigen-binding portion
thereof. The invention also provides vectors comprising nucleic acid molecules that encode the
light chain of such antibodies or antigen-binding portion thereof. The invention further provides
vectors comprising nucleic acid molecules encodingfusion proteins, modified antibodies,
antibody fragments, and probes thereof. o

20 - In some embodiments, the anti-CTLA-4 antibodies, or antigen-binding portions of the’
invention are expressed by inserting DNAs encoding partial or full-length light and heavy chains,
obtained as described above, into expression vectors such that the genes are operatively linked
to necessary expression control sequences such as iranscriptional and translational control
seguences. Expression vectors include plasmids, retroviruses, adenoviruses, adenc-associated

25  viruses (AAV), plant viruses such as cauliflower mosaic virus, tobacco mosaic virus, cosmids,
YACs, EBY derived episomes, and the like. The antibody gene is ligated into a vector such that
transcriptional and translational control sequences within the vector serve their intended function
of regulating the iranscription and translation of the antibody gene. The expression vector and
expression control sequences are chosen to be compatible with the expression host cell used.

30  The antibody light chain gene and the antibody heavy chain gene can be inserted into separate
vectors. Ina preferred embodiment, both genes are ins'erted into the same expression vector.
The ahtlbcdy genes are inserted into the expression vector by standard methods (e.g., ligation of
com;ifementary restriction sites on the antibody gene fragment and vector, or blunt end ligation if
no restriction sites are present). -

35 A convenient vector is one that encodes a functionally complete human Cy or G
immunoglobulin sequence, with appropriate restriction sites engineered so that any Vy or V.
sequence can easily be inserted and expressed, as described above. In such vectors, splicing
usually occurs between the splice donor site in the inserted J region and the splice'acceptor site
preceding the human C domain, and also at the splice regions that occur within the human Cy

40  exons. Palyadenylation and transcription termination occur at native chromosomal sites
downstream of the coding regions. The recombinant expression vector also can enbpde asignal
‘peptide that facilitates secretion of the antibody chain from a host cell. The antibody chain gene
may be cloned into the vector such that the signal peptide is linked in-frame {o the amino
terminus of the immunoglobulin chain. The signal peptide can be an immunogltobulin sighal
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- 10 including the selection of regulatory sequences may depend on such factors as the choice of the -
host cell to be transformed, the level of expression of protein desired, etc. Preferred regulatory
sequences for mammalian host cell expression include viral elements that direct high lévels of

. protein expression in mammallan cells, such as promoters and/or enhancers derived from
retroviruses (such as retroviral LTRs), cyiomegalovirus {CMV) (such as the CMV '

16 promoter/enhancer}, Simian Virus 40 (SV40) (such as the SV40 promoter/enhancer), adenovirus,
(e.g., the adenovitus major late promoter (AdMLPY)), polyoma and strong mammalian promoters
such as native immunogiobulin and actin promoters. For further description of viral regulatory
slements, and sequencss thereof, see e.g., U.S. Patent No. 5,168,062, U.S. Patent No. '
4,510,245 and U.S. Patent No. 4,968,615, Methods for expressing antibodies in plants, including

20 & description of promoters and vectors, as well as transformation of plants is known in the art. .
See, e.g., United States Patents 6,517,529, hereln incorporated by reference. Methods of
expressing polypeptides in bacterial cells or fungal cells, .g., yeast cells, are also well known in,
the art. )

In addition to the antibody chain genes and regulatory sequences, the recombinant

25  expression vectors of the invention may carry additional sequences, such as sequences that
regulate replication of the vector in host cells (e.g., origins of replication) and selectable marker
genss. The selectable marker gene facilitates selection of host cells into which the vector has
been introduced (see e.g., U.S. Patent Nos. 4,399,216, 4,634,665 and 5,179,017). For example,
typically the selectable marker gene confers resistance o drugs, such as G418, hygromycin or

30  methotrexate, on a host cell into which the vector has been Introduced. Preferred selectable
marker genes include the dihydrofolaie reductase (DHFR) gene {for use in DHFR-host cells with
methotrexate selectionfamplification), the neomycin resistance gene (for G418 sélection), and
the glutamine synthetase gene. T

Nucleic acid molecules encoding anti-CTLA-4 antibodies and vectors comprising these

35 nucleic acid molecules can be used for ransformation of a suitable mammalian, plant, bacterial
or yeast host cell. Antibodies of the invention can be produced transgenically-through the
generation of a mammal or plant that is transgenic for the immunoglobulin heavy and light chain
sequences of interest and production of the antibody in a recoverable form therefrom. '

Transformation can be by any known method for introducing polynucleotides into a host

40  cell, including, for example packaging the polynucleotide in a virus (or into a viral vector) and:-
fransducing a host cell with the virus (or vector) or by transfection procedures known in the art,
as exemplified by U.S. Pat. Nos. 4,399,216, 4,912,040, 4,740,461, and 4,958,455. The
transformation procedure used depends upon the host to be transformed. Methods for
introduction of heterologous polynuclectides into mammalian cells are well known in the art and -
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20 Further, expression of antibodies of the invention {or other moieties therefrom) from

with constitutive CTLA-4 binding properties.

production cell lines can be enhanced using a number of known techniques. For example, the
glutamine sythetase and DHFR gene expression systermns are common approaches for
enhancing expression under certain conditions. High expressing celi clones can be identified
using conventional techniques, such as limited dilution cloning and Microdrop technology. The

25  Glutamine Synthetase system is discussed in whole or part in connection with European Patent
Nos. 0 216 846, 0 256 055, and 0 323 997 and European Patent Application No. 89303964.4.

In connection with the transgenic production in mammals, antibodies can also be
produced in, and recovered from, the milk of goats, cows, or other mammals. See, e.g., U.8. Pat. .

-Nos. 5,827,690, 5,756,887, 5,750,172, and 5,741,957,

30 The anti-CTLA-4 antibodies expressed in cell lines as described above may be purified
and/or isolated from the assoclated cellular material. The antibodies may be present in whole
cells, in a cell lysate, or in a partially purified or substantially pure form. Purification is performed
in order o eliminate other cellular components or other contaminants, e.g. other cellular nucleic
acids or proteins, by standard techniques, including alkaline/SDS freatment, column

35  chromatography and others well known in the art. See Ausubel, F., et af., ed. Current Protocols
in Molecular Biolegy, Greene Publishing and Wiley Interscience, New York (1987).

In the present invention, it is possible that the anti-CT[L.A-4 antibodies of the present
invention expressed by different cell lines or in transgenic animals will have different
glycosylation patterns from each other. However, all of the anti-CTLA-4 antibodies encoded by

40  the nucleic acids and amino acids provided herein are considered part of the instant invention,
regardless of their glycosylation pattern or modification or deletion thereof. Thus, for-purposes of
the present invention, the anti-CLTA-4 antibodies may be glycosylated or non-glycosylated.
When the anti-CTLA-4 antibodies are glycosylated they may have any possible glycosylation
pattern. Moreover, each heavy chain within one antibody may have the same. glycosylation
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5 pattern or the two heavy chains may have differing glycosylation patterns. Site directed
mutagenesis of the antibody CH2 domain to eliminate glycosylation is also encompassed by the
present invention in order to prevent changes in either the immunogenicity, pharmacokinetic, -
and/or effector functions resulting from non-human glycosylation. A

As used herein, the térm "glycosylation” means the pattern of carbohydrate units that are ~

10  covalently attached o an antibody. When it is said that the anti-M-CTLA-4 antibodles herein
have a particular glycosylation pattern, it is meant that the majority of the referenced anti-CTLA-4
antibodies have that pariicular glycosylation pattern. In other aspects, when it is said that the
anii-M-CTLA-4 antibodies herein have a particular glycosylation pattern, it is meant that greater
than or equal to 50%, 75%, 90%, 95%, 99% or 100% of the referenced anti-CTLA-4 antibodigs

15  have that particular glycosylation pattern.

The anti-CTLA-4 antthodies of the present invention also encompass glycosylation

* variants thereof (e.g.; by insertion of a glycosylation site or deletion of any glycosylation site by -
deletion, insertion or substitution of suitable amino acid residues).

Glycosylation of polypeptides is typically either N-linked or O-linked, Glycosyiation of

20  antibody poplypeptides is typically N-linked and forms a biantennary structure, N-linked refers to
the attachment of the carbohydrate moiety to the side chain of an asparagine residue. The tri-
peptide sequences asparagine-X-serine and asparagine-X-threonine, where X is any amino acid
except proline, are the recognition sequences for enzymatic attachment of the carbohydrate
moiety {0 the asparagine side chain.. Thus, the presence of either of these tri-peptide sequences

25  in an antibody creates a potential glycosylation site. :

The three distinct structures of biantennary giycans are designated "0, “G1 " and “G2”
having zero, one, or two, respectively, ferminal galactose residues on the nonreducing end of the
glycan. See Jefferis et al., Biochem. J., 268, 529-537 (1990). In some cases, the glycan
s;tructure may also have a fucose residue linked to an M-acetylglucosamine, which is covalently

30  honded to the asparagine amino acid (e.g., position 297) found in the antibody. When the fucose
(F) is present, the biantennary glycan nomenclature is changed to “GOF”, “G1F", or "G2F"
depending upon the number of terminal galactose residues, See Teillaud, Expert Opin. Biol,
Ther., 5(Suppl.1):815-827 (2005), Furthermore, when the antibody contains both of the two
heavy chains, the glycan nomenclature is repeated for each of the two heavy chains. The

35 "GOF,GOF" glycoform is a species in which both heavy chains have the G0 giycan attached and
each GO glycan has a fucose (F) residue linked to an N-acetylglucocsamine. The "GOF,G1F"
glycoform is a species in one of the heavy chains has the G0 glycan attached and the other
heavy chain has the G glycan attached with each GO0 glycan and G1 glycan having a fucose (F)
residue linked to an N-acetylglucosamine, '

40 In certain embodimenis, the anti-CTLA-4 antibodies have a glycosylation pattern that is .
selected from the group consisting of "GOF,GOF"; "GOF,G1F"; "G1F,G1F", "G1F,G2F"; and
mixiures thereof. Ih other embodiments, the anti-CTLA-4 antibodies have a glycosyiation pattern
thatris “GOF,G1F" for greater than 50% of the produced antibodies. In other embodiments, the
anti-CTLA-4 antibodies have a glycosylation pattern that is “GOF,GOF” for less than 50% of the
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described herein has a glycosylation pattern of “GOF,GOF” or “GOF,G1F”. In some embodiments,

the anti-CTLA-4 antibodies (11.2.1) are produced having a mixture of different glycosylation

pafterns. For example, in a sample of the antibodies {(11.2.1), there may be a mixture of

antibodies {11.2.1} with some having a glycosylation pattern of “GOF,G1F” and others having a
10 glycosylation pattern of “GOF,GOF" in a ratio of approximately 3:2, respectively.

Rotes of Administration and Dosages:
The compositions of this invention may be in {liguid solutions (e.g., injectable and
infusible solutions). The preferred form depends on the intended mode of administration and

15 therapeutic application. Typical preferred compositions are in the form of injectable or infusible
solutions, such as compositions similar to those used for passive immunization of humans. The
preferred mode of administration is parenteral (e.g., intravenous, subcutaneous, infraperitoneal,
intramuscular, and intrasternally) or by infusion techniques, in the form of sterile injectable liguid
or olagenous suspensions. As will be appreciated by the skilled artisan, the route andfor mode -~

20  of administration will vary depending upon the desired results. in a preferred-embodiment, the
antibody is administered by intravénous infusion or injection.” In another preferred embodiment,
the antibody is administered by intramuscular or subcutaneous injection. .
Therapeutic compositions typically are sterile and stable under the conditions of manufacture and
storage. .

25 . The composition can be formulated as a solution, microemuision, dispersion, or
liposome. Sterile injectable solutions can be prepared by incorporating the anti-CTLA-4 anitibody
in the required amount in an appropriate diluent with one or a combination of ingredients
enumerated above, as required, folliowed by sterilization (e.g., filter sterilization). Generally, -
dispersions are prepared by incorporating the active compound info a sterile vehicle that contains

30  abasic dispersion medium and the required other ingredients from those enumerated above,
Such suspensions may be formulated according to the known art using those suitable dispersing
of wetting agents and suspending agents or other acceptable agents. The sterile injectable
preparation may also be a sterile injectable solution or suspension in a non-toxic parenterally
acceptable diluent or solvent, for example as a solution in 1,3-butanediol. Among the accebtable

35  wvehicles and solvents that may be employed are water, Ringer's solution and isotonic sodium
chloride solution. In additlon, sterile, fixed oils are conventionally employed as a solvent or
suspending medium. For this purpose, any bland fixed ¢il may be employed, including synthetic
mono- or diglycerides. In addition, n-3 polyunsaturated fatty acids may find use in the
preparation of injectables.

40 In the case of sterile powdets for the preparation of sterile injectable solutions, the
preferred methods of preparation are vacuum drying and freeze-drying that yields a powder of
the active ingredient pius any additional desired ingredient from a previously sterile-fittered
solution thereof. The proper fluidity of a solution can be maintained, for example, by the use of a
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Wi t hout E:B%m%ste%adtamhg @f.tepcﬁ the%é'ﬁg%w,'laﬁne% body part, into the tumor or irflamed body '
part or at a site distant from the site of the tumor or inflamed body part. The antibody may be

25  administered once, at least twice or for at least the period of time until the condition is treated,
paliiated or cured. The antibody generally may be administered for as long as the tumor is
present provided that the antibody causes the tumor or cancer to stop growing or to decrease in
weight or volume or until the inflamed body part is healed. The antibody typically would be
administered as part of a pharmaceutical compossition as described supra.

30 The compositions of the invention may include a therapeutically effective amount or a
prophylactically effective amount of an antibody or antigen-binding portion of the invention, In
preparing the formulation, the therapeutically effective amount of the anti-CTLA-4 antibody
present in the formulation can be determined, for example, by taking into account the desired
dose volumes and mode(s) of administration, the nature and severity of the condition to be

'35  tteated, and the age and size of the subject. ' '
Exemplary, non-limiting dose ranges for administration of the pharmaceutical
compositions of the present invention to a subject are from about 0.01 mg/ky to about 200 mg/kg
(expressed in terms of milligrams (mg) of anti-CTLA-4 antibody administered per kilogram (kg) of
subject weight), from about 0.1 mg/kg to about 100 mg/kg, from about 1.0 mg/kg to about 50

40  'mg/kg, from about 5.0 mg/kg to about 20 mg/kg, or about 15 mg/ky. For purposes of the present
invention, an average human subject weighs about 70 kg.

Ranges intermediate to any of the dosages cited herein, e.g., about 0.01 mg/kg - 199
mg/kg, are also intended to be part of this invention. For example, ranges of values using a ‘
combination of any of the recited values as upper and/or lower fimits are intended to be included.
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[%E@ﬁ 5165t AR i b R Hh S i ey o
4t aboyt 124@@ths, is more stable than an otherwise identical composition lacking the
chelating agent that is stored under the same conditions for the same time.

In another embediment, the compaosition when stored at a temperature of about 40°C for
at least about 1 months, preferably at least about 2 months, and more preferably at least about 3
months is more stable than an otherwise identical composition lacking the chelating agent that is
stored under the same conditions for the same fime. '

As used herein, the term "a freeze/thaw cycle" refers to techniques for using a liquid
antibody sample after frozen storage, wherein the temperature of the sample is Iowéred toa
temperature of 0°C or lower in order to freeze the liquid sample, and then-subjecting the sample
to a temperature which will restore its liquid state for a sufficient period of time to permit use of
the sample, followed by and return to frozen storage, preferably at a temperature of 0°C or lower.
As used herein, the term "frozen storage" refers to freezing and maintaining a-previousty liquid
antibody sample.at a temperature of 0°C or below, and preferably -20°C or lower.

In one embodiment, the compaosition-when subjected to at least 1 freeze/thaw cycle,
preferably at least 2 freeze/thaw cycles, more preferably at least 3 freeze/thaw cycles, still more
preferably at least 4 freeze/thaw cycles, stilt more preferably at least 5 freeze/thaw cycles, and
still more preferably at least 6 freeze/thaw cycles, is more stable than an otherwise identical

-composition lacking the chelaﬁng agent that is subjected to the same freeze/thaw conditions.

25

30

35

40

In another embodiment, the composition satisfies two or more of the following
conditions:

{a) the composition when stored at a temperature from about 2°C to about 8°C for at
least about 12 months, preferably at least about 18 months and more preferably at least about 24
months, is more stable than an otherwise identical composition lacking the chelating agent that is
stored under the same conditions for the same time; :

(b) the composition when stored at a temperature from about 25°C to about 30°C for at
least about 3 months, preferably at least 6 months, and more preferably at least about 12
monihs, is more stable than an otherwise identical composition lacking the chelating agent that is
stored under the same conditions for the same time;

{c) the composition when stored at a temperature of about 40°C for at least about 1
months, preferably at least about 2 months, and more preferably at least about 3 months is more
stable than an otherwise identical composition lacking the chelating agent that is stored under
the same conditions for the same time; or | '

{d) the composition when subjected to at least 1 freeze/thaw cycle, preferably at least 2
freeze/thaw cycles, more preferably at feast 3 freeze/thaw cycles, still more preferably at least 4
freeze/thaw cycles, still more preferably at Ieast 5 freeze/thaw cycles, and still more preferably at
least 6 freeze/thaw cycles, is more stable than an otherwise identical composition lacking the
chelatlng agent that is subjected to the same freeze/thaw conditions.
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Aggregation Anal ysis: The antibody fornulations treated according to
Table 12 were stored at a tenperature of 402C. At weeks 0, 2, 6, Band
each f QbR was anal yzed for aggregation usingySkéSons/007sss
25exc| usion c¢ rorrat ography. The size excl usi on chromatography was -
carried out using a TSK gel G3000SWKL- Q000SWKL col utm, mobile phase

0.2 M godi um ph@a’?ﬁﬂ@ﬁ &n%’dzﬁ‘rfeﬁlr th?t:on?ddm? onosaat:ﬁeg HRW o AbS oPtB? t]:cr\mt{ N, and

WV detecti,on a 3 shows the percentage o ed high
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t Leat ment %ndleﬁ@ﬂrﬁ@ﬂﬂiblh &Qcolo@élz@nl\ %r%nﬁ)]ecédn@élugéoeéi uliHi'cators @gie:ggagﬂl{{%; th@g

t m pea

e e oSty 15y DT 38 ARG 2 S Bl S S
speci €8 pééﬁx@f Igeel af %@ﬁ@@m eigetinefly augtegitiopeeakibogdy BagnfesitaioramblcemiBlion WO
2006/ 0964 8ikeearafon GRANGELREIED DnSor Ttk & tHediborRadlce&bbd Aa@%@a%é&nhafw

4 woeks. 6 iaptRAeH SRt BERUiiooybl el hERS PR dRNg o "o
26 No t r eSYORSIFE 1N 3BTR Boitiongos 2. 206 2..6% 3. 2% 33 +0. 01% Na2EDTA. 2H20
0. 7% Q. 8% 0. 9%PtuiedPoghrdddtiod ii22iquid pharmaceutical compaosition can be measured by various

15 methods known in the art. Such methods include gel filtration chromatography to separate
proteins on the basis of their molecular weight. A "gel” is a matrix of water and a polymer, such
as agarose or polymerized acrylamide. The present invention also encompasses the use of gel
filtration HPLC (high performance liquid chromatography). Other recognized methods of
measuring aggregation include cation exchange chromatography, which is the general liquid

20  chromatographic technique of ion-exchange chromatography utilizing anion columns. The
cations exchanged in the present invention are from the protein molecules. Since multivalent
protein aggregates may have some multiple of the net charge of the single-chain antigen-binding
protein, the aggregates can be retained more strongly, and may be separated from the single-
chain molecules. A preferred cationic exchanger is a polyaspartic acid column. Thus, a

25  monomeric protein can be readily distinguished from an aggregate. However, those of ordinary
skill in the art will realize that aggregation assays of the invention are not limited to any particular
type of chromatography column, so fong as it is capable of separating the two formis of protein
molecules.

Protein fragmentation in a liquid pharmaceutical composition can be measured by

30 various methods known in the art. Such methods include, for example, size exclusion
chromatography, ultraviolet detection (e.g., at 214 nanometers), SDS-PAGE and/or matrix-
assisted laser desorption ionization/time-of-flight mass spectrometry (MALDI/TOF MS). Protein
fragmentation resulting in a charge alteration (e.g., occurring as a result of deamidation) can be
evaluated, for example, by ion-exchange chromatography or isoelectric focusing (IEF). '

35 Composition discoloration generally can be measured by visual observation of the
composition itself. The present liquid pharmaceutical compositions comptising a chelating agent
generally reduce composition discoloration (e.g., pink or yellow) and/or maintain composition
clarity (e.g., turbidity, cloudiness and/or particulate formation) relative to otherwise identical
compositions that do not.contain the chelating agent. For purposes of the present invention, the

40 term “discoloration” refers to both changes in color (e.g., from clear and colorless to pink or
yellow) and to changes in clarity. (e.g., from clear and coloriess to turbid, cloudy andfor having
pafficulates). Compuosition discoloration generally can be measured using additional techniques
such as by ultraviolet detection at 214 nanometers and/or by visual comparison against a
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34 + 0.01% DTPA 0.5% 0. 7% 0. 8% 0. 9% 0. 9% 0. 9% As can be seen
in Table 7, both the EDTA and DTPA containing fornul ati ons showed
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Test egy Nﬁhemr&hat%ﬁrﬁgﬂ’abEQI’glﬁgfler Surfactant Chelatin. Head- Spacé

Agent In general tﬁe dlgslzrgr?ce gt\%@&!t es ggglt%%la % rom attogram%eak area for a stable

liquid pharmaceutical composition of the present invention and the aggregate chromatogram
peak area for an otherwise identical composition lacking the chelating agent that is subjected to
the same conditions is at least about 2%, at least about 3%, at least about 4%, or at least about

35  4.5%. Forexample, this difference between Formulation 37 {aggregate peak area on the
chromatogram of about 1.1%) and Formulation 26 (aggregate peak area on the chromatogram of
about 6.4%) tested in Example 11 as discussed above is about 5.3%.

In another embodiment, antibody fragmentation is determined after the.composition is,
subjected to at least one of the following conditions: '

40 .{a) the compuosition is stored at a temperaiure from about 2°C to about 8°C for at least
about 12 months, preferably at least about 18 months and more preferably at least about 24
months;

{b) the compasition is stored at a temperature from about 25°C to about 30°C for at least -
about 3 months, preferably at least 6 months, and more preferably at least about 12 months;
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- 36 Nitrogen Histidine Trehal ose Polysorbate 80 - 37 Air Histidine
Tr ehal ose Pol ysorbate 80 EDTA 38 Nitrogen Histidine Trehal ose

Pol ysor bat ¢o3Qodaldd@1 Fornul ati on appearance anal ysis: 1QEagdboos/007535
formul ati on was visually evaluated after O (initial), 4, 8, 12 and 24

weeks for particulate formation, color change and turbidity change.
Vi sual _observa

' ' : I
Eval uafi ons af %clé Q%ﬁﬁ%ﬁg{ iiggtr??kt’f'r%g%iepﬁ‘@%?@ e‘lecifu ]a'%b%r(gg li% .‘"‘tl‘gf!?t ‘I\\{RIS?.gtu“'amD”ths’
Tr eat ment PGfefbiyies ledst wemk 2 mgntne aksmar2 pratsadtdy R leastebds 3 mohths;tor al  40C 40C
40C 40C - . (dmetodpdsitibmisshifedtRASIHNREE! fdeSdthaw BRIDAERIBN LALRSo Ver Y
slight pi ﬂgeze)th%ﬁl%yél&?more preferably at least 3 freeze/thaw cycles, still more preferably at east 4
freeze/thaw cycles, still more preferably at least 5 freeze/thaw cycles, and stili more preferably at
10 least 6 freezefthaw cycles. Antibody fragments are then chromatographically separated from the
composition (e.g., using gel filtration) and the extent of fragmentation determined from the
resuliing chromatogram. The stable liquid pharmaceutical compositions of the present invention
typically have a fragment band volume on the chromatogram that is less than about 9%, less
than about 8%, less than about 7%, less than about 6%, less than about 5%, or less than-about
15 4.5% of the total band volume on the chromatogram. In one specific example of this technique
for measuring fragmentation, the composition is stored for 24 weeks at 40°C and then
chromatographed using reduced SDS-PAGE (rSDS-PAGE) with band volumes determined by
scanning with either a Molecular Dynamics Personal Densitometer PDQC-90 or a Bio-Rad
G8800 Imaging Densitometer. This technique was used to measure antibody fragmentation in
20  Example 11 where, for example, Formulation No. 37 {containing a chelating agent) exhibited a
fragment band volume on the chromatogram of about 4.5% while Formulation 26 (lacking a
chelating agent) exhibited a fragment band volume on the chromatogram of about 10.1%. -
in general, the difference between the fragment band volume for a stable liquid
pharmaceutical composition of the present invention and the fragment band volume for an
25  otherwise identical composition lacking the chelating agent that is subjected to the same
conditions is at least about 2%, at least about 3%, at least about 4%, or at léast éb’out 5%. For
example, this difference between Formulation 37 (fragment band volume on the chromatogram
of about 4.5%) and Formulation 26 (fragment band volume on the chromatogram of about
10.1%) tested in Example 11 as discussed above is about 5.6%.

30
Methods of Treatment:

Any of the types of antibodies described herein may be used therapeuticaily. Ina
preferred embodiment, the anti-CTLA-4 antibody is a human antibody. In another preferred
embodiment, the CTLA-4 is human and the subject is a human subject. In yet another preferred

35  embodiment, the anti-CTLA-4 antibody is a human igG2 antibody. Alternatively, the subject may
be a mammal that expresses a CTLA-4 protein that the anti-CTLA-4 antibody cross-reacts with.
_The antibody may be administered to a non-human mammal expressing CTLA-4 with which the
antibody cross-reacts (.e., a primate) for veterinary purposes or as an animal maodel of ﬁuman
disease. Such animal models may be usefui for evaluating the therapeutic efficacy of antibodies
40  of this invention.

The present invention provides a method for the treatment of a neoplasia condition in a
subject, comprising administering to the subject a liquid pharmaceutical compasition comprising
an anti-CTLA-4 antibody; and a chelating agent alone or in combination with other excipients
chosen from a buffer, a tonicity agent, or a surfactant, and mixiures thereof. In further.
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e ant ¢ st Ptedeien Shrepadupei b EralRer: A-TEpPEPEseoBte Sprbg
at at errp'éveatlmaée Emish, p@patignant, metseltic, Or malign=gt nebflasiand ABS enerarpassed by

f or muimt i e pressht Pationzesl bdngn, REBAIGERE, nRihsksd, BOmAASt tumors. Thus, all of
benign, premalignant, metastatic, or malignant neoplasia or tumors are encompassed by the
present invention and may be referred to interchangeably, as neoplasia, heoplasms ar neoplasia-
relaied conditions. Tumors are generally known in the art to be a mass of neoplasia or
“neoplastic” cells. Although, it is to be understood that even one neopiastic cell is consu:lered for

20  purposes of the present invention to be a neoplasm or alternatively, neoplasia.

Neoplasua conditions that may be treated by an anti-CTLA-4 antibody of the mventlon
can involve any tissue or organ, and.include, but are not limited to bone, brain, lung, squamous
cell, bladder, gastric, pancreatic, breast, head, neck, liver, renal, ovarian, prostate, colorectal,

_esophageal, gynecalogical (e.g., cervical and ovarian), nasopharynx, or thyroid cancers. Also )

25  encompassed by the term neoplasia conditions, are bone metastases, melanomas, lymphomas, -
leukemias, and multiple myelomas. In particular, the anti-CTLA-4 antibody formulations of the
present invention are useful to treat cancers of the breast, prostate, colon and lung.

In other embodiments, the methods and compasitions of the present invention
ehcompass the prevention and treatment of the neoplasia conditions selected from the group

30  consisting of acral lentiginous melanoma, actinic keratoses, adenocarcinoma, adenoid cycstic
carcinoma, adenomas, familial adenomatous polyposis, familial polyps, colon polyps, polyps,
adenosarcoma, adenosguamous carcinoma, adrenocortical carcinoma, AiDS-related lymphoma,
anal cancer, astrocytic tumors, bartholin gland carcinoma, basal cell carcinoma, bile duct cancer,
bladder cancer, brain stem glioma, brain tumors, breasi cancer, bronchial gland-carcinomas,

35  capillary carcinoma, carcinoids, carcinoma, carcinoma of the fallopian fubes, carcinoma of the
endometrium, carcinosarcoma, cavernous, central nervous system lymphoma, cerebral
astrocytoma, cholangiocarcinoma, chondosarcoma, chariod plexus papilloma/carcinoma, clear
cell carcinoma, skin cancer, brain cancer, colon cancer, colorectal cancer, cutaneous T-cell
lymphoma, cystadenoma, endodermal sinus tumor, endometrial hyperplasia, endometrial stromal

40  sarcoma, endometrioid adenocarcinoma, ependymal, epitheloid, esophageal cancer, Ewing’s.
sarcoma, extragonadal germ cell tumor, fibrolamellar, focal nodular hyperplasia, gallbladder
cancet, gastrinoma, germ cell tumors, gestational trophoblastic tumor, glioblastorna, glioma,
glucagonoma, hemangiblastomas, hemangioendothelioma, hemangiomas, hepatic adenoma,
hepatic adenomatosis, hepatocellular carcinoma, Hodgkin's lymphoma, hypopharyngeal cancer, -
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excl usi on chromat ography. The formulation vials were aseptically
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t he heads paitear(dl. painB:268i6u8 catdter] BasbplBiyngdal eanten naumbtahtemh.e'adggzaib@lal+ EDTA

0.7% 0. 6ty‘é&£n§c%i’rc9no%%n3dlﬁg/%%§noma, neoplasms of the central nervous system (e.g., primary

15  CNS lymphoma, spinal axis tumors, brain stem gliomas or pituitary adenomas), non-Hodgkin's
lymphoma, oat cell carcinoma, oligodendroglial, oral cancer, oropharyngeal cancer, .
osteosarcorna, pancreatic polypeptide, ovarian cancer, ovarian germ cell tumor, pancreatic
cancer, papillary serous adenocarcinoma, pineal cell, pituitary tumors, plasmacytoma,
pseudosarcoma, pulmonary blastoma, parattyroid cancer, penile cancer, pheochromocytoma,

20  pinealand supratentoriél primitive neuroéctodermal tumors, pituitary tumor, plasma cell
neoplasm, pleuropulmonary blastoma, prostate cancer, rectal cancer, renal cell carcinoma,
retinoblastoma, rhabdomyosarcoma, sarcoma, serous carcinoma, small cell carcinoma, small
intestine cancer, soft tissue carcinomas, somatostatin-secreting tumor, squamous carcinoma,
squamous cell carcinoma, submesothelial, superficial spreading melanoma, supratentorial

25  primitive neuroectodermal tumors, thyroid cancer, undifferentiatied carcinoma, urethral cancer,
uterine cancer, uveal melanoma, verrucous carcinoma, vaginal cancer, vipoma, vulvar cancer,
Waldenstrom’s macroglobulinemia, well differentiated carcfnoma, and Wilm's tumor.

In a more preferred embodiment, the anti-CTLA-4 antibody is administered to a subject

with breast cancer, prostate cancer, lung cancer or colon cancer. In an even more prefetred

30 . embodiment, the method causes the cancer o stop proliferating abnormally, or not to increase in
weight or volume or to decrease in weight or voiume.

Arficles of Manufacture:
in another embodiment of the invention, an article of manufacture is provided comprising
35  acontainer, which hoids the liguid pharmaceutical formulation comprising at least one of the -
monoclonal anti-CTLA-4 antibodies of the present invention in a formulation comprising a
chelating agent alone or in combination with other pharmaceutically acceptable excipients, and
optionally provides instructions for its use. Suitablé containers include, for example, botiles,
vials, bags and syringes. The container may be formed from a variety of materials such as glass
40  orplastic. Anexemplary container is a 3-20 cc single use glass vial. Alternatively, fora
multidose formulation, the container may be a 3-100 cc glass vial. The container holds the
formulation and the label on, or associated with, the container may indicate directions for use.
The article of manufacture may further include other materials desirable from a commercial and
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be seen in Table 15, the EDTA containing fornulation, the nitrogen
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1. 2% 3. 5o/appre0|ate that the weight quantitiee and/or weight-to-volume ratlos recnted in the exampies can

be converted to moles and/or molarities using the-art-recognized molecular weights of the recited
ingredients. Weight quantities exemplified herein (e:g., grams) are for the volumes (e.g., of -

20  buffer solutions, antibody formulation, etc.) recited. The skilled artisan will appreciate that the
weight quantities can be proportionally adjusted when different formulation volumes are desired.

- EXAMPLE 1
This Example shows the generation of hybridoma cell lines that produce anti- CTLA-
25 'antlbodaes as described in U.S. Patent No. 6,682,736 to Hanson, et al.
Antibodies of the invention were prepared, selected, and assayed as follows:
Antigen Preparation: Three distinct immunogens were prepared for immunization of the
XenoMouse™ mice: (i) a CTLA-4-IgG fusion protein, (i) a CTLA-4 peptide, and {iii) 300.19
murine lymphoma cells transfected with a mutant of CTLA-4 (Y201V) that is constitutively
30  expressed on the cell surface.
CTLA-4-igG1 Fusion Protein:

Expression Vector Construction
The ¢cDNA encoding the mature extraceliular domain of CTLLA-4 was PCR amplified from
35  human thymus cDNA library (Clontech) using primers designed to the published sequence (Eur.
J Imimunol 18:1901-1905 (1988)). The fragment was directionally subcloned into pSRS, a Sindbis
virus expression plasmid (InVitrogen), between the human oncostatin M signal peptide and
human IgG gamma 1 (IgG1) CH1/CH2/CH3 domains. The fusion protein does not contain a
hinge domain but contains cysteine 120 in the extracellular domain of CTLA-4 to form acovalent
40  dimer. The résulting vector was called CTLA-4-1gG1/pSRS. The complete CTLA-4-1gG1 cDNA in
the vector was sequence confirmed in both strands. The amino acid sequence the CTLA4-Ig
protein is shown below. The mature extraceliular domain for CD44 was PCR amplified from
human lymphoocyte library (Clontech) and subcloned into pSinRep5 to generate a control protein
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4.4%6.3% 10.6% 37 + Air in the headspace + EDTA 1.3% 3.2% 4.4%5. 9%
10.6% 38 + Nitrogen in the headspace + EDTA 1.3% 3.5% 4. 1% 5. 6% 10. 2%

4.
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weeks 12 ldkASTRY 54l 8RY . Q@EM TESN LT oM 4RI 196%). iBCIrd@&l mutagenesis was used

to make single point mutations of ail amino acids different in marmoset CTLA4 to map amino

25 acids important for interation of the antibodies with human CTLA4-IgG. Mutations of human and
marmoset CTLA-IgG for epitope mapping were generated by matchmaker site-directed
mutagenesis (Promega). The IgG fusion proteins were produced by transient transfection of
Cos7 ceils and purified using standard Protein A techniques. Mutant CTL.A4-lgG proteins were
evaluated for binding to antibadies by immunoblotting and using BlAcore analyses.

30
Recombinant Protein Expression/Purification

Recombinant sindbis virus was generated by electroporating (Gibco) Baby Hamster

Kidney cells with SP6 in vifro transcribed CTLA-4-lgG1/pSR5 mRNA and DH-26S helper mRNA
as described by InVitrogen. Forty eight hours later recombinant virus was harvested and titered

35  for optimal protein expression in Chinese hamster ovary cells (CHO-K1). CHO-K1 celis_wére
cultured in suspension in DMEM/F12 (Gibco) containing 10% heat-inactivated fetal bovine serum
(Gibco), non-essential amino acids (Gibco), 4 mM glutamine (Gibco); penicillin/streptomycin
(Gibco), 10 mM Hepes pH 7.5 (Gibco). To produce CTLA-4-IgG, the CHO-K1 cells were
resuspended at 1X107 cells/m! in DMEM/F12 and incubated with sindbis virus for one hour at

40  room temperature, Cells were then diluted to 1X10° /m| in DMEM/F12 containing 1% fetal bovine
serum depleted of bovine IgG using Protein A Sepharose (Pharmagia), non-essential amino
acids, 4 mM glutamine, 12.5 mM Hepes pH 7.5, and penicillin/streptomycin. Forty eight hours
post-infection cells were pelleted and conditioned media was harvested and supplemented with
complete protease inhibitor tablets (Boehringer Mannheim), pH adjusted to 7.5, and fittered 0.2u,
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35 + Air in the headspace 65.3 50.3 --- 28.8 15.5 36 + Nitrogen in

t he headspace 63.8 52.2 --- 33.1 22.7 37 + Air in the headspace +
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Per cent of the purified CTLA-4-IgG1 in solution confirmed the N-terminus of CTLA-4 (MHVAQPAVVLAS)

and that the oncostatin-M signal peptide was cleaved from the mature fusion protein. The CTLA-

20 4-lgG1 bound to immobilized B7.1-1gG in a concentration dependent manner and the binding
was blocked by a hamster-anti-human anti-CTLA-4 antibody (BNI3: PharMingen). The sterile
CTLA-4-lgG was endotoxin free and quantitated by OD280 using 1.4 as the extinction coefficient.

The yield of purified CTLA-4-IgG ranged between 0.5-3 mgs/liter of CHO-K1 cells.

25  CTLA-4 peptide:
The following CTLA-4 peptide was prepared as described below;
NHz:MHVAQPAVVLASSRGIASFVCEYASPGKATEVRVTVLRQADSQVTEVCAATYMMGNELTF
LDDSICTGTSSGNQ VNLTIQGLRAMDTGLYICKVELMYPPPYYLGIGNGTQIYVIDPERPC-CONMH,

30  Abbreviations/Materials: ‘
NMP, N-Methylpyrrolidinone; TFE, 2,2,2-Trifluoroethanol; DCM, Dichloromethane;

FMOQC, Fluorenyl Methoxycarbonyl. All reagents were supplied by Perkin Eimer, with the
following exceptions: TFE, Aldrich Chemical, FMOC-PAL-PEG rasin, Perseptive Biosystems.
Fmoc-Arg(PMC)-OH; FMOC-Asn(Trt)-OH, FMOC-Asp(tBu)-OH, FMOC-Cys(Tr)-OH, FMOGC-

35  Giu(tBu)-OH, FMOC-GIn(Trt)-OH, FMOC-His(Boc)-OH, FMOC-Lys(BOC)-OH, FMOC-Ser(iBu)-
OH, FMOC-Thr(tBu)-OH and FMOC-Tyr(tBu)-OH were used for those amino acids requiring side
chain protecting groups.

Peptide synthesis:

40 Peptide synthesis was performed on a Perkin-Elmer 431A, retrofitted with feedback
moniioring via UV absorbance at 301 nm (Perkin-Elmer Mode! 759A detector). The peptide
sequence was assembled ona FMOC-PAL-PEG resin using conditional double coupling cycles.
Forced double couplings were performed at cycles 10, 11, 18, 19, 20 and 28 through 33. The
resin was washed with a 50% mixture of DCM and TFE at the completion of each acylation cycle,
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Oxi dation Oxidation No. Residue 0 weeks 12 weeks 35 + Air in

t he headspace Met-432 1.6% 7.3% Met-256 5% 17.9% 36 + Nitrogen in

t he headspaeebbiosAs2 1. 6% 3.3% Met-256 5% 7. 8% 37 + hifudBodidd®ss
headspace + EDTA Met-432 1.6%3.9% Met-256 5% 9. 7% 38 + N-trogen In
t he headspace + EDTA Met-432 1.6% 2.6%

5  followed by capping of unreacted -amino groups with acetic anhydride in NMP Resin was

removed from the reactor after completing cycle 49 and the remainder continued to completion.
Peptide cleavage from the resin was performed using Reagent K (King ef al. Infernational
Journal of Protein and Peptide Research 36:255-266 {1990)) for 6 hours on 415 mg of resin
affording 186 mg crude CTLA-4 peptide.

10
Peptide characterization:

25 mg aliguots of the crude CTLA-4 peptide were dissolved in 5 ml 6M Guanidine

HCI/100 mM KoPO; at pHE.4 and eluted over a Pharmacia Hi Load Superdex 75 16/60 column
{16 mmX600 mm, 120 ml bed volume) with 2M Guanidine HCI/100 mi K;POz atpH 6.4 at 2

15 mi/min for 180 minutes collecting 5 ml fractions. The fractions were analyzed by loading 1.7ul of -
fractions onto a NUPAGE Laemeli gel running with MES running buffer and visualizing via Daichii
silver stain protocol. Those fractions exhibiting a molecular weight of 12 KDa, as judged versus
molecular weight standards, were pooled together and stored at 4°C. The combined fractions
were analyzed by UV and gel electrophoresis. Amino acid sequencing was performed by

20  absorbing a 100 microliter sample.in a ProSorb cariridge (absorbed onto a PVDF membrane)
and washing to remove the buffer salls. Sequencing was performed on an Applied Biosystems
420 sequencer. The expected N-terminal sequence (MHVAQPAVVLA) was observed.
Immunoblotting demonstrated that the peptlide was recognized by the BNI3 anti-human CTLA-4
antibody (PharMingen). To desalt, an aliquot containing 648 pg of material was placed in 3500

25  DaMWCO dialysis tubing and dialyzed against 0.1% TFA/H20 at 4°C for 9 days with stirring. The
entire contents of the dialysis bag was lyophilyzed to a powder.

“300.19” Cells Transfected with CTLA-4 (Y201V) peptide antigen:
The: full length CTLA-4 ¢DNA was PCR amplified from human thymus cDNA library

30  (Siratagene)} and subcloned into pIRESneo (Clontech). A mutation of CTLA-4 that results in
constitutive cell surface expression was introduced using MatchMaker Mutagenesis System
{Promega}. Mutation of tyrosine, Y201 to valine inhibits binding of the adaptin protein AP50 that
is responsible for the rapid internalization of CTLA-4 (Chuang, ef al. J. Immunol. 150:144-151 .
(1297)). Mycoplasma-free 300.19 murine lymphoma cells were cultured in RPMI-1640 '

35  containing 10% fetal calf serum, non-essential amino acids, penicillin/sireptomycin, 2mM
glutamine, 12.5 mM Hepes pH 7.5, and 25 uM heta-mercaptoethanol, Cells were electroporated
(3X10%/0.4 mi serum free RPMI) in & 1 m! chamber with 20 ug CTLA-4-Y201V/pIRESneo using
200VH 180 uF (Gibco CellPorator). Cells were rested for 10 minutes and then 8 mis of
prewarmed complete RPMI media. At 48 hours cells were diluted to 0.5 X 10%ml in complete

40  RPMI media coritaining 1 mg/ml G418 (Gibco), Resistant celis were expanded and shown to
express CTLA-4 on the cell surface using the BNI3 antibody conjugated with phycoerythrin
(PharMingen). High level expressing cells were isolated by sterile sorting.

Immunization and hybridoma genetation:
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aggregation, fra msntatlon g for discol ai a
Tab! oo 200 PRI WA Ry TSRS 1 Pt TOREe B P
i ni ghno | generate various pomary fransfectant cell ine@hat roduce anti-CTLA antibodies. A lead cell
line was chosen based on growth and productivity analysis. The lead line was later sub-cloned
35 to generate a clonal cell line.

The ant[-CTLA4 antibody was produced by cell cultivation using the cell inein a
bioreactor containing cell culture media. The media is supplement with nutrients during
production. After harvest criteria were attained, the bioreactor was harvested either by filtration
alone or by centrifugation followed by filtration. The clarified supernatant was then purified with

40  thres chromatographic steps comprising a Protein A affinity column and two ion exchange
columns. A low pH inactivation and a viral filtration were also done to clear any potential viruses
in the process. The product is concentrated and diafiltered into the formulation buffer to make
the drug substance.
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EXAMPLE 3

A study was conducted to evaluate the effect of four different buffers on antibody
aggregation and fragmentation.

Specifically, four liquid formulations comprising anti-CTLA4 antibody 11.2.1 and buffered
with acetate, succinate, histidine or EDTA were prepared. The formulations then were stored at
40°C and antibody aggregation and fragmentation measurements were taken at 0, 2, 5 and 7
weeks.

Preparation of Buffer Solutions:

Four buffer solutions were prepared as described in Table 3. Each solution was
prepared by first dissolving an amount of the buffer species (listed in Table 3) in water
(approximately 80% of target). The pH of each buffer solution was then adjusted to 5.5 by
addition of a sufficient amount of the acid or base solution noted In Table 3. After adjustment of

- the pH, an additional amount of water was added to provide a final buifer concentration of 20mM.

The buifer concentration of 20 mM was selected to ensure reasonable pH stability at the selected
pH of 5.5. The buffer solution was then filtered through a sterilization filter (0.22 micron pore
size) into a sterilized receptacle for subsequent use.

Table 3: Buffer Solutions;

Buffer Type Buffer Species - Buffer Acid/Base Solution
Concentration
(o/L)
Acetate Sodium acetate trihydrate 274 ' 1 % viv Glacial-
Acetic Acid
Succinate Succinic acid 2.36 1 M NaOH
Histidine L-Histidine HCI 4.19 1 M NaOH
manohydrate
EDTA Disodium EDTA dihydrate 7.45 5 M HCI

The 1% v/v glacial acetic acid solution was prepared by appropriate difution (1 ml o 100
ml) of glacial acetic acid (99.9%) with water, The 1 molar (M) sodium hydroxide solution was -
prepared by dissolving 40 g of solid sodium hydroxide in 1 L of water. The 5 molar (M)
hydrochloric acid solution was prepared by appropriate dilution of concentrated hydrochloric acid
(37.8%) with water. S
Preparation of Antibody Formulations: )

The antibody formulations that were evaluated are listed in Table 4 below. To prepare

‘ each formulation, an amount of the tonicifier (reported in mg/ml in Table 4) was first added to the

indicated buffer solution and the solution stirred until the tonicifier dissolved.  An antibody buik™ -
solution from the purification process described in Example 2 was obtained at 13.2 mg/mL in 20
mM sodium acetate buffer pH 5.5 + 140 mM sodium chloride. Buffer exchanges of this bulk

solution into the above identified formulation solutions were carried out with Amicon Ultra 15
71



Z & 03 2 @ & Inv--1 oz & 93 69 LE 44
317 1717 WO 2006/ 096491PCTMS2006/ 007555. Formul ati on appear ance

anal ysi s: o 2006/006@¢h fornulation was visually eval uat egb@§d:646/087555
initially mxing the fornulation, 2) freezing the fornulation at -20C

f 4 week and 3) after 4 freeze/thaw cycles (-70C to 5C in box

21 ong it RSB (JHasPias% petirtsogisocnestansmb aua Prrkaen piles Apors 230 h

f or mul at i Qentrilege run 26600 BPM s Cabgtbxiideay 8 (lunedxtiodbds, wefs mdd sadthe24

weeks T or aagddyisGiiioR tcbnde R Qéc]w?e%%%ﬁd 5@@@/&? /gﬂ&xﬁé eBJ.BqEE%IsC{?ange-
0 at ormation, col or

The formu) ations were eval uate r partic C ]

changes a'JﬁET”Eﬂ%P'Hi MY PR eRERE: ABIROFY ertcenyatioas ere determinaddy o/ t haw) |
Tabl e 21 Yisavinieiyisibtie spe@Cinetnaily-Vis bietho@ Bsifesdncaxarg tonadoe ) of 11aliing/md0:
Vi sualg Evahuaks®ns, of Fornul ations from Table 19 after Freeze/ Thaw

Tniti ' - After 4 for 4 weeks Freeze/ Thaw
Oyeles 26 APLTBT BSyeRpEL0 PRD ST uin P AR TgSRLIEN By
nore t harPO’B/S?)'Eﬁ? Be by the apprepdnty fayh iigilen byffer bepatyd asxrsgbedatiove That es
cl ear, cojonsbbSs 80 WasSthert fAB B tHeahtiboay bl RFer3BIufdn8 85 a 26 AbA &S ehirafdO
parti cul aél&ﬁ with appropriate amount of buffer, antibody, tonicifier and water to obtain a 20 mg/m! final

15 solution of the anti-CTLA-4 mancclonal antibody in the formulation corresponding to the
compositions in Table 4 below. R
For Formulation No. 2 in Table 4, the PEG3350 was added as a 200 mg/ml concentrate
at this point. ' .
The formulations were then filtered through 0.2 y sterilizing grade filters and-filled into
20  vials. Afill-volume of_O.é to 1 ml was used in 2 m! Type 1 glass vials, The vials were closad with
Daikyo 777-1 Flurotec® coated stoppers, crimp sealed, and placed in stability chambers stored
upright at 40°C for 2, 5 and 7 weeks. The vials were washed and autoclaved, as were the 13 mm
Daikyo 777-1 serum stoppers. Duplicate vials were immediately analyzed for levels of
aggregation and fragmentation,
25
' Table 4: Antibody Formulations Tested:

Formulation Buifer Type Tonicifier Surfactant (mg/mi}
No. 20 mi, pH 5.5 ma/ml .
1 Acetate NaCi (9) PS80 (0.2)
2 Acelate NaCl (9) + PEG3350 (10) ‘PS80 (0.2) -
3 Acetate Sucrose (90) PS80 (0.2)
4 Acetate Sorbitol (48) PS80 (0.2)
5 Acetate Inositol (48) - PS80 (0.2)
8 Acetate Mannitol (41) + Glycine (2) PS80 (0.2)
7 Succinate Sucrose (90) PS80 (0.2)
8 Succinate Sorbitol (48) PS80 (0.2)
9 Succinate Inositol (48) PS80 (0.2)
10 Succinate Mannitol (41) +Glycine (2) PS80 {0.2)
11 Histidine Sucrose (90) PS80 (0.2)
12 Histidine | Sorbitol (48) PS80 (0.2)
13 Histidine Inositol (48) PS80 (0.2)
14 Histidine Mannitol (41} + Glycine {(2) - PS80 (0.2)
15 EDTA Sucrase {30) PS80 (0.2)
16 EDTA Sorbitol (48) PS80 (0.2)
17 EDTA Inositol (48) PS80 (0.2)
18 EDTA Mannitol (41) + Glycine (2) P580 (0.2)
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clear, colorless, no particulates 40 clear, colorless, no
particul ates clear, colorless, no particulates clear, colorless, |ess

than 3 par{igClbédegn; 37 clear, colorless, no particul at eseGl&afsoo7sss
colorless, no particulates clear, colorless, |less than 3 partlcurates

clear, colorless, less than 3 particulates clear, colorless, |ess
than 3 particul ates clear, colorless, less than 3 particul ates clear,
col or | esAggregatir Anafysisat es 41 cl ear, colorless, no particul ates clear

, col orl ess, norhpaftdob&biHuRSons $2TdbleeAlare 8160 B L6 Gperiitre RAACEE CAH vakRSD,
Che ol 5SS By O BB A BELBL L8RS emgegpny
no parti dBE@k dbe Srexelusiqothpmaiogsphy wasoatingd ALt ysipga THIE ol §PRYSWXD
2006/ 199 6 4bEESWHUERRRE/! AELTE basd al2Inesoldilim pvibspiate bifiea bited 7.0 a3lowfate of 1
For mul at inWPrﬁn, %ﬁcﬂﬁ'?/ gg@éﬁgn 31%1 ﬂu%e Figtﬁe RN tl?é pe?c%ﬁagm'e[uted high molecular '
weight species (i.e., aggregates of anti-CTLA-4 monoclonal antibody 11.2.1) measured at the
relevant imes for each of the formulations. Aggregation levels were calculated by integrating the
areas under the chromatogram peaks for each formulation and reporting the integrated areas
15  under the high-molecular weight species peaks as a percentage of total peak area (see Figuré
| 1). As can be seen in Figure 1, the EDTA-buffered formulations showed the lowest levels of
aggregation, followed by the histidine-, acetate-, and succinate-buffered formulations, in that

order.

20  Fragmentation Analysis:

As noted above, the antibody formulations of Table 4 were stored at a temperature of
40°C. At weeks 0, 2, 5 and 7, each formulation also was analyzed for fragmeniation using rSDS-
PAGE. The rSDS-PAGE analysis was carried out using NUPAGE 4 to 12% bis-Tris gel and
colioidal blue (Coomassie) stain. For the reduced gels (rSDS-PAGE), reduction was achieved by

25  NuPAGE® reducing agent. Total hydrolytic impurities (i.e., fragments of anti-CTLA-4 monoclonal
antibody 11.2.1) were estimated by scanning using either a Molecular Dynamics Personal
Densitometer PDQC-90 or a Bio-Rad GS800 Imaging Densitometer. Figure 2 shows the
percentage of fragmentation measured at the relevant times for each of the formulations. The
fragmentation levels were calculated as a percentage of total band volume (see Figure 2). As

30 . can be seen in Figure 2, the EDTA-buffered formulations showed the lowest levels of
fragmentation, followed by the histidine-, acetate-, and succinate-buffered formulations, in that
order.

Table 5{(a) (0 weeks), Tai)ke 5(b) (2 weeks),'Table' 5{(c) (5 weeks), and Table 5(&) (7

35  weeks) below report the aggregation and fragmentation data that is graphically presented in
Figures 1 and 2.
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Initial 8 weeks 12 weeks 24 weeks 25C 25C 25C 26 cl ear,
colorless, no particul ates very slightly cloudy, no part [ cuI ates .
clear, colg,rblzg&%%@p particul ates clear, colorless, Pos)?ﬁtris:,s
parti culates 39 ¢l ear, colorless, no part i cul ates cI ear l.ess,
no particulates clear, coI orless Iess than 3 partrcul ates --- 40

cl ear, 5 collehd Has Aag i
col orl ess, no part | cuI ates clear,

, ho particul ates

cl ear, colorless, no particul ates
37 clear, eplortessr—no-partieulates—elear—colarl-ess—ho- , ,
articul at pEEMlaTion’ cor%e-ﬁegé—c'gﬁga—%rti bul apeentiadmentation | ods g

parti No.
particul at es—, 0% A

2 0.4% 0.66%

3 0.3% 0.53%

4 0.4% 0.48%

5 0.4% 0.67%

B8 0.3% 0.56%

7 0.3% 0.46% -

8 0.4% 0.62%

9 0.4% 0.49°/:

10 0.3% 0.51%

11 0.3% 0.64%

12 0.3% 0.62%

13 0.3% 0.47%

14 0.3% 0.37%

15 0.3% 0.42%

16 0.3% 0.50%

17 0.3% 0.49%

18 0.3% 0.47%

Table 5(b): Aaggregation and Fragmentation Results at 2 Week Time Point:

10

Formulation Percent Aggregation Percent Fragmentation .
No.
1 0.7% 1.52%
2 0.7% 1.36%
3 0.5% 1.16%
4 0.5% 1.13%
5 0.5% 1.10%
8 0.4% 1.34%
7 0.6% 1.34%
8 0.6% 1.44%
9 0.6% 1.22%
10 0.5% 1.16%
11 0.4% 1.29%
12 0.4% 1.19%
13 0.4% 1.00%
14 0.4% 0.99%
15 0.5% 1.24%
16 0.5% 1.00%
17 0.5% 1.07%
18 0.5% 0.96%
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41 clear, colorless, no particulates clear, colorless, no

particul ates clear, colorless, no particulates clear, colorless, no
particul at%zﬁ&,@k@gr colorless, no particul ates clearpcGid066088Ss
rio particulates clear, colorless, nip particul ates clear, colorless,
no particul ates 43 clear colorless, no particulates --- clear,

col Or'sessTabia%(&aa Rl GdhiH £ FRopRhtatich HeQlik 856 wealCriR@BlicUl at es 14
clear, colorless, no particulates clear colorless, no particul ates
clear, colorless, no particulates very slightly cIoudy, no

parti cul at pBormBtigh) 6/ (Ffetnl PEREISRDA6/ 0D 755 BerterilFeadhfintalibn ua
Eval uati ong_ofN&Eormul ati ons from Table 19 after Storage at .40¢: No.
Initial 8 weekd 12 weeks 24 G@f%eks 400 40C 40C 1.40%

2 0.9% 1.59%

3 1.2% 261%

4 1.1% 1.49%

5 1.0% 2.12%

6 0.6% 1.56%

7 1.7% 2.50% -

8 1.4% 1.86%

9 1.4% 2.03%

10 0.9% 1.46%

11 0.6% 1,42%

12 0.7% ) ] 1,36%

13 0.6% 1.03%

14 0.5% 1.05%

15 0.5% 1.21%

16 0.5% . . . 0.78%

17 0.6% ) 1.27%

18 0.5% 1.25%

Table 5{d); Aggregation and Fragmeniation Besults at 7 Week Time Point:

Formulation Percent Agaregation Percent Fragmentiation

No.

1 1.4% 2.39%

2 1.2% 1.90%

3 1.4% 1.89%

4 1.8% 2.96%

5 1.3% 1.92%

6 1.1% 1.77%

7 1.2% 1.97%

8 2.2% . 2.91%

9 2.4% 3.25%

10 1.3%. 1.82%

11 0.9% 1.34%

12 0.9% 1.383%

13 0.7% 1.12%

14 0.6% 0.92%

15 0.6% 1.04%

16 0.6% 1.18%

17 0.6% 1.01%

18 0.6% 1.18%

10
EXAMPLE 4
A study was conducted to evaluate the ability of different liquid formulations comprising
monaclonal anti-CTLA-4 antibody 11.2.1 to tolerate multiple freezing and thawing-cycles.
15
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26 cl ear,

particul ates cl ear,

particul at §% 3% @A
no particul ates cl ear,

no particul ates cl ear,

col orl ess,

ﬁ'g a%:flltgu% %?d fSrmuﬁ

col orl ess,

col orl ess,

P én ‘(X wm'ls

ear,

no particul ates very slightly cloudy,
no particulates slightly pink,
col orl ess,

no
no "

no particul ates clearpeg@d98dBsSs

no particulates --- 40
no particul ates clear,

Pand ,’rmﬁ)glg ﬁeézefﬁ%lu‘%&(g% ig fefi! €2r

col orl ess,

cl ear,

es clea r

col orl es sevahﬁe%@ﬂﬁkmj'ﬁ%\vweﬂhé Hrm Ufé*@l‘ 6e b storedt gang 4 depiead) téﬁ“é%‘mﬂ@

col orl ess,

colorless

colorless

cl ear,

clear, colorl E"Fh% forRB:a{Po%
C|ear, colorle

cl ear,

cotRén @fiShenawRarfdr st bigd es cl ear,
%HaPH%rQE@aﬁJa%}j%ﬁeth el 91'1%5[{3%%@0“: ”‘?he%&éehlﬁla' h?etd‘%é

c Ol %@%forf’l‘f&a“ﬁ'é‘sr ig fre gprge E%thﬂ@%qeé‘é

col orl ess,

no particulates

ti1cul ates'

5\‘/’ p SrEpRIed g 5 ml,of each solution

par ti tul ab@glaebeinbmLcgieor §i@s sialsngopparet,iand badeels Tid eanylatios identifed Sglowmo
particul Al SRimbers 1 to 4,710 8, 11 to 12, and 15 o 16 were identical to the formuiations having the
same number identifiers in Example 3.

15

20

25

Table 6: Antibody Formulations Tested:

Formulation Buffer Type Tonigifier Surfactant (ma/ml) |.
No. 20 mM, pH 5.5 {ma/ml) . .
1 Acetate NaCl (9) PS80 (0.2)
2 Acetate NaCl (9) + PEG3350 (10) PS8Q (0.2)
3 Acetate Sucrose (80) PS80 (0.2)
4 Acetate Sorbitol (48) PS80 (0.2)
19 Acelate Trehalose (90) PS580(0.2)
20 Succinate NaCl (9) PS80 (0.2)
21 Succinate NaCl (9} + PEG3350 (10) PS80.(0.2)
7 Succinate Sucrose (90) PS80 (0.2)
8 Succinate Sorbiiol (48) PS80 (0.2)
22 Histidine NaCl (9) P580(0.2)
23 Histidine NaCl (9) +PEG3350 (10) PS80 (0.2)
11 Histidine Sucrose (90} PS80 (0.2)
12 Histidine Sorbitol (48) PS80 (0.2)
24 EDTA NaCl (9) PS80 (0.2)
25 EDTA NaCl {9} +PEG3350 (10) PS80 {0.2)
15 EDTA Sucrose (90) PS80 (0.2)
16 EDTA Sorbitol (48) PS80 (0.2)

Each formulation was subjected to six consecutive freezefthaw cycles. The first three

cycles were carried out in a controlied rate freezer, The last three cycles were slower cycles

carried out with a number of water-filed vials to correspond to a high thermal load placed in a

freezer or refrigerator. For cycles 1, 2 and 3, the vials containing the formulations were placed in

a controlled rate freezer (Planer Kryo 560-16) and subjected to the following cycle: cool the

formulation at a rate of 0.22C/min until a temperature of —70°C Is reached, hold at —70°C for 1.5

to 3 hours, and thaw the formulation at a rate of 0.3°C/min until a temperature of 5°C is reached.

For cycles 4, 5 and 6, the vials were placed in a box along with other water-filled vials{one

sample vial for each formulation; 17 formuiation vials with a total of about 30 water-filed vials).

This box was then placed first in a freezer maintained at a temperature of -70°C freezer for

approximately 17 hours, and then placed in a refrigerator maintained at a temperature of 2-8°C

for approximately 50 hours. A recording thermal probe placed in the box measured an average
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43 cl ear, colorless, no particulates clear, colorless, no

particul ates clear, colorless, no particulates 44 clear, colorless,
no parti cu{v@tﬁ&,@gﬁgr colorless, no particulates clearpcG@ 06608835
no particul ates The results in Tables 20 throuch 22 1 ndicate
that antibody 11.2.1 fornul ati ons contai ni ng EDTA had reduced

di scolsor aweplivg rate S LSEUMiInderitiedieess preases and@n @esiagsdieating tate ofd- G838 mintieron
as conpargns®p ,bbégge formul ati ons wi thout EDTA. Overall, formul ations
cont ai ni ng sodLu ride h Y,
and particul at %F%% mB‘r’l"asa‘g d} &%P%%?a%g %agﬁ?rn%l[zg}t‘tﬁyngaw& MF&EEBT

but wt hcfeﬁ“a@%FWWB@?Wﬂé‘b'dﬂg@ﬁ@jatsp@i}‘i\”ﬁﬂﬁ‘aqbw%mﬂS of each fU"FH'ét'O“ were
anti body deisrinah atd n@ms:opa@marMkaﬁm\mmﬁlbmgtoond’éaafmg[ﬁh&Qarmmatbn s:as)stmdglat a .
t enpeyg.at f initia 4, 8, 12,24 and 36
weekg‘ro thgehgf% %orrru at.@gg‘”%?“'\e@g’?z?sg'%(ed for aggregation using size
excl usi on chromat ography. At weeks 4, 8, 12 and 24 weeks, the 40C
formul ati ons were anal yzed for aggr egati on using size excl usi on
chromat ography. The fornulation vials were aseptically sanpled at
each time point. The size exclusion chromatography was carried out on
t he sanples using a TSK gel G3000SWKL- G2000SWKL col um, nobil e phase
0.2 M sodi um phosphate buffer at pH.7.0, a flowrate of 1 m/mn, and
UV detection at 214 nm -Tables 23(a) and 23(b) show the percentage of
anti body 11.2.1 aggregation nmeasured at the relevant tines for.each
of the fornulation treatnents. Aggregation |evels were cal cul ated by
integrating the areas under the chromatogram peaks for each

formul ation and reporting the integrated areas under the high

nol ecul ar wei ght speci es peaks as a percentage of 'total peak area
(see Tables 23(a) and 23(b)). WD 2006/ 096491PCT/ US2006/ 007555 Tabl e
23(a): Percent Aggregation for Fornulations in Table 19 after Storage
at 25C. No. Initial 4 weeks 8 weeks 12 weeks 18 weeks 24 weeks 36
weeks 25C 25C 25C 25C 25C - ".25C 26 0.7%0.9% 0. 9%
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1.1% 1. 8% 1. 8% 3.0% 39 01% 0.8% 0. 8% 1. 1% - - -
0. 7% 0. 9% 0. 95% 0. 8% 0. 9% 37 0. 6% 0. 6% 0. 6% 0. 7%
0.6% 0 6%%6;0(;6@093%0 7% 0. 7% .0.7% 42 0.6% 0. 6%
0.8%43 9.6%0.6% __ 0.7%0.8% O0.9%414

40 0.6% 0. 6%
0.7%0.7% 0.8% 41

0. 6% Op BfrchoftifntbsB %

5

10

Table 7: Visual Evaluations of Freeze/thaw Stability of Anti-CTLA-4 antibody 11.2.1

cycling relative to the corresponding formulations not centaining PEG.
78

% increase
No. in
12} 1xFT 2XET 3XFT AXFT 5XFT 6xFT | Particulates
. (SEC)
1 Ac+ | coloress, nojcolorless, nojcolorless, no lots of lots of
NaCl ! particulates | particulates | particulates turbid particulates| particulates 0.7
2 Ac + .
NaCl {colorless, no|{colorless, no| colorless, no cloudy with few
+PEG | particulates | particulates | _padiculates flakes flakes particulates 0
3 colorless,
Ac + |colorless, no|colorless, no | colorless, ho |colorless, no no colorless, no
Sucrose | particulates | particulates | parficulates | particulates |particulates| particuiates 0.1
4 coloriess,
Ac+ |coloriess, no!colorless, no| colotless, no | colorless, no no colorless, no
Sorbitol | parficulates | particulates | particulates | particulates |particulates| particulates 0.1
18 colorless,
Ac+ {coloress, nojcoloress, no| colotless, no [ colorless, no no colorless, no
Trehalose| padiculates | particulates | particulaies | particulates |particulates| particulates 0
20 cloudy,
Sucec + few few more more flakes, lots of .
NaCl | particulates | particulates | particulates | particulates |particulates| particulates 1.3
21 | Succ+
NaCl |coloriess, no fewer few few
+PEG | particulates | particulaies | pariculates cloudy cloudy particulates 0.2
7 colorless,
Succ + |colorless, nojcoloress, no| colorless, no | colorless, ne no colofless, no
Sucrose | particulates | particulates | particulates | particulates |particulates particulates 0.1
8 colorless,
Suec + |calotless, no|coloress, no | colorless, no | colorless, no no colorless, no
Sorbitol | particulates | particulates | particulates | particulates |particulates| particulates 0
22| Hist+ icolorless, no cloudy, cloudy,
NaCl | pardiculates turbid furbid flakes cloudy |turbid, flakes 1.1
23| Hist+ cloudy,
NaCl [colorless, no few colorless, no| flakes, few few
+PEG | pardiculates turbid particulates | particulates |particulates| particulates 0.1
11 colorless,
Hist + |colorless, no|colorless, no| colarless, no | coloriess, no no coloriess, no
| Sucrose | particulates | pariculates | particulates | pariculates |particulates| particulates 0.1
12 ' colorless, '
Hist + |colorless, no|colorless, no| colorless, no | colorless, no no colorless, no
Sorbitol | particulates | particulates | parficulates | particulates |particulates particulates 0
24 lots of
Ed+ |coloress, nolcalorless, no | colerless, no jcloudy, fewer] lots of | particulates,
NaCl | particulates | pariiculates | particulates | particulars |particulates cloudy 0.1
25 Ed + ) turbid,
NaCl jcoloress, no fewer cloudy, few
+PEG | parficulates | parficulaies |cloudy, flakes|  cloudy flakes | particulaies 0
15 colorless,
Ed+ |colodess, no|colodess, no| colorless, no jcolorless, no no 1colorless, no
Sucrose | particulates | particulates | particulates | particulates |particulates| particulates o
16 colorless,
Ed + colorless, no|colotless, no| coloriess, ne jtolorless, no no colorless, no
Sorbitol | particulates | particulates | particulates | particulates |particulates| particulates 0.1
The formulations containing only sodiurn chioride (i.e., chioride ions) exhibited a greater -
increase in soluble particulate levels afier freezefthaw cycling than the formulations containing
frehalose, sucrose or sorbitol. The addition of PEG o the formulations containing sodium
chloride, however, appeared to reduce soluble particulate levels measured after freeze/thaw



0.6%0.6%0.6%0.7%0.7%0.8%0.8% Tabl e 23(b) bel ow reports
the aggregation data that is graphically presented in Figure 3. Table

23(b): . PerNﬁ,@,%Mﬁgg{QFgat ion for Formulations in Table 1%@12/%%5%§gg§%%e

at 40C: . Initial 4 weeks 8 weeks 12 weeks 24 weeks
40C 26 0.7%1.0%1.3%2.8%4. 7% 39 0.6%1.0%1.0%1.4% 40 0.6%
0.7% & 9% 1. 0% 1. 4% 37 0.6% 0. 6% 0. 6% 0. 8% 1. 1% 41 0. 6%

Aggregation Analysis:

In addition, the percent increase in soluble particulates was measured for each
formulation after 6 consecutive freeze/thaw cycles using size exciusion chromatography.

After the sixth freeze/thaw cycle, each formulation was analyzed for aggregation using

10  size exclusion chromatography. The size exclusion chromatagraphy was carried out usinga -
TSK gel G3000SWXL-G2000SWXL column, mobile phase 0.2 M sodium phosphate bufier ai'pH
7.0, a flow rate of 1 ml/min, and UV detection at 214 nm. Table 7 shows the percentage of
eluted high molecular weight species {i.e., aggregatés of anti-CTLA-4 monoclonal antibody
11.2.1) measured at the relevant times for each of the formulations. Aggregation levels were

15 calculated by integrating the areas under the chromatog}ém peaks for each ;formuiation and
reparting the integrated areas under the high molecular weight species peaks as a percentage of -
fotal peak area (see Table 7). As can be seen in Table 7, the EDTA-bufiered formulations
showed the lowest levels of aggregation, followed by the histidine-, acetate-, and succinate-
buffered formulations, in that order. ' .

20

EXAMPLE 5

A study was conducted to evaluate the efiect of EDTA, methionine and anaerobic
conditions on discoloration and aggregation in liquid formulations comprising monoclonal anti-
CTLA-4 antibody 11.2.1. Discoloration and aggregation in such liquid formulations are generally

25  undesirable from a product aesthetic perspective, a product integrity perspective, or both.

Table 8 below lists the formulation treatments that were evaluated. The general
procedure used to prepare the formulations was the same as the one described in Example 3.
For this Example, a starting formulation comprising monoclonal anti-CTLA-4 antibody 11.2.1 (5
mg/ml), a sodium acetate buffer (20 mM), sodium chloride (8.2 mg/mi), and polysorbate 80 (0.2

30  mg/ml) and having pH 5.5 was prepared and added to several 10-mL glass vials containing seal
tops to allow for aseptic sampling.

Various treatments were performed on the starting formulation according to Table 8
below. As noted in Table 8, methionine was added to some of the vials. Two different
cohcenirations of EDTA were added 1o other vials, Nitrogen gas was added to the headspaces

35  of selected EDTA- or methionine-containing vials, In addition, some of the remaining unireated
vials were deaerated prior to injection of nitrogen gas into their headspaces. Further, some of -
the remaining vials were left untreated to act as experimental controls.

Two vials from each of the treatments in Table 8 were stored at 4090 for0, 2, 4,6, 8,10,
14, 16, and 18 weeks. One of the two stored vials at each time point was used for visual color

40  evaluations while the other vial was sampled aseptically to measure the level of 11.2.1 antibody
aggregation after storage. Tables 2 and 10 report the results. ‘
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0.6%0.6%0.7%0.8% 42 0.6%0.6%0.6%0.8%1.1% 43 0.6%0.8% ---
1.7% 44 0.6%0.6% 0.6% 0. 8% 0. 9% As can be seen in Tables
23(a), 23(@,})2@&% Fogure 3, the EDTA-containing fornul atﬂ%ﬁ&@
reduced | evels of9 aggregation as conpared to a fornul ation |ng
EDTA, but having an acetate buffer and sodium chloride, after storage
at 25G anthpGC andRuerMRliatich Tredimantsateki@@® contai ning a histidine buffer
(wi thout EDTA) had a reduced anount of aggregation conpared to a
formul ati on_| acking EDTA, but containing an acetate buffer and sodium

chl ori de. F’iﬁﬂ%&&fa ionX is: The antXrgainentf or mul at i ons
prepared accorng

t

[ O 1gcaigh wer|e stored at a tenperature of 25C
and 402C. A—weeks—P—H-pai-t u, u_, +8—ah
formul ati o L iR An

nd 2
.’ e D
“ UU@ a“a L I Ily T v
fragnmentatj on) using reg égﬁ&%ﬁs- RA Lc(fﬁﬁﬁg “ff,;‘ﬁ‘?“s o Ly %ﬁ{mon
vial s wer erasegg T Cal Ty Soa&y at Q@&ébrétbd@ﬁﬂ%nlliér el ér%a (SEhcB TRV to

NUPAGE 4-12% bi sTri s gelin,gédih col|l oi dal Nig .r([myammag Ax2sbaken. - Cel
reducti on was achi eved hyadasmeof tlhe NuPAGEO reduci ng agent. The

percentage| i npREFrity (I e +26f6madment|at i on) AdfedScimid Mefiinendardlid n t he
reduced gels was es thsqmneqm ni_ng nn mfhpr a Ml ecul ar Dynani.cls

Per sonal Densithnet pr asjpy g \/\%??9 Q’W‘ ! (5"7@@3;2
Bi 0- Rad GS800 | magi hg DERIPHFet er|. NePAgienIAEN GAToggHR Vgilizer e n
cal cul ated| as a pertent ageidihet Ot 41 band vol une (see Tabl es 24(a) an(d
24(b)). Tapre ZA(a)| FE66e Na ED BRI NENT Al ABdEdI0T05% Nabib TAIZHID s $dild 1D ©
19 after Storage at| 226bmMMetiidhinel |a] 4 WK 96.8 mVEaeBiodine ahdel85% 9

weeks 24 weeks 36 week®&@005%AEGERBC |25C 25C 29NE-EH@.2H,0 as solids
33 + 0.01% Na;EDTA Added 0.01% Na;EDTA.2H-0 as solid

nol oaach
V\..\..l\a, catTt

Formulation appearance analysis:

10 Each formulation was visually evaluated after O (initial), 2, 4, 6, 8, 10, 14, 16, and 18
weeks for patticulate formation, color change and turbidity change. Visual observations were
reported in Table 9.

Table 9: Visual Evaluations after Formulation Treatments in Table 8:

Vial 40°C a0°c 40°C A0°C 40°C 40°C 40°C | 40°C 40°C
22, Treatment Initial 2 v._veeks 4 weeks |6 weeks | 8 weeks 10 weeksi12 weeks!14 weeksi16 weeks| 18 weeks

26 | Notreatment | clearand |[clearand

colorless |[colorless|  pink pink pink pink pink pink pink pink

27 +Na clear and {clear and
colorless ] colorless| pink pink pink pink pink pink pink pink

28| +Deaerated | clearand |clearand
+ N colorless | colorless | pink pink pink pink pink pink pink pink

29| +26.6mM clear and |clear and [clear and!clear and| clear and|clear and | clear and{clear and | clear and| clear and
Methionine colorless | colorless | colorless |colorless| colorless | colorless | coloriess | colortess | colorless | colorless
+ 26.6 mM clear and |clear and |clear and iclear and| clear and | clear and | clear and | clear and|clear and | clear and
Methioning coloriess | colorless | colorless |colorless| colorless | coloriess | colorless | colorless | eolorless | coloriess

31 + 0.005% clearand |olear and|clear and [olear and| clear and | clear and|clear and | olear and]clear and! clear and
Na.,EDTA coloriess | colorless | colorless |colorless| colotless | coloriess | colotless | colorless | colorless | colotless

32 + 26.6mM . : -
Methioning

+ 0.005% clear and |clear and | clear and [clear and; clear and | clear and} clear and{clear and | clear and | clear and
Na,EDTA colorless | colorless | colorless |colorless| colorless | colorless | golorless | colorless | colorless | colorless
33 +0.01% . clearand {clear and|clear and [clear and] clear and | clear and | clear and | clear and | clear and| clear and
Na,EDTA colorless | colorless | colorless |colorless] coloriess | colotless | colorless | wolorless | colorless | colorless

15 . '
The results in Table 9 indicate that the formulations without EDTA and/or methionine
developed a pink coloration in the vial after storage for at least 4 weeks at 40°C. While not
wishing to be bound by any particular theory, it is believed that in one embodiment of the
invention, this color change may be due, at least in part, to an oxidative process. However, in
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26 1.8%1.6%2.6%2.4%1.3%3.5%3.7%39 1.6%1.4%2.4%1.5%--- ---
--- 40 1.6%1.7%2.6%1.4%1.4%3.3%3.2% 37 1.6%1.6%2.5%1.4%1.4%

3.3% 3 1%4,1,21;9@,%4]916% 6% 1.4% 1.2% 3.3% 2.9% 42 1.
1.6% 1.2% 3. 0% 2. 9% 43 1.8% 1. 8% - - - Herrusilichonss

5  other embodiments, the color change may be due to any number of other processes, which are
unrelated to oxidation.
Addition of Nitrogen gas to the headspace of the vials appeared to have less of an affect
on feducing the discoloration than the addition of methionine and/or EDTA.

10  Aggregation Analysis:
The antibody formulations treated according to Table 8 were stored at a temperature of
. 40°C. Atweeks 0, 2, 6, 8, 10, 14, 16, and 18, each formulation was analyzed for-aggregation
using size exclusion chromatography. The size exclusiori chromatography was carried out using
a TSK gel GR000SWXL-G2000SWXL column, mebile phase 0.2 M sodium phosphate huffer at
15  pH 7.0, a flow rate of 1 ml/min, and UV detection at 214 nm. Table 10 shows the percentage of
eluted high molecular weight species (i.e., aggregates of anti-CTLA-4 antibody 11.2.1) measured
at the relevant times for each of the formulation treatments. Aggregation levels were calculated
by integrating the areas under the chromatogram peaks for each formulation and reporting the
integrated areas under the high molecular weight species peaks as a percentage of total peak
20  area (see Table 10). ' -

Table.10: Percent Aggregation for Formulation Treatments in Table 8:

; - e
No. Vial arc | aocc | a0c 40°C ac | aocc | 4oc | aocc | T18
Treatment | Initial |2 weeks | 4 weeks | 6 weeks | 8 weeks |10 weeks{12 weeksi14 weeks|16 weeks| weeks
26| Notrealment | oo, | gt | 23% | 35% | 46% | 531% | 43% | 88% | 7.7% | 7.1%
27 + N2 02% | 07% | 2.3% | 3.8% | 44% | 482% | 45% | 65% | 6.0% | 55%
28 | + Deaerated
. +Ne 0.2% | 03% | 09% | 14% | 25% | 3.68% | 4.3% . 46% | 4.8%
25| +26.6mM
Methionine | 0.2% | 02% | 05% | 05% | 06% | 059% | 05% | 07% | 08% | 07% .
30 + Ng
+26.6mM :
Methionine | 0.2% | 0.2% | 05% | 04% | 0.4% | 051% | 05% | 05% | 07% | 0.7%
31| +0.005% : .
Na,EDTA | 02% | 0.2% | 04% | 06% | 05% | 069% | 0.8% | 1.0% | 1.0% | 08%
321 +26.6mM
Methionine
+0.005% :
Na:EDTA |0.2% ] 03% | 03% | 04% | 04% | 085% | 04% | 0.8% | 05% | 07%
B/ +001% ) -
Na,.EDTA | 0.2% | 0.2% | 0.4% | 06% | 0.6% | 073% | 03% | 1.2% | 1.0% | 1.2%

The results in Table @ indicate that the formulations without EDTA and/or methionine
25  begin to develop a pink coloration in the vial after storage for at least 4 weeks at 40°C. As can
be seen in Table 10, the EDTA and/or methionine treated formulations showed the Iowest levels
of aggregation, followed by the Nitrogen gas-treated and untreated control formulatlons._

EXAMPLE 6
30 A study was conducted to evaluate the effect of methionine and EDTA on the oxidation
of certain methionine amino acid residues in the anti-CTLA-4 antibody 11.2.1 after storage as a
liquid formulation.
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12%3.2% 3.1% 44 1. 7% 1. 7% 2.6% 1.4% 1.3% 3. 1% 2. 8% Tabl e
24(b) below reports the fragnmentation data that is graphica ly

present ed @ fbhQdkpL:4. Table 24(b): Percent Fragnmentati b06/00755
Forrmul ations in Table f 9 after Storage at 40C. No. Inli%t)fijg 4/W7eséfli<s

8 weeks 12 weeks 24 weeks 40C 40C 40C 40C 26 1.8%5.2%6. 1%
7.8%18. 7% 39 1.6%5.3%6.7%6.5% _.... 40 1.6%5.3% 6. 8% 6. 2% 10. 0%

37 1. 6% Syffionine oxidation analysis:
Oxidation levels of methionine residues at amino acid positions 256 and 432 in anti-

CTLA-4 antibody 11.2.1 were measured by a Lysine-C mapping method after storage for 8 '
weeks at 40°C,

10 Glass vials containing formulation nos. 26, 28 and 33 (Table 8) and their treatments from

. Example 5 were aseptically sampled at the 8 week time point. The samples were then digested

with Lyc-C enzyme in tris buffer at pH 8.0 under standard conditions and analyzed by reversed- '
phase high performance liquid chromatography. Separation was accomplished using a Grace
Vydac Protein G4 analytical column with 0.1% TFA in water and 0.085% TFA in Acetonitrile

15  gradient slution. ’

Table 11: Percent Oxidation of Methionine Amino Acids in Anti-CTLA-4 antibody 11.2.1 After
Treatmenis in Table 8: '

Formulation Treatment Percent Percent
No. . Oxidation Oxidation
* Met 432 Met 256
Initial 2.3% 4.9%
26 Na treatment 15.4% 32.9%
29 + 26.6 mM Methionine 0.5% 1.1%
33 +0.01% NaEDTA 1.6% 3.3%
20
The resulis in Table 11 indicate that the addition of methionine or EDTA to the 11.2.1
antibody formulation reduces the percent oxidation at the two indicated methionine residues as
compared to the formulation stored without EDTA or methionine.
25 EXAMPLE 7

A study was conducted to evaluate the oxidation of certain tryptophan and tyrosine
amino acid residues in the anti-CTLA-4 antibody 11.2.1.

Anti-CTLA-4 antibody 11 .2:1 formulations that develop a pink discoloration over time
30  were found to have a characteristic absorption maximum at 560nm after conducting
ultraviolet/visible spectroscopy (UV-Vis}.
The procedure used to prepare the formulation is the same as the one described in
Example 3. For this Example, a formulation corﬁprising a 5 mg/ml solution of monoclonal anti-
CTLA-4 antibody 11.2.1 in a 20 mM sodium acetate buffer, 8.2 mg/m! sodium chioride and 0.2
35 mg/ml polysorbate 80 {at pH 5.5) was stored in two glass vials for 4 weeks at 40°C, at which
time, the formulations had developed a pink discoloration.
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Specifically, three iiqdid formulations comprising antibody 11.2.1 wit_h apd without EDTA
and DTPA were prepared. The formulations were stored at 40°C and antibody discoloration,
aggregation and fragmentation evaluations were conducted at 0, 2, 4, 6, 8 and 10 weeks.

40 For this Example, a 20 mg/mti solution of anti-CTLA-4 antibody in 20 mM sodium acetate
buffer pH 5.5 wﬁh 8.2 mg/m! sodium chloride and 0.2 mg/ml polysorbate 80 was prepared and
divided among several glass vials, as described in Example 3, and then treated by addition of
EDTA or DTPA. The EDTA and DTPA were added to the formulation vials as solids. Several
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0.2 84 0.QR&200610961 PCT/US2006/007555

5 vials were immediately analyzed for levels of discoloration, aggregation and fragmentation and
several other duplicate vials were also stored upright at 402C for 2, 4, 6, 8 and 10 weeks.
The treated and unireated vials were then sampled aseptically to measure the levél of
antibody 11.2.1 aggregation énd fragmentation in the formulations at the'2, 4, 6, 8 and 10 week
time points and observed for discoloration. Tables 12 and 13 report the results.

.10
Formulation appearance analysis;
Each formulation was visually evaluated after § (initial), 2, 4, 6, 8 and 10 weeks for
‘particulate formation, color change and turbidity change. Visual observations were reportéd in
Table 12. '
15

" Table 12: Visual Evaluations of EDTA and DTPA Formulation Treatments:

Oweeks | 2weeks | 4weeks | 6weeks | Bweeks | 10 weeks
No. Treatment initial 40°C 40°C 40°C 40°C 40°C
26 clearand | clearand | clear and C : .
No treatment colorless | colorless | coloriess pink pink pink
33 +0.01% clearand | clearand | clearand | clearand | clearand | clear and
Na;EDTA.2H.0 | colorless | colorless | colorless | coleorless | colorless | colorless
34 clearand | clearand | clearand | clearand | clearand | clear.and
+0.01% DTPA | colorless | colorless | coloress | colorless | coloriess | colorless

The results in Table 12 indicate that the formulations without EDTA or DTPA developed .
20  apink coloration in the vial after storage for at least 6 weeks at 40°C.

Aggregation Analysis:
' The antibody formulations treated according to Table 12 were stored at a temperature of
40°C. At weeks 0, 2, 6, 8 and 10, each formulation was analyzed for aggregation using size
25  exclusion chromatography. The size exclusion chromatography was carried 'out using a TSK gel
G3000SWXL-G2000SWXL column, mobile phase 0.2 M sodium phosphate buffer at pH 7.0, a
flow rate of 1 ml/min, and UV detection at 214 nm. Table 13 shows the percentage of eluted high
molecular weight species (i.e., aggregates of anti-CTLA-4 antibody 11.2.1) measured at the
relevant times for each of the formuiation treatments. Aggregation levels were calculated by. .
30 integrating the areas under the chromatogram peaks for each formulation and reporting the
integrated areas under the high molecutar welght spacies peaks as a percentage of total peak
area (see Table 13).
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5 . Table 13: Percent Aggregation for EDTA and DTPA Formulation Treatments:

. Oweeks | 2weeks | 4weeks | 6 weeks | 8 weeks | 10 weeks
No. Treatment Initial 46°C 40:C 40°C 40°C 40C
26 No treatment 0.6% 0.9% 1.4% 2.2% 26% - 3.2%
33 +0.01%
Na,EDTA.2H.0 0.7% 0.8% 0.9% 0.9% 1.0% 1.2%
34 | +0.01% DTPA 0.5% 0.7% 0.8% 0.9% 0.9% 0.9%

As can be seen in Table 7, both the EDTA and DTPA containing formulations showed .
lower levels of aggregation compared to the formulation without EDTA or DTPA.

10
EXAMPLE 8 ,
A study was conducted to evaluate the effect of EDTA and nitregen gas on anti-CTLA-4
antibody 11.2.1 siability.
15 Specifically, the impact of EDTA and nitrogen gas on antibody 11.2.1 stabiiity was

analyzed with regards 1o discoloration, aggregation, oxidation, fragmeniation and formation of
charged species in histidine-buffered formulations containing trehalose and polysorbate 80.
The formulations that were evaluated are listed in Table 13 below. The procedure used
o prepare the formulations is the same as the one described later in Exarﬁple 10. The
20  formulations were stored at 40°C and stability evaluations were conducted at 0, 4, 8,12 and 24
weeks.
For this Example, a 20 mg/ml solution of anti-CTLA-4 antibody in 20 mM histidine buffer
at pH 5.5 with 84 mg/ml frehalose and 0.2 mg/ml polysorbate 80 was prepared as in Example 10.
One part of the formuiation was prepared by diluting concentrated stock solution of the antibody
25  with stock solutions of trehalose and Polysorbate 80 to the final composition at 20 mg/ml. anti-
CTLA-4 antibody. A second part of the formulation was prepared similarly except for the
additional step of addition of a 10 mg/ml. concentrate of Na,EDTA.2HG to achieve a final
concentration of 0.1 mg/mL. The formulations were_then dispensed at 1 miper 2 ml glass vials.
Half of the vials of each formulation were then placed in a lyophilizer, and the head-space
30  changed fo nitrogen after evacuation. After the vials were charged with nitrogen, a measurement
of their oxygen levels reported about 1.5% to 1.68% oxygen, while vials with air in the headspace
reported.about 19.7% to 20% oxygen.
Several vials were immediately analyzed for levels of discoloration, aggregation,
fragmentation, oxidation, and formation of charged species and several other duplicate vials
35  were also stored upright at 40°C for 2, 4, 8, 12 and 24 weeks. At each time point, two stored
vials per treatment were removed from each condition to measure the level of antibody 11.2.1
aggregation, fragmentation, oxidation and formation of charged species in the formulations and
observed for discoloration. Tables 14 through 18 report the resulis.
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‘Formulation appearance analysis:

10

Each formulation was visually evaluated after 0 {initial), 4, 8, 12 and 24 weeks for

particulate formation, color change and turbidity change. Visual observations were reported in
Table 14.

Table 14 Visual Evaluations after Formulation Treaiments in Table 13:

i5

Treatment

0 weeks
initial

4 weeks

8 weeks

12 weeks

40°C

40°C

40°C

24 weeks
40°C

+ Alrin the
headspace

clear, no
particulates

very slight
pink, less than
3 particulates

" particulates

very slight
pink, no

slight pink
no
particulates

slight pink, no
patticulates

36

+ Nitrogen in
the headspace

clear, no
particulates

clear, no
particulates

clear, no
particulates

very slight

pink, no
particulaies

very slight
pink, no
particulates

37

+ Air in the
headspace
+ EDTA

clear, no
particulates'

clear, no
particulaies

clear, less.
than 3
particulates

clear, no
particulates

clear, no
particulates

38

+ Nitrogen in
the headspace
+ EDTA

clear, no

clear, no
pariiculaies

clear, no
partlculates

clear, no
particulates

clear, no
particulates

particulales

The results in Table 14 indicate that the formulation without EDTA or nitrogen gas

developed a pink coloration after storage for 4 weeks at 40°C. Table 14 also indicates that the

formulation having the vial headspace air reptaced with nitrogen gas delayed the onset of pink

20 -

least 24 weeks.

Aggregation Analysis:

25

discoloration untli week 12. Both formulations containing EDTA had no visible discoloration for at

The antibody formulations prepared accordmg to Table 13 were stored at a temperature

of 40°C, At weeks 0, 4, 8, 12 and 24, each formulation was analyzed for aggregation using size

exclusion chromatography. The formulation vials were aseptically sampled at each time point.

The size exclusion chromatography was carried out on the samples using a TSK gel

G3000SWXL-G2000SWXL column, mobile phase 0.2 M sodium phoesphate buffer at pH 7.0, a
flow rate of 1 mlfmin, and UV deiection at 214 nm. Table 15 shows the percentage of eluted high
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2006/,096491PCT/ US2006/ 007555 Tabl e 27: Vi sual Eval uations of

Fornﬂ ations from Table 25 after Storage at 25C. No. Ini
18 weeks Taude s dlegcent Agaregation for Formulations ingl'ab!e 13; - 'tial. 13 weeks

Formulation | Treatment | O weeks | 4weeks | 8weeks | 12 weeks | 24 weeks

No. Initial 40°C 40°C 40°C 40°C
35 + Airin the

headspace 0.7% 0.9% 1.3% 1.5% 3.9%
36 + Nitrogen )

in the

headspace 0.7% 0.6% 0.7% 1% 1.5%
37 + Airin the

headspace

+ EDTA 0.7% 0.6% 0.8% 0.9% 1.5%
38 + Nitrogen

" |inthe
headspace .
+ EDTA 0.7% 0.6% 0.6% 0.8% 1.1%

As can be seen in Table 15, the EDTA containing formulation, the nitrogen gas
15  formulation, and the EDTA plus nitrogen gas formulation showed lower levels of aggregation
over fime as compared to a formulation without EDTA and having air in the headspace.

Fragmentation Analysis:
The antibady formulations prepared according fo Table 13 were stored at a temperature
20  of 40°C. At weeks 0, 4, 8, 12 and 24, each formulation was analyzed for total hydralytic
impurities (i.e., fragmentation) using reduced SDS-PAGE {rSDS-PAGE). The formulation vials
were aseptically sampled at each time point and loaded onto NUPAGE 4-12% bis-Tris gels with
colloidal blue (Coomassie) stain. Gel reduction was achieved by use of the NUPAGE® reducing
agent. The percentage impurity (/.e., fragmentation) of each sample band in the reduced gé!s _
25  was estimated by scanning on’ éither a Molecular Dynamics Personal Densitometer PDQC-90 or
Bio-Rad GS800 imaging Densitometer. Fragmentation level was calculated as a percentage of
total band volume (see Table 16).

30
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25C 25C 25C 26 clear, colorless, no particul ates clear,
colorless, no particulates very slightly pink, no particulates 40
clear, col gl B8ffesp Particulates very slightly pink, n-pedhisilhsases
___ clear, Y6", no particulates 45 clear, colorless, no particulates
clear, colorless, no particulates clear, colorless, no particul ates
cl ear colorle

partléulaFQE

no particul ates 47 cl ear, colorless no partlculates cl ear,

col or | ess,

col orl ess, mo—partiquiates diear, qolorfe3gs, no pgarticul ates cl ear,
col orl ess, |FermRidtiond Uré@iaent43 wéaar|, 4 walker!| #oeeks | 12 weeks | 24 weeks
No. . Initial 40°C 40°C 40°C 40°C
35 + Air in the
headspace 1.3% 4.1% 5.5% 8.0% 12.4%
36 + Nitragen
in the : - . .
headspace 1.2% 3.5% 4.4% 6.3% 10.6%
37 + Air in the
headspace
+ EDTA 1.3% 3.2% 4,4% 5.9% 10.6%
38 + Nitrogen )
in the
headspace
+ EDTA 1.3% 3.5% 4.1% 5.6% 10.2%

As can be seen in Table 16, the EDTA containing formulation, the nitrogen gas
formulation, and the EDTA plus nitrogen gas formulation showed lower levels of fragmentation
10 over time as compared to a formulation without EDTA and having air in the headspace.

Formation of Acidic and Basic Species:
) The antibody formulations prepared according to Table 13 were stored at a temperature
of 40°C. At weeks 0, 4, 12 and 24, each formulation was analyzed for the formation of acidic and

15  basic species using imaging Capillary Electrophoresis (iCE). The Imaging Capillary
Electrophoresis was conducied using a Convergent Biosciences iCEzq analyzer for evaluation of
charge heterogeneity. The Convergent iCEzgp is an imaging capillary isoelectric focusing (IEF)
instrument, which allows the user to take an image of a separated sample contained within a
capillary. .

20 ) The formulation vials were aseptically sampled at each time point. The samples were
then prepared in a mixture of electrophoretic ampholytes, methyl cellulose, calibration markers,
and water. The samples were introduced into the iCEzgo and a high potential/voltage was
applied. The IEF assays were conducted using manually prepared pH 3 — 10.5 polyacrylamide
geié using Coomassie blue stain. The sample protein components were separated based on

25  their réfative isoelectric points (pl) and their location. The relative amount of each separated

_component was observed by an imaging CCD camera. The data was then processed and
reported as loss of the main peak (i.e., formation of acidic and basic species) using conventional
chromatography integration sofiware (see Table 17). '
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no particul ates clear, colorless, no particulates --- clear,
colorless, no particulates 37 clear, colorless, no particul ates
clear, colgplBgsmwe#dp particulates clear, colorless, no Raytd.eesleatRs
clear, colorless, no particulates 49 clear, colorless, no '
particul ates clear, colorless, no particulates clear, colorless, no

par i gul 468 130, 5l 8y Sk BF Hebed AR G 2 o5 ol ear, col or | ess,

| ess than artrcutrares clrear, colorTess, no particulates 51 clear,

colorless,_no particulates clear. colorless, less than 3 particulates
clear, -collorless, np_particul ates 52 clear colgrless, 0
parti cul ater""i” n :Bg?;giﬁmet s SRR ot SRS X Tl ] e 6%%@,- no
parti cul atles u%hclear, col orl €ss, no parti cul=ates [cl ear, col ess,
35 + Airin the
headspace 65.3 . 50.3 - 28.8 15.5
36 + Nitrogen
in the
headspace 63.8 52.2 — 33.1 22.7
37 + Airin the : )
headspace
+ EDTA 62,3 55.4 870 .| 234
38 + Nitrogen
in the
headspace .
+ EDTA 63.9 56.6 - 40.0 24.8

As can be seen in Table 17, the EDTA containing formulation, the nitregen gas
. formulation, and the EDTA plus nitrogen gas formulation showed higher levels of the intact main
10  peak over time as compared to a formulation without EDTA and having air in the headspace.
Thus, thelamount of acidic and basic species formation Is greater over time in formulations
lacking EDTA and/or nitrogen gas in the headspace. '

Amino Acid Oxidation Analysis: )

15 Oxidation levels of methionine residues at amino acid positions 256 and 432 jn anti-
CTLA-4 antibody 11.2.1 were measured by a Lysine-C mapping method after storage for 12
weeks at 40°C,

The vials containing the formulations from Table 13 were aseptically sampled at the 12
week time point. The samples were then digested with a Lysyl Endopeptidase (Lys-C) enzyme

20  tris buffer at pH 8.0 under standard conditions and analyzed by reversed-pl'iase high
performance liquid chromatography. Separation was accomplished using a Grace Vydac Protein
C4 analytical column with 0.1% TFA In water and 0.085% TFA in Acetonitrile gradient elution.

25
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no particulates --- clear,

col orl ess,

-- - clear, weohideess

St orage at
40C 40C

slightly pink,

. |
s from Tablgd3
no particul ates

no particul ates
not ati ons on the EP Yell ow scal e.
PhEur 5.0, 2005 Monograph 2. 2.2).

Tabl e 5281 )L Shtap
40C:

col orl ess,
no particul ates clear,

col orl

ess,

no particul ates 54 clear,
| ess than 3 particul ates
*Y6 and Y4 are cqh©fis:86dosss

Y6 being | ess yellow than Y4.
WO 2006/ 096491PCT/ U52006/ 007555

erE kPO M@ bR S eHionFR MM A dlde isarkiiorin Taktied?b.af her

T No._Initral 8 weeks 13 weeks 18 weeks

[ 24 weeks
tl ear, colorl ess,

no particul ates very

(Ref :

very slightly pink, no particulates

pi nk, no papteuates—prk—ReTpartettgtes st g eam CaLREtEss] no
par ti cul at es el Vorish | IHda¥m@ii K> Ao BB CUbHILton Oxidation
No. Besidue
) 0 weeks 12 weeks
35 + Airin the Met-432
headspace 1.6% 7.3%
Met-256
5% 17.9%
+ Nitrogen in Met-432 -
36 the 1.6% 3.3%
headspace Met-256
5% 7.8%
+ Air in the Met-432
a7 headspace 1.6% 3.9%
+ EDTA Met-256
) 5% 9.7%
+ Nifrogen In Met-432 ,
.38 | the 1.6% 2.6%
headspace Met-256
+ EDTA 5% 5.9%

The results in Table 18 indicate that the addition of EDTA to the 11.2.1 antibody
10 formulation andfor addition of nitrogen gas to the vial headspace reduced the percent oxidation
at the two indicated methionine residues as compared 1o a formulation without EDTA and having

air in the headspace.

EXAMPLE 10
15 A study was conducted to compare the effect on stability of anti-CTLA-4 antibody 11.2.1
formulations comprising a sodium acetate buifer and sodium chioride (i.e., chloride ions) versus

formulations comprising a histidine buffer and trehalose.

Specifically, the impact on antibody 11.2.1 stability was analyzed with regards to
20 discoloration, aggregation, and fragmentation.

The formulations that were evaluated are listed in Table 19 below. The procedure used
o prepare the formulations is the same as.tlr'ae one described in £xample 3.

The formulations in Table 19 were prepared by taking an 11.9 mg/mi stock solution of
antibody 11.2.1 in 20 mM sodium acetate buffer pH 5.5, 140 mM sodium chloride and subjecting
it to an ultrafiltration/diafiltration (UF/DF) step in a Millipore Lab Scale TFF System with a Pelficon
XL PBTK 30K 50cm? membrane. Next, concentrated solutions of the antibody 11.2.1 were '
prepared in the 35 to 40 mg/ml range in 20 mM sodium acetate or 20 mM histidine buffers.

Concentrates of the tonicifying agent were prepated in either the sodium acetate or .

25

histidine buffer at three times the target final concentrations. A concenirated solution of

30  polysorbate 80 was prepared at 20 mg/m! and Na,EDTA.2H,0 at 10 mg/ml in each of the
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very slightly pink, no particulates --- clear, Y4*, . no particul ates
45 cl ear, colorless, no particulates clear, colorless, no

particul at g Hh@Rks91COl Orl ess, no particul ates clear, ¢ 1%%2@&%07@39
particul ates clear, colorless, no particul ates clear, colorless, no

particul ates 46 clear, colorless, no particulates clear, colorless,.
Col br Pes et PR Rty ooty B A ag e BB st e ol car,
col or| essppbpiely Thn fdnpations wat tiee Btegdddzipugh@d pstériizing grads fijers endfilbdit es
clear, cqhokdvesPaupitetelid iAGHNALISS oEnia8 8Sed it RhPTYpRY YlaséWals. The vials
Do o Sl 05004 TESros38 G YL npbiehin R B °
col or | es sjabiliy cpamberscal R5iCand 40°6a Anotioas seiof ¥als wasalsopigeed atuRQSE & 4 eelsy |
col or{pes sind ButRAEd way ki@ Bto Gk Ratize/theR b@ids@ESer-filled vials box) as described in

Example 4. . All formulations had a pH of 5.5 and an anti-CTLA-4 antibody 11.2.1 concentration

of 20 mg/mi.

Several vials were immediately analyzed for Jevels of discoloration, aggregation, and
fragmentation and several other duplicaté vials were also stored upright at 26°C and 40°C fof 4,
15 8,12, 18, 24 and 36 weeks. At each time point, two stored vials per formulation were removed
from each condition to measure the level of antibody 11.2.1 aggregation, fragmentation, and
ohserved for discoloration as well. Tables 20 through 24 and Figures 3 and 4 report the results.

20
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clear, colorless, no particulates 54 clear, colorless, no

particul ates clear, colorless, no particulates clear, colorless, |ess
than 3 par{igcibdoedr- - - . clear, colorless,pd%ys2006/007555. .
particulates "Y6 and Y4 are color scale notations on the EP Yell ow
scale. Y6 being less yellow than Y4. (Ref: PhEur 5.0, 2005 Monograph
2.2.2). . The results in Tables 26 through 28 indicate that
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HL dlclol Eloridsss &
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Formul at i oTigp T TatU Ry, 48lorteks, €7 St|OT a0 &ledf, cad®fess, NO. || Nicleb@toicfies¥ £ EKE 8
weeks 13 yweekyg 18 weeksicdidteweeks 25Cha2EGicdbtes 25C 2565 than 3 partiddBited] 8%
---  1.1% 146Y% 40 clear, colorless, clear, coloriess, clear, colorless,
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0.7%--- --- 0.

7% 0.8% 0.8% 45 0. 7% 0. 6% O.
--- 0.6%0.7%0.7%47 0.7%0.7%0.6%0.6%0. 7%

6% "' 0.6% 0.

7% 0. 7% 46 0. 7%

0.7% 48 0. 7%

0. 6%

0. 7% 0. 79 {0 Aoditfos 6% 0. 6% 0. 6% 0.7%0.7% 49 0.7% - -pchudihsiorsss
6%

50 0.7%--- ---

Table 21:  Visual Evaluations of Formulations from Table 19 afier Storage at 25°C:
8 weeks 12 weeks 24 weeks

No. Initial 25°C 25°C 25°C

26 very slightly . clear, colorless,
clear, colorless, cloudy, no clear, colorless, less than 3
no parficulates particulaies no particulates parficulates

39 : .. clear, colorless, )
clear, colorless, clear, colorless, lessthan 3 -

: rio particulaies no particulates particulaies

40 clear, colorless, clear, coloriess, | clear, colorless, clear, colotless,
no particulates no particulates no particulates no particulates

37 clear, colorless, clear, colotless, | clear ,coloriess, clear, colorless,
no particulates no. particulates no particulaies no particulates

41 clear, colorless, clear, colorless, | clear, colotless, clear, colorless,
no particulates no particulates no particulates no particulates

42 clear, colorless, clear, colorless, | clear, colorless, .| clear, coloriess,
no particulaies no particulates | no pariculates no particulaies

43 clear, colorless, -— clear, colorless, clear, colorless,
no particulates no particulaies no pariculates

44 clear, colotless, clear, colorless, | clear, colorless, |very slightly cloudy,
no pariculates ne particulates no particulates no particulates
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--- --- 51 0.7%
0.6%0.6%0.6% ----

0.6% 0.7%52 0.7%0.6%0.6%0.6%..._
0.7% 54 0.7%0.6%0. 6% .

0.6% ---.

53 0. 7%

Tabl e 29( byobgdsadsdoeports the aggregation data that is gi@@hhdabisys

presented in Figure 5. Tab e 29(b):

Percent Aggregation for

Formul ations in Table 25 after Storage at 40C No In|t|aI 4 weeks 8
weeks 13ateeksVidii! Rusekdon? 4f Roge . :
8 weeks 12 weeks 24 weeks

No. Initial 40°C 40°C 40°C

26 clear, colotless, very slightly cloudy,| clear, colorless, slightly pink, no "~ *
no pariculaies no particulates no pariculates particulates

39 clear, colorless, clear, colorless, clear, coloriess, .
no particulates no particulates no particulates

40 clear, colorless, clear, colorless, clear, colorless, slightly pink, no
no particulates no particulates no particulates pariiculates

37 clear, colotless, _olear, colorless, clear, colorless, clear, coloriess,
no particulates no pariculates no particulales no pariculates

41 clear, colorless, clear, colorless, clear, colorless, clear, colorless,
no particulates no particulates no particulates no particulates

42 clear, colorless, clear, colorless, clear, colorless, clear, colorless,
no particulaies no particulates no particulates no particulates

43 clear, colorless, clear, colorless, clear, colotless, slightly pink, no
no pariculates no particulates no particulates particulates

44 clear, colorless, clear, coloriess, clear, colorless, clear, colorless,
no particulates no particulates no particulates no particulates

The results in Tables 20 through 22 indicate that antibody 11.2.1 formulations containing
EDTA had reduced discoloration, reduced turbidity, and reduced particulate formation as compared to
those formulations without EDTA. Overall, formulations containing sodium chlaride had increased
discolaration, turbidity, and particulate formation as compared to formulations having EDTA, but
without sodium chloride.

Aggregation Analysis:

The antibedy formulations prepared according fo Table 19 were stored at a temperature of
25°C and 40°C. At weeks 0 (initial), 4, 8, 12, 24 and 36 weeks, the 25°C formulations were analyzed
for aggregation using size exclusion chromatography. At weeks 4, 8, 12 and 24 weeks, the 40°C
formulations were analyzed for aggregation using size exciusion chromatography. The formuiation
vials were aseptically sampled at each time point. The size exclusion chramatography was carried
out on the samples using a TSK gel G3000SWXL-G2000SWXL. column, mobile phase 0.2 M sodium
phosphate buffer at pH 7.0, a flow rate of 1 ml/min, and UV detection at 214 nm. Tables 23(a) and
23(b) show the percentage of antibody 11.2.1 aggregation measured at the relevant times for each of
the formulation treatments. Aggregation levels were calculated by integrating the areas under the
chromatogram peaks for each formulation and reporting the integrated areas under the high molecular
weight species peaks as a percentage of total peak area (see Tables 23(a) and 23(b)).
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26 0.8% 3.1%4.3%5.2%--- 40 0.7%--- 0.9%1.2%1.8%2.7%45 0. 7%
0.6%0.8%0.8%1:0%1.4%46 0.7% _ 0.7%0.8% 1.0% 1.3%47 0.7%0.6%

0. 7% 0. 8%@092496%9345348 01% O. 7%0 8% 0. 9% 1. 3% 37 0. 79
0.8%1.0%1.1%49 0.7% 0.8% BSrdShdobsss

Table 23(a): Percent Agareqation for Formulations in Table 19 after Storage at 25°C:

4 weeks Bweeks | 12weeks | 18 weeks | 24 weeks 36 weeks
No. Initial 25°C 25°C 25°C 25°C 25°C ~25°C
26 0.7% 0.9% 0.9% 1.1% 1.8% 1.8% 3.0%
39 0.7% 0.8% 0.8% 1.1% === = e
40 0.6% 0.6% 0.7% 0.8% 0.95% 0.8% 0.9%
37 0.6% 0.6% 0.6% 0.7% . 0.7% 0.7% 0.8%
41 0.6% 0.6% 0.6% 0.7% 0.7% 0.7% 0.7%
42 0.6% 0.6% 0.6% 0.8% 0.8% 0.8% 0.8%
43 0.6% 0.6% --- - 0.7% 0.8% - 0.9%
44 0.6% 0.6% 0.6% 0.7% 0.7% 0.8% 0.8%

Table 23(b) below reports the aggregation data that is graphicaily presented in Figure 3. .

Table 23(b): Percent Agareaation for Farmulations in Table 19 after Storage at 40°C: '

4 weeks 8 weeks 12 weeks 24 weeks

No. Initial 40°C 40°C 40°C 40°C
26 0.7% 1.0% 1.3% 2.8% 4.7%
39 0.6% 1.0% 1.0% 1.4%
40 0.6% 0.7% 0.9% 1.0% 1.4%
a7 0.6% 0.6% 0.6% 0.8% 1.1%
41 0.6% 0.6% 0.6% 0.7% 0.8%
42 0.6% 0.6% 0.6% 0.8% 1.1%
43 0.6% 0.8% 1.7%
44 0.6% 0.6% 0.6% 0.8% 0.9%

As can be seen in Tables 23(a), 23(b) and Figure 3, the EDTA-containing formulations
showed reduced levels of aggregation as compared to a formulation lacking EDTA, but having an
acetate buffer and sodium chloride, after storage at 25°C and 40°C. Moreover, a formulation
containing a histidine buffer (without EDTA) had a reduced amount of aggregation compared {o a
formulation lacking EDTA, but containing an acetate buffer and sodium chloride.

Fragmentation Analysis:

The antibody formulations prepared according to Table 19 were stored at a temperature of
25°C and 40°C. At weeks 0O (initial), 4, 8, 12, 18 and 36 weeks, each formulation was analyzed for
total hydrolytic impurities (i.e., fragmentation) using reduced SDS-PAGE {rSDS-PAGE). The
formulation vialé were aseptically sampled at each time point and loaded onte NUuPAGE 4-129% bis-
Tris gels with colloidal blue (Coomassie) stain. Gel reduction was achieved by use of the NUPAGE®
reducing agent. The percentage impurity (/.e., fragmentation} of each sample band in the reduced
gels was estimated by scanning on either a Molecular Dynamics Personal Densitometer PDQC-80 or
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Table 24(b): Percent Fragmentation for Formulations in Table 19 after Storage at 40°C:

4 weeks 8 weeks 12 weeks 24 weeks
No. Initial 40°C 40C 40°C 40°C
26 1.8% 5.2% 6.1% 7.8% 11.7%
39 1.6% 5.3% 8.7% 6.5% —
40 1.6% 5.3% 6.8% 6.2% 10.0%
37 1.6% 5.2% 6.6% 5.5% 10.2%
41 1.6% 5.2% 5.0% 5.5% 10.0%
42 1.9% 5.3% 5.1% 5.8% 9.7%
43 1.8% 5.3% - —— 11,.0%
44 1.7% 4.5% 5.2% 5.5% 9.5%

As can be seen in Tables 24(a), 24(b) and Figure 4, the EDTA-containing formulations
showed reduced levels of fragmentation as compared to a formulation Jacking EDTA, but having an
acetate buffer and sodium chloride, after storage at 25°C and 40°C,

EXAMPLE 11
A study was conducted to compare the effect of varying concentrations of EDTA on stability
of anti-CTLA-4 antibody 11.2.1 formulations. Alternatives to a histidine buffer-irehalose formulation
were also tested, by replacing part of the trehalose with mannitol. '

Speciiically, the impact on antibody 11.2.1 stability was analyzed with regards to
discoloration, aggregation, fragmentation, and oxidation. ’

The formulations that were evaluated are listed in Table 25 below. The procedure used io
prepare the formulations is the same as the one described in Example 10.
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25C 25C 25C 25C 25C 26 12%--- 3.3%3.7% 40 1.1%--- ---
2.6%3.1%.3.1%45 1.5% 2. 7% 2. 3% 3.1% 3.0% 3.4% 46 1.0%.... 2.5%

3. 1% 2. 9% b rechdepy 0% 2. 3% 3. 1% 3. 0% 3. 3% 48 3. 1% - - - proni087455

The formulations in Table 25 were prepared by taking an 11.9 mg/ml stoc'k solution of

antibody 11.2.1 in 20 mM sodium acetate buffer pH 5.5, 140 mM sodium chloride and subjecting it to

" an ulirafiltration/diafiitration (UF/DF) step in a Millipore Lab Scale TFF System with a Pellicon XL
PBTK 30K 50cm? membrane. Next, concentrated solutions of the antibody 11.2.1 were prepared in
the 35 to 40 mg/ml range in 20 mM sodium acetate or 20 mM histidine buffers.

Concentrates of the tonicifying agent were prepared in either the sodium acetate or histidine
buffer at three times the target final concentrations. A concentrated solution of polysorbate 80 was
prepared at 20 mg/ml and Na;EDTA.2H,0 at 10 mg/ml in each of the buffers. Individual formutations
were prepared by diluting the concentrated solutions appropriately. EDTA concentrations (as
NasEDTA.2Hz0) were examined in the range of 0 — 0.1 mg/ml. The formulations were thefri filtered
through 0.2 L sterilizing grade filters arid filled into several duplicate vials. A fifl-volume of 1 mi was
used in 2-ml Type 1 glass vials.

The vials were closed with Daikyo 777-1 Flurotec® coated stoppers, crimp sealed, and siored
upright in stability chambers at 25°C and 40°C. Another set of vials was subject to 4x freeze/thaw
cycles as described in Example 10. Ali formulations had a pH of 5.5 and an anti-CTLA-4 antibody
11.2.1 concentration of 20 mg/ml.

Several vials were immediately analyzed for levels of discoloration, aggregation,
fragmentation, and oxidation and several other duplicate vials were also stored upright at 25°C and
40°C for 4, 8, 13, 18 and 24 weeks. At each time pdint, two stored vials per formulation from each
condition were removed to measure the level of antibody 11.2.1 aggregation, fragmentation, and
observed for discoloration as well. Tables 26 to0 31 and Figures 5 to 10 report the resulis.

Table 25: Antibody Formulations Tested:

' - Acetate | Histidine | Tween 80 | Mannitol | Trehalose | EDTA . Sodium
No. (mi1) {(mM) mg/ml) - | (mafml {mg/ml) mg/ml Chloride
ma/ml
26 20 === 0.2 T - - e 8.4
40 - 20 0.2 -- 84 - -
45 . 20 0.2 - 84 0.001
46 - 20 0.2 - 84 0.005 ---
47 - 20 0.2 — 84 0.01 —
48 . 20 0.2 84 0.05 -
37 o 20 0.2 - 84 0.1 -
49 - 20 0.2 10 70 0.001 —
50 -~ 20 - 04 10 70 . 0.01 .
51 - 20 0.2 10 _ 70 0.4 -
52 == 20 0.2 20 50 0.001 -
53 --- 20 0.2 20 50 0.01 -
. 54 m-= 20 0.2 20 50 0.1 -— .
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2.9% 37 3.6%2.6%2.3%3.1%3.0%3.3%49 1.0%--- 2.6%--- 50 1. 1%
--- 2.7% 51 1.2%--- ..... 2.7%--- 2.9%52 2.4% 2. 7% 2.3% 3. 1%

é}o% £#902.3%2.9%--- 3.4%54 1.6%2.7%2
Tabl e SO(E'Xv ow reports t he fragnentation data t hat |I§C%U:sa2%08§ﬁ?y
presenied in F| gure . 6.

Formulation appearance analysis:

Each formulation was visually evaluated after 1} initlally mixing the formulation, 2) after 4
freezefthaw cycles, and 3) after storage at 25°C and 40°C for 4, 8, 13, 18 and 24 weeks. The
formulations were evaluated for particulate formation, color chénges and turbidity changes and
reported in Tables 26 to 28,

Table 26: Visual Evaluations of Formulaiions from Table 25 after Freeze/Thawing:

Formulation After
" No. Initial 4X FreezefThaw Cycles
26 clear, colotless, very slightly cloudy,
no particulates no particulates
40 clear, colorless, clear colorless,
. no pariculales less than 3 particulates
45 clear, colorless, clear, colorless,
no particulates less than 3 particulates
46 clear, colorless, clear, colorless,
no particulates less than 3 particulates
47 . clear, colorless, clear, colorless,
no particulates less than 3 pariiculates
48 clear, coloriess, clear, colorless,
no particulates greater than 3 particulates
a7 clear, colorless, clear, colorless,
no particulates no particulates
49 clear, colorless, clear, colorless,
no particulaies greater than 3 particulates
50 clear, colorless, clear, colorless,
. no paticulates less than 3 pariculates
51 . clear, coiorless, clear, colotless,
no particulaies less than 3 particulates
52 clear, colorless, clear, colorless, .
no particulates no particulates
53 clear, colorless, clear, colorless, )
no particulates jess than 3 particulates
54 clear, colorless, clear, coloriess,
no particulates less than 3 particulates
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in Table 25 after

for

weeks 8

26

For mul ati ons

gks 18 weeks 24 weeks

00609
6.2% 7.3% 8. 7% 10. 1% 40
4.3% 4.2%6. 7% 6. 7% 46

40C 40C 40C

N b0der0075s
3.9 6.9% 8. 2% 7. 2% 45 --- 2.3590

4.1%5.6% 7. 1% 6. 1% 47

Percent Fragnentation
Storage at 40C. No.

Initial 4

Table 27: Visuai Evaluations of Formulations from Table 25 after Storage at 25°C:

Yo

13 weeks 18 weeks 24 weeks

No. [nitial 25°C 25°C 25°C
26 clear, colotless, clear, colorless, very slightly pink,

no particulates no particulates no particulates
40 clear, colorless, very slightly pink, clear, YB%,

no particulates no particulates == no particulates
45 clear, colorless, clear, colorless, clear, colorless, clear, colorless,

no particulates no particulates no particulates no particulates
46 clear, colorless, clear, colorless, clear, colotless,

no particulates no particulates o no particulates
47 clear, colorless, clear, colorless, clear, colorless, clear, colorless,

no particulates no particulates no particulates no particulates
48 clear, colorless, clear, colorless, clear, calorless,

no particulates ne particulates - no particulates
37 clear, colorless, clear, colorless, clear, colarless, clear, colorless,

no particulates no particulates no particulates no particulates
49 clear, coloriess, clear, colorless, clear, colorless,

no particulates no particulates o no particulates
50 clear, coloriess,

clear, colerless, less than 3 clear, colorless,

no particulates particulates —- no particulates
51 clear, colorless,

clear, colorless, less than 3 clear, colorless,

no particulates particulates — no particulates
52 clear, colorless, clear, colorless, clear, coloriess,

no particulates no particulates — no particulates
53 clear, colorless, clear, colorless, clear, colorless,

no particulates no particulates - no particulates
54 clear, colorless,

clear, colorless, less than 3 clear, colorless,

no particulates particulates — no particulates

*Y6 and Y4 are color scale notations on the EP Yellow scale. Y6 being less yellow than Y4.
(Ref: PhEur 5.0, 2005 Monograph 2.2.2).
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4. 1%

1.9% 2. 8% 3. 4% 5. 4% 5. 6% 48
1.5% 2. 2% 5. 0% 4. 5% 49 - - -
51 --- _ 3w%@dUs. 5 4% 52 --- 1.8%2.4%3. 1% ---

4. 1%

5. 8%

50 ---

2.0%4.2%5.0%4.0% 37 ---
3.7%5.5% - - -

0. 7%

53 peruBedhifyiss %

Table 28: Visual Evaluations of Formulations from Table 25 after Storage at 40°C:

8 weeks 13 weeks 18 weeks - 24 weeks
No. Initial 40°C 40°C 40°C 40°C
26 | clear, colorless, | very slighily pink, | very slightly pink, pink, no pink,
no particulates no particulales no pariculates particulates no particulates
40 | clear, colorless, | very slightly pink, | very slighily pink, clear, Y4%,
no particulates no particulates no particulates -~ . }.no pariiculates
45 | clear, colorless, clear, colorless, clear, colorless, | clear, colorless, | clear, colorless,
no patticulates no particulates no particulates no particulaies | no particulates
46 | clear, colorless, clear, colorless, | clear, colorless, clear, colorless,
no pariiculates no particulates no particulates - no particulates
47 . clear, colorless,
clear, colorless, clear, colorless, less than 3 clear, colorless, | clear, colorless,
no particulates no pariculates pariiculates no particulates | no particulates |
48 | clear, colotless, clear, colorless, clear, colotless, clear, colorless,
no particulates no particulates no particulates - no particulates
37 | clear, colorless, clear, colorless, clear, colorless, | clear, colorless, | clear, colorless,
no particulates no particulates no particulates no particulates ] no padiculates
49 . clear, colorless,
clear, colorless, legs than 3 clear, colorless, clear, colorless,
no paticulates particulales no particulates no particulates
50 clear, colorless, clear, colorless,
clear, colorless, less than 3 less than 3 clear, colorless,
no particulates particulaies particulates - no particulates
51 clear, colotless, ciear, colotless, clear, colorless, clear, colorless,
no particulates no particulates ne particulates — no particulates
52 clear, colorless,
clear, colorless, clear, colorless, less than 3 clear, colorless,
no particulates no particulates particulaies o no particulates
53 | clear, colorless, clear, coloriess, clear, colorless, clear, colorless,
no particulates no pariiculates no particulates — no particulates
54 clear, colorless, .
clear, colotless, | dclear, colorless, less than 3 <lear, colorless,
no particulates no pariiculates particulates - no particulates

*¥6 and Y4 are color scale notations on the EP Yellow scale. Y6 being less yellow than Y4.
(Ref: PhEur 5.0, 2005 Monograph 2.2.2).

The results in Tables 26 through 28 indicate that antibody 11.2.1 formulations containing

all tested EDTA concentrations had reduced discoloration, reduced turbidity, and reduced -

particulate formation as compared to those formulations without EDTA.

Qverall, formulations containing sodium chioride had reduced freeze/thaw protection as

evidenced by increased discoloration, turbidity, and particulate formation as compared to

formulations having EDTA, but without sodium chloride.

" Aggregation Analysis:

The antibody formulations prepared according to Table 25 were stored at a terﬁ perature
of 25°C and 40°C. At weeks, 0 (initial), 4, 8, 13, 18 and 24, the 25°C and 40°C formulations were
analyzed for aggregation using size exclusion chromatography. The formulation vials were

aseptically sampled at each time point. The size exclusion chromatography was carried out on
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6.6%54 --- 2.3%3.1%3.8%..... As can be seen in Tables
30(a), 30(b) and Figure 6, the EDTA-containing fornmulations showed
reduced | ey@l-5ocffosdof agnent ati on as conpared to a fornullaé]?@g)odﬁ%}ggyg
EDTA, but having an acetate buffer and sodi um chl oride ter storage
at 25C and 40C. In addition, the fornmul ations containing histidine
and t r ehallesmpiak tdisa THIRPAC AHBRNALCRAASKKLcalimp drebis fre MsogHmover
the for mghaiph@8 b@RALPHLNE feOieloim eivindy, hrateUWididvtort at EDIAN. Table 29(a)
Figure 8 ﬁm_cﬁ °

Egv%qp% %%enﬁgg ‘lﬁ%o fﬁS:? ’i E&J{érg%m ﬁ@&eg&ep%&ﬁ‘é‘ét 25°C at the

fragrrentalon ormulati on

A e O R AnGTAG o SGH O 50 RETEOR CLabie G Lhshets G gereenioge o et 13 P,

| evel s ofaggregdtian meafmtehlamarrlsmge esA0dtiesggadgatom ievels aeiectajpusied boineg2%8 and

432 in t%ﬁg%iuh%glué cﬁm %a[éslfor?eaéh MR P AR qmeme%t aém;é;

mappi ng net e Vi a ont al nin f or mul

were asepfigE *Whé"a‘fﬁr"é'b}"’ t?ﬁ’?gei%eag%%ﬁ@ REFgEiage %%@ p??kr?ée%(a? a%%%f ter
st orage @M@ 29 sanples were then digested with a Lysyl

Endopepti dase (Lys-C) enzynme in tris buffer at pH 8.0 under standard
condi tions and a al d b re e sed--has h ] iquid

chr omat oJPB‘ﬁ §(a Ferce eatio = il el' Ie%g aQer %Ba?E§ dgc
Protein ¢4 anal ytical colum vmth 0. 1% TFA | n vat er and 0. 085% TFA in
Acetonitri |l ggrapient elfuGiwiEks 1P Weeka | CBWeeks (|18 weeks!l (28.weeldD
2006/ 096491PGud. 1[L SENRH/ G0/ 25%€ Tabl 2533 : Pergmt (Oxi @8fCi on ofs°C
Met hi oni ne Ami no} Acids ijn Anti-CILA-4 anki bodv 11l 2. 1 _in!Formil at{i ons

from Tabl e P526 Nb. 0&% ng Acid Lnltiat 18 webl% 2 \Aééfés__‘Resj_gue-
26 Met 432 N s b ®04%6. 9% Net. 256 504 12 Qoﬁ?‘%q 9287\ 488%.
1

6%

5 z 6% 065 0.7% NN
5.6% 8. 8% Ne%zs 96—(?%%—1—0_ 8 B YL L VA2 2 ol o
47 0.7% 0.7% 0.6% 0.6% 0.7% - 0.7%
48 0.7% 0.6% 0.7% 0.7%
37 0.7% 0.6% . 0.6% 0.6% 0.7% 0.7%
49 0.7% e - 0.6% - ===
50 0.7% -—- ) - 0.6% - -—-
51 0.7% o s 0.6% e 0.7%
52 0.7% 0.6% 0.6% 0.6% w— - m——
53 0.7% 0.6% 0.6% 0.6% L - 0.7%
54 0.7% 0.6% 0.6% . 0.8% . -

“Table 29(b) below reports the aggregation data that is graphically presented in Figure 5.

Table 29(b): Percent Aggregation for Formulations in Table 25 after Storage at 40°C:

4 weeks 8 weeks 13 weeks | 18 weeks | 24 weeks
No. | Initial 40°C 40°C 40°C 40°C 40°C
26 0.8%. - 3.1% 4.3% | 52% -
40 0.7% e 0.9% 1.2% 1.8% 2.7%
45 0.7% 0.6% 0.8% 0.8% 1.0% 1.4%
46 0.7% e 0.7% 0.8% - 1.0% - 1.3%
47 0.7% 0.6% 0.7% 0.8% 0.8% 1.1%
48 0.7% - 0.7% 0.8% 0.9% 1.3%
37 0.7% 0.7% 0.7% 0.8% 1.0% 1.1%
49 0.7% - 0.8% 0.8% - e
50 0.7% - 0.7% 0.8% --- -
51 0.7% = 0.8% 0.8% - 1.2%
52 0.7% 0.6% 0.7% 0.8% o -
53 0.7% 0.7% 0.7% 0.7% o 1.2%
54 0.7% 0.6% 0.8% 0.7% - . -
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Met 432 1.6% 4.8%6.2% Mt 256 5%
3.5%6.1% Mt 256 5% 8. 8% 12.
5% 8. 4% 8. QYo 432 1. 6% .
Met 432 1.6% 4.5% 4. 7%
in Table 31,

11. 6% 12.8% 46 Met 432 1.6%
5% 47 Met 432 1.6%3.4% 4.2% Met 256
2.8%5.7% Met 256 5% 7.

Met 256 5% 11. 0% 9. 4% @ﬁ%@@%ﬁ%
t he presence of EDTA in the antibody 11.2.1 fornul ation

reduces the | eeehn iofseaeiniTabes 2662)B8(d and Ggure bdbe BeEdugosiaipiig formylatons
Lhow gd redu ed%v%'[s‘éfjé(gg%&mﬁ QrehushREDTR coRdBRAtBnd &Qoﬁﬁafr&ﬁtb a

EXAMPLE
manni t ol

f or mul at |Q5'H§'a“°|”rlla

ke eo A aiksane o el s et v AR b badit e

f or mul at 261 ande°Q. diguesty, grapnicelyFLBBIATRGS ﬁ@rr@dueﬁonvqueﬁfésane@%@n (o A

varyi ng GHRGEfhE fbrh 8a5e 8 asBMiérdf EBNA L&ceRRAfidN. t Ol

(Tabl e 32).

EDTA.

concentrations (as Na2EDTA. 2H20) were exam ned in the range of 0O.to
0.1 ng/m .

Fragmentation Analysis:
The antibody formulations prepared according to Table 25 were stored at a temperature
of 25°C and 40°C. At weeks, 0 (initial), 4, 8, 13, 18 and 24, the 25°C and 40°C formulations were
analyzed for total hydrolytic impurities (i.e., fragmentation) using reduced SDS-PAGE{rSDS-
PAGE). The formulation vials were aseptically sampled at each time point and loaded onto
NUPAGE 4-12% bis-Tris gels with colloldal blue (Coomassie) stain, Gel reduction was achleved

by use of the NUPAGE® reducing agen’c The percentage impurity {i.e., fragmt_antatlon) of each
sample band in the reduced gels was estimated by scanning on either é Mol.ec-:ulall Dynamics,
Personal Densitometer PDQC-80 or Bio-Rad GS800 Imaging Densitometer. Fragmeritation level
was calculated as a percentage of total band volume (se Tables 30(a) and 30(b)).

Table 30(a): Percent Fragmentation for Formulations in Table 25 after Storage af 25°C:

4 weeks 8 weeks 13 weeks 18 weeks 24 weeks
No. | Initial | ~ 25°C 25°C 25°C 25°C 25°C
26 | 1.3% - - 3.3% 3.7% -
40 | 1.4% o - 2.6% 3.1% 3.1%
45 | 1.5% 2.7% 2.3% 3.1% 3.0% 3.4%
46 | 1.0% --- 2.5% 3.1% 2.9%
47 | 2.5% 5% 3% 3.1% 3.0% 3.3%
48 | 3.1% - - 2.5% 3.2% 2.9%
37 | 3.6% 2.6% 2.3% 3.1% 3.0% 3.3%
49 | 1.0% - — 2.6% i "
50 | 1.1% - — 2.7% ==
51 | 1.2% — - 2.7% - 2.9%
52 | 24% 2.7% 2.3% 3.1% - —
53 | 1.6% 2.4% 2.3% 2.9% - 3.4%
54 | 1.6% 2.7% 22% 3.2% R -

Table 30(b) below reports the fragmentation data that is graphically presented in Figure .
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Specifically, the inpact on antibody 11.2.1 stability was anal yzed
Wi th regards to discol ocation, aggregation, fragnentation, and
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at 25C and 40C for 4 Qgrs%ﬂ'ml%dvﬁho&@ Pptine point, two
' stored ria%'f'gn%’g? O\fEBWﬁSCfr@%%gH%%é% errlfj)yeg e eacE condition to
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obser ved i§@iiating 6t TaIsE PD#s sisndtied of EDTAbbresnt@8ort 0 37 and Figures 10 to
11 report the results. Table 32: Antibody Formul ati ons Tested: No.
Sodi um Hi stidine Tween 80 Mannitol Sorbitol EDTA Sodium Acetate (nV
(mg/ Ll (Ainayid Qrgatien APl Chl oride nUML (ni ghni | _
26 20 02 - - -OxidatiorSevkis®hcertain nighionine residues at amino acid positions 256 and 432 in
the anti-CTLA-4. antibody 11.2.1 were measured by a Lysine-C mapping method. The vials
containing the formulations from Table 25 were aseptically sampled at the 18 week and 24 week
time points after storage at 40°C. The samples were then digested with a Lysyl Endopeptidase
(Lys-C) enzyme in ttis buffer at pH 8.0 under standard conditions and analyzed by reversed-
phase high performance liquid chromatography. Separation was accomplished using a Grace
Vydac Protein C4 analytical column with 0.1% TFA in water and 0.085% TFA in Acetonittile

gradient elution. Table 31 repotts the results.
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Table 31: Percent Oxidation of Methionine Amino Acids in Anti-CTLA-4 antibody 11.2.1 in
Formutations from Table 25:

Amino Acid
No. Residue Initial 18 weeks 24 weeks
26 Met 432 1.6% ~ 55% 6.9%
Met 256 5% 128% | 13.6%
40 Met 432 1.6% 5.6% 8.8%
Met 256 5% 14.0% 16,1%
45 Met 432 1,6% 4.8% 6.2%
Met 256 . 5% 11.6% 12.8%
45 Met 432 1.6% 3.5% 6.1%
Met 256 5% 8.8% 12.5%
47 Met 432 1.6% 3.4% 4.2%
Met 256 : 5% 8.4% - 8.3%
48 Met 432 1.6% . 2.8% 5.7%
Met 256 5% 7.6% 12.6%
37 Met 432 1.6% 4.5% 4.7%
Met 256 5% 11.0% 9.4%

As can be seen in Table 31, the presence of EDTA in the antibody 11.2.1. formulation
reduces the level of methionine oxidation that occurs over time.

EXAMPLE 12
A study was conducted to compare the effect mannitol and sorbitol on stabiiity of ant-
CTLA-4 antibody 11.2.1 formulations. In this Example, alternatives to a histidine-trehalose
formulation were tested, by replacing part of the trehalose with varying concentrations of
mannito! and/or sorbitol (Table 32). EDTA concentrations (as Na,EDTA.2H,0) were examined in
the range of 0 to 0.1 mg/ml.

Specifically, the impact on antibody 11.2.1 stability was analyzed with regards to
dISCOfOCEﬁlon, aggregation, fragmentation, and oxidation.

. The formulations that were evaluated are listed in Table 32 below. The procedure usecl
to prepare the formuiations is the same as the one described in Example 10.

The formulations in Table 32 were prepared by taking an 11.9 mg/mi stock -solution of
antibody 11.2.1 in 20 mM sodium acetate buffer pH 5.5, 140 mM sodium chloride and subjecting
it to an ultrafiltration/diafiitration (UF/DF) step in a Millipore Lab Scale TFF System with a Pellicon
XL PBTK 30K 50cm® membrane. Next, concentrated solutions of the antibody 11.2.1 were
prepared in the 35 to 40 mg/ml range in 20 mM sodium acetate or 20 mM histidine buffers.

Concentrates of the tonicifying agent were prepared in either the sodium acetate or
histidine buffer at three times the target final concentrations. A concentrated solution of
polysorbate 80 was prepared at 20 mg/m| and Na;EDTA.2H,0 at 10 mg/m! in each of the
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Several vials were immediately analyzed for levels of discoloration, aggregation,

_fragmentation, and oxidatlon and several other duplicate vials were also stored upright at 25°C
and 40°C for 4, 8, 13, 18 and 24 weeks. At each time point, iwo ‘stored vials per formulation
were removed from each condition to measure the level of antibody 11.2.1 aggregation,
fragmentation, and observed for discoloration as well. Tables 33 to 37 and Figures 10 to 11
report the results.

Table 32: Antibody Formulations Tested:

Sodium | Hisiidine | Tween 80 | Mannitol | Sorbitol | EDTA Sodium

No. | Acetate {mh) (ma/ml) | (ma/mi) mg/mi mg/mi Chloride

{mhM) ‘ mg/ml
26 20 - 0.2 = -~ - 8.4
55 --- 20 0.2 --- 45 0.001 o
56 20 0.2 --- 45 0.01 —
57 ~—- 20 0.2 - 45 0.1 -
58 - 20 0.2 5 40 0.001 -
59 20 0.2 - 5 40 0.01 -
60 o 20 0.2 5 40 Q.1 —-
&1 - 20 0.2 15 30 0.001 -
62 --- 20 0.2 15 30 0.01 L e
63 - 20 0.2 15 30 0.1 -

Formulation appearance analysis:

Each formulation was visually evaluated after 1) initially mixing the formulation, 2) after 4
freeze/thaw cycles (-70°C to 5°C along with water-filled viais in box from Example 4) and 3) after
storage at 25°C and 40°C for 8, 13, and 24 weeks. The formulations were evaluated for
particulate formation, color changes and turbidity changes and reported in Tables 33 to 35.
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2006/ 096491PCTNBS20061P07555 Thtiliah 34: Vi qual P EseezafThawCveles
Formul atilans from Tahle 32 after Stor 25C. _No— |l nitigl—yl3-
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no particulates no particulates
62 clear, colorless, clear, colorless,
‘ no particulates no particulales
63 clear, colorless, clear, colorless,
no particulaies no particulates
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No. Initial 8 weeks 13 weeks 24 weeks 40C 40C 40C
colorless, no particul ates very slightly pink,
slightly piwblkoogiasgarticul ates pi nk,
colorless, no particulates clear, colorless, no particul ates clear,
colorless, no particulates clear, colorless, no particulates 56

clear, COlM 3£ SSsualtValabhd & BhtueSorgliearTabie ab etdr 8sfageADIOPET t i cul at es

26 cl ear,
no particul ates very

no particul ates 5%@&Rb06/007555

clear, colorless, no particulates clear, colorless, no particul ates
57 clear, colorless, no partjiculates clear, colorless less than 3
particulfates cllear, col ofl ess8uegles than 3 phweeksy| at ps &HHaghs
col orl esls, Neo part atés 58 r, cdl orl e&C - &z
26 clear, colorless,|  very slightly pink, very slightly pink, pink,
no particulates no particulaies no patticulates no particulates
55 clear, coloriess, cleat, coloriess, clear, colorless, clear, colorless,
no particulates no particulates no particulates no particulates
56 clear, coloriess, clear, colorless, clear, colorless, clear, coloriess,
no particulates no particulates no particulates no particulates
57 clear, coloriess, clear, colorless, clear, colorless, clear, colorless,
no particulates |less than 3 particulates |less than 3 particulates| no particulates
&8 clear, colorless, clear, colorless, clear, colorless, clear, colorless,
no particulates no particulates less than 3 particulates| no particulates
59 clear, colorless, clear, colorless, clear, colorless, clear, colorless,
no particulates |less than 3 particulates no patticulates no particulates
60 clear, colorless, clear, colorless, clear, colorless, clear, colorless,
no particulates |less than 3 particulates no particulates no particulates
61 clear, colorless, clear, colorless, clear, colorless, clear, colotless,
no particulates no patrticulates less than 3 particulates] no particulates
62 clear, colorless, clear, colorless, clear, coloriess, clear, colorless,
no particulates |less than 3 particulates no particulates no particulates
63 clear, colorless, clear, colorless, clear, colorless, clear, colorless,
no particulates no particulates no particulates no particulates

The results in Tables 33 through 35 indicate that antibody 11.2.1 formulations containing
sodium chloride, but without EDTA, had reduced freeze/thaw protection as evidenced by

increased discoloration, turbidity, and particulate formation as compared to formulations having
EDTA, but without sodium chioride. The results also indicate that antibody 11.2.1 formulations

containing ail tested EDTA concenirations had reduced discaloration, reduced turbidity, and

reduced particulate formation as compared to formulations without EDTA.

Aggregation Analysis:

. The antibody formulations prepared according to Table 32 were stored at a temperature
of 25°C and 40°C. At weeks, 0 (initial), 4, 8, 13, 18 and 24, the 25°C and 40°C formulations were
analyzed for aggregation using size exclusion chromatography. The formulation vials were

aseptically sampled at each time point. The size exclusion chromatography was carried out on

the samples using a TSK gel G3000SWXL-G2000SWXL column, mobile phase 0.2 M sodium
phosphate buffer at pH 7.0, a flow rate of 1 ml/min, and UV detection at 214 nm. Table 36(a)
shows the percentage of antibody 11.2.1 aggregation measured after storage at 25°C at the
relevant times for each of the formutations. Table 36(b) shows the percentage of antibody 11.2.1
aggregation measured after storage at 40°C. Aggregation levels were calculated by integrating

the areas under the chromatogram peaks for each formulation and reporting the integrated areas

under the high molecular weight species peaks as a percentage of total peak area {see Tables
36(a} and 36(b)).
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col orl ess,| no|partilcfugeks 628xsgks | c sd, 18avesks ¢ cgﬁ-ﬁg
clear, colld¥eeduitial|los25Gan|3 i clil at®s=cl dar | or | es£=ho
1 o hl AN anl Ard o = b 1 & on -1 1 '
par | Ul alog Poepp] eohorter, o pertogtes Clpoart oo
no parti cul_gg D.7% day 0% oit 8% oo Dot 8% it dt o5 L ’
0.7% 0.6% 0.7% P 0.6% —_— .
57 | 0.7% 0.6% 0.6% 0.6% 0.7%
58 | 0.7% --- - 0.6% e -
59 | 0.7% 0.6% -
60 | 0.7% 0.6%. |-
61 | 0.7% 0.7% 0.6% 0.6%
62 | 0.7% 0.6% 0.6% 0.6%
63 | 0.7% 0.6% 0.8% 0.6%

Table 36(b) below reports the aggregation data that is graphically presented in Figure 9.

Table 36(b): Percent Agaregation for Formulations in Table 32 after Storage at 40°C:

- i 4 weeks 8 weeks 13 weeks 18 weeks 24 weeks

No. | Initial 40°C 40°C 40°C 40°C 40°C
26 | 0.8% 3.1% 4.3% 5.2% 6.4% .
55 | 0.6%. 0.7% 0.8% 0.8%
56 | 0.6% 0.7% 0.8% 0.7% -
57 | 0.7% 0.7% 0.8% 0.8% 1.2%
58 | 0.7% 0.8% 0.8%
58 | 0.7% 0.8% 0.8%
60 | 0.6% 0.7% 0.8% — -
61 | 0.7% 0.7% 0.7% 0.8% -
62 | 0.6% 0.7% 0.8% 0.8%
63 | 0.7% 0.7% 0.7% 0.8%

As can be seen in Tables 36(a), 36(b) and Figure 9, the EDTA-containing formulations
showed reduced levels of aggregation at all tested EDTA concentrations as compared o a
formulation lacking EDTA, but having an acetate buffer and sodium chlioride (i.e., chloride ions),
after storage at 25°C and 40°C. Figure 9 graphically summarizes the reduction in percent
aggregation for the formulations from Table 32.

Fragmentation Analysis:

The antibody formulations prepared according to Table 32 were stored at a tem peréture
of 25°C anii 40°C. Atweeks, 0 (initial), 4, 8, 13, 18 and 24, the 25°C and 40°C formulations were
analyzed for total hydrolytic impurities (i.e., fragmentation) using reduced 8DS-PAGE (rSDS~
PAGE). The formulation vials were aseptically sampled at each time point and [oaded onto

NUPAGE 4-12% bis-Tris gels with coiloidal blue {Coomassie) stain. Gel reduction was achieved
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Table 37(b): Percent Fragmentation for Formulations in Table 32 after Storage at 40°C:

4 weeks 8 weeks 13 weeks 18 weeks 24 weeks
No. | Initial | ~ 40°C 40°C 40°C 40°C 40°C
26 - —- 6.2% . 7.3% 8.7% -10.1%
556 --- 1.6% 2.3% 5.7% - o
56 - 1.9% 2.3% 4.8% - _ =
57 — 2.0% 2.6% 4.7% 5.3%.
58 e —- 3.7% 5.6% -
59 — — 3.6% 5.7% —— ---
60 — - 3.5% - 5.3% o -
61 - 2.5% 3.3% 5.5% i — o
62 - 2.6% 3.6% 5.9% ——— —
63 -—- 2.6% 3.6% 5.3% —— , -

As can be seen in Tables 37(a), 37(b) and Figure 10, the EDTA-containing formulations
showed reduced levels of fragmentation as compared to a formulation lacking £DTA, but having
an acetate buffer and sodium chloride (i.e., chioride ions), after storage at 25°C and 40°C.
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the aggregation data that is graphically presented in Figure 9. Table
36(b): Percent Aggregation for Fornulations in Table 32 after Storage

at 40C. No. Initial 4 weeks 8 weeks 13 weeks 18 weeks 24 weeks
EXAMPLE 13

This example lliustrates the production of a liquid pharmaceutical composition containing
anti-CTLA-4 antibody ticilimumab, L-histidine monchydrochloride monohydrate, disodium-
ethylenediaminetetraacetic acid dihydrate, o o-trehalose dihydrate, and polysorbate 80.

A liquid pharmaceutical composition of the present invention was formed by obtaining
the following components: anti-CTLA-4 antibody ticllimumab (available from hybridoma cell line
11.2.1.4 deposited under ATCC Accession No. PTA-5169 according to Exaimblé 1or
recombinantly prepared from a mammalian cell line according to Example 2), L-histidine -
monohydrochloride monohydrate (available from Ajinomoto, Raleigh, NC), L-histidine (available
from Ajinomoto, Raleigh, NC), disodium ethylenediaminetetraacetic acid dihydrate (available as
Titriplex il from Merck KgaA, Darmstadt, Germany), o o-trehalose dihydrate (available as
Product Number T-104-1-MC, from Ferro Pfanstiehl, Waukegan IL}, and polysorbate 80
(available as Criilet 4 HP, from Croda Inc., Mill Halt PA).

The liquid pharmaceutical composition was prepared by first preparing severai stock
solutions of anti-CTLA-4 antibody ticlimumab, L-histidine monohydrochloride monchydrate,
disodium ethylenediaminetetraacetic acid dihydrate, o o-trehalose dihydrate, and polysorbate 80.
A 20 mM histidine buffer pH 5.5 is prepared by dissolving 3.27 mg/mL. (15.6 mM) L-Histidine HCI

" monohydrate and 0.68 mg/mL (4.4 mM) L-Histidine in water. A 1X Formulation buifer is
prepared by dissolving 3.27 mg/mL (15.6 mM) L-Histidine HCI monohydrate and 0.68 mg/ml. (4.4
mM) L-Histidine, 84 mg/ml. (222 rﬁM) d o-trehalose dihydrate, 0.2 mg/mL Polysorbate 80 and
0.1 mg/mL (0.268 mM) disodium ethylenediaminetetraacetic acid dihydrate in water. A2X
Formulation buffer is prepared by dissolving 3.27 mg/mL (15.6 mM) L-Histidine HCI manohydrate
and 0.68 mg/mL (4.4 mM) L-Histidine, 168 mg/mL (444 mM) o c-trehalose dihydrate, 0.4 mg/mL
Polysorbate 80 and 0.2 mg/mL (0.536 mM) disedium ethylenediaminetetraacetic acid dihydrate
in water. A stock solution of anti-CTLA-4 antibody ticilimumab is prepared according to Example
2 and concentrated to between 42 and 55 mg/ml (target 45 mg/mL) in the Histidine.buffer using
an ultrafiltration process carried out with a membrane Type 50kD (Biomax PES).

To prepare the pharmaceutical composition, equal volumes of the concentrated stock
solution of anti-CTLA-4 antibody ticilimumab and the 2X Formulation buffer are added to a
container suitable for intimate mixing' of liquid compositions.” After mixing, a small volume of the
solution is removed and antibody concentration determined by Ultraviolet-Visible spectrometry
(UV-Vis) méthod using an extinction coefficient of 1.43 (mg!mL) cm™ (expected range 21 to
27.5 mg/mL, target 22.5 mg/mL). Finally, an approprlately calculaied volume of 1X Formulatlon
buffer is added and mixed to bring the antibody to the target concentration of 20 mg/mL {range ‘
18 ~ 22 mg/mL).

The pharmaceutical compositions is then filtered through 0.2 | sterilizing grade filters
and filled into vials. A nominal fill-volume of 20 miliiliter was used in 20 milfiliter Type 1 glass
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0. 8% 0. 8% wor20d6/3%58 0.7% 0.8% 0.8% 59 0.7%--- 0. 8%61/US2006/007555

vials. The vials were ciosed with Daikyo 777-1 Flurotec® coated stoppers and crimp sealed.
The glass vials were sterilized as were the 20 mm Daikyo 777-1 serum stoppers.

Each single vial unit contains about 400 mg of anti-CTLA-4 antibody ticilimumab, 85.4
mg of L-histidine monohydrochloride monohydrate, 13.6 mg of L-Histidine, 2 mg of disodium ‘
ethylenediaminetetraacetic acid dihydrate, 1680 mg of o a-trehalose dihydrate, and 4 mg of
poiysorbate 80.

EXAMPLE 14
This example illustrates the prospective production of a liquid pharmaceutical
composition containing anti-CTL.A-4 antibody ticiimumab, L-histidine monochydrochioride
monohydrate, calcium disodium ethylenediamineteiraacetic acid, o a-irehalose dihydrate, and
polysorbate 80. '

A liquid pharmaceutical composition of the present invention may be formed By obtaining
the following components: anti-CTLA-4 antibody ticilimumab (available from hybridema cell line
11.2.1.4 deposited under ATCC Accession No. PTA-5169 according to Example 1 or
recombinantly prepared from a mammaiian cell line according to Example 2), L-histidine
monohydrochloride monohydrate (available from Ajinomoto, Raleigh, NQC), L-histidine (available
from Ajinomoto, Raleigh, NC), calcium disodium ethylenediaminetetraacetic acid {availabl'e from
Sigma-Aldrich, St. Louis, MO), ¢ a-trehalose dihydrate (available as Product Number T-104-1-
MC, from Ferro Pfanstie'hl, Waukegan IL), and polysorbate 80 (available as Crillet 4 HP, from
Croda Inc., Mill Hall PA ).

The liquid pharmaceutical composition may be prepared by first preparing several stock
solutions of anti-CTLA-4 antibody ticilimumab, L-histidine monohydrochloride monchydrate,
disodium ethylenediaminetetraacetic acid dinydrate, o. a-trehalose dihydrate, and polysorbate 80.
A 20 mM histidine buffer pH 5.5 may be prepared by dissolving 3.27 mg/mL (15.6 mM) L-
Histidine HCI monohydrate and 0.68 mg/mL (4.4 mM) L-Histidine in water. A 1X Formulation
buffer may be prepared by dissolving 3.27 mg/ml. (15.6 mM) L-Histidine HCI monohydrate and
0.68 mg/mL (4.4 mM) L-Histidine, 84 mg/mL (222 mM) « o-trehaiose dihydrate, 0.2 mg/ml.
Polysorbate 80 and 0.1003 mg/mL (0.268 mM) calcium disodium ethylenediaminetetraacetic acid
in water. A 2X Formulation buffer may be prepared by disselving 3.27 mg/mL (15.6 mM) L-
Histidine HCI monohydrate and 0.68 mg/mL (4.4 mM) L-Histidine, 168 mg/mL (444 mM) o. o
trehalose dihydrate, 0.4 mg/mL Polysorbate 80 and 0.2006 mg/mL. (0.536 mM) calclum disodium
ethylenediaminetetraacetic acid in water. A stock solution of anti-CTLA-4 antibody ticilimumab
may be prepared according to Example 2 and concentrated to beiween 42 and 55 mg/m! (target
45 mg/ml.) in the Histidine buffer using an ultrafiltration process catried out with a membrane
Type 50kD (Biomax PES).

To prepare the pharmaceutical composition, equal volumes of the concentrated stock
solution of anti-CTLA-4 antibody ticiimumab and the 2X Formulation buffer may be added o a
container suitable for intimate mixing of liquid compositions. After mixing, a small volume of the
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NUPAGE 4soh8i94 ib Fesnoved @d@eﬂlbé)dwmwnlf@lon 8?‘6&&1'098@@8“?&(' RIS PREPIELY .
Gel red m@a@dag iy @nveBthchdoetiiRnd BOIISAR64RL RET/ (ExeBROGOYODE55 by
use of. t r(; t)22 S%idﬂ'ﬁf_ ngm e%ntappr CatdhPlafcBiRiod 98 urh B Fobmuldtien |
fragrrent tIIS% 8 g he Teduced gel ted.
by scannbuigr 'éﬁdC@F‘ ?‘be'?“x%ﬁ tR/BT‘@é'Eﬁ aitibedy iRk fLee B@P%‘%’ﬁ@f& ?znosrp?l mﬁz%"lé‘irga
PDQC- 90 - Bimag/Mad G6800 | magi ng Densitoneter. Fragnentation |evel

al cul at 37
\Qﬁz g‘f;( E;J ) _a e%ﬁar%?g 15%1‘?%21?3%%@@ Eﬁt%ﬂ@lﬁtergﬁtﬂguw ﬂﬁ%te(tl&f?@ gFEa@hI%Fs ( a)

Tabl e 323"&’ffﬁ'%ﬁf intgigleq §aominal il E‘f"“%"f 2PHY ﬂ]qﬁ'feéwaﬁuﬁﬁg@%é "glﬂ{}%e% 111@ vveeks
18 weeksvidd Tweeaksss wer@@ed 5@ Daikyo 777-1 Flurotec® coated stoppers and crimp sealed.

The glass vials were sterilized as were the 20 mm Daikyo 777-1 serum stoppers.

Each single vial unit contains about 400 mg of anti-CTLA-4 antibody ticllimumab, 65.4
mg of L-histidine monohydrochloride monohydrate, 13.6 mg of L-Histidine, 1.92 mg of trisodium
ethylenediaminetetraacetic acid, 1680 mg of o o-trehalose dihydrate, and 4 mg of polysorbate

BO.
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25C 25C 25C

¢ 26 1.3% .. 3.3%3.7% 55 1.6%--- --- 2.9% ---
56 1.60A) 2.5%--- 57 1.6% --- 2.4%--- 2.9%58 1.0% --- 2.5%
59 1. 1% - - wWO-2006/8646% 60 PCT/US2006/007555
SEQUENCES
Ticilimumab (11.2.1) Heavy Chain DNA (SEQ 1D NO: 1)
atggagtityg ggctgagetg ggttttcecte gttgetektt taagaggtght ccagtgtcag 60
gtgcagctag tggagbctgg gggaggegtg gtecagectg ggaggtocct gagactctce 120
tgtgeagegt ctggattcac ctteagtage tatggcatge actgggtccg ceaggctcea 180
ggcaagggge tggagtgggt ggcagtitata tggtatgatg gaagtaataa atactatgea 240
gactcegtga agggecgatt caccatctoe agagacaatt ccaagaacac getgtatetyg 300
caaatgaaca gectgagage cgaggacacg getgtgtatt sctgtgegag agatccgagg 360
ggagetacce tttactacta ctactacggt atggacgtet ggggecaagg gaccacggtc 420
accgbctoct cagcocteocac caagggecca tegghektee cectggegee ctgetacagg 480
agcacctceg agagcacage ggcccbggage tgcotggtea aggactactt ccccgaacceyg 540
gtgacggtgt cgtggaactc aggegctctg accageggeg tgeacacctt ceocagetgte 600
ctacagtcet caggackcta ctcceteage agogtggbtga ccgtgocectc cageaacttc 660
ggeacccaga cctacacctg caacgtagat cacaagocca gcaacaccaa ggtggacaag 720
acagttgage gcaaatgttg tgtegagtge ceaccgtgee cageaccacce tgtggeagga 780
ccgteagtet tcocctetbceoc cecaazacce aaggacaccoc tcatgatete cocggaccecet 840
gaggtcacgt gogtggtggt ggacgtgage cacgaagaca ccgaggiccoa gttcaactgg 200
tacgtggacg gogtggaggt geataatgec aagacaaage cacgggagga geagttcaac 960
agcacgttcoc gtgtggtcag cgteocteacco gttgtgecacc aggactggct gaacggcaag 1020
gagtacaagt gcaaggtcte caacaaaggc ctcecagece ccatcgagaa asccatctce 1080
amaaccaaag ggeagccooeg agaaccacag gtgtacaccec tgoccccate cocgggaggag 1140
atgaccaaga accaggtcag cctgacctge ctggtcaaag gctictacee cagegacatc 1200
geogtggagt gggagagcaa tgggeagecg gagaacaact acaagaccac acctcecatg 1260
ctggactceg acggetectt cttectetac agcaagctea ccgtggacaa gageaggtgg 1320
cagoagggga acgkcttete atgetecegtg atgcatgagg ctetgcacaa ccactacacy 1380
cagaagagcc tetcectgte tecgggtaaa tga 1413
Ticilimumab (11.2.1) Heavy Chain Protein (SEQ ID NO: 2)
[OVQLVESGGE VVQPGRSLRL SCAASGFTFS SYGMHWVROA PEEKGUEWVAV IWYDGSNEKYY 60
ADSVKGRFTI SRDNSKNTLY LOMNSLRAED TAVYYCARDP RGATLVYYYY GMDVWGEQGTT 120
VTVSS]ASTKG PSVFPLAPCS RETSESTARL GCLVKDYFPE PVTVSWNSGA LTSGVHTIFPA 180
VLOSSGLYSL: SSVVIVPSSN FETQTYTCNV DHKPSNTKVD KTVERKCCVE CPPCPAPPVA 240
GPSVFLFPPK PEDTLMISRT PEVTCVVVDV SEEDPEVQFN WYVDGVEVHN BRKTKPREEQF 300
NSTFRVVSVEL TVVHODWLNG KEYKCKVSNK GLPAPIEKTI SKTKGQPREF QVYTLPPSRE 360
EMTKNQVSLT CLVKGFYPSD IAVEWESNGQ PENNYKTTPP MLDSDGSFFL YSKLTVDKSR 420
WOQGNVFSCS VMHEALHNHY TQKSLSLSFG K 451

The variable region (SEQ 1D NO: 5) is depicted [between brackets] and the CDRs are
underlined. CDR is indicated by SEQ ID NO: 7, CDR2 by SEQ ID NO: 8, and CDR3 by SEQID

NO: 9.
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1.2%--- ---
2.5% --- ---

2.6% - --

Percent Fragnentation for
Initial

61 1.1%--- ---
63 1.1%2.3%2.1%2.6%---

t he fragnmewbanemmsqdat a t hat
Tabl e 37(b):
Storage at 40C. No.

2.5% - --

62 1.0% _ ---

Tabl e 37(b bel ow reports

For mul ati ons

is graphically presented i neds/gRroes/ 0btkss
in Table 32 after
4 weeks 8 weeks 13 weeks 18 weeks 24

weeks 400G A2119%) Ak cAdfona (sEa iBRo:3)
atggacatga gggtccccge tcagetectyg gggctectge tactctggct cocgaggtgee 60
agatgtgaca tccagatgac ccagtctceoa tcctocootgt ctgcatebgt aggagacaga 120
gtcaccatca cttgccggge aagbcagagc attaacaget atttagattg gtatcageay 180
aaaccaggga aagcccchbaa actectgate tatgctgeat ccagtttgea aagtggggtc 240
ccatcaaggt teoagtggeag tggatctggg acagatttea cteotecacecat cageagtetg 300
caacctgaag attttgeaac ttactactgt caacagtatt acagtactecc attcactttc 360
ggcoctggga ccoaaagtgga aatcazacga actgtggctg caccatctgt ctteatottco 420
ccgecatctyg aktgagecagtt gaaatctgga actgectctg ttgtgbgect goctgaataac 480
ttotatccca gagaggcocaa agtacagtgg aaggtggata acgccoteca ategggtaac 540
tcccaggaga gtgtcacaga gcaggacage aaggacagea cctacagoet cagcagcace 600
ctgacgctga geaaagcaga ctacgagaas cacaaagtct acgegtgeoga agkcaccecat 660
cagggcekga getegeeeogt cacaaagage titcaacaggy gagagtgtta gtga 714
Ticilimumab (11.2.1) Light Chain Protein (SEQ 1D NO: 4)
[DIOMTQSPSS LEASVGDRVT ITCRASQSIN SYLDWYQQKPE GKAPKLLIYA ASSLOSGVES 60
RFSGSGEGTD FTLTISSLQP EDFATYVCQD YYSTPITFGP GTKVEIK]RTV ARPSVFIFPP 120
SDEQLKSGTA SVVCLLNNFY PREAKVQWKV DNALQSGNSQ ESVTEQDSKD STYSLSSTLT 180
LSKADYEKHK VYACEVTHQG LSSPVIKSFN RGEC 214

The variable region (SEQ ID NO: 6) is depicted [between brackets] and the CDRs are
underlined. CDR1 is indicated by SEQ 1D NO: 10, CDR2 by SEQ ID NO: 11, and CDR3 by SEQ
ID NO: 12,
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2.

3% 4.8%

"3 6%5. 792

<110>

<120>
<130>

<150>
<151>

<150>
<151>

<150>
<151>

<150>
<151>

<1.60>
<170>
<210>
<211>
<212>
<213>

<400>

atggagtttg
gtgcagctgg
tgtgcagegt
ggcaagggyc
- gactccgtga
caaatgaaca
ggagctaccc
accgtctcet
~agcacctccg
gtgacggtgt
ctacagtcct
ggcacccaga
acagttgagc
ccgtcagtct
gaggtcacgt
tacgtggacg

62% 7. 3% 8. 7% 10. 1% 55 ---

0% 2
20067':{)3649?6 0o

. 6%

4.7%---
3.5% 5. 3%

1.6%2.3%5. 7% - - -
5. 3% 58

61 _::_2 5(?/2%1‘2@/59@?6@5/%55

PC 33042 PCT Sequence Listing.txt
SEQUENCE LISTING
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1
1413
DNA

Homo sapiens

1

ggctgagcetyg
‘tggagtcigg
ctggattcac
tggagtgggt
agggccgatt
gecctgagage
tttactacta
cagcetocac
agagcacagce
cgtggaactc
caggactcta
cctacacety
gcaaatgttg
tectettecce
gcgtyggtggt
gegtggaggt

ggttttccte
gggaggcgtg
cttcagtage
ggcagttata
caccatctcc
cgaggacacg
ctactacggt
caagggccca
ggccetggge
aggcgctctyg
ctecccteage
caacgtagat
tgtcgagtge
cccaaaacce
ggacgtgagc
gcataatygcc

gttgetcttt
gtccagcctg
tatggcatgce
tggtatgaty
agagacaatt
gctgtgtatt
atggacgtct
teggtettec
tgcctggtca
accagcggcg
agcgtgatga
cacaagccca
ccaccgtgec
aaggacaccc
cacgaagacc

aagacaaagc

177

taagaggtgt
ggaggtccect
actgggtecg
gaagtaataa
ccaagaacac
actgtgcgag
ggggccaagg
ccctggegcee
aggactactt
tgcacacctt
ccgtgeectc
gcaacaccaa
cagcaccace
tcatgatctc
ccgaggtcca
cacgggagga

ccagtgtcag
gagactctce
ccaggcteca
atactatgea
gctgtatctg
agatccgagg
gaccacggtc
ctgctecagg
ccecgaaceg
cccagetgtc
cagcaacttc
ggtggacaag
tgtggcagga
ccggaccect
grtcaactgg

gcagttcaac

56 1.9%

60
120
180
240
300
360
420 .
480
540
600
660
720
780
840
900
960



--- --- 62 --- 2.6%3.6%5.9%--- --- 63 --- 2.6%3.6%5.3%

As can be GeeRedisbabl es 37(a), 37(b) and Figure 10, thRr/us2006/007555
EDTA- cont ai ni ng formul ati ons showed reduced | evel s of fragnmentation
as conpared to a formul ation | acki ng EDTA, but having an acetate

buf fer and sodi um chl ori de %g@ 1ggl oride i,ons), after storage at
25C and 40C. WD 2006/ 096491P%F (B256%106% 458 EXARPLE 13 Thi's
exanphecddgttist gajregrdalgecgucotitaeti grtgejcaac | dggucthgph aamemettg calo20
conposition containing anti-CTLA-4 ant 'bOdcﬁ ticilinmnab, L- ﬁsyldl ne

monoh§SERTDr PREIRTHOhYAR AR T SEHIUNT et SRR RANTHEEST r a

aC| d dkd’h}tdﬁﬁgeggc&gacdcgE@hﬁsaizadld‘t)gdﬁéﬁcec wadcqraty segdRiggad0. 1140 A
qui d qphar maceuti cal conposition of resent invention V\%SO f or med

by ob?% AP AE2PB 2 Gvk a‘éﬂﬁ%gﬁ‘@ﬁf@“& GELEERCAC £oBTABEUy

ticil gmmbndtag@abaéﬁae {gg@aadty:brga@aﬁr@aeeldcahgatea&hc&dccét@lepmot ed
under ATCC Acces 169 accor di nsrto Exa

r econbr¥RAETY ?)‘?9@65?%5 ‘Ftrt(‘iﬁ?‘%faﬁ*aﬂﬁ?ﬁ??%ﬁaccé 995 955‘6%98%9 to

Exanmpt&g@pggda- mg&ttfhtaeaﬂmﬂ@&mdraa@hhtyaggle:tamhydrcaaeca(cawgal | ad80e from
A i nomot o, Ral ei L-hi stidi ne (available from Ajinonot o,

Ral ei GHH2afRgcc Eﬁtgﬁﬂﬁq}& {4HY9@RRIT%Bni net et raacetic acid di hydFate
(available as Titriplex Il from Merck KgaA, Darnstadt, Cermany), a
a- treH Wse? di hydrate (avail able as Product Nunmber T- 104- 1- MC, from
Ferro % 5 Lehi , Waukegan IL), and polysorbate 80 (avail able as

Cril I62134 ofﬂ’a@i%r@’ oda Inc., MII Hall PA). The liquid
phar maceuti cal conposition Was prepared by first preparing several

st ock<€BPutd ons of anti-CTLA-4 ant i body ticilimumab, L-histidine
nonohyth eehlaonide vanahydeatady ehiyset) val eahydienei ang neget raacetic
acid di hydrate, a @a-trehal ose di hy@d@ate, and pol ysédfbate 80. A 20 nmM
hi stidine buffer pH 5.5 is prepared by dissolving 3.27 ng/nL. (15.6
M) Lsdit skit irge ebGlermono Ry dratesandyd ph8 e/ e §t. 4errivlyrL- Hi sti di ne
in water. A 1X2ormul ation buff& is prepared b30 di ssol ving 3.27
ng/mL (15.6 mV) L-Histidine.HC nonohydrate and 0.68 ng/nL (4.4 nV)

L- Hi sgiydmae i 84rrfvaTlaf?22n mivh @rodsty epalaoge odi éydral €a10. 2 mg/ nl

Pol ysorbate 380 and 0.1 ngy/ m40(0.268 m\V) di soth um

et hyl enedi am netetraacetic acid dihydrate in water. A 2X Fornul ation
buf f ex1d saprepamrpdniyash $39lser-nNgsndLyds’ TPBARE 125a4p B8 vhi Hi sti di ne HCI
nmonohydrafe and 0.68 ng/ e (4.4 nm\V) L-H $0idine, 168 ng/nL (444 mV) a
a-trehal ose di hydrate, 0.4 ng/nL Polysorbate 80 and 0.2 ng/nL (0.536
mV)  diygodiymrgtdngl giredi astnelrgt Apass! k6r agk hsdi Mydral yirn water. A

st ockésol uti on of ant¥9CTLA-4 anti body3ticilinmunab is8prepared
according to Exanple 2 and concentrated to between 42 and 55 ng/mn
(targedu 4 Mgt tish ddr L&te Akl stthdimeadprhenysiangranTd yaf il tration
process carried outS with a nmenbran0 Type 50kD ( Bi offax PES). To
prepare the pharnmaceutical conposition, equal volunes of the

concestd ak@dsptroskargobUt nva 10k 1@t TviICHwATYr anii -Bady1y met ! i mumab and
the 2X Fornul atlio8n buffer are added to a cont ai tidr suitable for
intimate m xing of liquid conpositions.' After mxing, a small vol une
of thespehuti-ereTyScIneaDy edr afe ANt TRodYT GepcRpt 4@t EanrAet er mi ned by
UtravioletlWsible spectrom@dry (UV-Vis) nei2iod using an extinction
coefficient of 1.49 (ng/nLil cm 1 (expected range 21 to 27.5 ng/ni,

t ar geity 221y pRE/dEk) vaiFbmalply Le8M1APRFPRYS 3kplAFgCacHbaked vol ume of 1X
Formul at idh buffer is adde@d and m xed tolb®ing the antibody to the
target concentration of 20 ny/nl {range 18 - 22 ng/mi). The
phar n@iGeyti &8F AQNPRSLAY any dys Géﬁe@aif Ly %SdryPhr%UQR) Qg P,
sterildszing grade fili®rs and filled 380 vials. A noashal
fill-volume of 20 mlIliliter was used in 20 mlliliter Type 1 gl ass

WO 208/ 935494%3%?29954\9@%55531‘@ ggs Ledd Rfir el é?yV‘%{‘ée n¢sosed with
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atggagtttg gtgcagctgg tgtgcagcgt ggcaaggggc gactccgtga caaat gaaca
ggagct accowacli®ieEt agcacctccg gt gacggtgt ctacagtcct SEOEGERAIRESS
acagttgagc ccgtcagtct gaggtcacgt tacgtggacg agcacgttcc gagtacaagt
aaaaccaaag at gaccaaga gccgtggagt ctggactccg cagcagggga cagaagagcc

ggct gagct g tggagtctgg ctggattcac tggagt t ,agggccgatt gcct gagagce
tttactacta cagcctccac agggbé%gécpgggaaﬁgggéﬂEgﬁga ta cctacacctg
gcaaatgttg tcctcttccc gcgtggtggt gcgtggaggt gtgtggtcag gcaaggtctc
ggcag€erc €he dre ¥alg ng@éga@@a%"a@@gé%cw SErghkeyt ser ¢erct cectgtc
ggttttcctc gggatfcgtg cttcagtagt->ggcagttata cactHtctcc cgaggacacg
ctactacggt caagggccca ggccct gggc aggcgctctg ctccctcage caacgt agat

t gt cg¥at §al deic addabie Sey@eytigagtheg6it ahr gde Twt thcEysaacaaaggce
agaaccacag cefgacct gc tgggcég cg cttcctctac at’gctccgtg tccgggt aaa
gttgctcttt gtccagcctg tatggecatge tggtatgatg agagacaatt gctgtgtatt

at ggas¥t el tsgdiict LXT Proéer gghclnratyayed a lagcthrgyah&leacaagecca
ccaccgt gétl aaggacacce caddaagacc aagacaagg gttgtgcacc ctcccagccc

gt gt acaccc ctggt caaag gagaacaact agcaagctca atgcatgagg tga taagaggt gt
ggagg@mr@ysaWEg@gtwdgG?a&gs&ﬁbdﬁﬁc@ﬂa aa@éclawtgug&ghﬁiagggccaagg
ccct gffcgce aggact act t 2fQcacacct t ccgtgééctc gcaacacca&*fagcaccacc

t cat gat ct ¢ ccgaggtcca cacgggagga aggact ggct ccat cgagaa tgcccccatc

got t cec €ro Seaad ceixc Lew ghgFaoarroctyy gradaa Asvafjtrgteadiegagact ct cc
ccaggctcca atactatfta gectgtatctg ag ccgagg gaccacddt ¢ ctget ccagg
ccccgaaccg cccagct gt c cagcaacttc ggt ggacaag t gt ggcagga ccggacccct

gt t cadlt §gr deadgiircliac GhaXegghaagysavek sativet Aseggdaggagisagcgacat c
acctcccatg gag gt gg ccactaca %60 120 180 24 00 360 420 480 540
600 660 720 780 840 900 960 1020 1080 1140 1200 1260 1320 1380 1413
Ti ci | 6Twunab Pre dlu2vall) GHeaby AGhaine Prioval msp SAQ Y4 Ky va) [ QVQLVESGGG
WQPGRSLRL ZFAASGFTES SYGVHWIRQA PGKGLEWAV 48 DGSNKYY 60

LQWSLRAED TAVYYCARDP RGATLYYYYY GVDVWWEQGTT ADSVKGRFTI  SRDNSKNTLY
120 \ANSSIABSTKGYRPSHHFPLYEPES> RET SHSTANL GBCIPYK ¥R PR rPUTVSINISGA
LTSGVHTFPA? 180 VLQSSGLYSE?BSWTVPSSN FGTGPYTCNV DHKPSNTKVD KTVERKCCVE
CPPCPAPPVA 240 GPSVFLFPPK PKDTLM SRT PEVTCVWVWDV SHEDPEVQFN WYVDGVEVHN
AKTKPE%%EQF] 380 S.’QSTWQV?%VIIM val val His g]lt; Asp Trp Leu Asn (35323(;

Lys Glu Tyr Lys Cys Lys val Ser Asn Lys Gly Leu Pro Ala Pro Ile
325 330 335

Glu Lys Thr Ile Ser Lys Thr Lys Gly GIn Pro Arg Glu Pro Gln val
340 345 350

Tyr Thir Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gln val Ser
355 _ 360 365

Leu Thr Cys Leu val Lys Gly Phe Tyr Pro Ser Asp Ile Ala val Glu
370 375 380

Trp GIU Sar Asn Gly GIn Pro Giu Asn Asn Tyr Lys Thr Thr Pro Pro
385 390 395 400

Met Leu Asp Sar Asp Gly Ser Phe Phe iteu Tyr Ser Lys Leu Thr val
405 410 415

Asp Lys Ser Arg Trp GIn Gln Gly Asn val Phe Ser Cys Ser val Met
420 425 430

His GTu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser

317



TVWHQPW.NG KEYKCKVSNK GLPAPI EKTI

WAL TORIRRRES ™

451

SKTKGQPREP QVYTLPPSRE 360 EMIKNQVSLT

NNYKTTPP M._DSDGSFFL YSKLTVDKSR

CS
The vari abl e reglon

ID NO 8, and CDR3 by SEQ
?®§5L7?V69F?ﬁﬁnab ( atggacat ga

5) is depicted [between brackets] and the CDRs are underlined. CDRL
is indicated by SEQ ID NO 7, CDR2 SEQ
ID NO. 9. 2006/ 096491P§c%jf1§sézftfﬁaﬁ

agat gt gaca g taccat ca
ccgccatctg ttctatccca
tccag%?bg Dé—t/%gccgggc
at gagcagtt gagaggccaa
ccagtctcca 2agt cagagc
gaaat gt acagt gg
tcctcgﬁbgt{ﬁhtaacagct

act gcelidt g Haag glag gatsa
ctgcatglgt atttagattg

aaaccaggga
t cccaggaga
aagcccct aa
gt gt cacaga
actcctgatc
gcaggacagc
t at gct gcat
aaggacagca
ccagtttgca

ccat caaggt
ct gacgct ga
t cagt ggcag
gcaaagcaga
t ggat ct ggg
ct acgagaaa
acagatttca
cacaaagt ct
ct ct caccat

caacctgaag ggccct ggga
cagggcctga gggtccccge
attttgcaac ccaaagtgga
gctcgccecgt  tcagctcctg
ttactactgt aatcaaacga
cacaaagagc gggctcctgce
caacagtatt actgtggctg

ttcaacaggg tactctggct
acagt act cc caccatct gt

ttgt 9&193%8&&11.@& Wfget &&@c CGhBeReLE lgoBeaeesO g G8§@ k8 do g 9agghgcc

aggagacaga gt at cagcag

aagt ggggtc

cagcagtctg

attcactttc cttcatcttc

gCt gaRdPAEEIaRP CEGREHIAC CHIBEGERR CCRERCCAET CAICAFEEEE A99agRFAYR MR 20

(11.2 th)acéathBt

| TCRASCSI N SYL. ﬁ&ggﬁpﬂﬁﬁééﬁ%ﬁf

afit
GVPS

SASWERRVT
LTI SSLQP

Pty

EDFATWGQEQWSIPPFCFFGP& GFRYHIRT R Y QRO |thmmwet$vvc@ﬂmw
%{ atekao tedt da%&%DXEdﬂag éégA

LSSPVTKSFN W% E‘§¥X

KR

he vari a

e reglon

(SEQ I'D

depi cEFE-THe0 REERTHIPAE KERSTAAAE FREICHRS 26 EabHde F"F‘ECI%EFTCCDR?GP S

o 1D S el

aatBaaatiR%.c

Sequence Lis

%‘cg@E@ ke et

t xt SE

1 cr@RdoGR3 yoSEQ 1D
NCE LI STI NG <110>

Phar nERICEA e @gﬁwtmawggwetmcwréﬁ@wtmq BEgRatRHCr | e 480

Mt hugaith foccK
ANTI - cTLA-4 A

cagggcctaa gotcgoccgt cacaaagage ttcaacaggg

<210> 4
<21l> 214
<212> PRT
<213> Homo sapiens
<400> 4

Asp Ile GIn Met Thr
1 5

Thr Ile

Asp Arg val
20

teu Asp Trp Tyr Gln
35
Tyr Ala Ala Ser Ser
50 .
ger Gly Ser Gly Thr
5

Ala Thr
85

Glu Asp Phe

Gln

Thr

Gin

Leu

ASp

70

TYr

FQ%QQ eai%télé&ﬁ:
<151 >torgrupagg-grgtcacaga gcaggacagc aaggacagcea cctacagcct cagcagcacc
ctgacgctga gcaaagcaga chtacgagaaa cacaaagtct acgcctgcga agtcacceat

ser Pro

Cys Arg

25

Pro

Lys
40

Glin
55

Ser
pPhe Thr

Tyr Cys

e

Ser
Ala
Gly
Gly
Leu

Gln

a82Rd
0> P

Ser
10

Leu Ser

ser Gin Ser

Lys Ala Pro

val Pro Ser

60

Ile
75

Thr ser

Gin
20

Tyr Tyr

47

gagagtgtta gtga

+&angFa dcsh s3g0>
33045 f§§€é60/659, 766
600
660

714

val
15

Ala ser Gly

ITe Asn

30

ser Tyr

Leu Leu Ile

Arg Phe Ser Gly

GIn Pro

80

Ser Leu

Ser Thr Pro Phe
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<150> 60/ 728, 165 <151> 2005- 10- 19 <150> 60/ 752, 712 <151> 2005- 12- 20
<150> 60/ 762, 452J <151> 2005-01-26 <160> 12 <170> Patentin version 3.3
<210> 1 <2¥P20%PP9L 5155 DNA <213> Hompo sapi ens <400> PV SFAGPTS
ggctgagectg ggttttcctc gtgcagectgg tggagtctgg gggaggegt g t gt gcagegt
ct ggat tcac ctt cagt agc ggcaagg&gcp t g agt gggt . ggcagt tata gact cht ga

a

agggccgatt caccatctcc cadit Jcetyatsyt Tgaggadacg ggagcet acce
tttactacta ctactacggt accgtctcct cagcctccac caagggccca agcacctccg

agagcHuagie: gie cchb gygcTigt gas gl qiluchteggeaetg Tag cAltst gzt acagt cct
caggactcta ctcd@cagc ggcacccag¥3cctacacctg ca agat acagttgagc
gcaaatgttg tgtcgagtgc ccgtcagtct tcctcttccc cccaaaaccc gaggtcacgt
gcgt getggtr ggh@@bgﬂgcpmaegds ﬁac@rg&:@t guagit Lgoatyaasgcaely PC 33042
cgtcctcacc eéddcaaaggc agaacdafag cctgacct gc ¥§ggcageecg cttcectctac
atgctccgtg tccgggtaaa PCT Sequence Listing.txt gttgtgcacc aggact ggct
gaacggoaath ke aragedccnc abe gagagnastcRlic rge pgb girgcahicaid gcccccat ¢
ccgggaggd?f ct ggt caaag gcfBttaccc cagcgacaf® gagaacaact acaagaccac
acctcccatg agcaagctca ccgtggacaa gagcaggt gg atgcatgagg ctctgcacaa
ccact acavgl Gia TrE2d@>val 21 hen48d k@18 BR (3R 1Gn $onvlsapi ens <400>
2 Gn¥al Gn Leu Valt@@ u Ser Ay Ayld@y val val dniffo Ay Arg
151015 Ser Leu Arg Leu Ser Cys Ala Ala Ser Ay Phe TimPhe Ser Ser
Tyr 202586 Gy Thetcldi sinTapp \dal 1AsgadE serAltar Rye fdryLdwyseild y Leu G u
imp Val 354045 Al abval Ile Trp Tyrl&p dy ser Asnl%_%s Tyr Tyr Ala
Asp Ser Val 505560 Lys Gy Arg Phe Thr Ile Ser Arg Asp ASn Ser Lys
Asn Téur tieuLdyrrhhSAA7580 Lke w1 & aspMbtr dBnisemikalysAvg Aya G u Asp Thr
Al a Val Tyr TyfA8@ys 859095 Al a #®bg Asp Pro Arg ¥y Al a Thr Leu Tyr
Tyr Tyr Tyr Tyr Gy Met 100105110 Asp Val Trp Ay Gn @y Thr Thr Val
Ti m \Ela Sgr cBevall@uirSets T 61} 5EA04e25sdry srddve] Pro e séfal Phe Pro Leu
Ala Pro Cysi%®er Arg Ser Thr 288r 130135140 G285Ser TimAla Ala Leu Ay
Cys Leu Val Lys Asp Tyr Phe Pro 3 u 145150155160 Pro Val Thr Val Ser
Trp At st A6 wIAlAulews Thr Ser Ay Val H s 165170175 PC 33042 PCT
Sequence2¥ sting.txt Thr 'he Pro Ala val Leu Gn Ser Ser Ay Leu Tyr
ser Leu ser Ser 180185190 Vval Val Thr Val Pro Ser Ser Asn Phe @y Thr
G n Teaodyrs Thr Cys 195200205 Asn Val Asp His Lys Pro Ser Asn Thr Lys
Val qgﬁ%;y%éjhr Val du 210215220

<213> Homo sapiens

<400> 5

GIn val GIn Leu val Glu ser Gly Gly Gly val val Gln Pro Gly Arg
1 5 10 15

ser Leu Arg Egu Ser Cys Ala Ala ggr Gly Phe Thr Phe ggr ser Tyr

Gly Met ggs Trp val Arg GIn ﬁéa Pro Gly Lys Gly hgu Glu Trp val

Ala ¥81 Ile Trp Tyr Asp g;y ser Asn Lys Tyr Tyr Ala Asp Ser val
60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Ash Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn ggr Leu Arg Ala Glu égp Thr Ala val Tyr ggr Cys

Ala Arg Asp Pro Arg Giy Ala Thr Leu Tyr Tyr Tyr Tyr Tyr Gly Met
100 105 110
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Arg Lys Cys cys val Qu cys Pro Pro cys Pro Ala Pro Pro Val Al a
225230235240 Gy Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
Leu nmet 249D30@EB64e Ser Arg Thr Pro A u Val Thr Cys MaiT/ikbocdatssAsp
Val ser His 260265270 A u Asp Pro Gu Val @ n Phe Asn Trp Tyr Val Asp
Ay Val du Val 275280285 His Asn Ala Lys Thr Lys Pro Arg Au Ju Gdn
Phe Asn Ser Thr Phe 2902853064AP§T \ReAUs/kE 'SEtiRgtXteu Thr Val Val His
Gn Asp Trp Leu Asn Ay 305310315320 Lys A u Tyr Lys cys Lys val Ser
Asn lags @lyTipealPein Alla RroTht @aB2h83G33%rGsar Lys Thr Il e Ser Lys Thr
Lys Ay AnlFro Arg Au Prold n val 3403453%85 Tyr Thr Leu Pro pro Ser
Arg GIl du net Thr Lys Asn G n Val Ser 355360365 Leu Thr Cys Leu
Val 122303 ¢ Phe Tyr Pro ser Asp Ile Ala Val Qu 370375380 Trp A u Ser
Asn gﬁ%;a Eg ro G u Asn Asn Tyr Lys Thr Thr pro Pro 385390395400 Met
Leu ASP3SefioRSRafdels Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val 405410415
Asp Lys Ser Arg Trp Gn Gn Ay Asn Val Phe Ser Cys ser Val net
420428880 Fis Gu Ala Leu His Asn H's Tyr Thr G n Lys Ser Leu ser Leu
ser B 33041, KT tREMIENGS brobhPGel NleudSdn4Atd4ar R8 &y Lys 450
<2103 3 <211> 7145<212> DNA <213>1bonp sapi ens <4Q(> 3 atggacatga
gggt ccccgc agat gt gaca tccagatgac gtcaccatca cttgccgggc aaaccaggga
aagcq\g?t@@ FHareRa9grh-Cag! BEf A% GRALIARTT A WEh GGRaf,ggccct ggga
ccaaagt gga ccgecatctg at gagcagis ttctatccca gagaggccaa tcccaggaga

gt gt cacaga ctgacgctga gcaaagcaga cagggcctga gctcgcccgt tcagctcctg
ccaghelicGd AROTGAGY G1ACLSC ARy tL?Q%Qt €190, {4 26k 3Gl 9eaat caaacga
gaaat ct gga #Jt acagt gg gcaggaecagc ctacgagaaadgacaaagagc gggctcctge
tcctccctgt attaacagct tatgctgcat acagatttca caacagtatt actgtggcetg
act gggt Ghe QA0S 998 4230926806 AT IRBAL! ALd $RAGRYYG tact ctggct
ccgaggt gmc ctgcatctgt agifagacaga atttagaddt g gtatcagcag ccagtttgca
aagt ggggtc ctctcaccat cagcagtctg acagtactcc attcactttc caccatctgt
cttcabptdiy ddrOb 0! 9REtasPCAHIAA ARG 3HPGAEI LEAA COPTIAAG-(CCt acagect
cagca&gcacC acgcctgcgaoagtcacccat gagagtgtta gtga <218 4 <211> 214
<212> PRT <213> Honop sapiens <400> 4 Asp Ile Gn Met Thr Gn Ser Pro
Ser @k AspUshaChi\rRr 5?? | 3 mr;t\‘éi%gr &ONRlprEYhel | € Thr Cys
Arg Ala ser A n ses ITe ASIT ser Bgr 202530 Leu Ags Trp Tyr G n Gn
Lys Pro Gy Lys Ala Pro Lys Leu Leu Ille

Thr pPhe Gly Pro Gly Thr Lys val Glu Ile Lys
100 105

<210> 7

<211> 10

<212> PRT

<213> Homo sapiens

<400> 7
Gly Phe Thr Phe Ser Ser Tyr Gly Met His
1 5 10

<210> 8

<211> 15

<212> PRT

<213> Homo sapiens

<400> 8
val Ite Trp Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser val
1 5 10 15

<210> 9

<211l> 16

<212> PRT

<213> Homo sapiens

6/7



354045 Tyr Ala Ala Ser Ser Leu Gn Ser Ay Val Pro Ser Arg Phe ser
Gy 505560 Ser Gy Ser Ay Thr Asp Phe Thr Leu Thr Ile Ser ser Leu
G n Pro 65WO28@8@9@u Asp Phe Ala Thr Tyr Tyr Cys G n GRCTIY200B00758&r
Thr Pro Phe 859095 PC 33042 PCT Sequence Listing.txt Thr Phe Ay Pro
Ay Thr Lys Val Qu Ile Lys Arg Thr Val Ala Ala 100105110 Pro Ser Va
Phe Il e Phe Pro Pro Ser RAS@38#4 PG PepesNCEySISEEI-&Yy 115120125 Thr Al a
Ser Vapg,vah Cys Leu Leu Asn Asn Rhe Tyr Pro Arg Gu Ala 130135140 Lys
Val Gn Trp Lys Val Asp Asn Ala Leu Gn Ser Ay Asn Ser Gn
145136055068 aGE Y géa &l LEPhFY TETyr cj%/n TXS BET GLy MengygpS&T Thr Tyr Ser
Leu Ser 165170175%ser Thr Leu Thr “Peu Ser Lys Al a p Tyr u Lys His
Lys Val Tyr 180185190 Ala Cys Qu Val Thr Hs A n Gy Leu ser ser Pro
Val THELOtyd0 Ser 195200205 Phe Asn Arg Ay du Cys 210 <210> 5 <211>
125 12} <213> Hono sapiens <400> 5 Gn Val Gn Leu Val GQu Ser
Ay y3:d pMomdakaMahs G n Pro Gy Arg 151015 Ser Leu Arg Leu Ser Cys
Ala Ala ser Ay Phe Thr Phe Ser Ser Tyr 202530 Ay net H's Trp Val
Arg &% O pro Gy Lys Ay Leu Gu Trp Val 354045 Ala Val Ile Trp
Tyr Asg AJayseet1Asar Lms Ay seiyryAlLauAsp Ser Val 505560 Lys Gy Arg
Phe Thr Ile Ser ASg Asp Asn ser Ly§ Asn Thr Leu Tyr 65707580 Leu G n
Met Asti Ser Leu Arg Ala A u Asp Thr Ala Val Tyr Tyr Cys 859095 Al a
Arg AspoProgtArg Gy Ala Thr Leu Tyr Tyr Tyr Tyr Tyr Ay Met 100105110
PC 33922 PCT Sequence Listing.txt Asp Val Trp Gy Gn dy Thr Thr Val
Thr \Zﬁéiseg%ﬁe%aplﬂeﬁ}ml% <210> 6 <211> 107 <212> PRT <213> Honp
sapi ens <400>

<400> 11

S\_1a Ala Ser ser Leu Gln Ser
5

<210> 12
<211> 9

<212> PRT .
<213> Homo sapiens

<400> 12
g?n GIn Tyr Tyr ger Thr Pro Phe Thr

711



Asp Ile Gn Met . Thr G n ser Pro Ser ser Leu ser,Ala Ser Val Gy
151015 Asp Arg val Thr Ile Thr Cys Arg Ala Ser G n Ser Ile Asn Ser
Tyr 202530 Leu Asp Trp Tyr Gn Gn Lys Pro Gy Lys Ala Pro Lys Leu
Leu Ile 354045 Tyr Ala Ala Ser Ser Leu Gn ser Ay Val Pro Ser Arg
Phe Ser Gy 505560 Ser Ay Ser Ay Thr Asp Phe Thr Leu Thr Ile Ser
Ser Leu G n Pro 65707580 A u Asp Phe Ala Thr Tyr Tyr Cys G n G n Tyr
Tyr ser Thr Pro Phe 859095 Thr Phe Ay Pro Gy Thr Lys Val Qu lle
Lys 100105ws2ibémesd <211> 10 <212> PRT <213> Hompcsapioensss<400> 7 Ay
Phe Thr Phe Ser Ser Tyr Gy Mt His 1510 <210> 8 <211> 15 <212> PRT
<213> Honp sapiens <400> 8 Val Ile Trp Tyr Asp Ay Ser Asn Lys Tyr
Tyr Ala Asp SguarvalLAbdmigb <210> 9 <211> 16 <212> PRT <213> HOMO
sapi ens PC 33042 PCT Sequence Listing.txt <400> 9 Asp Pro Arg Ay Al a
Thr Leu Tyr Tyr Theompystiodgempr@ing Met Asp Val 151015 <210> 10 <211> 11
<212> PRT <213erisirpogempt #fls <400> 10 Arg Ala Ser Gn Ser lle Asn Ser
Tyr Leu Asp IHE$too@dr@bodddompRitd> 7 <212> PRT <213> Hono sapi ens <400>
11 Al a Al a Seidh afig§ acld@atuéncdth4be bt bkt 9632 itéMicaltda e Y dhain Aminddkid zeqtiiide <213>
Hono sapi ens grdfAGrsebdo @2, & n Tyr Tyr ser Thr Pro Phe Thr 15

an amino acid sequence that is at least 80% identical to a light chain amino acid sequence
shown in SEQ 1D NO: 4,
wherein the antibedy binds to human CTLA4.

2. The composition according to claim 1, whergin the composition is a liquid composition and
the antibody Is @ human IgG2 antibody.

3. - The composition according to claim 4, wherein the antibedy comprises a heavy chain
amino acid sequence with at least 95% sequence ldentity to SEQ 1D NO: 2 and a light chain amino
acid sequence with at least 99% sequence identily to SEQ 1D NO: 4.

4, The composition according to claim 1, wherein the antlbady comprises a heavy chain amino
acid sequence that comprises the varlable region of SEQ 1D NO: 2 and a tight chain amine acid
sequence that comprises the variable region SEQ 1D NO: 4.

8. The composition according to claim 1, wherein the antibody comprises a monoglonal ([gG2
anti-CTLA-4 antibody having the heavy and jight chain amino acid sequences of ticlimumab.

8. The composition according to claim 1, wherein the composition comprises EDTA.
7. The composilion according to ¢laim 1, whersin the composition comprises: a
chelating agent and a buffer.

8. The composition according to claim 1, wherein the composition comprises:

EDTA and histidine.

9. The composiiion according to claim 1, wherein the composition comprises: a

chelaling agent, a buffer, and a surfactant,

10. The composition according to claim 1, wherein the compaosition comprises; a
chelating agent, a buffer, a surfactant, and a tonicity agent.
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VWHAT 1S CLAIMED IS: 1. A conposition conprising: at one chel ating
agent; and at |east one antibody conprising: an am no acid sequence
that is at |east 90% identical to a heavy chain am no acid sequence
shown in SEQ ID NO 2, and an am no acid sequence that Is at |east
SO%identical to a light chain am no acid sequence shown In SEQ 10
NO 4, wherein the antibody binds to human CTLA-4. 2. The
conposition according to claim1l, wherein the conpositionis a liquid
conposi ti owoangbedsme anti body |s a human 1902 ant¢tacapesrsd3s  The
conposition according to claim 1, wherein the antibody conprises a
heavy chain am no acid sequence with at | east 99% sequence identity
to SEQID NO 2 and a light chain am no acid sequence with at | east
99% sequenct. i d8rtcortpgsiton acBiBigldclaNCt, witkrein thé combhedioc@mpaest ENTérs bacer di ng
to clai m 1, sukieft@inta bhidty &B#ti body conprises a heavy chain amno acid
sequence that conprises the variable region of SEGID NO 2 and a

| i ght chain am no acid sequence that conprises the variable region
SEQ ID NO % e cipesitop aoesdiisttd dam tueksesindfiengnresiiondonprives1 EDThistdise¢ t he
ant i body cosgaciasted atom@naettonal |1 g& anti-CTLA-4 anti body having the
heavy and |ight chain am no acid sequences of ticilinmmb. 6. The
conpositi Onﬁacc'ﬂ{e%wsa}of?a&wg% %,-m VRRFRI clrdSsioPTRPRbS LA, ARSI Ses
EDTA. 7. TO?SO grggé)sadtalté%% according to claim1, wherein the

conposi ti on d’oﬁbp?l Q@Y ACYRE™ i ng agent and a buffer. 8. The
conposition according to claim1, wherein the conposition conprises:
EDTA and hi &t difieeomposition Fugerdingdngiinst. viegn g cenppelionggmersess FIP msidnemher ei n
t he conposi gdysrbate B0rpaditsieose. a chel ai i ng agent a buffer, and a
surfactant. 10. The conposition according to claim1, wherein the
conposi t i onisconieicyerssition accéreiigae diaimy), wipesinttie cemppsitipf esmprises: fepmrapeytitmaimi to and
a tonicity sgepi.mgmV@ 20060660 dhltBCTHiliB200 etdliE AEimoladdt a chélateg agent; and
conposi ti ongRGERF Fhd abddt ©b A B nkigingher ei n the conposition conpri ses:
EDTA, a buffer, a surfactant, and a tonicity agent. 12. The
conposition according to claim1, wherein the conposition conprises:
ED f' A, hi sté di Mg compositinnfageertiagitt ¢lair h evhegeirt taprsonghotifon eaeripes: fronl Bout Tingiml to
CcoNpPosi t i ONave GBI E aktBody:|am BBolt,0.0NBiIBAEr B abdES.COANPASH EDTaNE OAPdbLS €S |
EDTA, hi sti giyRSpouP@b ¥aefiRadfh. 80, and a tonicity agent 14. The
conposition according to claim1, wherein the conposition conprises:
EDTA, hi sti ¢i nemdi@hyesitdhRabRing® claid N hhdrdirthetb@ifa8tion cokiprisest i ORI ol ON
according tg,Ghai Mo &? o o180 RITRAP o bbol AR o B FABRARGHE |
ng/ M to about rrgf 1oL anti body; fromabout 0.01 mllinolar to
about 5.0 n°PPHEIRY T8F Y% chel ating agent; and from about 1 nmMto
about 100 nfArgPouk-&imeen jp@bout 1P graimigd poly 8% PRSiER aRRIB IR t 0 claim 1,
wher ei n t hetoepydobmniimaamcfadanotviessels: from about 1 ng/ mto about 200
ng/ mL of antibody; fromabout 0.01 mllinmolar to about 5.0 mllinolar
of EDTA; ane. fr ane @Rgdkitionbcddithd © cdb 0 Whershkk oa?foﬂflon bdriplide€l Frih@about 8.7 mgitine
conposi tion i / £1.5RIR QF oA, A8 SRAM MMSES |
from about iﬁgﬁgﬁ?gﬁ%ﬁ?&?&#u%ﬁﬁﬂgﬁﬁml body; from about 0.01
mllinolar £ about 1.0 millinolar of EDTA; fromabout 1 nMto about
100 nmM of hirdtabelt 1 mafnt! © Rb@EoREM! 6 pOysorbaty dikand fomabottd mgel ng/ Nl of

pol ysor bat ei@&ut2anehribarhathout 100 m | linolar to about 300 m I linolar
of atonicity agent. 18. The conposition according to claim1,

wher ei n t he1e onRsdoitiposifon@EATIRG 18 €8 1, whodn 1B romiosithn tonpasesrabotiao apowt 100
mg/ L of angdikedy; from about 0.001 ng/m to about 1.0 ng/m of EDTA;
from about %HOHN?;&F,%% 50 MM of histidine; fromabout 0.01 ng/m to
about 5 ng/ of polysorbate 80; and from about 10 ng/m to about 200
ng/ m of trehal ose. 19. The conposition according to claim1, wherein
t he conposition conprises: about 20 nmg/m of antibody; about 0.27 mM
of EDTA;, about 20 nM histidine; about 0.2 ng/nm of polysorbate 80;
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about 20 mM histidine;
about 0.2 mg/m! of polysorbate 80; and about

222 mM of trehalose.

20. The composition according to claim 1, wherein the composition comprises: about 20
mgim! of antibody,

about 0.1 mg/mi of mg/mi of EDTA;

about 20 mM histidine;

about 0.2 mg/ml of polysorbate 80; and

about 84 mg/ml of trehalose.

21, A stable composition comprising at least one manoclonal anti-CTLA-4 antibody and a chelating
agent, wherein after the composition is stored for a period of about 24 weeks at a temperature of about
40°C, the decrease haotween an aggregate chromatngram peak area for the stable liquid phamacautical
composition comprising monoclonal anti-CTLA-4 antibiodiss and the chelating agent; and an aggregate
chromatogram peak area for an otherwise identical composition lacking the chelating agent that is stored
for a period of about 24 weeks at a temperature of about 40°C, is at least about 2%.

22, A process for preparing a liquid pharmaceutical composition comprising mixing at feast
one anti-CTLA-¢ antibody having the heavy and light chain amino acid sequences of ticilimumab in
solution, with at least one chelating agent.

23, Use of a liquid pharmaceutical composition comprising:

a) a therapeutically effective amount of at least one anti-CTLA4
antibody having the heavy and light chain amino acid sequences of ticilimurnab; and

b) a pharmaceutically acceptable chelating agent in the manufacture of a
medicament for the treatment of a neaplasia condition in a subject.

24, A liguid phammaceutical composition comprising monocional anti-CTLA-4 antibodies and a
pharmacautically acceptable chelating agent, wherain the motar concentration of the antibodies range from
about 0.0008 millimolar to about 1.35 millimolar and the molar concentration of the chelating agent ranges
from about 0.003 millimolar {o about 50 millimolar, and wherein the molar ratio of antibodies to chelating
agent rangas from about 0,00001 to about 450.
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