Subcutaneous anti-HER2 antibody formulation The present invention relates to highly concentrated,
stable pharmaceutical formulations of a pharmaceutically active anti-HER2 antibody or a mixture of
such antibody molecules for subcutaneous injection. Such formulations comprise, in addition to the
high amounts of antiHER2 antibody or mixture thereof, a buffering agent, a stabilizer or a mixture of
two ore more 5 stabilizing agents, a nonionic surfagtant and an effective amount of at least one
hyaluronidase enzyme. The invention also relates to a process for the preparation of the said
formulation and to the uses of such formulation.  The pharmaceutical use of antibodies has
increased over the past years. In many instances such antibodies are injected via the intravenous (1V)
route. Unfortunately the amount of antibody 10 that can be injected via the intravenous route is limited
by the physico-chemical properties of the antibody, in particularly by its solubility and stability in a
suitable liquid formulation andSubtuéavetuswentif iR D rgibndivicdkmidetitative administration pathways
are.subcutaneous or intramuscular injection. These injection pathways require high protein
concentration in the final solution to be injected [Shire, S.J., Shahrokh, Z. et al., "Challenges in the
development ofthighr&brpiateinicoraentratiophiprmiationsd, daPhahnnEctuR040:93(6)ich880-1402;

Roskos, LK, Ravis. G el@lve Theretinicalharsreaipay-einaranauticantbedies sdPrug
Developme%g Research.2004; g%&%)f 1081-120l. In order to | crease (}Eg%glhume and fIhereby the
| subcu

therapeutié 8%%?%Hf€ﬁ3%c§hoﬁe sa eP);Tglrl] tlé’gm?%?}%%fﬁ’fi}aranmﬁ% grté) _ taéTﬁ(glgﬁSs?y ?flﬁés been
proposed tOERE2BRREIANAGGHE BIESE 8RR e5 Bras il irt et B HETREFERRIESpEEe into which
the 20 antibadiidapnedation eancbi injdated WO 2006400 1871hunt B iepiesnethstdimlenfdzraulations of
pharmaceufically aetive.aptibodiesfondherapassic ysemrpepiven haunanebamiasdolams:
HERCEPT, Ig m T, g%%%gr@l%ﬁz.i%a monoclonal antibody directed against the HER2 receptor (anti
HER2 antif)odly which is currenﬁ)y marketed in Europe in form of a 150 mg 25 lyophilized powder
(containing the antibody, a,a-trehalose dihydrate, L-histidine and.L-histidine hydrochloride and

e vearmats 20) T B e S B e jection
dose of apPrixaiRRFLarsigitAtcdr theUBREAE AN Siter CeREReEY Mt osageboiy '
containing #&GmeTirdstudunacbe snhadetedouw? ishitviedppabegfhyiats-Ge @ imy Beteci Wmab in 4 ml
and b) 400,mg Reviagizumakip hbimioraspecthehbpieyidinguabnal gan gentiaiias aha bymg/ml in

water for injection eqntaiping the .followi XCIRj : I ihydr i hosphate and.
polysorbat_g%%?w}ﬁ%eﬁ fﬁg“g_%%vé‘ 155;1’[%%@% %?r%%ﬁ%%é{ ﬁg\?e g@?ﬂ%%r%%‘lﬁ%%%@g intravenous 5
administraifSHTHSrEIE Bgese B‘eﬁFdWS‘é“%@%%@ﬁ%?&ﬂ?%?&ﬁ%%ﬁ%%ﬂdﬁl%%ﬂ‘ations of
therapeuticallyiaetivbednifotsdiEShior Subctiineldudisfedtiohhiiire eajvamagevefopassitmesius injections
is thatis allpagithenaediaabprachiinnento, pariartn Bdh Z00atPs(ShoBodenze BiskowithKhdpatient.

Moreover the;patignt-gandac; lained [0 BRIIOUR g SURRUARGRLS NISCHOR DM PMSRIR SUEH

self-administrati ti rly useful during maintenance dasing 10 because no, hospital.care is
needed (re%i@%ég{ﬁ’ic%@ 1%@0%8& i ﬁ?zl_ glaen ¢ §J§H‘§?ﬁj@&l§?€%§ %1%%% el}]ttécn%oosﬁ‘sefllélﬁ e are
limited to agsprescrisiemamicariandmisissitiHBrHEnGRNSt s DsevEraPeRift Ho¥E formulations can
be injectedeitcmuthiplersitesaef theybody) susfdeeto inciidase fdkowdretitvebsaatenotywirol tiets for

subcutanegus, inistiation arewrligrekomtbecmanketApHUMIRATmM (Adalhnumab) is a monoclonal
antibody directed against tumor necrosis factor alpha (TNF alpha) which is currently marketed in

Europe in form af a.49-mgr dase %alﬁlﬁmbﬂajgpgmﬁ@%@atgf Sykeutangans Applisatiamécrpcentration:
50 mg antibodé// il injection V(glume )ﬁOLAIR M (Omalizumab) a monoclonal antibody directed

against imMuiSgloBuliy Elafbe an ialg@ é)ﬁ%ody) which is currently marketed in form of a 150 mg

lyophilized pow ini e antibody, sucrose, histidine and histidine. hydro ride
monohydrate a%g@%@g@h SWATE f@z%&lgl neo%'eoélgﬁn%?%_g}f Wlfﬁ:%\?y%%é?l?gg%ﬁ%%gneous injection
to yield a 1®5eniej/fnthjeeharieted ywticg iy woritbniratedestabiarpsdmiadeotit AP AMBHER2 antibody
formulagiongiititibiei 2o-faes(heutaineois adlitmdjs trationhid cardéytyaay difbisielion thé Iidaskéind here is
merefor et?lr%s&%ﬁ%&%yg){égﬁgg%ﬁbmgﬁﬂgy caneentiates g&iadﬁiﬁ@rﬁmag@umag &ﬂwa@mfdof -

erapeutically active antibodies for cutaneous injection. ion en rugs into
the hypodelrnﬁn%n?sn é%ﬂ]ée%éll?n flnrﬁeifggntp Q/Sglarﬁg%r%}?fg%g%%n%m d}ﬂf_e&%?fﬁég vai%%(r%%sﬁ%:ﬁ%gsistance to
hydraulic c%&%‘i&ﬁ@mﬁ%@gﬁﬁm%éﬁﬁ@%ﬁg(@@ﬂ%gﬂ@%@@ hivyEfEfated backpressure upon
injection [Auldand K. and Reed R., "Interstitial-Lymphatic Mechanisms in the control of Extracellular
Fluid Volume", PRYARISY HBGremzye 3: ammopepiynal i d5sts #eipa e pisHEf pain. -3-
The préparatiothdidighetntertr Ve Proteir: foqmumatiyrsais eather ohalie agirieiddatreriiom need to
adapt each formulation to the particular proteins used because each protein has a different
.aggregation behavior. Aggregates are suspected to cause immunogenicity of therapeutic proteins in at
least some of the cases. Immunogenic reaction against protein or antibody 5 aggregates may lead to
neutralizing antibodies which may render the therapeutic protein or antibody ineffective. It appears that
the immunogenicity of protein aggregates is most problematic in connection with subcutaneous

injections, whereby repeated administration increases the risk of an immune response. While
antibnodiace have a varv ecimilar nverall etriictiire <ciich antibodiace diffar in the amino 10 acid comnocitinn



encountered during various steps of the manufacturing process, which include fermentation,
purification, formulation and during storage. Different factors, such as temperature, protein
concentration, agitation stress, freezing and thawing, solvent and surfactant effects, and chemical 5
modifications, might influence the aggregation behavior of a therapeutic protein. During development
of a highly concentrated antibody formulation the algregation tendency of the protein has to be
monitored and controlled by the addition of various excipients and surfactants [Kiese S. etal., J.

Prk:arm. Scj; ';»%E{‘x}%e?ngﬁlé%ﬁfoé%ﬁﬁﬁheﬁ%ﬁﬂéﬂiﬁﬁgﬂﬁPaﬂmm %tsbl&dﬁg%ﬁqﬂ@eﬁlratgd, sta\bl.eh
pharmaceutical formulation of the pharmaceutic () - R ibgdy:ipa¢gordance wit
the preseﬁ?ﬁ%ﬁgﬁﬁg’ﬁgfﬁc}?@as%g%ﬂﬁg ggtl%ﬁag%l %vﬂo%d?/ e?éqr%a&%f%ﬁg%g\? 4 to be1 for%mulated in one
liquid fornfalkaming s sipipns )R Sy forim Rttt RIGRNNE QRS 'SIEPESEral weeks and the
pharmaceutically active ingredients remain active during proper storage. . In a first aspect the
present inventidYhgedbrds e RISIRAE SPERHE BN BE BRI LA SHEN I 1B AtitAtion of a
pharmacetdiaally-adtivehantisH BR2antipodidohighiyixtune i htarie pbayaseiéicales for subcutaneous
injection, which arsnteady.fosiiae.IN Qe Rarticuarly theshighineanceptrasedTstakiephgroiaceutical
formulation of a pharmaceutically, actjve, apfi- -antihody: formylatien of-the present ipvention
comprises?ua %tﬁ%%oﬁén B hgim agﬁ{tfqﬁ%véﬁ%%%éb%%%%%%%%p Htgélgo.rﬁl\g of a byﬁerglng agent
providing ABH SR EW0the BER™Y: 1) B0 FAM RS QLM DS S Dtire’d to orfiore stabilizers,
whereby opfieriatipyistidhifects sphesninassrationdo narsieylathiieby 8ugnm BHBHEEREAAROf 5 to 25
MM; -10.0%¢8.0s1 $6 10fsgiAraiRNICsutfactattican thabeAneeftectivelamiountiohall jeastone higaluronidase
enzyme. /0 cf&tgg'e%aé‘?&l%&}@ﬁr}a@&%&Lﬁg}fs&ﬁ@{a@@}ﬂﬁ%Jga&&% b s fnpawation trthe

preparation of a medicament useftul for reatlng %d,tiseaﬁelorgggg{%%rb%@eya algeto treatment with an
anti-HER 2 BYBA Sath! A8 g TR a8 S A HEH-MANGHARE disease in a’subject comprising
administering the formulation described herein to a Séjgljtect in_aq wnqérth effaergg}/r% to tgg%'%ethe 30 said
disease or disord&roRA%EAEH] I“:*‘Ff‘?%ti?f%’g‘/c&s s S AR RSt RE o Comitantly o sequentially
with a chematkwrapeutic agent. -5-  In another aspect the present invention there are provided
methods of treating a disease or disorder which is amenable to treatment with an anti-HER2 antibody
(e.g. cancer or AHOHRARG AN diseeade jiin meujosetarmbribisiedsh st P fsfilation
described hgsiniipaPriiashi aniamountaffpotivetetreskthesaidaisedac®ngidosder 0Bhe cancer
or a non-malignai,s digResrdlkacneialy Jyalie ERRaxniRse g Aelcsus iRt paibiER2 -
antibody in'the ﬁ1erapeutlc pharmaceutical formulation in accordance with the present invention is
able to bindX¥yMe affected cells.  The present invention also provides pharmaceutical compositions

consisting of a highly concentrated, stable phaymaceutical farmulation of a pharmaceutically active

o HERD 10 A GOMY CRErE o & o ar B8R AP S deae PR e
hyalurzhidései defz ynidadsthebichis ofekil cowibpisHh Both Mjetid medrmpuliertPEFuitable
instructiongcdatihsis shbeuisnsowscade)mistatiomd hisiduethgirasgedtofbepydsertidvention relates
to injection deyices copRising R NgB SARcERtAISHnSIalerpharnasaicahemriationdn accordance
with the present invention. Such 15 formulation may consist of a pharmaceutically active anti-HER?2
antibody ol & &BFETE %Sﬁtibody molecules and suitable excipients as outlined below and may

additionally comprise a soluble hyaluronjdase glycopro ein.(ﬂ&?ﬁ as. hin ion or as a
separate formulXedHeRY 58‘-’8%%‘? tr%{ﬁ%lﬁ .pﬁﬁlﬁ‘%?ﬁhgcaégﬁtéén ra%earfi1 F%%E%ﬁ%@@o@ﬁ%ﬁ formulation
of a pRarméaceuticaliyeatsverBoi il MERIEFBOMFHE R OIS TBFe e B ENE SIS be
provided ingiguidifiermchmisily benproavided sntjophitinec fora fomadodraantéaitiythestoachiitgs in WO
97/04801 the ankikody. concenttation;indgbg, reconstituted formulation can be increased by
reconstitution of a lyophilized formulation to provide a protein concentration in the reconstituted
ormuaton uhich pieN g URES saniao e atan el ot before e
yophilization step. e antj- antibody concentration.is mg/ml,
pout 110 I TBLEEE i o5 Abat L0 s oot T S e
providity a(BR) #5816 Aotese @5 IRTAAN DI rAeS BePPRIcSHAbBSH it 20hR8ts Buffering agents
are known tgribgpaisboymsRitédNfethanirh am cutlineticfurfistbetbwarThieih Yivkrne d9emiotedy be a
histidine bugfer:.6-&. kobistidine/tCl. Jaipa3aRaditulpéesphadiorgatithe pH of the L-histidine/HC1
buffer is about 5.5 or about 6.0.  The stabilizer (used synonymously with the term "stabilizing agent"
in the present patent description) is e.g. a carbohydrate or saccharide or a sugar admitted by the
authorities as a suitable additive or excipient in pharmaceutical formulations, e.g. u,a-trehalose
dihydrate or sucrose. The concentration of the stabilizer is 15 to 250 mM, or 150 to 250 mM, or about
210 -6- mM. The formulation may contain a secondary stabilizer, whereby this secondary stabilizer
can be methionine, e.g in a concentration of 5 to 25 mM or in a concentration of 5 to 15 mM (e.qg.
methionine in a concentration of about 5mM, about 10 mM or about 15 rnM). Suitable examples of
pharmaceutically acceptable surfactants include polyoxyethylen- 5 sorbitan fatty acid esters (Tween),
polyethylene-polypropylene glycols, polyoxyethylenestearates, polyoxyethylene alkyl ethers, e.g.

nolovviethvieane monolarirvl ethear allkvinhenvinoh/ovyvethviene ethare (Triton-Y)



The ratio (w/w) of the hyaluronidase enzyme to the anti-HER2 antibody is in the range of 1: 1'000 to 1:
8'000, or in the range of 1: 4'000 to 1: 5'000 or about 1: 6'000.  The hyaluronidase enzyme may be
derived from animals, human samples or manufactured based on the recombinant DNA technology as
described further below. 5In some embodiments the highly concentrated, stable pharmaceutical
anti-HER2 antibody formulations in accordance W|tI3 the present invention have one of the following
compositions: a)100 to 150 mg/ml anti-HER2 antibody, e.g. selected from the group of Trastuzumab,
Pertuzumab and T-DM1; Ito 50 mM of a histidine buffer, e.g. Lhistidine / HCI at a pH of about 5.5; 15
to 250 mM of a STERFRFARMRCH 148 GO ITHL RIS LR BRRVHARES Krid BproRHRYSHetRONIFE as a
second stalsifizeedtoaduncaritianiondios to ths PANICBAGNPEI0Y usOtBesoEachonidisukfactant; and
>150 to 16@0erti aderagiepactieviariy dsoaate 46'000dlhnkot atyaluronidaseignzymesch as e.g.

rHUPH20, %;Qte"i’r'is%cm&%%ﬁ{@& al-abeut %QQQHUJQE&%%%%QQ%MHH o+aRkbed, 18 mg/ml
anti-HERZ2 ‘antibo Q/Hn? e%Iectedf m thegb'cq) o of Tr stuzumgter rtuzumab and T-DM1; 10 to 30
mivi o

mM, or AbSGEEM SHARE Bl a%sé” gIC RiStitine” geugfgfm%l&ftr 5.5; 150 to
250 mM oraaab@ﬂszifefﬁ?ﬂ%f%@mzhﬂ WﬁF@H‘%@%"é@n&%}ﬂﬁéﬁ&%&%ﬂ?ﬁ&t@séﬁ&bptlonalIy
methioninepas-ksetoind-stabitize mathas dancentratiojeoi b iox2brabMrepe Betd dimimiMratoa@about 10 20 rnM,;
about 0.01tp,0:0& %.Qf:R froRigRimsHagiaRE. and 1'000 to 16'000 U/rnl, or 1'500 to 12'000 U/ml, about
2'000 U/m1 or about 12'000 U/ml of a hyaluronidase enzyme such as e.g. rHUPH20. c) About 120
mg/I-RI am"HE'ﬁ%ﬁ’é‘M%@bﬁeﬁﬂwé%'% difram e greuRekd astizumal. Paruzimatand T-DM1; 10
to 30 bout 20m of a 25histi (%gger 1soucS;r} asedg. é_le dE]ec( Cg atg pE of about 5.5;
150 to 50 Mg, an l}ﬂfﬁﬂrn o]fna sta zerg heE! {4 Se din %Ierla é’ergnd optionally
methionme’%@@ 6??&1%86|H%*é?l'%tt1‘é%"8ﬁ%ﬁ‘t’ﬁﬁé}%ﬁfﬁ%°2§%m W%W@Stw or about 10 mM;

about 0.011tedifdg9me fainenibmigesudatyantylanch V@O to IbEIe0Sutmikrar 5000 HEZRDO U/ml, or
more parti%I@shﬁ@b@&&%Q&%@MﬂhQr@&ﬁﬁ&&%Mmeﬁh&ayﬁéw@Qi@&%ﬁ%ﬂmﬁeﬁmh as e.g.

rHUPH20. d) A I f styzumab,
Pertuz A S Bk D ot e e L L S Bl e o
about 55; %%‘El‘faﬂbe A I\?Icﬁhﬁ YAEhaiERYg m?f(i“rﬁ‘fée]ﬁ%d&ﬂﬁﬁﬁ’&ﬁ’g‘?%%‘Blﬁcf@wqﬂéﬁ?ﬂiﬁﬁ‘?e as a second
stabilizer; Gubavot of06di6 vfriagts iplydorbateddGeant sbdutloothtsmniont aryefursmidage enzyme
such as rHysId20: )Tdhpartisdapy ibepfias mulatien Acspatities Rplewee)AbBebd 2R nagin srti-HER2

antibody, cgmﬁ%l&%@&fégme% 9594&%1@&%#@@1% BaHNZYmAbAN e BNL:80HE #R4MM of a
histidine btgﬁ suc :;;téglne# S%Z pH of about 5.5; about 210 mM a,a-trehalose
ine

dihydrate, %55?' 0 hio cond stabilizer; 0.04 or 0.06 % of polysorbate 20;

and ahout 2'000 Uh Iof yaluro nzyme such as rHUPH20; a articylarly the Formulation X
specified below. S&%Bﬁﬁ?gﬁeﬁo rh?%(c?ﬁ ﬁ%?ﬁ@%%%%ﬁ?ﬁ?tﬁﬁﬁgaﬁ’ﬂ%bﬁ {72 9. 10selected

from the grouperTharbeimapcPad Uy aeid TN 2720 Siveest HhRaieindeufia6adeh as e, g.
L-histidine &4685.at@ phoflabacd 3.&802083 MM of a,atrehalose dihydrate and optionally 10 mM
methionine as a second stabilizer; about 0.04 to 0.06 % of a nonionic surfactant; and particularly

. Formulation Y speoifieghhelsos phesr fanbialionmaatde, coastiuieaonishal 268 46¢6'000 U/ml, or

151'500 to 4.2 000 MbQi ARIE RATIGHIALY.APOYL 290, L LIm, araRays 127000 U/ml of a

hyaluronidase enzyme such as e.g. rHuPHZ20. ~ In another emibodiment the highly concentrated,

stable pharmaceylical anfi; FS%B%RJ&E%%@XJ 8?@%@&%%&%9&%@%?0@9‘? ‘g!%\f e RiRsgNLipvention have

one of the compositions specified in Ta nd 4, whereby the formulations C, D, Band F are less
preferred bEEEHEE? eldl’e%%bqfd’%ﬂégﬁl&ﬁlﬂﬁ fﬁ‘é LTS, fHif LR EuE%HﬁﬁFég%ﬁ%nlﬁ%%le 1. It has

been propcsédadrfaciiirurektishrniivgtsivieeiisioriherpeottipistémss ash Rntbledres by using
small amoustspefssoiubidiiyalurbaitaketycopod temsiER ASEGCRS)r saeOReR6I09 18 Tkink has been

Sth” thaéa%@?@é&*&ﬁ@f &ff{}tﬁ‘a%h@!ﬁ é%b’c%!ﬂ %{?%‘M&Xﬁh@fﬁﬁf&%&%ﬂh@&ﬁ %@%‘Pﬂf&@g’v@fmugﬂor‘
or by cg-administration) facilitates the.25 administration of thera nto the rmis. By
rapldl)%%epor@mettnz}m rphhyaﬁ’uré}1 i ﬁ%ﬁasﬁwen@?raf}ﬁlﬁap %16383 s%—%bé g’nre U(?'S% %ﬁggv?grcosny of

the mtershtf&li’ﬁmﬂﬁ%?éb? ﬁ?&?@é&iﬁ%%éﬁ%ﬂgwﬁ%@dﬁ@@aﬁﬁﬂléﬂﬁmﬁé foPigheerTo%kimes to be
administeredrsafetytiandconpfoetablimtenthenbtinanecgstivss s ehdienrene dse ¢ hydvaulic

conductanceipeheeehY-pENSE G RUG adiieas iNanrsitiaknviscosiy almusEqr. graahag dispersion,
potentially %d'?%%ﬁ&ﬁ'l%&@? FYRISMIERAORY ?A@Q{ QXS%%&%%B shated E%@H@Hﬁ%%‘é@m y,The

highly concentrated, sta armaceutlca rmulatigns of the present invéntion com rlsmé a soluble
hyalurd ?1|df&?’etb‘ffggﬁ}%‘féiBeﬁféf’?t‘ﬁgf‘@F@Fbvbsﬁf’ﬁgtﬁ%FR}"%‘?%%?B?%%’&@W&Sﬁiﬁfn](é?ﬂffﬁf 2¥is clearly
understood by the person skilled in the art that such a formulation comprising an anti-HER2 antibody
and a soluble hyaluronidase glycoprotein can be 35 provided for administration in form of one single
combined formulation or alternatively in form -9- of two separate formulations which can be mixed just
prior to the subcutaneous injection. Alternatively the anti-HER2 antibody and the soluble hyaluronidase
glycoprotein can be administered as separate injections at different sites of the body, preferably at

sites which are immediately adjacent to each other. It is also possible to inject the therapeutic agents
Nnracant in B the formiilatinon in acecordance with the nreceant invvention ac concect ifivve iniectinne o A



20 added shortly before the injection. Alternatively the soluble hyaluronidase glycoprotein may be
provided as a separate injection. In the latter case the soluble hyaluronidase glycoprotein may be
provided in a separate vial either in lyophilized form which must be reconstituted with suitable diluents
before the subcutaneous injection takes place, or may be provided as a liquid formulation by the
manufacturer. The anti-HER2 formulation and the spluble hyaluronidase 25 glycoprotein may be
procured as separate entities or may also be provided as kits comprising both injection components
and suitable | stru?tlonts for their subcutaneous ad ?rjistratlon Suitable mstructlﬁgs for the
reconstitution 4 ARG 58S GF B0 ?O%Eﬁ%‘t%]ﬁg f’%gy "3 e provided.
Therefore ﬁﬁ%ﬁ&%ﬂﬂﬁl@éﬁﬁﬁﬁ%@?ﬁr@ﬁﬁ%ﬁe@ﬁﬁ%&éﬂ@ﬁ@%ﬁ%@Pﬁ?@h@%&ﬁ%ﬁ@trﬁ@%f a 30 highly
concentratedifstable. filvarshaeiceutical fonmstation Diffephafimaceutically @ctpeeramti-pEERA antibody or a

mixture of é&ﬁ@rﬁ‘&ﬁ@ﬁ%ﬁﬁ%@s‘é‘é@@@eﬁwttﬁﬁw@fﬂQQ%I%@QMQEHQ&EH@%%&&ZXH&%HB&DQWrm ofa
kit comgrlsmo%kgothl énLectloQ& (%?1 nents %@9 gtlijcl}tn A%%FH{ e%for heir uchtaneous
administratio }Aaflur pec fnche pré§’e invention rela cfg evices c%mprlsmg a highly

35 concenf’ﬁa‘i@ﬂf’@%@ %HW&@G%?%W&E&%@H‘&%&H%%WW@ [sPslEBaY AvBhtion. Such
formulatiopmtay: bentide efeibradnead eericdlhd dotie aldiiibtER 2 aivibossiperasmixtond ofastich -10-

antibody melrediesandspiiabie @xcipiestsaspuined igpwrandmasadditignally.eanprise a soluble
hyaluronidage glycoRraiein %k‘%l%?é ﬁ}ﬁaﬁn% QIRIIEE TR H@E&’ﬂ}?er R heERAE! %%EW%L%%O” for
ER2 antibodies are

CO- admlnlstratlon A varlety of anti-H nown 1n the prior ar antibodies are 5
preferBly Wﬁ%%%ﬁ’tﬂ%ﬁiggm? AP RS PSR s Ly ‘?:éﬁlg’&rg?ﬁ?‘ﬂﬁ ReiAtiBE e hy manized

antibodies &fieudy piptaiaa kavete dcrmhiaemayeitheriséofigidenpttieidiHPR? datibodies; anti-HER?2
antibody fragmemnisihaviagdbaisamehiolegioatactivity:hinshudingaminoyacith-segueneayariants and /

or glycosylafion . vadants, of spchaniinedies or fragments. Examples of humanized anti-HER2
antibodies are known under the INN names Trastuzumab and 10 Pertuzumab. Another suitable

anti-HER2 antigdyig Es M1y which A&MM}P@%&%'Mgnw%t&wﬂéastg%@fpn&m&%@§f8

(HER and ytansmo viz 2-(3-me

1-0%0 ipﬁwﬁ?ﬁg}?&no P AR AR e o) AT ARSI MCC linker)
is cun- entlfycﬂj?ﬁ}é}sé@\@%ﬁﬁé?ﬂ%%ﬁ@tﬁ@t&ﬁ%cbr@%@%b/rf@érlse)ther HER2 antibodies with various
properties have been described in Tagliabue et al., Int. J. 15 Cancer, 47:933-937 (1991); McKenzie et
al,, Oncogene, ¥sxPsngu 9Bk @%@W@S?{%@&Bﬁie%@@@ggﬂwg@m@%bal.O,fMoIecuIar
Carcinogepeaisace 3563 B6at (10 90 ; IRERICOVBII tf el R MBS T e 8150938600 (428%); Bacus et al.,
Cancer Research, 52:2580-2589 (1992); Xu et al., Int. J. Cancer, 53:401-408 (1993); W094/00136;
Kasprzyk et al.,-Caneat Rasearch.shdl i HRRZ6:(19Q8); Hancock et al., Cancer Res., 51:4575-4580
(1991); Shawver et al., Cancer 20 Res., 54:1367-1373 (1994); Arteaga et al., Cancer Res.,

54:3758-3765 (199hsurl ARWentetials, JoBiehnC herm: pRETakBLEPHIELET £29892); U.S. Pat. No.
5,783,186; and Klapper et al., Oncogene, 14:2099-2109 (1997). The most successful therapeutic
anti-HER2 ant'b-Od){H§u?E@§t§'@@lmﬁpo§Q|§H%Yh§§@Qﬁ%ﬂdﬁ%ﬁ% - hlafmannzba, B@eﬁ%ytd under the
wade name HERCEEINTRY. hupherdetale.on ihe HERZ Anligen and anfitadies diiedieq ngreto are
described in many patent gn non-p atent puf)ftcatlons for a suitable Overview see Batent No.
5,821,337 and W é(‘)‘@éi044908) The anti-HERZ2 antibody is e.g. selected from the group of
Trastuzumab, Pertuzumab and T-DM1 and may also consist of a mixture of anti-HER?2 antibodies such
as e.g. Trastuzam&L AR Bek el SHes B &Haaartuzumab. It has been found that the
combination of Pertuzumab 30 and Trastuzumab is active and well tolerated in patients with metastatic
HER2280sitive bredBtEaAEEr WA EXpstiantBrrirssidssisrrditing prior trastuzumab therapy [se
e.g. Baselga, J. et al., Journal of Clin. Oncol. Vol 28 (7) 2010: pp. 1138-1144]. The formulation in
accordance witﬁ“théﬁﬁ‘ﬂ@éﬁﬁ%ﬁféﬁﬁ&@%@%ﬁﬁié@ﬁ@éﬁﬁvﬁﬁ ehe fanteERZeHEBOdY Trastuzumab.
The terms pigasitiznofabheiRertisnumeln? fnd-¢dixM Hiemeampiassial keetrdédp ondiagrenivhiE R2

antibodies m&&&fﬂﬁiﬁgdyﬁ‘%ﬁ%@g@dﬁ%@@&%ﬁlﬁﬁ%ﬁ%ﬂ!%@am%%%E&&%%Kﬁﬂ&m as an

identical or |0$1m|I ct| countr errltor sel cted from the r ntri sconS|st|ng of
the USA f?ro & an%” ap an ?g?é uzgrsﬁg% :}115 t%eé e %lﬁém rg %%5 B- %gr tb%

Pertuﬁ?magﬁ‘ﬁé%gfﬁ%-? @ﬁ?@?@ﬁfoﬁg%ﬁﬁh@&% W@’@iﬂ@ﬁ&ﬁ%cq‘ﬁ@%&fﬁﬁfﬁ%@ﬁﬁ%‘%@i%&é in the BT-474
antiproliferstiprraisgayiMahtheiRotbtraps itheetdE R -2-targeting antibodies Trastuzumab and
Pertuzumab synergistically inhibit the survival of breast cancer cells", Cancer Res. 2004,
64:2343.2346] has been found to be between 0.7- 1.3 x 104 Uhng. T-DML1 is described in WO 5
2005/117986. HERCEPINTm (Trastuzumab) has been approved in the EU for the treatment of
patients with metastatic breast cancer (MBC) who have tumors that overexpress HER2 as follows: As
monotherapy for the treatment of patients who have received at least two chemotherapy regimens for
their metastatic disease. Prior chemotherapy must have included at least an 10anthracycline and a
taxane unless patients are unsuitable for these treatments. Hormone receptor-positive patients must

also have failed hormonal therapy, unless patients are unsuitable for these treatments. In combination
with naclitavel for the treatment of thoce natiente who have not receinzed chemotherany for their



embedded within a viscoelastic gel of glycosaminoglycans. Hyaluronan (HA), a non-sulfated repeating
linear disaccharide, is the prominent glycosaminoglycan of the SC tissue. HA is secreted into the
interstitium by fibroblasts as a high molecular weight, megadalton viscous polymer that is
subsequently degraded locally, in the lymph, and in the liver, through the action 15 of lysosomal
hyaluronidases and exoglycosidases. Approximately 50% of the hyaluronan in the body is produced by
the SC tissue, where it is found at approximately 0.8 mg/gm wet weight tissue [Aukland K. and Reed
R., supra], It is estimated that the average 70 kg adult contains 15 grams of HA, of which 30 percent is
turned over (sy HESIPE T SPRS R PATEH) B B H@Vlgf%ﬁng‘}@gﬁ%gﬁ&ﬂ?ef{%ﬁ%ﬁm in rabbit
skin takes gikeedetoehilty, irpiyenpblaiodestane ey amm et Rthysibpdr 4o t: ec89B-703):- As a major
constituenhofithagaidise-rampanratohiheshypadenna-mathx /diAuopllibiteb sigriteartly to its

VISCOSILY: .« RUGRSATIIABbERNS(GA Gl ﬁ{gsmﬂ%é'BFQ{SQBBF%HQEQJ&@P&%H&?r‘ﬁéff&%ﬁ{'u'ar
matrix % GAG are charact rlzrgggg/ eatl acc&iarldtetstr %%r ubstituted
hexosamird5Hd ‘é’H wonié cfﬁvﬁ ?F}Bm Fonan oA e ), 25
chondr0|t|rf}(@?@éﬁr?&%%‘iﬂ%&@(wfﬁ@ﬁéﬁw%G%@%%)W&h@héﬁé‘ﬂﬁ my)}twésg@#aé@ose (in the
case of ketatancstifatiE:(eS ellsxcept for HA, all exist covalently bound to core proteins. The GAGs
with their core proteins are structurally referred to as proteoglycans (PGs).  Hyaluronan (HA) is
found in mammaig preganimantiynial copnedtyeiissiies;sidn: @aptibages ankittisy o wial fhid.
Flya|UrO”a@o&?&@dﬁ%@&]es%@p%%&%&ﬂfo%ﬂéﬁ%%%%S‘r)éﬁuéQu?%&%%Etﬁﬁﬁ@sue the water of
hydrat] (an ass$ ted with h é’% on %e?tes )zlhdsggt matrlcnetso F \/evaestegniég1 es. Hxaluronan plays a
key ro e in BB Sacali pﬁmﬁomena as8bciated wit aﬁl?y inc rapi eveﬂopment
regeneratléﬁzif@éé’i’rﬂ@rfﬂi@@éér‘fés‘i%méﬁﬂ?ﬂ}é’yéf&bP@éch@\’?él%‘ﬁ‘ﬁf@ﬁ?t %ﬁﬂ%@éﬁﬂ%ﬁﬁﬁé@he&s and
tumorigenebis (Tbolen€elt Biolitksxtraeell. Matrix, Hay (ed), Plenum Press, New York, 1991; pp.
1384-1386; Bertrand et al., Int. J. Cancer 35 1992; 52:1-6; Knudson et al., FASEB J. 1993;
7:1233-1241]. In\dddiitonsgegalifnhnaredeveals crlBncoielate injithtitundeoviaggressisanesiif®izello et al.,
Cancer Resy k96020 800 A ARl ok Ao CANGEICRRBa TR AR 3t 3 el ol

Canc ReP ?%043 1347- 135 HA is {ou din the e%ctrﬁﬁﬁﬁula{ tr|x of f many %ells espemally

c 151 harmaceutica ac
in SOft connective ISSU ﬁ.’:& en assigne yVaI'IOl,IS SI0 oglcaf’ unctlons SUC?’] as In water and

plasma prcﬁ’é‘iﬁ@%%%@é?&ﬁ%d[ﬁé%ﬁﬁa@e’é‘tg ar 0}:5&33@@‘3‘0"19@%5163? 2@@?02%21];0}35‘3%?% uction
increases isvidtiteratingidels dpcpragiptahia solecrrmitedisodnhiaticel so dsesnpmmsticatenimidocomotion
and cell migratiomiklAsaenss to play important roles in cell regulation, development, and differentiation
[Laurent et al., supra]. HA has widely been used in clinical medicine. Its tissue protective and

rheological 10 praperties BaveRraved WsRithinaRRIBRENS-SIHIBESY (E:driamielect dhe Larreal
endotigiu, dufing:Salelas! BARD, ST 6. dagnoste.otiver dssase and aeloys,

mflammator cond ons, s as I’ eumatoil art ritis, Interstltl ema cause y accumu?gtlon of HA
may cause 8)9§‘Fﬁﬁj€ﬁldﬁ fopaiBas BrgafsiceuRrear i the fspgiings in WOABIRAN Brotaibsiteractions
also are invohgertiztiteisthgorsra vtk Emabsiitnaan Seringnidrsol by rocmdtBubstariedyophilized
Hyaluronidasesiane g eupdf gepeialisnettraloofacieaaiveerayonestosndwiiaughpsi the animal

kingdom. Hyaluronidasesyan, With £espaekIo-aubsiale saecificiand.-meshanism,ohggtion (WO

2004/078140). Thére are three general classes of hyaluronidases: 1. Mammalian-type
hyalurgpidases. (G &2 -RPMINE ais SAdaibe it 20 aeshdherosaminidasaa Wily,
tetrasaccharides an exasacchari es e major end products. They have both hydrolytlc and
transglycogidhBe kRS 1aR e PBhan and chondroitin sulfates (CS), generally C4-S
and C6-S. 2. Bacterial aIuronldases (EC 4 2. 99 1) degrade hyaluronan and, and to various
extents, CS and%%#&@%%%%ﬁeﬂp%&ewwﬁ%lﬁl?)%é’éé %@85&#&&%&& &fimination
reaction 25438ty dsapam afiydisHedhariddientlzpesdtrcns KoMy adhomdtasesk(Bd 8. 24e B6)sfrom
leeches, othatipalasites, rRNehC T acans a-ende heiagtaikonidases thatigesiesate tekfasaccharide
and hexasageharide endipredHeisargugbmydiolyRia et higdeiadsd inkags,Masynalian

hyaluronidases can be further divided into two groups: neutral-active and 30 acid-active enzymes.

There are six hygluronigase ﬁ%@&gﬁ&%@oﬂa@wmmwmﬁ%ﬁg&uﬁw&@wﬂ% HYALA,

HYALP1 and PH20/SPAMI. HYALP] is a ene, and HYAL3 ﬁs not been sh own to possess
enzyme actRATFRERAAT Sy AR ét%t%t?g%@%c % R RERR ARG RSB AR RS S Hittle activity
towards hysitirblsasidiiyaercisihienpibbapleetaish]-Beaveatapyme srdtehdodsithulmistetypical
neutral-actiuerenz e cdeichagiivedivisd ytanidases] B 2chds, HYIAL b ast v Alr2igenadally lack
catalytic activity at neutral pH (i.e. pH 7). For -14- example, HYAL1 has little catalytic activity in vitro
over pH 4.5 [Frost I.G. and Stem, R., "A microtiter-based assay for hyaluronidase activity not requiring
specialized reagents”, Anal. Biochemistry, 1997; 251:263-269]. HYALZ is an acid-active enzyme with a
very low specific activity in vitro. 5The hyaluronidase-like enzymes can also be characterized by those
which are generally locked to the plasma membrane via a glycosylphosphatidyl inositol anchor such as

human HYAL2 and human PH20 [Danilkovitch-Miagkova et al., Proc. Natl. Acad. Sci. U SA, 2003;
100(_AAREQN-NAERE Phalne at al <crience 10229 2A0(A2ANY: 1720N-17221 and thnce which are nenarallv/




In addition to its effects on local fluid dispersion, SHASEGP also acts as absorption enhancer.
Macromolecules greater than 16 Icilodaltons (IcDa) are largely excluded from absorption through the
capillaries via diffusion and are mostly absorbed via the draining lymph 10 nodes. A subcutaneously
administered macromolecule such as e.g. a therapeutic antibody (molecular weight approximately 150
kDa) must therefore traverse the interstitial matrix hgfore reaching the draining lymphatics for
subsequent absorption into the vascular compartment By increasing local dispersion, SHASEGP
increases the r%e {& T absor tl(gnté)lf r;tg;t macro Ieculei? Thl? I{eads gilncre s1 [peak blood
levels (C",,, |alﬁy o %rréasned val a S§8c Minisraton in the
absence OP%FMQE‘@?F’ [BHHKBiFRIEFNLIBLI0RIAP, t@@?éﬁmmﬁﬁ%ﬁ?ﬁgﬁ@ﬁﬁﬁté’f& Bhhéned interstitial
transport ah¢figsapeliticsionke@onivoloRbteaSe P86y i 14:128D=24dut 15 Kiydluronidase products of
animal origin have been used clinically for over 60 years, primarily to increase the dispersion and
absorption of othetzbt=achniplistergd dingsuandlforc2Ophpodefnaalysis {8 Holgetiertlriusion of fluid in

large velume) & ; oRidaser 2 platform for
subcutgnergggii%&%ﬁffgﬁgﬁg?%:yaﬁé‘m%lgﬁ| n?é H%%gﬁ%&gﬁ% @71{3% 427-440]. The
rGRigass

details on the mec action o cen descrbed i detail in the following
publicatiorfdk it 1@??@(6@&“%@&%@6“‘?@ %EWIWWW%&?QWHW%&?@}MW to 25
their mode(Bflaction’, R-Sop Bidk&bwis,b888; 69rdbi<Cha BosAsmuablslytic enzyme in testes

re}xtrlacts I}J@qguf &Q?ﬁn&%?b%@fé{%e@ﬁ{@&@ﬁ Be pdRSotansuly cosyatie tﬁ@ﬂﬁﬂdﬂrﬁé&s‘ﬁ%lﬂal . .
yalucgidase § il RS 216166 B v s sanaten ) NalghH, Tamm

M., "Degr no nthesized high molecular mass hyaluropan in t and den nal
compartmé’ﬁtgpb‘?ﬂi’tﬁﬁ%ﬁogﬂ Pilﬂtléf"d%ﬂ‘%%ﬁ"lﬁf?}% ““j‘efﬁt}égf‘ﬂﬁéﬁﬁﬁ%lc%ﬁ SFehey t@% Laurent,
U.B.G., Davihst BiitRiscph Ry s h@iaratdiidretisihyal trowanlihunsshihs kisd eatesk PrEcd Meatly in lymph
nodes andsliyeste Expiphinsiliyb9pkh 16 6ahekQ3: Loldrafiikr THe candnbigseritdaX FThéDegradation of

maton, L LD B e B e o ean specifciy
and arllé: %8%%%&%%%@%88&? ﬁ?ﬁgr? bétih el uronan} feceptd er Bdocytosis
(HARE)", Jugistat e odkl %@é@wﬁ%@d@&%&w@ |0rﬂ=@ééd?rfbﬂ?§r%rﬁu hnwataromdase

(rHUPH20 paaticeladh | ibguypiaioy mitborube didneous drug and fluid administration”, Expert Opinion on

Drug Delivery, 2007; 4: 427- -16- 440. Hyaluronidase products approved in EU countries include
HylaseO "Dessarheanachialaseof Hyalutenitddse pragetdepémahinnahotigimappionedtindhe US include

E)/itraserM M@gﬁ%%@ﬁ%@gﬁ@éﬂéﬁmﬁ}ﬁaﬁ?ﬁy @lggéeﬂtg@%m&[{axﬁwmnmgeee@f&gygts have
een widely establis st 5 significant s ide is er vity and/or
aIIerggpucnzyy, w“ﬂ?c% |setf€3 cf‘eﬁrne %{%ﬂedp ) ?ﬁef1 %g/deprurut1 lgf)thge gnll)éngal %%e%?/ed %reagtaratlons

[Frost, GI. mﬁ@d&ﬁ%ﬁ%ﬂ%ﬂﬁéﬂ%@ﬁ%ﬁt&%@%ﬁtwgﬁléﬁmﬁﬁ HRRABHIP IS SRHbcutaneous
drug and fluideaskiinistrditipers] dxpe ritOpirion G hb rocpieliverys O0IFHER U 27440 idpshovild be noted

that there g %@me&wﬂt@m@ﬂmm&gmgﬂ%a@eﬁﬂf Mtif@@bdieméeg hyaderenidases
between the 10, UK. thGe% rffgg“s’e%‘nezy (}Qé Ot %o Béb 9988, %e% PI]M%EMRCUWGOUS
e

or mtramuscuﬁar inj ectlo units, ad irectl to t e Injection. In th US, the usual dose used
for thigu r‘ﬁ&féﬂgnfﬁéotﬁkfﬂgt ﬂﬂony?bo@e(?tn%ayﬁgotﬂﬁaﬁlﬁsr@n?ﬂa@eaﬁ%éltf%cgfﬂ RSN Utaneous
administrafiot ¢ &latigehitange vebitmesrobflerdsn Ipf the WRuseB it whhiaibronidddetare generally
given with ezaghB00:0 keRQphafduidfabsulcutansansugent 2l FihS, HeAmsitsare considered

adequate fggea%%e ﬂt@él%étm% n&t@&%&sﬂeotumt l«nﬁmm&%&%%é%m&%a&e&mmdered
adequate fp %Lfﬁ% pose. é?t e UK, the |ff&15 n ofll%){():aS &n%stqtel%%s IS accelereaggrgcg the addition of
1500 units: 14 At ?Hceﬁg ‘fg B are Coneideres gua e rt‘l‘zﬁmpurpose aIuhe dosage

dlffereﬁbeen%wmﬁétéh@ #@k@@ﬁ%ﬁ@ﬂﬁtﬁ@lﬂ@@%&ftﬁ&@ﬂ@ﬁé@%ﬁ $n 5193y %ho apparent
differencesrieathedatelyrpniddescolanenid E)20denivaibh yalanonidaseafieo ddrits: 1 (KétEdmhhe US and

UK, respeclively. bave-Resn#ignemed ccn QBsDegambars?; 200 (r@%f@@ﬂ%tﬁ@%fﬁ%t@ received

approval from % ora rmulati n of the recombln t?uman h dronidase,
rHUPH20 (Et@lftl E@ﬁm %aﬁébﬁb{% i rﬁﬂ? ?NEI%W %{eciose 0 ef§8 unlts8b neﬂgla
administrafiSHBeHe fB]I’E?\‘i\ﬁ’ﬁ@ ﬁ?fo‘iﬁéfmﬁ%m%%@a‘i’tcadﬁﬂl%f%%@&sﬁ tPRhSHEMBEPERY: dispersion
of othéb injébtsthpetigst fosusfooterformolatisnis arrerdinsetit S progpapryefcoimpieanisighesorption of
radiopaqueiggeisreadyAsrRast phitbak iegutatarpietiewihasiestakisbeddltad shjebddaQipassesses
the same properties of enhancing the dispersion and absorption of other injected drugs as the
previously 30 approved animal-derived hyaluronidase preparations, but with an improved safety
profile. In particular, the use of recombinant human hyaluronidase (rHUPH20) compared with
animal-derived hyaluronidases minimizes the potential risk of contamination with animal pathogens
and transmissible spongiform encephalopathies. -17- soluble Hyaloronidase glycoproteins in
combination with variety of exemplary antibodies, such as e.g. Trastuzumab, has been mentioned in
WO 2006/091871. The detailed experimental work as outlined further below has shown that the

farmiilationne nf the nrecant invventinn <rirnricinalyy have favorahle ctorane otahilitns and fiilfill all



-18- represents a constituent of the pharmaceutical form apart from the therapeutically active
antiHER2 antibody. A number of suitable hyaluronidase enzymes in accordance with the present
invention are known from the prior art. The preferred enzyme is a human hyaluronidase enzyme, most
5 preferably the enzyme known as rHUPH20. rHUPH20 is a member of the family of neutral and
acid-active 3-1,4 glycosyl hydrolases that depolymerize hyaluronan by the hydrolysis of the 3-f,4
linkage between the CI position of N-acetyl zlucosamine and the C4 position of glucuronic acid.
Hyaluronan,is a polysaccharide found.in the intracellular substance of connectiye tissue, such
as the sublcf:ﬁtt:arﬁte%o@g‘lJV t%€§ﬁja¥%§§%“é?%ﬁ§n§?’ rcnéertt%ltlﬁes%né%Fgﬁggﬁ%%%aasfséﬁc Y as the 10°umbilical cord
and vitreodsPRBAdr: §RECngabsisesaRfEurb RS tehipbPaRigrdeeredsésiile viscosity of the interstitial
tissue and promotes the dispersion of injected fluids or of localized transudates or exudates, thus
facilitating their BiSSorasnidrp et B fAGHoRIESE apinplsa anen Brarsibe Rarvieohiptete
reconstituttascdbthdissuatiyatuimiancobouitgygwithin 24 fordgMeles [Frost, G.I., "Recombinant
human hyaluronidase (rHUPH20): an enabling platform for 15 subcutaneous drug and fluid
administration" Hexpese@padiateantby uipDe bvecyn 2067 ;s 2 phaddQkcihealnare HER natite qagrmeability
of connectiygfissusdaushdnevsiohisisat valunansarslatesnituiie aficacy el aluronidase

for their capability to increase the dispersion and absorption of co-administered molecules. The

human genome, containg,SevarALIYAIWRNIARRS SaRESy QRIYUR EHZ(L0RRE BIRHCt 20 possesses

effective hyaluronidase activit er physiglogi ellular conditions and acts. as a spreading

agent, whereas acid-a%ﬁ?fél_lﬁ ﬁ%ﬁﬂ%@@%é&ﬁﬁm&% Po@gﬁ el ﬁﬂ'é%’_teh% fst and only
recombinant human hyatiféifida&d anyphhef chremtis Avanaplendt Merdpaitiner tdécNat&alyocculting
humaa(PH20 protein hashaldipidianhihe: attcaiteddythehanboxyterninad siatitioeaaich that anchors it to

the plasma membrane,qHag,R5#HUR K08 RAYMS ARvEIaNs by Halozymisa irpealedhdeletion
variant that lacks such 3ming Acily i e Carbaxy (Srminia53eoRsiblc nthe. IRid atiachent. This
gives rise to a soluble, néutral pH-active 'enzyme simitar to the protein found in b Vine testes
preparations. The rHuPHIBHIBRIR & SytHEEr b8 fuith P A Hie hefd Y hale ptidk that is removed
from the N-terminus duliog f12600f0déss of secretion. The mature rHuPH20 protein contains an
authentic N- 30 terminal amino acid sequence orthologous to that found in some bovine hyaluronidase

prepatdtions. The PH20Hyal8nopicéses; ikHddimd e, anindkded veohRi20c@nd i écombimahi human
rHUPH20, depolymerizg:-hyaluranat hyrshe hydiohsisal aasdufinkagserhehuesn. tharkdpgsition of
N-acetyl glucosamine and t.hﬁ%é‘ﬁ fnr%?%&‘i&'l %P%t'a%&%'%: The etasacehanl ‘t'%ﬁf’ﬁ;m?ofma”eﬁ

digestion product [Weig%?h%mn, ., ".1he transglycosylative action of testicular -19- hyaluronidase”, J.
Biol. Chem., 1955; 216 53tiaay, Y N &t GTehalesiiheiitie aRorR et S rdhiREneg #at found in
N-linked glycans of recsaebihsiatibisiotfieabprodtitienand théfeforb eHbrH200Will tiebatfdét the
glycosyjation of antibogieg #uisdiaymuiatedswitbs suchiasiesgfAsasiizumatokbedidoPi/i2denzyme
itself possesses six N-linkgd glysans prrmeleedlaoyitha e sityetmssim L R Mabiowed in
monoclonal antibodies. As antlc%ﬁ'ated, tgﬁs&ﬁ-hnked structures do not change over time, confirming
the lack of enzymatic ae&;f@ﬂi? STHUPHR200) Se N-finked glycan structures. The short half life of
rHUPH20 and the constant synthesis of h; nan.lead to a short and local action, of the enzyme on
tissues. The hyﬁ?uronidﬁ%%’tem%ﬁi%%' 3%1?&%%’1%‘ ﬁ?@?ﬁ%aén{ﬂaﬁa%%@%ﬁ%ulation in 10
accordance with the présshziinentismeampe i bl biPusitiyrétormpheat DN t&2hnology. In this
way itds ensu!red tha_t thsﬁﬂmmﬂftatemcﬁdzemt@ﬁ-mimad@aqmgﬂo@gmmaﬁnmai»lZB@ time and
that an allergic reaction, £.q. calsaa-BY LARGM MNP IR COPYIfipddutinggractian from a

tissue, is avoided. The hyaluronidase enzyme used in the formulation as exemplified herein is a
human enzyme, viz. rkfﬁ%ﬂf&ﬁ%né?ﬁiﬁsoaé’g? ngeﬁdtﬁtnelﬁ%% éparcu]]gﬁ%ﬁﬁﬁpé)&fggﬁ%’igvéell known
and available under CAS'R&YYstRy Rheut7Eordisaheutfhl s Bidkifate AesierisisRemii3ab kDa.
Multiple structural and fudp@diengd’ 66tnpamison$’ ilve Badperfokment e tresanindpatally Edtced
mammglian hyaluronidageandREH-20 ®BNAglenesiemhsmans aad etheismanmag,dhe PH-20

gene is the gene used for the recombinant product rHuUPH20; however the 20 recombinant drug
product is a 447d§amino;@§ggttfg@9@gtg,q yessignrof dne bl Rrotein-engeded hy dhePéd-20 gene. Structural
similarities with respectio aming,aqitkseauenaes Kl CXCard RO 1} any eamRafisen. Fynctiona
comparisons show that the activity of THU IS very simifar fo that of previousl ap _roveés
hyaluronidase product$- & hidiiFHemAAGS /S 28REa itk dRe ﬁﬂ@éﬁﬁﬂﬁ‘l‘é@%ﬁ HRaTaEst 50
years that regardless oftthepsurde abehel AyaM maitasmetia28cohidicabBafatyp AA@EHICEWDf units of
hyaluronidase are equivalent.  The use of rHUPH20 in the anti-HER2 antibody SC formulation in
accordance with the present invention allows the administration of higher volumes of drug product and
to potentially enhance the absorption of subcutaneously administered Trastuzumab into the systemic
circulation 30The osmolality of the stable pharmaceutical formulation in accordance with the invention
is 330 50 mOsm/lcg.  The stable pharmaceutical formulation in accordance with the invention is

essentially free from visible (human eye inspection) particles. The sub-visible particles (as measured
hyy iabht obecitiratinn) chaoriild fiilfill the fallowina criteria: -20- - mavimiim niimher of narticlace? 1O11irn near



The addition of the hyaluronidase to the formulation allows increasing the injection 30 volume which
can be safely and comfortably administered subcutaneously. Under normal circumstances the injection
volume is Ito 15 ml. It has been observed that the administration of the formulation in accordance with
the present invention increases the dispersion, absorption and the bioavailability of the therapeutic
antibody. Large molecules (i.e. > 16 IcDa) that are @gdministered via the SC route are preferentially
absorbed into the vascular compartment through 35 the draining lymphatic fluids [Supersaxo, A., et aL,

"Effect of Molecular Weight gn the, -21- Lym I sprption of Water-Soluble Compounds Following
Subcutaneous Adminigﬁ%?%%ﬁ} elilg%(ﬁl;n ]Sa.tﬁé?tggg’%gv@zrﬁgo nﬁ%ﬁ(ﬁ%&@éﬁ%&%ﬁ%ﬁ? eﬁgery Review. The
physiology of the lymphEtispstaspasisyrizchalyanHrenae Berisd 86leon of these large molecules
into the systemic circulation is thus slowed relative to intravenous infusion, therefore potentially 5
resulting in redéted frefehésfimensigpbrisRamnbeticercgeasadon hnapipdiiction of the
subcutaneous TrastuzUrat: ety Rtionumacoer Fanbd yuithith2)imMntiarn regineds ficg hualntibody
conceryrations (approx. ¢l 20hoeHmd) ipthefinak stem k Burification ofihe Mmaniastiuing pracess.
Therefore an additionaal rI@frocueossa ﬁteﬁl ultrafil %g%qédia;ilgégct)irg)%12ti%ﬁdgre 63 5@% &%@vggtional
manufacturing process 0 Frastuztimab. 1Eﬁn,accor ance with tahe. eachings In 0 97/04801 the
highly concentrated, sRAYEBPREFARRGHRRAATG ERD! ah AT TRIARER T Atdbf¥ance with the
present invention can st Helprovidetiadastatiiti Fedpitetem Xorpnciatibbelorich can reconstituted with a
suitable diluent to generate a high anti-HER2 antibody concentration reconstituted formulation. The
HER2 antibodyfsC fordtiagintizeddcooniimocantiitiig idUention minHEBRZ asebtbtly, Eoetreat cancer,
Whereby the terms "caggeledanish Ganeeipus TeltiAaarn deseaibe.thaphysiologisahaangiion in
mammals that is typic@£¥igpn%r§%rigggl9% up_rf%lslg % &p{pgé%lr %%%%pgag_ gflgar}ﬁeorfinclude, but
lym V: ncludi jullo ;

are not limited to, carcinoma, lymphoma, blastoma (i ing m astoma ang_lretlngboiéstoma),
sarcoma (including lipGEaHEE R s\ ARHRN S R oLy rthioriemefdt srsand S ZGRAbRRhg
carcinoid tumors, gastfifdreddaibdasién cetlicancaria 2o mesophaliviady schwaamon¥astierfieding acoustic
neuroma), meningiomac:RdeMpeas chnoma; dnelanbmacandieckenta aolywpbwccruatiignancies. More

particylar examples of S46h GaNCEsS (RIS SIHAMPLR SR SANFSFdeds AR IPElAlSagEous cell
cancer), lung cancer i Jgflr%g m?illl-ce%lun caricer, non- s Il %ﬁ‘l lung cancer, adenocarcinoma of
the lung and squamOl;}sS re ﬁéiﬁ B TRYEAESP 8F fhes PavibiEum, hepatocellular cancer, gastric

or stomach cancer 25 including gastrointestinal cancer, pancreatic cancer, gliohlastoma, cervical
cancer, ovarian CARREFT M EERTE: S R, eRrasA Rl BRI Pt e dBH-HERn WHhe¥ , rectal
cancer, coforeeialieatrieacceridoraatithitor PRSFdCaRGPPYsC safivAthotamawiienonsaiikibitey or renal
cancer, praataie caneesd, wihiab cancenthiabits ML ahe Patie kasgirdmad anaheascirema, penile
carcingna e slicHlatLANCR » SEAPH OGR! s lumarseithe biliary tract, as well as head and 30

neck cancer. he term "about" as used in the present patent specification is meant to specify that

the specific valyg proyided may vayy. 9 & eaRIneNent U855 -9 Meansdbatyagiatigns in the

range of 10 %, preferahbl %, most preferahly 2 % are jncluded in the gi . -22- cell of the
e tiss BRSO R BLION oy B PG SN C S Sy Viciased
transcriptioN Gt WaNSETonItHErat iR Sik Bk prdkian Airhes) bel diediminenites diagnostic or

prognostic ggsayoyme Veiktiating:incrdasatitevelstohthebk ERaprute s presdatibnthehsurface of a cell
(e.9. vig a%ﬁﬂﬂ%@?@‘%ﬂ&%ﬂ@&% %%@%itM@ hﬁ%%@?@ﬁ'é’ aly, Qﬁi@%@&@ﬂ%x—%ﬁ gydimosRgasure
levels of HER ¢ ng'{‘rgcgg‘ﬁ'e'% acid @Ecﬁ‘?}!sﬁa%s e 5&%‘85%?0‘9&'”-%%% yprigigation (FISH; see
W098145479), Sou fern _Fo ég?@ or polymerase chain reactiOrW R)'tec nigues, SUth as real time
quantitativEPERNERrIEsRs COMNGHES A LRI HERF SR BRI e rdadibiery #Ehsatthg shed
antigen (e cpmEtER xtrachi wiscdansain)tirsee blblbgioakfdit suehiaseeuaaisesdeed by. S. Patent No.
4,933,294 ispusEtiuneylh £900sMAGHAEPE4-AQpublishes ARttt 8ish9Qn b SieRalgnt 5,401,638
ssuedaigh 28,1995 a0t Kl Bl MRIRAS AN, 134,13 BO). Aside from the above
assays, various In'vivo assays are available to the skilled practitioner. Forexample, one may expose
cells within the .of the patient to an,antibo ich i tionally labeled with a detectable label,
e.g.a radioactiv%g%%%éyecﬁ%ﬁ%g% Qt%t?ﬁ{%? %ﬁ%ﬁ%ﬁﬁ%&%ﬁ?&%ﬁ (t? gopg%ge lteé%qr% éeg\?}gTuated, e.g.by -
external 1§%8Hﬂﬂ%§ﬁﬂ]%i3%ﬁm BYERRIARAS FIESLSr e R HBHY SPSHER: previously exposed
to the antilsobgutOemvdrsetion. Eocdraihigiensed hptisverssprdsde BRR recdptorclisione which does
not expressfigheicthespesmalieyeisiofRiERZhragepind eonmpergshitoaiMpgancpraes eallef the same
tissueype,20A.A3CRIMNGRIONSTEResSsR MEE Bhligand is.ons.hich pradueas sigaifigantly
higher levels of that ligand compared to a noncancerous cell of the same tissue type. Such
overexpression may be caused by gene amplification or by increased transcription or translation.
Overexpression of the HER ligand may be determined diagnostically by evaluating levels of the ligand
(or nucleic acid encoding it) in the patient, e.g. in a tumor biopsy or by various diagnostic 25 assays
such as the IHC, FISH, southern blotting, PCR or in vivo assays well known in the art. It is

contemplated that the HER2 antibody SC formulation in accordance with this invention may also be
1icad to traat vvariniie non-malinnant diceacace Aar dicordere <irich a inchiide aritoimmiine dicaace (e A



antibody formulation, and a chemotherapeutic agent. The combined administration includes co- 25
administration or concurrent administration, using separate formulations or a single pharmaceutical
formulation, and consecutive administration in either order, wherein preferably there is a time period
while both (or all) active agents simultaneously exert their biological activities. Thus, the
chemotherapeutic agent may be administered pr|0r9to or following, administration of the antibody
formulation in accordance with the present invention, In this 30 embodiment, the timing between at _
least one administration of the chemotherapeutic agent and at least one administration of the antibody
formulatiorP i trIAA Cermatines Brask GeirRrdRiisH Jushrerr olbe spbrerrsae iacH®nth or less, and
most prefefdispappipimatelii 2RYeskbooly losbthalterndtvehn edshe phatherage wtic tagent and the

antibody fopmisadieRdnaceerdangecnitt Haalm@a@tt&\@m@Boageﬁ@h&mgxaf@ﬂammr@@ﬂy to the
patient, in @rgraﬁté%fmtﬁé‘éﬁ% %&?B&%@“‘r‘t? g%%%ﬁ’%& 8T %h%%%aé! 1Y, § %ﬁ%é“%é‘sg@ {mprovement

in survival al and/or progression free surviva or may resuftin ectlve clinical
response (PEAPATSH a88ﬂwlﬁlé?é3r%fe‘5%rmﬁ§éeﬁﬁ%tﬁ?\ﬁﬁﬂ%é‘séi?ﬁ?ﬁ?ﬁﬁffbﬂlﬁfﬂ?éscﬁen%#l%peutlc
agent and thixkintiodsefidme Etieriviain fedaived Byshaengisionof greandrHBRA adlthtde, therapeutic
benefit to thempatient. BNesnmgdlyithe antipedy if-thedeomuintanatministered. isyainakge:ansibody.
However, the Aibedy aHmIbIS EHeH MY Palewwcm QARG AGRRkTe Immunoconjugate

and/or ant en to WhIClI‘[I‘F]I stgg und. '?{ﬁﬁze th%n Yt}]ye cell,. res&tﬂ in increased
therapeuti é’ﬁoé’acfuolf Eaf’r%m%%%lc:onjugaeln Iﬁng €es%ané’e c&f%lv%a TBIREE" Hne
embodfnerimiiés EirbfhGeLaRENnisTHeRs: SRsritebRibed WRIPRIRISIBAERIQ e tHevédmcEe &k 10 Examples
of such cyioitfzimagents inchudd imalgiansifei depealiohefanicing, tibonuveleaskes and fadAed in
endonuclegses,y Iﬁ&&umﬁﬁdlwh%h@ﬁgaﬂ& AMAMALGARGAMBIRIRy ﬁ@@ﬁ%&@@i&m&@fﬂsmd
immunocofuggles (LM, 8 ey aig deserbedin 1o qoagfoggg%dqo%mm and

immunoconjuga emlc name o eace
-(3-mercapitd- 1%%%6@/13l?ﬁavﬁ%ﬁ]%o@frﬁ%%%ﬂﬁ?&&ﬁ&ﬁmwwﬁéwma@é%w MEERGZEmab.

15For Bubguwaived us Hstiné ty hikedfoerhtiiatior fmay die Galnmiistdtét:Uialted§ fitdble)delyserbstech as (but
not limited g0k aspyting Rl ReiNeGHen davgadedatieNIEE T sASETM and GENJECTTm device); an
infusion pump (such as e.g. Accu-ChekTm); an injector pen (such as the GENPENTM; an needleless

de\éicti (eOI g. ME@Q%@J Q;%Jéxma&1@&@4@5&3@%@)@@@%@&%@%@%&@%@@ mtimmystemb Ad
Suitable Ve I a GaARNCce, WI esen 1INV 10 escripe
W0 201 R B B R B T e
liquid form@I&ABRA WW@W%&W%MWW@W‘ e%’r%pr@%?f ‘b?‘tF%%ﬁﬁ‘F‘ent of
diseast¥ thaldgsptoprinheigestigéniiothm aftitody il e pentiohyvtie tpjsiesofadisepisécin heytbeated, as

defined abpixeidbe saveply.andicainsaofihriseasarybatbenthaamnihnedy isasoinisiereskfor
preventive 5&&&@&%@%@%&&? @%%B&%Mi%@ﬁ{@}%&b8&@&@@&&%&5&@! Rigtesy and his

response tgalhe a t| od thte dlscretlon oftt}:/l e aéendln S|C|an T e antibody is suitably
administer€d 1 the pa |erﬁ°’ts’étJ SHelfitne Giesver B8 %C%fci %grﬂrsw SO %}1 h the type and
severity of ipfe diaiéaisky B5eiantiegivgtolBo GGt Botplvegnerthacrdusdeintamyidstveen about
0.1 mgkg tdy26pmaikgmal hodyweightiscttheianriitiERR anibbdpipa ddadliddtes initigtasage for
admlnlstrauem 185 &Gﬁo%@&ﬁﬁ@%t!@%‘@ﬁ&alﬁ%ﬁ&@ﬁ@% ?&%%Mﬁﬁe@ﬁ@@&ﬁﬁ@@iﬂﬁﬂwaﬂons or by
continuou gubsllgln Mare specif ce:e}, Ons m? gf théa antlbo wil be |n El%e from about 0.05
mg anti-H anti oo-iJ f?( 0 bodywe| t% mg ANt II:1I9€ anti 8y P g of bodyweight. If a
chemother&‘ﬁ%‘ﬂﬁ@%‘&e‘ﬁﬂ& Brli’ﬁrﬂg’t‘é‘@g it is usually admlnlstered at dosages known therefore, or
optionally lowered due to combined action of the drugs or negative side effects 35 attributable to
administration of IRECHeROBREFAPERE et Preparanbi A Hisalrgepnatons sTorigingrf 2
chemdtherbzbitivagentsehaible pisethacoordiigrioznarnuddetphersamsticdtjonsior asi-FERdetermined

empiricallyayuhe skilled practitiongranemration anghdosing.sdredwas dos syol.chemetherapy are

also descripe e r |Ik Baltimor D (1992).
Other ther%ﬁtﬁ%%ﬁ%ﬂ% grﬁg;}quce%c%é? gﬁﬁ? %l%}%%ggﬁt\%éé%%%uﬁv ut lr?(s)’% rﬁited% to a second
(third, fourtASB° Eﬁ ABH SrEpattiR T ent(s) (in another word a "cocktail” of different
chemotherapeutl ents); another monoclonal antipody; a growth inhibitory agent; a cytotoxic agent;
a chemotherapdbiit BEeHE S S PRRIS U TG RO QN ISR Lepsb RS A A B b genic
agent;3andtonesypokine selde raamycsulicb foworibirrationdeiaot. with thérpredkditionduitve Sisbve
therapeutigsegimes: they patient ayhesitbiected tesw giecaHER Temmsalof canseiseltswand/or
radiation therapy.  In another embodiment of the invention, an article of manufacture is provided
which contains the pharmaceutical formulation of the present invention and provides instructions for its
use. This article of manufacture comprises a container. Suitable containers include, for example,
bottles, vials (e.g. multiple or dual chamber vials), syringes (such as multiple or dual chamber 15
syringes) and test tubes. The container may be formed from a variety of materials such as glass or

plastic. The container holds the formulation and the label on, or associated with, the container may
indicate diractinne for 1ice The containear holdina the formiilatinn mav he a2 miiltiziice vial which allowe



conjugate components. The buffer used in the formulations in accordance with the present 20
invention has a pH in the range from about 5.0 to about 7.0, or from about 5.0 to about 6.5, or from
about 5.3 to about 5.8. A pH of about 5.5 has to be found to be most suitable. Examples of buffering
agents that will control the pH in this range include acetate, succinate, gluconate, histidine, citrate,
glycylglycine and other organic acid buffers. The mgst suitable buffer in accordance with the present
invention is a histidine buffer such as e.g. L-histidine/HC1. 25A "histidine buffer" is a buffer comprising
the amino aCl stldlp r{ri)plesb?f hlstldlne buffetrls Qﬁ%{je hIS&Idlne ggloglda héggldlrne acetate,
histidine ph%é hatd h ec Gind St THamist LR aentted T the exampleS 28 1[)elng most
suitable is wﬂ%&ﬁdm@wwd% %W@Fmsl@@hﬂl%ﬂa wemwﬁ%oﬁaﬁém praparsaBiteanHg ihistidine
(free base fsotighdvitiidlitatiedl hydrochloric acid. In particular the histidine buffer or histidine chloride
buffer is at pH of 5.5 30 0.6, more particularly at a pH from about 5.3 to about 5.8, and most
particularly has & phli@f biSnti-HBR 2 isaibsddsisrarieantthatthpriormuBiibaibniéresichas essentially

the sarge %?9@&9519&9@5&&%%%@{&@%} &ﬁqteﬁyfci%waﬁue@%mw%éﬂwmve an osmotic
pressure fr}(l)m abou ecf 22! 0%6%509 sm. !azsl%té)gz/o J}é Zﬁjbe r%? e%%%mg tgaplgrfgé% sure or
ar

freezing- pomIPE'i% redSion type oS ome erein cémprises the general
composmo‘W?@P‘i‘ﬂY) ﬁaﬁﬁﬁig @aﬂb@@tﬂé%@fﬂfdawa&aﬂ?ﬁawsé%@eaaﬁbeééw&aédee&‘a&fwm
trisaccharides, spolysac eharides;Slga miegholspredisin gisugarsinhotire du fingrsugals; etpleExamples
of saccharigeshgreid &@dpﬁﬁmi%%@d@y@f@ﬁﬁ@wha&s&elmm@m&wm@ﬁﬁmﬁﬁﬁ%a, dextran,

alveerig, desiian, ehytuiiol SNGELs). A AL syllal sarhiioh mapaol, melibigee, pelezitose.

raffinose, mannotriose, stachyose, maltose, lactulos ose, g Ucitol. |aCtIt0£

iso- maItuIﬁ@J‘&%eﬁﬁ?ﬁéH%Rfm’%l?ﬁ%agugﬂ@%%@{%a HehBmOGHHPHE a‘ﬁlﬁrp Rdicihg
disaccharidecastd-datfizngagehtosiehpad-aeseohiaddehighbcpett it entithicrgrémesiamithalose (e.g. in
the form ofanRiehplese dinydratelandsyproseedBHaRIN G Ispiiastantmkalersitooraudaceractive

et R AR A AR %Zgéﬁ%ﬁri%%réiﬁa{lﬂ'ﬁate
(SgS) goo&ﬁﬂﬁ&u e%%%%@?&m g&&ﬁ*‘aﬁ/cgg(%&?éﬁﬁn‘?%éﬁ]% bl%réé’l e ?earyl suﬁobetalne
lauryl-, myAstyRe IifadREIL B stBarys- gtaalod‘é'?ﬂécuh%féwmwﬁgwﬁéﬁ%é@@ H&%@h&%ﬂ?@éﬁﬁaopropw-
15 cocarnidiogrdpyi-(linalessridopaopy| | yaYriSammickelo it cpdtns o ailyl5 ’IF 2589 (1992);
lsosteara%@p&rgpxhtb@t@g}ﬁ&egA@wmt@mow@);mﬁ@&am @Ylal PalmidaprQpyly, or
|sosteara )g_[c‘)',g%pé/ W@H} edksq%urﬁ metl ‘Igé:o X%? t W)(/I olei)é&t rate; and the

MONAQ seneséq ona h In¢c., aterson erseé,ﬁ%g()& ¥2% ycol poly ropyl glycaol,
and c@Bol))ﬁ?évsiﬁrflé yléhad %ﬁ%br‘éﬁ%ﬁ@@%?“@%@uﬁorﬁggg & e B Aorbate 20
(PS20) andRbl¢bernalé BUS(BG80)0Tespebtivbly Ruvébeet folfitd awd i aparti ctibas{Pseitabte in the
formulations; desgrihed hewein. The HHe tetars@rtipedp-her et HESEdHLRE by oadashaenseland

specifical 'Vb?ftys{&{%' sRodmoneeonal antipadies pelelanalanibadiess Ristiisradifie grifoodies
(e.g. bispecific antibodies ormed from at least %g{o fugf%g %th a "hﬁlbOd es, and antibody fragments, so

long as thelr B¥A B B8 Wi 4B BidBYiRarkt eshi BAtHBE™ 48 Used herein
refers3d amannyeuypoblishieasitmapuplelation evsisstanfartdmoedgenddusshtiiddies, i.e., the
individual antbadiexgomprising the population are identical and/or bind the same epitope, except for
possible variants that may arise during production of the monoclonal antibody, such variants generally
being present inge MiNBIFRMOMHSH | s ONteast dal paliycional-aptip oy prepatg tena thatiyaically
include d'ff@rﬁmmﬁ@&%%@ E%HE?Q &%&nﬁmg‘fm{ﬁ @ﬁ%ﬁﬁ%@ﬂ&%é%&?&?@g qachmenaciopal

antibody is directed a9 single determ; na to antigen. lon fot specificity, the
monoclonal %fﬁi?og@ ies 2\%&/51?‘1 aﬁggﬁusn}ﬁ thz} %f/egrfé) uﬁgc%ntar%ﬁ?a 1&5[)10% h%{ef-rﬁmungglobulms
The rrféamévdﬁ%@ﬁ@ém%h 1%ﬁﬂﬁ@fét@giﬁﬁ%ﬂéﬁ&faﬁﬁ%ﬁw%ﬂ@féﬁﬁ@b@%%ﬁﬁé.ﬁ&%% RBEISEEAYm a
substantialyivemonyehesburepepatdioreoissintivodies pasdrisshot b osps etk aBaselguifing

production.of therastizad hyr@aymrﬂgmmm&tbpq IEQH%ZQLTMJ@MH@[HMQB@IM% anttibodies to

be used in accordance. W res yention. e madesby | ké oma odfirst
described tL)% PEoehFéil; etal Nat ureclfg%%é] 1975) lmo?%;l){renaylbe ma Odyecibarsfl ?ﬁglré.tg DNA methods

(see, e.q., @S@é@ﬁ@iiaé‘f’ar@i@sﬂé’%whz %h%ﬂ%%ﬂ%@%@ﬁ?&%@%‘éﬁ%@?@&%ﬁ] phage
antibody litshariés! deirtettrantachnitysss cestroe dtiniClg ksomlsting aNhena 58826 X628 (1991) and
Marks etalidsiMahrBiokina2? H&lnbSo(t9%)ry sefrtcantibo e krgmentowamprisasaipostior of a full

length antibady, i, particlias camplises e antigrrepiRding.Af yatiahls regiendhesgof. Examples of
antibody fragments include I'Pab Fab', F(ab)2, and Fv fragments; diabodies; linear antibodies;
single-chain antibody molecules; and multispecific antibodies formed from antibody fragment(s). 10A
"full length antibody" is one which comprises an antigen-binding variable region as well as a light chain
constant domain (CL) and heavy chain constant domains, CHI, CH2 and CH3. The constant domains
may be native sequence constant domains (e.g. human native sequence constant domains) or amino

acid sequence variants thereof. In particular the full length antibody has one or more effector functions.
15AN "aminn acid caniience variant” antibodyy hereain iec an antibodyy with an aminn acid ceadriance



domains that correspond to the different classes of antibodies are called a [alpha], 8 [delta], E
[epsilon], y [gamma], and 1.1. [mu], respectively. The subunit structures and three-dimensional
configurations of different classes of immunoglobulins are well known. 15Herein, "biological activity" of
a monoclonal antibody refers to the ability of the antibody to bind to antigen and result in a measurable
biological response which can be measured in vitrg@r in vivo. Such activity may be antagonistic (for
example where the antibody is a HER2 antibody) or agonistic. In the case of Pertuzumab, in one
embodiment, the biolpgical ity refers ot Hi formulated ibody to inhibit proliferation
of the hum%zrj%'t B%Lé}gg% gé%n%%ré_za cﬁlﬁﬁ%ﬁggyﬁﬁgﬂ?% Eg %Sf’fﬁ’ityn‘?ﬁbaé 5%1%%3%%%8?%" herein
specificalPihdibanmeedée et shntafisbiies IhatiBhaBerting B e 2B HAMSP light chain
is identicalandtReouhomblogesstrdbrinkipintingrsoglenbessirantibodlss derve&4rod @ particular
species or dieiang 4P Ia RHICH a0 Haodywekass DL subclassu g theremaradpeoithechain(s) is
identic%I W%I)‘b?;lg%ggmologous to corresponding sequences in antibodies derived from another
species or belonging to another antibody class or subclass, as well as fragments of such antibodies,

so long as they ibitthe-desired biological.activi S..Pat : ison et al,
Proc. Natl. Acaﬁé&@ggk gﬁ%%%%%ﬁ?? 13%%4 §%&#§e}€:ﬁﬁ%g§§%§% %’ttﬁe%égtgﬂ%%%ﬁ{?rnclude
"primatized" BrIBGELES B AR PYREEIY oSS TR ST Sah UER e (RIIRVEY from a 30
non-human primate (e.g. Old World Monkey, Ape etc) and human constant region sequences.
"Humanized" fOFTSBIRGARR{PhAL B PP TORM) ROEERES B S EHNFEAC AR tiBEHFES R tain
minimal sequengenderiice thfio metrstatadirassdnBrionduivbthitneiFontkia o stqhedtduiaisred antibodies
are human immunegleiding ¢ esipirrhantiboshninwhichitasidue s bemdadspersiaklgeregion of the

recipient are replasedy residiea AN ARMRE0GIRbIS (rgion o235 nen-uman.species (donor

antibody) such as mouse, rat, ra lgit or nonhuman primate having thé -30- desired specificity, affinity,
and capacity. HFSBRRERE AR EHTIMEvork region (FR) residues of the human immunoglobulin are
replaced by corresponding non-human residues. Furthermore, humanized antibodies may comprise
residues that aPerFEPTATRE HthRraEpTe R APt B s Brtint thasa SALT LN IBB 49 THISE MW difications are
made to furthethrafivtbezaptidoripperfotasiaicdishis guhlorak it Mmamdmizediantioodywibomprise
substantially all of at least one, and typically two, variable domains, in which all or substantially all of
the hylfervariabledobps.worretpdnct txthGsahefteaioem ehthesémationto gtbb blimeared radeoredubstantially
all of the FRs @ﬁ@ﬁlggﬁ@ap} R dnupagialelin sequence. The humanized antibody optionally
also will comprise at least a portion of an immunoglobulin constant region (Fc), typically that of a

humﬂn immunml;&@a@lm%g oK farthendelailsisre Jones @laheN @M@s%é%asﬁg&g%%gg;( 002)
Riechmann et a t :323-329. ; ] :593-596 (1 .
Humanized HERD I}\'Ia%%%gﬁf%ﬁ%ﬁé%ﬁ%?%%%Eﬁ%%%%ﬁﬁﬁ%b%ﬁ%%?huMAb4D5-4,
huMAb4D5-5, huMAb4D5-6, huMAb4D5-7 and h 5-8 or Trastuzumab (HE INTm) as
described in T:gl SSEJ %)‘f%s%?lbﬁéséon?ﬁ%ﬁnlp Iffé}?g nl;{nﬁ?:%?glg}cf gggufgnwooéﬁ%ﬂi %%%)cﬁumanized
2C4 aflibotihed WG RS PR Y BB s ek e et iRHEReRERTisaiow th HEB e Shifss8ds herein,
"Trastuzuns@ait, ieHER CEET (BB fodiod e fvtad4 Dbt atbfernp @rcadiiisaERRadiisodydirected against
the 4D5 epdepen-ripghiansinedyipreferably comprises the light and heavy chain amino acid sequences
disclosed e.g. in Fig. 14 of WO 2006/044908. 20The "epitope 4D5" is the region in the extracellular
domain of HERZ figevhicirthe, AnROE - ARAIATGH eRbichd 6) R dlrashizumaibiadecthis epitope is

close to the transmembrane domain of HER2, and within Domain IV of HER2. To screen for antibodies
which bind to the.¢dDb &ptANEmaORLIRE-RIARSPBIRCHNG AT SMER BT deseubeddnAntibodies, A
Laborglory Menual, Cold Spring arhor - aheratony, £ Herlow and Rsd Lang (1988), Gan be
performed. Aﬁlérna%ve Yy, epi %e. apping can be per?ormecfto assess whether the antlﬁody binds
to the 4D5 ERitopl SIHERATENS "SRG SriBRe resiadarafreiel gy Birapstt fe&dte 529 to
about residug/lg2 thelybivéoof ¢HERRY. tiheidipitdpec ICTFRY foltbreedionizetienadvisotérminus,
within Domaidg, of the extracellular domain of HER2 to which the 7C2 and/or 7F3 antibodies bind. To
screen for antibodies which bind to the 7C2/7F3 epitope, a routine cross- 30 blocking assay such as

that cciiescribed insABtiBQdiss, ﬁfkmmuiﬂxmmbﬁm &mﬂv@d@m@ﬁih@b@ﬁaﬁ%ﬁ@:ﬁ@rlowb?nﬁl
Davi ne (19 . i . i ' establis
et e B B oo i e
region fromi* AN CPEERIGS DS toRbariaRipl R B 8BRS ] -3’)??“11 Oa%f‘ffiﬂ%a'%ﬁﬂﬂﬁﬂﬁ “Mand
"rhuMAb 2c#taigies teednllamtiboeyrpandindsStorad ReazEpitbpeisatvereteramly eeHHpFsiY the
variable light and variable heavy amino acid sequences disclosed in WO 2006/044908, more
particularly the humanized 2C4 version 574 disclosed in Fig. 2 of WO 2006/044908. 5The "epitope
2C4" is the region in the extracellular domain of HER2 to which the antibody 2C4 binds. In order to
screen for antibodies which bind to the 2C4 epitope, a routine cross-blocking assay such as that
described in Antibodies, A Laboratory Manual, Cold Spring Harbor Laboratory, Ed Harlow and David

Lane (1988), can be performed. Alternatively, epitope mapping can be performed to assess whether
tha antibodyy hinde tn the 2CA enitone nf HER?2 10 Enitone 2CA combpricac racidiiee from domain 1l in



10 cyclosphosphamide (CYTOXANTm); alkyl sulfonates such as busulfan, improsulfan and piposulfan;
aziridines such as benzodopa, carboquone, meturedopa, and uredopa; ethylenimines and
methylamelamines including altretamine, triethylenemelamine, trietylenephosphoramide,
triethiylenethiophosphoramide and trimethylolorrtelarnine; acetogenins (especially bullatacin and
bullatacinone); delta-9-tetrahydrocannabinol (dronghinol, MARENOLTmM); beta-lapachone; 15
lapachol; colchicines; betulinic acid; a camptothecin (including the synthetic analogue topotecan
HYCAMTINTmM), CPT-11 (iri can, C AMPTOSARImM)..acetylc ' in, and

O ammocai e T s G Ao AR b, SEORAREL

. O
9-aminocam , ostafin; ca ystatin; nciu Its adozelesin, carzelesin and

bizelesin s¥ QH&iE'ﬁﬁ%@ﬁEﬁ%W%ﬂ%ﬁ%%MH?II%%%&%%%B@%&@%B{%I Jéins
(particularipePybtspbaei?01 Hedlispppiesbivppitisytecmisiatiab i danaVid arerame, the¥dsynthetic
analogues,kWizd 8T ppid £B (0 EME R eleuthbrehiypancratstapolyaosbmradicinsdpongistatn, nitrogen
mustards sueh, as.chlora i i 0 anide. estramusting, fgsfamide,
mechlogetﬁg%?r?gtrﬁé%ﬁ%%%t %g.%?iﬂle% %%ﬂ%ﬁ#é@gggﬁﬁéﬂ@% %f%i/gﬁigﬁ:ﬁg gﬁenesterine,

r

prednimu%ﬁ@fﬁ&%@ﬁbﬂﬁiﬂ@%ﬁ%ﬁ%B%ﬁé‘fa? Airb2UrEEess amstiRe Ehtdrozotocin,
fotemustine, lomustine, nimustine, and ranimnustine; antibiotics such 25 as the epediyne antibiotics (e.
g., calicheamicih "EEBEEAIRSEHRIA BEHIAH GAA RS PIO S Ea RN BIMEaE PGSR % g., Angew,
Chemie Infiriek defigt. (18T ung8:1.88c(hochy))isohefaiicmanddhedinepeyisepiisishAokiblesperamicin; as well
as neocarznostHif GUi9BIeReR arddtiaiad shiemapididienadiyngrantiabiotic chromophores),
~aclacinomysins, actinomycin, authramycin azaserine, bleomycins, cactinomycin, carabicin,
carmingmycin, ¢gs2inqabiiae 3o rmemycinisxdactingmyaios dasebiciraatorolial,

&-diazo 5 X aoUeHENe SoxIpbih (sl aARRIAMY BINTRL DRIl g darqiLbicin,

cyanomorbfwnoﬁno oxorubicin, 2-pyrrofino- @

] ) xorubicin, doxorupicin 1 |iposome, jnjection
(DOXILT ¥ PhpESoREH RSB =ﬁt&elﬁ§@§1?ﬁﬁ9%@w&cﬁf§/§é& Hg:otés&;ﬁa# oXorubicin

(CAELY X Frajstashth b jriossitimichn){leoirabichs addehunies Lidapgtbinnasatets imgedns 35 mitomycins
such as migel&ime i fRyeaphenolidacidenegalianiyche, lpthydimydns fedplomiycingpoifinorivgcin,
puromyin, %M?%aﬁ%%&?&&é%étéﬁ BRI aRQERGIRdHbRIZIdNLLRENIMEXH ZN@statin,

zorubicin; anfi-metabolites syc .methojrexate, gemcitabine -33- ZARTm), teqafur

R TOR AT B R RE T e o S EPRe b S ﬁ??t‘@’f%%ﬁic acid
analoguestissishl Asidriiditenh RerstRotresalelt prerbptans harisrasiass Hlkmealstoidnsuth as
fludarabinerfemgrHap tdpuitine 3thiamiprineytind guariepyried dnbdagativd st asuantitdbine,
azqcitidineetglg@g{d'gmgmcgm@m{m%@f@gﬂg@G@@i%)@(ﬁ&@@ggﬂgﬁi_{ﬁ@i%@@g@ﬁ@@ﬁe, floxgr-idine;
a”.t"a%enﬁs ?Hﬁ;t‘s%?. ?ﬁ@'ﬂ%‘:“é&%‘.‘fﬂg .%;S'Qg&?aﬁ%?‘aeﬁrs@ﬂ&é & deli.Agid E%E{ﬁ&ﬂéﬁec{ﬁﬂ@h as frolinic
acid; aceg a)fgne; al ophosphamide glycoside; aminolevulinic acid; eniluracil; amsacrine; bestrabucil;
bisantrene?BWAE R a2t diansrg ‘@ﬁﬁé&’é‘i‘éﬁaé’fﬂéﬁé%?&u‘%}ﬁ@%}‘fornithine; elliptinium acetate;
etoglucid; gallium nitrate; hydroxyurea, lentinan; lonidainine; maytansinoids such as maytansine and
ansamitocins: 1GYARBGIASBNENHIGR&ITHREOTRIBTditHAC redhREehe s EarrHRBRamet;
pirarubicinplasexEEHNON & Ae thylbydrszidedprocadsdrndis RSiin b ipoluaceharit e doplek (JHS
Natural Preducis, FHaene: QR azexans: thisoxiny aizofisaTHspiragemomailatetsizonic acid;
raziayones2:G-Gul e AosIMamIDes Uichalecenend PRy by ddif0N, yeraauiBLgforidin A
and anguidine); urethan; dacar azine; mannomustine; mitobronitol: mitolactol; 15 Bpobmﬂan;
gacytosineﬁhﬁfﬁfﬁr?é%@timﬁ?ﬁf@e)@ﬁﬁ?6@6‘3‘%}’{6{%}3‘?‘E?S.?’85%?&5?2‘@??&9(‘6 ‘Prﬁf’,r%]lgutr%}ﬁienﬁineered
nanoparticleAGmmilation obrsamitains| A BRANAINEFVIEHAP dIEessF TIARSTERETIVH); chloranbucil;
6-thioguanine; mercaptopurine; metliotrexate; platinum agents such as cisplatin, oxaliplatin, and
carboplatin; vinéhslwdrieh téyenfauttiimpolyrte tredromiteory forpaingavierottise esinirratise
vinblastine (kA BANTh i aisiing (QNGRY B ), 2 sdndestiend i fSINE TmeycFThDESINTm),
and viggrelbing (NAVELBINET M) 1RReside LFatl {asrmidemmiiQualianedeucaNRun;

novantrone; edatrexate; %%%ggm cin; aminopterin; ipandronate; topoisomerase.inhibitgr RFS 2000;
difluoromeﬁﬁ?‘ﬁ?ﬂim?ﬁgf’( _ ﬁ‘%&iﬂ%ﬁsﬁ %ﬁgﬁogsu}_egﬁ%% x1 ,éil}loc[[ﬁuc g Oglﬁa%%'fxe%heca[

(TARGRE PN Tim jntiishing 5o Aetelo e A22e1SH dpmtE iy eREMpRIBSONEREEI8Yr OSTACTM),
etidronate gNBRRGA Frand MEing 08y Rbresle dromoacidhuisd @oake (ZOMETBEEm)¢lhlendronate

(FOSAMALXTm) iRamidiompie (ARER KM ofludionale (SKELRT miramnbsedronate. (AGEONELTM);

troxactsthgbnl ég 52:31'-81*'%1?}33%(3 Qtu&!egg%cytggdgﬁz l0g); 4§ﬂt earaa%gl]l[ %L%ggq(g;elpqrtlculgrly
those that inhilit €xpréssion ot genes'in signaling’pathways implicated in aberrant cell proliferation,
such as, for example, PKC-alpha, Raf, H-Ras, and epidermal growth factor receptor (EGF-R);
vaccines such 30 as THERATOPETm vaccine and gene therapy vaccines, for example,
ALLOVECTINTm vaccine, LEUVECTINTm vaccine, and VAXIDTM vaccine; topoisomerase 1 inhibitor
(e.g., LURTOTECANTm); rmRH (e.g., ABARELIXTm); BAY439006 (sorafenib; Bayer); S11-11248
(Pfizer); perifosine, COX-2 inhibitor (e.g. celecoxib or etoricoxib), proteosome inhibitor (e.g. PS341);
bortezomib (VELCADETm); CCI-779; tipifamib (R11577); orafenib, ABT510; Bc1-2 35 inhibitor such as

nhlimarcen codintim (CENASENSETM): nivantrone: ECER inhihitare (cee definitinn below): tvrocine



Isis/Lilly); PKI 166 (Novartis); GW2016 (Glaxo SmithKline); CI-1033 (Pfizer); EKB-569 (Wyeth);
Semaxinib (Sugen); ZD6474 (AstraZeneca); PTK- 787 (Novartis/Schering AG); INC- IC11 (Imclone);
or as described in any of the following patent publications: US Patent No. 20 5,804,396; W099/09016
(American Cyanamid). W098/43960 (American Cyanamid); W097/38983 (Warner Lambert);
W099/06378 (Warner Lambert); W099/06396 (Wayrer Lambert); W096/30347 (Pfizer, Inc);
W096/33978 (Zeneca); W096/3397 (Zeneca); and W096/33980 (Zeneca). An "anti-angiogenic agent"
refers to a compound which blocks, or interferes with to some 2 e eyvelopment of blood
esecls, THERME AN CHERHEONRIEY, TIPSR e B SChal e g o A BeR Tk i o a
growth facksnest GowtR/fictor Feeeast: ihionactt tSremmetiResahtidgEheys: Phdl preferred
anti-angiogenic factor herein is an antibody that binds to Vascular Endothelial Growth Factor (VEGF),
such as BevaciFdniafead/n S rcaeyiinhe matnx dymerdneclls. sgenelicitenf foppeisiisveitased by
one cell papulliadicravhiciy3iaction ahothertell Radhtercelviarsiediatorsd xamppesof such cytokines

are lymphekines.monakingsrandtaditionat golypeptide hermens sy clused amenaihecytokines are

growth horm? e such P human liovvth hormone,. N-{nethi ny{)l huma ro(yv.th hormqne, an bovine
rohiferating C% § al 1ﬁ;a¥gg| ay a rgle 1n mitosis, It has alsobeen implicated in loconmotlon ar} .
growth hoffiione. para ormone, thyroxine, insulin, proinsulin,‘relaxin; prorelaxin, glycoprotein

roi
hormones@ﬂdﬁi%‘ffﬁﬂiéés“ﬁﬁ‘?&‘lé‘ﬁﬁb‘%iﬁ?ﬁ?&%@t@@ﬂi}} sy rsErktioR SENslP RBAHoRRE 35 (TSH), and
luteinizing ditfenasiiveiéh H).atnepaticgrowth) factor, fibroblast growth factor, prolactin, placental lactogen,
tumor necrosis factor a and p, mullerian-inhibiting substance, mouse gonadotropin-associated peptide,
inhibin; activin, Masieul aridigdbtheliatdinwithidalctediimbeghingssa6 pthwamisapdigtinlOERE), nerve growth
factorssuch,asNeRA3 plrteletgrontbriariandransioyming grawthdactassiGhamuahas TOP-a and
ror-13. nsin ke on astanl sl sndranoien FRGL osleciductye aglarsy merferons
such as in élrrrle_gpn-a, Kich a’hdy-y, crél_lony s_ﬂ_mu %Iﬂhg factors SRSy Cuch as macrogﬁa Iz-CSF (M-CSF),
granulocy PR RGBSR Hrerditin siarerse oecamplH Ridkihd#Ls) such as
IL-1, IL-la, ddu@, dpsBptitioh i Briduoriaid [Ha@eil e9all. svOrall. - 11, 1L-12, a tumor necrosis factor such as
TNF-a or TNE-13, and other polypeptide factors including LIE and kit ligand (KL). As used herein, the
term cytokine ingjutesspngteirdifiomracatusal sources drddomthe comipirearit tbe kguitabi@land biologically
activergquiyalents afthadatesequence cytokines. 10The teim "effective amount” refers to an
amount which provides the desired effect. In the case of a formulation ingredient such as the

hyaluronidase gnzymé,R-cc0apcryiththearesentinvenlion.emeifesiiueanayais.the.amount
necessary g Incrense e dispareionand absotpian, of e cosadminiaicred anfibERa anlbpdy in
such a way fiiat the ant-HER? antibo ycanactina erapeutlcaa\ gﬁectlvg’way as outiine above. hi

the case of a5 (BHARNHETAD diigre aBfart 8RR SRTRIAY %%i@@?ﬁgredient effective to treat a
disease in thpatehin\Wipe teytheoisessefd_candet; ivdistfactivadarhaant-of the drug may reduce the

numbey of ganerieelisifRdusalae BuamassizeidnRibihtkesacHimides some @xfaninangaaeierably stop)
cancer celipliation. AR BRANCLAk QraRnSe iRl (y;slonda sare.eueRrand iplggably stop)
tumor metastasis; inhibit,to séme extent, tumor growth; and/or relieve to some extent one 20 or more
of the symPIBHAEEESSH A Gotth SFE RN 4rI..gﬁ?‘%?gélyé%(tent the drug may prevent growth and/or Kkill
existing cahdéactasii hivalwagpisiseytdsiatis ghbl deeptstbxiduPhenaféctive arisovt Mgy textend
progressiomires shiyivat eadolbinah ebjeibtivestespianss (inckigding dypattial sksporisa, B ®r
complgte rgsponge. (R NCIRASS QY& ellSiodyak ime, and/or improve one or more symptoms of
cancer. 25;’ alntibogz}/ wtzg@ észf?rﬁ?}u te cigcglecscg ea}fnce&\S/\I/{trS] tah pre; a%@%@‘é%”“;%é _igepr_eferably
essentially™p FAhG GESia y essentia ?‘%omogéneou %lr.e. Frée rom contaminatin proateins etc,
whereby (S RYERIRSHAASE SEHTSAETOFHIG RSO T HECTER 2 BrAFFS VBRI ISRORED be
considerechfahbé@aacobtamkinzating protein of the anti-HER2 monoclonal antibody in accordance of the
present invention). An "essentially pure" antibody means a composition comprising at 30 least about
90% by weight ofthenalitibiodyyagzdeonatotalfudighdiofdikicompogitiops: peefelaisiyvataienst about 95%

by weight. éﬁiiﬁ%@%%ﬂ%ﬂ%&@'ﬂ%@&%%@%%mﬂaﬁﬂ%&lﬁﬁ@ge%&qmﬁ@%lﬁaq@ﬂu?ﬁiﬁim’%@aﬁ about
W

99% by wei | t e f itign, The inventi il e more
fully unde%ﬁ%ﬁ %ﬁg ;%%%%i%ﬁt%eﬁ%%w%ﬁa ,xa&é%%@h@%%%% ﬁgtﬁeﬁgwgg%r?rb{%%ﬁ%gtgrued as
limiting the"8tBPEPBIRIRMDAREHCRIPHITAT A SR PR 85 ORAOIE S ChYpUraiéd herein by
reference. ci@Adroitiive Exaniplets ditdefarthdly itvetrasdd dyrohanaperdeas tig oreiwtypivicheadow the
following exprdmesiak wEUME20 g drédiabiiy ahiha-fereations Atdkd{seehlahleridaglow) after 8
weeks,withieppeEhia LapdMsloguial MR LM SRerles delerial.byBize FdhisignHPLC, As
shown In this 5 figure the PS20 formulations A, C and E showed a slightly better stability than the
PS80 formulations B, D and F upon storage at 30 C.  Fig. 2 Stability of the formulations A to F (see
Table 1 below) after 8 weeks with respect to High Molecular Weight (HMW) Species detected by Size
Exclusion-HPLC. As shown in this figure the formulations A and B that contain trehalose without the
addition of sodium chloride 10 show a smaller increase of HMWs after 8 weeks storage time.  Fig. 3

Stability after 8 weeks with respect to turbidity. As shown in this figure trehalose containing
farmiilatione A and R chow a low frirhidityv: whereace NNaC1 cantainina formiilationne C 10 E chow a miich



10 stored below -70C.  The other excipients of the formulation in accordance with the present
invention are widely used in the practice and known to the person skilled in the art. There is therefore
no need to be explained them here in detail.  Liquid drug product formulations for subcutaneous
administration according to the invention 15 were developed as follows. Example 1: Preparation of the
liquid formulations For the preparation of the liquidjfprmulations Trastuzumab was buffer-exchanged
against a 20 diafiltration buffer containing the anticipated buffer composition and, when required,
concentrated by, diafiltration to.an antibody concentration of . tey completion of the
diafiltration %%n r%ti%ﬁ{'%ﬁgeﬁeaitglﬂ%e%%f (yglcf] %F’gh%lgl_s\él?ﬁ-lol}{ gl—?f%)%lpév%éleﬁ]%?(? 'cﬁ; dgéiﬁs]%%%iﬂé’o Ii%?i ons to the
antibody sWﬁ?%egmﬁtgﬁtwgr%%@&%“ﬁé’at B8 0RfSIA LIS Rifion Bhally the protein
concentratfipcheas sgjuSet Witk a3BLiedr HY thiefinat Trabtaiuaraby2s cdicemtration weaiout 110
mg/nil, 12Qmeinokds30 mg/ml as specified in the particular formulations further below. All
formulations were sterile-filtered through 0.22 um low protein binding filters and aseptically filled into

Stigle g ml 9|asﬁ1¥i§§§}§@§ﬁgs¥\lime%ﬁ€ﬁ1fé%%fiw%'&fa@é&ﬂ@i&@ 8pehaQ ietiaflurresthyiene)-coated
rubber stoppers and alucrimp caps. The fill v 2 - ions were
stored at dﬁ#gﬁgn%é%%?g%éﬂéao%%gﬁge(\é% a Z’éygoggfgn %%@ %@? %??%%gtgﬁkﬁggﬁo%‘?tﬁgﬁng stressed by
shaking (1vedkZ4 gﬁﬁWﬁQ&BéWB’F%NWﬁFW&FB%=aPr{8°2§€‘3'é}‘r'&dfréé'z&-%vﬁq ess methods.
The samplE(@Eeié nélyZethbiforeabnirizfter HSSHAAGH8E05trERS 16518 Ibgehddetipliciyaemalytical
methods: 03%-rd) M apesicaphaiometry 2).Size ol sion Chiomaiosr apbyi( S 26 e 3)rbyiban

exchapge sﬂgmﬁgﬂsm%ﬂﬁr%ﬁl@y Bhidiy s SulieRmmhfanyisibigPartigles; and 6) for

rHUPHZ20 activity. UV spectroscopy, used for determination of in content, was performed on a
perldn EImAT 38 PG OB T SRS ot TSE HOm S A0 SR i A0

. _ ‘ T ARy Neat protein
samples 18t giltheslzeregproeros g Irilah e et iaspss g Tihieralis BiFHer. The protein
concentratibalmesteatelaes. aupesdin2pid ;G At -136A (280 urid (8 Z&8)wrdilf tTaeioe Equation 1: Protein
content ( SigaksaiRion, @?&@mayw L ﬁ%@;ﬁmm@l _ E@s%@t@ﬁ%mﬁéeﬁéugﬂ?s%ﬁwar Weig_ﬂt 2
species (aggregates).and low cular weight S ucts n the formulations. The
oo e SR Sh s A e (e L Gt e M GO
AbsorbandBaatestprrahurattapEaWIEY the dstp{deteierais el Rt W S50HPE:4%E80 Rt columns in
row. Intactisrmnoorterica)g régate samiirhye rid\s(3Ph rodbiotsiene sep arsike dunpa RHEBCERNS elution
profile, using,5Q.pMrsEHIHI RhasRbae: 420:McBodiMnmepehipiptie P« assMebde phase, and

were dete%%%@ﬁ%ﬁg%%@&@é&g@%sg Ay <h00 S CRRTAR Y OMRIRQEAPIN (Lt wagsperformed to

detect chemi radation products altering the net charge of Trastuzumal in the formulations. For
this pebosd ¥ S P ASENTAY ASEUEE WS BEp R AATER T he B ol USaer B LEitible HPLC
instrumentrecubppredovitd oty Watkedler (HklcmsmivaneheRagH ZIYPAY st BE DISHER ™o ac Tm
WCX-10 ApilyticaicatibDa &drexcbaigge melumil (o 2behren). I0mNBradiLIvoto s phdtel flsffer pH 7.5
in ILO and &9 mM.sodiwm Rhasepaiepufiesal] ZRiandt00MmMNaGhwereHsad asimakile phases A

and B, respectively, with a flow rate of 0.8 ml/min. -40- For the determination of the turbidity,

opalescence wagmeasyied. in ik (UNGRUPISSIDgIEACTY 330000 fpbidimeler ahrogm

temperature, Samples were analyzed for visjhl ticles by. using a Seidenader, V90-T visual
inspection ?ﬂ@&rﬁ%ﬁﬂ%ﬂ ﬁ%&r}ﬁg%%%‘éiﬁgﬁﬂﬁﬂﬂgﬁ 8%%‘%%#3}8%? ase iy Llj%gré?%s activity
assay. Thexafsiifas Bessabnstrssaeh Srst ot kinssnibieegraapsrats vilteiF Y luronan (sodium
hyaluronateggailestniasdatidnitpeeaipitiintatspzynB ABHGR redasendastivadibyointe batirsgtiduPH20
with hyalurgaan silatiate apskiienaesinitating she swdioestedb.by alupran withasidiiegsserum
albumin (horse sertim), The luibidiy was.measiyed t anyavelengln. ol a0, and dhg decrease in
turbidity 10 tedhfting rom enzyme activity on the Flyafluronanysu strate Is @ measure 0 the enzyme
activit?@Th%%@@g Uheorehurdusidgiestiiaafacesiv e RrdRs en it ianetints RYFRIEBY- 120 assay
reference standsire; thndysamisleiactiiipiktyed G frodmihistegd/theRgetiar dxperiments were performed
including following variations: variations in pH from about approx. 5.0 to approx. 6.0 15variations in
protein content fdrmahjeutapplioxhik@amgimihtodappose: k8Gamgl AIA ar kit iBEGR suUrferdtzedttérom
approx. 0.Qg24e BRI iR A6 Yo uayiatiang i siakilizeiiémetiionin@) fmmaheu iy miMidevabaut 15 mM
The com p%é%@ﬂ%ﬂ}@ thesess el Gaslabliydegina o hadaptHEa iugapduct 20
formulations (Formulations A to X) are_provided in Tablel below wherein the fo‘%wm abbreviations
are used: S CHEARORIBR ARSI L RE SRS IR BERREAPSARTIRS: Wik "L WRA"S few particles
FIT: = freezinglthaoingaskgnSERSERT danearisteadahiie 9rha ot minisersispaedfidd below show
that it is possible to provide liquid formulations with 25 high concentrations of two different proteins..
Such formulations can be prepared with greater ease and lower costs than lyophilized formulations.
Moreover such formulations are easier to handle as no dissolving of the lyophilized final product
(reconstitution) is required (ready to use). It has been found that the formulations specified in Tables
1,3 and 4 are also suitable for the formulation of highly concentrated, stable pharmaceutical

formulation of pharmaceutically 30 active anti-HER2 antibodies lacking the hyaluronidase enzyme.
Tharefore in nne acnect the -A41-



present invention relates also to formulations having the specified ingredients but lacking the
hyaluronidase enzyme. 42 HE activity (U/me CI9CI S LIST CSOZI 8SSZI OZCI 0176171 CI9Z 9LTZT
9L6C1 8VEZI 13294 cta)0 4n 75 tad44 d c., dj j di) dj) duo djj djj djj dB djj dj j djj Turbidity (ETU) 0 Z'S
cc09 Si Z.S8.0

-15.

Cynomolgus monkeys, respectively, with doses up to 0.5 mg/kg. The rapid clearance of
sHASEGP, combined with the continual synthesis of the HA substrate in the SC tissue, results in
a transient and locally-active permeation enhancement for other co-injected molecules, the
effects of which are fully reversible within 24 to 48 hours post administration [Bywaters G.L., et

5 al, “Reconstitution of the dermal barrier to dye spread after Hyaluronidase injection”, Br. Med.
I, 1951; 2 (4741): 1178-1183]. |

In addition to its effects on local fluid dispersion, sHASEGP also acts as absorption
enhancer. Macromolecules greater than 16 kilodaltons (kDa) are largely excluded from
absorption through the capillaries via diffusion and are mostly absorbed via the draining lymph

10 nodes. A subcutaneously administered macromolecule such as e.g, a therapeutic antibody
(molecular weight approximately 150 kDa) must therefore traverse the interstitial matrix before
reaching the draining lymphatics for subsequent absorption into the vascular compartment. By
increasing Jocal dispersion, sHASEGP increases the rate (Ka) of absorption of many
macromolecules. This leads to increased peak blood levels (Cy.x) and potentially to increased

15  bioavailability relative to SC administration in the absence of SHASEGP [Bookbinder L.H., et al.,
“A recombinant human enzyme for enhanced interstitial transport of therapeutics”, J. Control.
Release 2006; 114: 230-241].

Hyaluronidase products of animal origin have been used clinically for over 60 years,
primarily fo increase the dispersion and absorption of other co-administered drugs and for
20 hypodermoclysis (SC injection/infusion of fluid in large volume) [Frost G.I., “Recombinant
human hyaluronidase (rHuPH?20): an enabling platform for subcutaneous drug and fluid
administration”, Expert Opinion on Drug Delivery, 2007; 4: 427-440]. The details on the
mechanism of action of hyaluronidases have been described in detail in the following
publications: Duran-Reynolds F., “A spreading factor in certain snake venoms and its relation to
25  their mode of action”, CR Soc Biol Paris, 1938; 69-81; Chain E., “A mucolytic enzyme in testes
extracts”, Nature 1939; 977-978; Weissmann B., “The transglycosylative action of testicular
hyaluronidase”, J. Biol. Chem., 1955; 216: 783-94; Tammi, R., Saamanen, A.M., Maibach, H.1,,
Tammi M., “Degradation of newly synthesized high molecular mass hyaluronan in the epidermal
and dermal compartments of human skin in organ culture”, J. Invest. Dermatol. 1991; 97:126-
30 130; Laurent, UB.G., Dahl, L..B., Read, R.K., “Catabolism of hyaluronan in rabbit skin takes
place locally, in lymph nodes and liver”, Exp. Physiol. 1991; 76: 695-703; Laurent, T.C. and
Fraser, . R.E., “Degradation of Bioactive Substances: Physiology and Pathophysiclogy™,
Henriksen, LH. (Ed) CRC Press, Boca Raton, FL.; 1991, pp. 249-265; Harris, E.N., et al.,
“Endocytic function, glycosaminoglycan specificity, and antibody sensitivity of the recombinant
35 human 190-kDa hyaluronan receptor for endocytosis (HARE)”, J. Biol. Chem. 2004; 279:36201-
36209; Frost, G.L, “Recombinant human hyaluronidase (rfHuPH20): an enabling platform for
subcutaneous drug and fluid administration”, Expert Opinion on Drug Delivery, 2007; 4: 427-
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440. Hyaluronidase products approved in EU countries include Hylase® “Dessau” and Hyalase®.
Hyaluronidase products of animal origin approved in the US include Vitrase™, Hydase™, and
Amphadase™,

The safety and efficacy of hyaluronidase products have been widely established. The most
significant safety risk identified is hypersensitivity and/or allergenicity, which is thought to be
related to the lack of purity of the animal-derived preparations [Frost, G.I., “Recombinant human
hyaluronidase (tfHuPH20): an enabling platform for subcutaneous drug and fluid administration”,
Expert Opinion on Drug Delivery, 2007; 4 : 427-440]. It should be noted that there are
differences with respect to the approved dosages of animal-derived hyaluronidases between the
UK, Germany and the US. In the UK, the usunal dose as an adjuvant to subcutaneous or
intramuscular injection is 1500 units, added directly to the injection. In the US, the usual dose
used for this purpese is 150 units. In hypodermoclysis, hyaluronidase is used to aid the
subcutaneous administration of relatively large volumes of fluids, In the UK, 1500 units of
hyaluronidase are generally given with each 500 to 1000 ml of fluid for subcutaneocus use. In the
US, 150 units are considered adequate for each liter of hypodermoclysis solution, In Germany,
150 to 300 units are considered adequate for this purpose. In the UK, the diffusion of local
anesthetics is accelerated by the addition of 1500 units. In Germany and the US 150 units are
considered adequate for this purpose. The dosage differences notwithstanding (the dosage in the
UK is ten times higher than in the US), no apparent differences in the safety profiles of animal-
derived hyaluronidase products marketed in the US and UK, respectively, have been reported.

On December 2, 2005, Halozyme Therapeutics Inc. received approval from the FDA for an
injectable formulation of the recombinant human hyaluronidase, rHuPH20 (HYLENEX™), The
FDA approved HYLENEX™ at a dose of 150 units for SC administration of the following

indications:

- as an adjuvant to increase the absorption and dispersion of other injected drugs
- for hypoedermoclysis
- as an adjunct in SC vrography for improving resorption of radiopaque agents.

As part of that regulatory review it was established that tHuPH20 possesses the same
properties of enhancing the dispersion and absorption of other injected drugs as the previously
approved animal-derived hyaluronidase preparations, but with an improved safety profile. In
particular, the use of recombinant human hyaluronidase (tHuPH20) compared with animal-
derived hyaluronidases minimizes the potential risk of contamination with animal pathogens and

transmissible spongiform encephalopathies.

Soluble Hyaloronidase glycoproteins (SHASEGP), a process for preparing the same and
their use in pharmaceutical compositions have been described in WO 2004/078140. The use of
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soluble Hyaloronidase glycoproteins in combination with variety of exemplary antibodies, such
as e.g. Trastuzumab, has been mentioned in WO 2006/091871.

The detailed experimental work as outlined further below has shown that the formulations
of the present invention surprisingly have favorable storage stability and fulfill all necessary

5 requirements for approval by the health authorities.

The hyaluronidase enzyme in the formulations of the present invention enhances the
delivery of the anti-HER2 antibody to the systemic circulation, e.g. by increasing the absorption
of the active substance (it acts as a permeation enhancer). The hyaluronidase enzyme also
increases the delivery of the therapeutic anti-HER2 antibody into the systemic circulation via the

10 subcutaneous application route by the reversible hydrolyzation of hyaluronan, an extracelular
component of the SC interstitial tissue. The hydrolysis of hyaluronan in the hypodermis
temporarily opens channels in the interstitial space of the SC tissue and thereby improves the
delivery of the therapeutic anti-HER?2 antibody into the systemic circuiation. In addition, the
administration shows reduced pain in humans and less volume-derived swelling of the SC tissue.

15 Hyaluronidase, when administered locally has its entire effect locally. In other word
hyaluronidase is inactivated and metabolized locally in minutes and has not been noted to have
systemic or long term effects. The rapid inactivation of hyaluronidase within minutes when it
enters the blood stream precludes a realistic ability to perform comparable biodistribution studies
between different hya'luronidase products. This property also minimizes any potential systemic

20 safety concerns because the hyaluronidase product cannot act at distant sites.

The unifying feature of all hyaluronidase enzymes is their ability to depolymerize
hyaluronan, regardless of differences in chemical structure, in species source, in tissue sources,
or in the batches of drug product sourced from the same species and tissue. They are unusual in

that their activity is the same (except for potency) in spite of having different structures.

25 The hyaluronidase enzyme excipient in accordance with the formulation of the present
invention is characterized by having no adverse effect on the molecular integrity of the anti-
HER2 antibody in the stable pharmaceutical formulation described herein, Farthermore, the
hyaluronidase enzyme merely modifies the delivery of the anti-HER2 antibody to the systemic
circulation but does not possess any properties that could provide or contribute to the therapeutic

30 effects of systemically absorbed anti-HER2 antibody. The hyaluronidase enzyme is not
systemically bioavailable and does not adversely affect the molecular integrity of the anti-HER2
antibody at the recommended storage conditions of the stable pharmaceutical formuliation in
accordance with the invention. It is therefore to be considered as an excipient in the anti-HER2

antibedy formulation in accordance with this invention. As it exerts no therapeutic effect it



pu pu P gm pu P 901 pu pu SOT LO1 Storage Time 11:111111 VOM 3133M (5 cycles) 8 weeks 21
weeks 36 weeks 8 weeks 21 weeks 36 weeks 8 weeks 21 weeks Storage condition aOcthts 3,,SZ 21S
JitT D Do SZ Do0C 46 47 48

18-

represents a constituent of the pharmaceutical form apart from the therapeutically active anti-
HER?2 antibody.

A number of suitable hyaluronidase enzymes in accordance with the present invention are
known from the prior art. The preferred enzyme is a human hyaluronidase enzyme, most
5 preferably the enzyme known as tHuPH20. rFluPH20 is 2 member of the family of neutral and
acid-active B-1,4 glycosyl hydrolases that depolymerize hyaluronan by the hydrolysis of the -
1,4 linkage between the C; position of N-acetyl glucosamine and the C, position of ghucuronic
acid. Hyaluronan is a polysaccharide found in the intracellular ground substance of connective
tissue, such as the subcutanecus interstitial tissue, and of certain specialized tissues, such as the
10  umbilical cord and vitreous humor, The hydrolysis of hyaluronan temporarily decreases the
viscosity of the interstitial tissue and promotes the dispersion of injected fluids or of localized
transudates or exudates, thus facilitaﬁng their absorption, The effects of hyaluronidase are local
and reversible with complete reconstitution of the tissue hyaluronan occurring within 24 to 48
hours [Frost, G.1., “Recombinant human hyaluronidase (rFluPH20): an enabling platform for
15  subcutaneous drug and fluid administration”, Expert Opinion on Drug Delivery, 2007; 4:427-
440]. The increase in the permeability of connective tissue through the hydrolysis of hyaluronan
correlates with the efficacy of hyaluronidase for their capability to increase the dispersion and
absorption of co-administered molecules.

The human genome contains several hyaluronidase genes. Only the PH20 gene product
20 possesses effective hyaluronidase activity under physiologic extracellular conditions and acts as
a spreading agent, whereas acid-active hyaluronidases do not have this property.

fHuPH20 is the first and only recombinant human hyaluronidase enzyme currently

available for therapeutic use. Naturally occurring human PH20 protein has a lipid anchor
attached to the carboxy terminal amino acid that anchors it to the plasma membrane. The

25  rHuPH20 enzyme developed by Halozyme is a truncated deletion variant that lacks such amino
acids in the carboxy terminus responsible for the lipid attachment. This gives rise to a soluble,
neutral pH-active enzyme similar to the protein found in bovine testes preparations. The
rHuPH20 protein is synthesized with a 35 amino acid signal peptide that is removed from the N-
terminus during the process of secretion. The mature rHuPH20 protein contains an authentic N-

30 terminal aminoc acid sequence orthologous to that found in some bovine hyaluronidase
preparations.

The PH20 hyaluronidases, including the animal derived PH20 and recombinant human
rHuPH20, depolymerize hyaluronan by the hydroelysis of the $-1,4 linkage between the C;
position of N-acetyl glucosamine and the C4 position of glucuronic acid. The tetrasaccharide is
35 the smallest digestion product [Weissmann, B., “The transglycosylative action of testicular .
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hyaturonidase”, J. Biol. Chem., 1955; 216: 783-94]. This N-acetyl glucosamine/glucuronic acid
structure is not found in N-linked glycans of recommbinant biological products and therefore
rHuPH20 will not affect the glycosylation of antibodies it is formulated with, such as e.g.
Trastuzumab. The rtHuPH20 enzyme itself possesses six N-linked glycans per molecule with
core structures similar to that found in monoclonal antibodies. As anticipated, these N-linked
structures do not change over time, confirming the lack of enzymatic activity of rHuPH20 on
these N-linked glycan structures. The shost half life of rHuPH20 and the constant synthesis of
hyaluronan lead to a short and local action of the enzyme on tissues.

The hyaluronidase enzyme which is an excipient in the subcutaneous formulation in
accordance with the present invention can be prepared by using recombinant DNA technology.
In this way it is ensured that the same protein (identical amino acid sequence) is obtained all the
time and that an allergic reaction, e.g. caused by contaminating proteins co-purified during
extraction from a tissue, is avoided, The hyaluronidase enzyme vsed in the formulation as
exemplified herein is a human enzyme, viz. sHuPH20.

The amino acid sequence of tHuPH20 (HY LENEX™) is well known and available under
CAS Registry No. 75971-58-7. The approximate molecular weight is 61 kDa.

Multiple structural and functional comparisons have been performed between naturally
sourced mammakian hyaluronidase and PH-20 cDNA clones from humans and other mammals.
The PH-20 gene is the gene used for the recombinant product rHuPH20; however the
recombinant drug product is a 447 amino acid truncated version of the full protein encoded by
the PH-20 gene. Structural similarities with respect to amino acid sequences rarely exceed 60%
in any comparison. Functional comparisons show that the activity of rHuPH20 is very similar to
that of previously approved hyaluronidase products. This information is consistent with the
clinical findings during the past 50 years that regardless of the source of the hyaluronidase, the
clinical safety and efficacy of units of hyaluronidase are equivalent.

The use of tHuPH20 in the anti-HER?2 antibody SC formulation in accordance with the
present invention allows the administration of higher volumes of drug product and to potentially
enhance the absorption of subcutaneously administered Trastuzumab into the systemic
circulation.

The osmolality of the stabie pharmaceutical formulation in accordance with the invention
is 330 £ 50 mOsm/kg.

The stable pharmaceutical formulation in accordance with the invention is essentially free
from visible (human eye inspection) particles. The sub-visible particles (as measured by light
obscuration) should fulfill the following criteria:
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- maximum number of particles > 10um per vial  -> 6000
- maximum number of particles > 25um per vial > 660

In a further aspect the present invention provides the use of a formulation for the
preparation of a medicament useful for treating a disease or disorder amenable to treatment with
5 an anti-HER2 antibody such as e.g. cancer or a non-malignant disease in a subject comprising
administering the formulation described herein to a subject in an amount effective to treat the
said disease or disorder. The anti-HER2 antibody can be co-administered concomitantly or
sequentially with a chemotherapeutic agent.

In a further aspect the present invention provides a method of treating a disease or disorder
10  which is amenable to treatment with an anti-HER2 antibody (e.g. cancer or a non-malignant
disease) in a subject comprising administering the formulation described herein to a subject in an
amount effective to treat the said disease or disorder. The cancer or a non-malignant disease will
generally involve HER2-expressing ceils, such that the HER2 antibody in the therapeutic
pharmaceutical SC formulation in accordance with the present invention is able to bind to the
15  affected cells. Various cancer or a non-malignant diseases that can be treated with a formulation
in accordance with the present invention are listed in the definitions section further below.

The stable pharmaceutical formulation of the pharmaceutically active anti-HERZ2 antibody
in accordance with the invention can be administered as subcutaneous injection, whereby the
administration is repeated several times with time intervals of 3 weeks (g3w). The full volume of

20  the injection fluid is in most case adminisiered within a time period of 1 to 10 minutes,

~ preferably 2 to 6 minutes, most preferably 3 + 1 minutes. In adjuvant EBC patients and amongst

patients with MBC receiving Trastuzumab monotherapy, where no other intravenous (IV})
chemotherapeutic agents are given, such subcutaneous administration leads to increased patient
convenience with the potential for self- administration at home. This leads to improved

25  compliance and reduces / eliminates costs associated with IV administration (viz., nursing costs
for IV administration, rental of day-beds, patient travel etc). Subcutaneous administration in
accordance with the present invention will most likely be associated with a reduced frequency
and / or intensity of infusion-related reactions.

The addition of the hyaluronidase to the formulation allows increasing the injection
30 volume which can be safely and comfortably administered subcutaneously. Under normal
circumstances the injection volume is I to 15 ml. It has been observed that the administration of
the formulation in accordance with the present invention increases the dispersion, absorption and
the bioavailability of the therapeutic antibody. Large molecules (i.e. > 16 kDa) that are
administered via the SC route are preferentially absorbed into the vascular compartment through
35  the draining lymphatic fluids [Supersaxo, A., et al., “Effect of Molecular Weight on the
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Lymphatic Absorption of Water-Soluble Compounds Following Subcutaneous Administration”,
1990; 2:167-169; Swartz, M. A., “Advanced Drug Delivery Review, The physiology of the
lymphatic system”, 2001; 50: 3-20]. The rate of introduction of these large molecules into the
systemic circulation is thus slowed relative to intravenous infusion, therefore potentially

5 resulting in reduced frequency/intensity of infusion related reactions.

The production of the subcutaneous Trastuzumab formulation in accordance with the
invention reguires high antibody concentrations (approx. 120 mg/ml) in the final step of
purification of the manufacturing process. Therefore an additional process step
(ultrafiltration/diafiltration) is added to the conventional manufacturing process of Trastuzumab.,

1C¢  In accordance with the teachings in WO 97/04801 the highly concentrated, stable pharmaceutical
anti-HER?2 antibody formulation in accordance with the present invention can also be provided
as stabilized protein formulation which can reconstituted with a suitable diluent to generate a
high anti-HER?2 antibody concentration reconstituted formulation,

The HER2 antibody SC formulation in accordance with this invention is mainly used to

15 treat cancer. Whereby the terms "cancer" and "cancerous” refer to or describe the physiological
condition in mammals that is typically characterized by unregulated cell growth. Examples of
cancer include, but are not limited to, carcinoma, lymphoma, blastoma (including
medulloblastoma and retinoblastoma), sarcoma (including liposarcoma and synovial cell
sarcoma), neuroendocrine tumors (including carcinoid tumors, gastrinema and islet cell cancer),

20 mesothelioma, schwannoma (including acoustic neuroma), meningioma, adenocarcinoma,
melanoma, and leukemia or lymphoid malignancies. More particular examples of such cancers
include squamous cell cancer {(e.g. epithelial squamous cell cancer), lung cancer including small-
cell lung cancer, non- small cell lung cancer, adenocarcinoma of the lung and squamous
carcinoma of the lung, cancer of the peritoneum, hepatocellular cancer, gastric or stomach cancer

25  including gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer, ovarian
cancer, liver cancer, bladder cancer, hepatoma, breast cancer, colon céﬁ'é'ér, rectal cancer,
colorectal cancer, endomeirial or uterine carcinoma, salivary gland carcinoma, kidney or renal
cancer, prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma, anal carcinoma, penile
carcinoma, testicular cancer, esophageal cancer, tumors of the biliary tract, as well as head and

30 neck cancer.

The term “about” as used in the present patent specification is meant to specify that the
specific value provided may vary to a certain extent, such as e.g. means that variations in the

range of + 10 %, preferably + 5 %, most preferably +2 % are included in the given value,

A cancer which "overexpresses” a HER receptor is one which has significantly higher
35 levels of a HER receptor, such as HER2, at the cell surface thereof, compared to a noncancerous
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cell of the same tissue type. Such overexpression may be caused by gene amplification or by
increased transcription or translation, HER receptor overexpression may be determined in a
diagnostic or prognostic assay by evaluating increased levels of the HER protein present on the
surface of a cell (e.g. via an immunohistochemistry assay; IHC). Alternatively, or additionally,
5 one may measure levels of HER-encoding nucleic acid in the cell, e.g, via fluorescent in situ

hybridization (FISH; see W(098/45479), Southern blotting, or polymerase chain reaction {PCR)
techniques, such as real time quantitative PCR (RT-PCR). One may also study HER receptor
overexpression by measuring shed antigen (e.g., HER extracellular domain) in a biological fluid
such as serum [see, e.g., U.S. Patent No. 4,933,294 issued June 12, 1990; W0O91/05264

10  published April 18, 1991; U.S. Patent 5,401,638 issued March 28, 1995; and Sias et al,, 1.
Immunol. Methods 1990; 132: 73-80]. Aside from the above assays, various in vivo assays are
available to the skilled practitioner. For example, one may expose cells within the body of the
patient to an antibody which is optionally labeled with a detectable label, e.g. a radioactive
isotope, and binding of the antibody to cells in the patient can be evaluated, e.g. by external

15 scanning for radicactivity or by analyzing a biopsy taken from a patient previously exposed to
the antibody,

Conversely, a cancer which "does not overexpress HER2 receptor” is one which does not
express higher than normal levels of HER2 receptor compared to a noncancerous cell of the
same tissue type.

20 A cancer which "overexpresses” a HER ligand is one which produces significantly higher
levels of that ligand compared to a noncancerous cell of the same tissue type. Such
overexpression may be caused by gene amplification or by increased transcription or translation.
Overexpression of the HER ligand may be determined diagnestically by evaluating levels of the
ligand {or nucleic acid encoding it} in the patient, e.g. in a tumor biopsy or by various diagnostic

25  assays such as the IHC, FISH, southern blotting, PCR or in vivo assays well known in the art.

It is contemplated that the HER2 antibody SC formulation in accordance with this
invention may also be used to treat various non-malignant diseases or disorders, such a inclode
autoimmune disease (e.g. psoriasis); endometriosis; scleroderma; restenosis; polyps such as
colon polyps, nasal polyps or gastrointestinal polyps; fibroadenoma; respiratory disease;

30 cholecystitis; neurofibromatosis; polycystic kidney disease; inflammatory diseases; skin
disorders inchuding psoriasis and dermatitis; vascular disease; conditions involving abnormal
proliferation of vascular epithelial cells; gastrointestinal ulcers; Menetrier's disease, secreting
adenomas or protein loss syndrome; renal disorders; angiogenic disorders; ocular disease such as
age related macular degeneration, presumed ocular histoplasmosis syndrome, retinal

35 neovascularization from proliferative diabetic retinopathy, retinal vascularization, diabetic
retinopathy, or age related macular degeneration; bone associated pathologies such as
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osteoarthritis, rickets and osteoporosis; damage following a cerebral ischemic event; fibrotic or
edemia diseases such as hepatic cirrhosis, lung fibrosis, carcoidesis, throiditis, hyperviscosity
syndrome systemic, Osier Weber-Rendu disease, chronic occlusive pulmonary disease, or edema
following burns, trauma, radiation, stroke, hypoxia or ischemia; hypersensitivity reaction of the
skin; diabetic retinopathy and diabetic nephropathy; Guillain-Barre syndrome; graft versus host
disease or transplant rejection; Paget’ s disease; bone or joint inflarmnmation; photoaging (e.g.
caused by UV radiation of human skin); benign prostatic hypertrophy; certain microbial
infections including microbial pathogens selected from adenovirus, hantaviruses, Borrelia
burgdorferi, Yersinia spp. and Bordetella pertussis; thrombus caused by platelet aggregation;
reproductive conditions such as endometriosis, ovarian hyperstimulation syndrome,
preeclampsia, dysfunctional uterine bleeding, or menometrorrhagia; synovitis; atheroma; acute
and chronic nephropathies (including proliferative glomerelonephritis and diabetes-induced renal
disease); eczema; hypertrophic scar formation; endotoxic shock and fungal infection; familial
adenomatosis polyposis; neurodedenerative diseases (e.g. Alzheimer's disease, AIDS-related
dementia, Parkinson's disease, amyotrophic lateral sclerosis, retinitis pigmentosa, spinal
muscular atrophy and cerebellar degeneration); myelodyspiastic syndromes; aplastic anemia;
ischemic injury; fibrosis of the lung, kidney or liver; T-cell mediated hypersensitivity disease;
infantile hypertrophic pyloric stenosis; urinary obstructive syndrome; psoriatic arthritis; and
Hasimoto's thyroiditis. Exemplary non-malignant indications for therapy herein include psoriésis,
endometriosis, scleroderma, vascular disease (e.g. restenosis, artherosclerosis, coronary artery
disease, or hypertension), colon polyps, fibroadenoma or respiratory disease {e.g. asthma,
chronic bronchitis, bronchieactasis or cystic fibrosis).

Where the indication is cancer, the patient may be treated with a combination of the
antibody formulation, and a chemotherapeutic agent. The combined administration includes co-
administration or concurrent administration, using separate formulations or a single
pharmaceutical formulation, and consecutive administration in either order, wherein preferably
there is a time period while both (or ali) active agents simultaneously exert their biological
activities. Thus, the chemotherapeutic agent may be administered prior to, or following,
administration of the antibedy formulation in accordance with the present invention, In this
embodiment, the timing between at least one administration of the chemotherapeutic agent and at
least one administration of the antibody formulation in accordance with the present invention is
prefesably approximately 1 month or less, and most preferably approximately 2 weeks or less.
Alternatively, the chemotherapeutic agent and the antibody formulation in accordance with the
present invention are administered concurrently to the patient, in a single formulation or separate

formulations.

Treatment with the said antibody formulation will result in an improvement in the signs or
symptoms of cancer or disease. For instance, where the disease being treated is cancer, such
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therapy may result in an improvement in survival (overall survival and/or progression free
survival) and / or may resuit in an objective clinical response (partial or complete). Moreover,
treatment with the combination of the chemotherapeutic agent and the antibody formulation may

result in a synergistic or greater than additive, therapeutic benefit to the patient.

5 Normally the antibody in the formulation administered is a naked antibody. However, the
antibody administered may be conjugated with a cytotoxic agent. The immunoconjugate and/or
antigen to which it is bound is / are then internalized by the cell, resulting in increased
therapeutic efficacy of the immunoconjugate in killing the cancer cell to which it binds. In one
embodiment, the cyiotoxic agent targets or interferes with nucleic acid in the cancer cell.

10 Examples of such cytotoxic agents include maytansinoids, calioheamicins, ribonucleases and
DNA endonucleases. The clinically most advanced immunoconjugates are Trastuzumab-
maytansinoid immunoconjugates (T-DM1) as they are described in WO 2003/037992, in
particular the immunoconjugate T-MCC-DM1, the chemical name of which is N*'-deacetyl-N*-
(3-mercapto-1-oxopropyl)-maytansine-4-maleimidomethyl-cyclohexyl-1-carboxyl-Trastuzumab.

15 For subcutaneous delivery, the formulation may be administered via a suitable device, such -
as (but not limited to) a syringe; an injection device (e.g. the INJECT-EASE™ and GENJECT™
device); an infusion pump (such as e.g. Accu-Chek™); an injector pen (such as the GENPEN™;
an needleless device (e.g. MEDDECTOR™ and BIOJECTOR™}; or via a subcutaneous patch
delivery system. A suitable delivery system for the formulations in accordance with the present

20 invention is described in WO 2010/029054. Such device comprises about 5 to about 15 ml or
more particularly 5 ml of the liquid formulation in accordance with the present invention.

For the prevention or treatment of disease, the appropriate dosage of the antibody will
depend on the type of disease to be treated, as defined above, the severity and course of the
disease, whether the antibody is administered for preventive or therapeutic purposes, on the

25 previous therapy, the patient's clinical history and his response to the antibody, and the discretion
of the attending physician. The antibody is suitably administered to the patient at one time or
over a series of treatments. Depending on the type and severity of the disease, about 1 pg/kg to
50 mg/kg of bodyweight or more specifically between about 0.1 mg/kg to 20 mg/kg of

~ bodyweight) of the anti-HER2 antibody is a candidate initial dosage for administration to the

30 patient, whether, for example, by one or more separate administrations, or by continuous
infusion. More specifically the dosage of the antibody will be in the range from about 0.05 mg
anti-HER2 antibody / kg of bodyweight to about 10 mg anti-HER2 antibody / kg of bodyweight.
If a chemotherapeutic agent is administered, it is usually administered at dosages known
therefore, or optionally lowered due to combined action of the drugs or negative side effects

35 attributable to administration of the chemotherapeutic agent. Preparation and dosing schedules

for such chemotherapeutic agents may be used according to manufacturers’ instructions or as
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determined empirically by the skilled practitioner. Preparation and dosing schedules for such
chemotherapy are also described in Chemotherapy Service Ed,, M.C. Perry, Williams & Wilkins,
Baltimore, MD (1992}

Other therapeutic regimens may be combined with the antibody including, but not limited
5 to asecond (third, fourth, etc) chemotherapeutic agent(s) (in another word a "cocktail" of
different chemotherapeutic agents); another monoclonal antibody; a growth inhibitory agent: a
cytotoxic agent; a chemotherapeutic agent; a EGFR-targeted drug; a tyrosine kinase inhibitor; an

anti-angiogenic agent; and/or cytokine, etc.; or any suitable combination thereof.

In addition to the above therapeutic regimes, the patient may be subjected to surgical
10 removal of cancer cells and/or radiation therapy.

In another embodiment of the invention, an article of manofacture is provided which
contains the pharmaceutical formulation of the present invention and provides instructions for its
use. This article of manufacture comprises a container. Suitable containers include, for example,
bottles, vials (e.g. multiple or dual chamber vials), syringes (such as multiple or dual chamber

15  syringes) and test tubes. The container may be formed from a variety of materials such as glass
or plastic. The container holds the formulation and the label on, or associated with, the container
may indicate directions for use. The container holding the formulation may be a multi-use vial,
which allows for repeat administrations (e.g. from 2t06 adrninistratiéns) of the reconstituted
formulation. The article of manufacture may further include other materials desirable from a

20 commercial and user standpoint, including other buffers, diluents, filters, needles, syringes, and
package inserts with instructions for use,

The term "pharmaceutical formulation” refers to a preparation which is in such form as to
permit the biological activity of the active ingredient to be effective, and which contains no
additional components which are unacceptably toxic to a subject to which the formulation would

25  be administered. Such formulations are sterile.

A "sterile” formulation is aseptic or free from all iving microorganisms and their spores.

A "stable" formulation is one in which all the protein therein essentially retain their
physical stability and/or chemical stability and/or biological activity upon storage at the intended
storage temperature, e.g. 2 — 8°C. It is desired that the formulation essentially retains its physical

30 and chemical stability, as well as its biological activity upon storage. The storage period is
generally selected based on the intended shelf-life of the formulation. Furthermore, the
formulation should be stable following freezing (to, e.g., -70° C) and thawing of the formulation,
for example following 1, 2 or 3 cycles of freezing and thawing. Various analytical techniques for
measuring protein stability are available in the art and are reviewed in Peptide and Protein Drug
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Delivery, 247-301, Vincent Lee Ed., Marcel Dekker, Inc,, New York, New York, Pubs. (1991)
and Jones, A. Adv. Drug Delivery Rev. 10: 29-90 (1993), for example, Stability can be measured
at a selected temperature for a selected time period. Stability can be evaluated qualitatively
and/or quantitatively in a variety of different ways, including evaluation of aggregate formation
(for example using size exclusion chromatography, by measuring turbidity, and/or by visual
inspection); by assessing charge heterogeneity using cation exchange chromatography or
capillary zone electrophoresis; amino-terminal or carboxy-terminal sequence analysis; mass
spectrometric analysis; SDS-PAGE analysis to compare reduced and intact antibody; peptide
map (for example tryptic or LYS-C) analysis; evaluating biological activity or antigen binding
function of the antibody; ete. Instability may involve any one or more of: aggregation,
deamidation (e.g. Asn deamidation), oxidation (e.g. Met oxidation), isomerization (e.g. Asp
isomeriation), clipping/hydrolysis/fragmentation {e.g. hinge region fragmentation}, succinimide
formation, unpaired cysteine(s), N-terminal extension, C-terminal processing, glycosylation
changes, etc. A "deamidated” monoclonal antibody herein is one in which one or more
asparagine residue thereof has been modified, e.g. to an aspartic acid or an iso-aspartic acid by a

post-trantstational modification.

As used herein the term “buffering agent providing a pH of 5.5 = 2.0" refers to an agent
which provides that the solution comprising it resists changes in pH by the action of its acid/base
conjugate components. The buffer used in the formulations in accordance with the present
invention has a pH in the range from about 5.0 to about 7.0, or from about 5.0 to about 6.5, or
from about 5.3 to about 5.8. A pH of about 5.5 has to be found fo be most suitable. Examples of
buffering agents that will control the pH in this range include acetate, succinate, gluconate,
histidine, citrate, glycylglycine and other organic acid buffers. The most suitable buffer in
accordance with the present invention is a histidine buffer, such as e.g. L-histidine/HCL.

A "histidine buffer” is a buffer comprising the amino acid histidine. Examples of histidine
buffers include histidine chloride, histidine acetate, histidine phosphate, histidine sulfate. The

histidine buffer identified in the examples as being most suitable is a histidine chloride buffer.

- Such histidine chloride buffer is prepared by titrating L-histidine (free base, solid) with diluted

hydrochloric acid. In particular the histidine buffer or histidine chloride buffer is at pH of 5.5 =
0.6, more particularly at a pH from about 5.3 to about 5.8, and most particularly has a pH of 5.5.

By "isotonic" is meant that the formulation of interest has essentially the same osmotic
pressure as human blood. Isotonic formulations will generally have an osmotic pressure from
about 250 to 350 mOsm. Isotonicity can be measured using a vapor pressure or freezing-point

depression type osmometer.
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A."s.accharide" herein comprises the general composition (CH,0), and derivatives thereof,
including monosaccharides, disaccharides, trisaccharides, polysaccharides, sugar alcohols,
reducing sugars, nonreducing sugars, etc. Examples of saccharides herein include glucose,
sucrose, trehalose, lactose, fractose, maltose, dextran, glycerin, dextran, erythritol, glycerol,
arabitol, sylitol, sorbitol, mannitol, mellibiose, melezitose, raffinose, mannotriose, stachyose,
maltose, lactulose, maltulose, glucitol, maltitol, lactitol, iso-maltulose, etc. Particularly the
formulations described herein comprise a non-reducing disaccharide as a stabilizing agent, such
as a saccharide selected from the group of trehalose (e.g. in the form of o,0-trehalose dihydrate)
and sucrose.

Herein, a "surfactant” refers to a surface-active agent, e.g. a nonionic surfactant. Examples
of surfactants herein include polysorbate (for example, polysorbate 20 and, polysorbate §0);
poloxamer (e.g. poloxarher 188); Triton; sodium dodecyl sulfate (SDS); sodium laurel sulfate;
sodium octyl glycoside; lauryl-, myristyl-, linoleyl-, or stearyl-sulfobetaine; lauryl-, myristyl-,
linoleyl- or stearyl-sarcosine; linoleyl-, myristyl-, or cetyl-betaine; lauroamidopropyl-,
cocamidopropyi-, linoleamidopropyl-, myristamidopropyl-, palrnidopropyl-, or
isostearamidopropyl-betaine (e.g. lauroamidopropyl); myristamidopropyl-, palmidopropyl-, or
isostearamidopropyi-dimethylamine; sodiwm methyl cocoyl-, or disodium methy! oleyl-taurate;
and the MONAQU AT™ series (Mona Industries, Inc., Paterson, New Jersey); polyethyl glycol,
polypropyl glycol, and copolymers of ethylene and propylene glycol (e.g. Pluronics, PF68 etc);
etc. Polysorbate 20 (PS20) and Polysorbate 80 {PS80), respectively have been found to be
particularly suitable in the formulations described herein.

The term "antibody” herein is used in the broadest sense and specifically covers full length
monoclonal antibodies, polyclonal antibodies, multispecific antibodies (e.g. bispecific antibodies)
formed from at Jeast two full length antibodies, and antibody fragments, so Iong as they exhibit
the desired biological activity.

The term "monoclonal antibody" as used herein refers to an antibody obtained from a
population of substantially homogeneous antibodies, i.e., the individual antibodies comprising
the population are identical and/or bind the same epitope, except for possible variants that may
arise during production of the monoclonal antibody, such variants generally being present in
minor amounts. In contrast to polyclonal antibody preparations that typically include different
antibodies directed against different determinants (epitopes), each monoclonal antibody is
directed against a single determinant on the antigen. In addition to their specificity, the
monoclonal antibodies are advantageous in that they are uncontaminated by other
immunoglobulins. The modifier "monoclonal” indicates the character of the antibody as being
obtained from a substantially homogeneous population of antibodies, and is not to be construed
as requiring production of the antibody by any particular method. For example, the monoclonal
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antibodies to be used in accordance with the present invention may be made by the hybridoma

method first described by Kohler et al, Nature, 256:495 (1975), or may be made by recombinant

DNA methods (see, e.g., U.S. Patent No. 4,816,567). The "monoclonal antibodies" rﬁay also be

isolated from phage antibody libraries using the techniques described in Clarkson et al., Nature,
5 352:624-628 (1991) and Marks et al., J. Mol. Biol., 222:581-597 (1591).

An "antibody fragment" comprises a portion of a full length antibody, in particular
comprises the antigen-binding or variable region thereof., Examples of antibody fragments
include Fab, Fab', F(ab",, and Fv fragments; diabodies; linear antibedies; single-chain antibedy
molecules; and multispecific antibodies formed from antibody fragment(s).

10 A "full Iength antibody" is one which comprises an antigen-binding variable region as well
as a light chain constant domain (CL) and heavy chain constant domains, CHJ, CH2 and CH3.
The constant domains may be native sequence constant domains (e.g. human native sequence
constant domains) or amino acid sequence variants thereof. In particular the full length antibody
has one or more effector functions.

15 An "amino acid sequence variant" antibody herein is an antibody with an amino acid
sequence which ditfers from a main species antibody. Ordinarily, amino acid sequence variants
will possess at least about 70% homology with the main species antibody, and preferably, they
will be at least about $0%, more preferably at least about 90% homologous with the main species
antibody, The amino acid sequence variants possess substitutions, deletions, and/or additions at

20  certain positions within or adjacent to the amino acid sequence of the main species antibody.
Examples of amino acid sequence variants herein include acidic variant (e.g. deamidated
antibody variant), basic varjant, the antibody with an amino-terminal leader extension (e.g. VHS-)
on one or two light chains thereof, antibody with a C-terminal lysine residue on one or two
heavy chains thereof, etc, and includes combinations of variations to the amino acid sequences of

25 heavy and/or light chains. The antibody variant of particular interest herein is the antibody
comprising an amino-terminal leader extension on one or two light chains thereof, optionally
further comprising other amiino acid sequence and/or glycosylation differences relative to the
main species antibody.

A "glycosylation variant” antibody herein is an antibody with one or more carbohydrate
30 moieties attached thereto which differ from one or more carbohydrate moieties attached to a
main species antibody. Examples of glycosylation variants herein include antibody with a G1 or
G2 oligosaccharide structure, instead a GO oligosaccharide structure, attached to an Fe region
thereof, antibody with one or two carbohydrate moieties attached to one or two light chains
thereof, antibody with no carbohydrate attached to one or two heavy chains of the antibody, efc,
35 and combinations of glycosylation alterations. Moreover the term "glycosylation variant”
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includes also glycoengineered antibodies such as those described in EP 17331266 and USP
7517670, '

Antibody "effector functions” refer to those biological activities attributable to the Fe
region (a native sequence Fc region or amino acid sequence variant Fe region) of an antibody.
5 Examples of antibody effector functions include Clg binding; complement dependent
cytotoxicity (CDC); Fe receptor binding; antibody-dependent cell-mediated cytotoxicity
(ADCCY; phagocytosis; down regulation of cell surface receptors (e.g. B cell receptor; BCR), etc.

Depending on the amino acid sequence of the constant domain of their heavy chains, full
length antibodies can be assigned to different "classes”. There are five major classes of full
10 length antibodies: IgA, IgD, IgE, I¢G, and IgM, and several of these may be further divided into
"subclasses" (isotypes), e.g., 1gGl, 1gG2, 1gG3, 1gG4, IgA, and IgA2, The heavy-chain constant
domains that correspond to the different classes of antibodies are called o [alpha], 8 [delta], €
[epsilon], ¥ [gammal], and g [mu], respectively. The subunit structures and three-dimensional

configurations of different classes of immunoglobulins are well known.

15 Herein, "biological activity” of a monoclonal antibody refers to the ability of the antibody
to bind to antigen and result in a measurable biclogical response which can be measured in vitro
or in vivo. Such activity may be antagonistic (for example where the antibody is a HER2
antibody) or agonistic. In the case of Pertuzumab, in one embodiment, the biological activity
refers to the ability of the forrnulated antibody to inhibit proliferation of the human breast cancer

20 cell line MDA-MB-175-VIL

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

25 homologous to corresponding sequences in antibodies derived from another species or belonging
to another antibody class or subclass, as well as fragments of such antibodies, so long as they
exhibit the desired biological activity (UJ.S. Patent No. 4,816,567; and Morrison et al, Proc. Natl.
Acad. Sci. USA, 81:6851-6855 (1984)). Chimeric antibodies of inlerest herein include
"primatized” antibodies comprising variable domain antigen-binding sequences derived from a

30 non-human primate (e.g. Old World Monkey, Ape etc) and human constant region sequences,

"Humanized" forms of non-human (e.g., rodent) antibodies are chimeric antibodies that
contain minimal sequence derived from non-human immunoglobulin. For the most part,
humanized antibodies are human immunoglobulins (recipient antibody) in which residues from a
hypervariable region of the recipient are replaced by residues frorn a hypervariable region of a

35 non-human species (donor antibody) such as mouse, rat, rabbit or nonhuman primate having the
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desired specificity, affinity, and capacity, In some instances, framework region (FR) residues of

the human immunoglobulin are replaced by corresponding non-human residues, Furthermore,

humanized antibodies may comprise residues that are not found in the recipient antibody or in

the donor antibody. These modifications are made to further refine antibody performance. In

5 genersl, the humanized antibody will comprise substantially ail of at least one, and typically two,

variable domains, in which all or substantially all of the hypervariable loops correspond to those

of a non-human immunoglobulin and all or substantially all of the FRs are those of a human

immunoglobulin sequence. The humanized antibody optionally also will comprise at least a

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

Humanized HER2 antibodies include huMAb4DS-1, huMADb4DS5-2, huMAb4DS5-3,
huMADb4DS5-4, huMAb4DS-5, huMADb4DS5-6, uMAbB4DS5-7 and huMAb4D35-8 or Trastuzumab
(HERCEPTIN™) as described in Table 3 of U.S. Patent 5,821,337; humanized 320C9

15 {W093/21319) and humanized 2C4 antibodies, such as Pertuzumab as described further herein

below,

For the purposes herein, "Trastuzumab”, “HERCEPTIN™ and "huMAb4D35-8" refer to
an anti-HERZ2 antibody directed against the 4D3 epitope. Such antibody preferably comprises the
light and heavy chain amino acid sequences disclosed e.g. in Fig. 14 of WO 2006/044908.

20 The "epitope 405" is the region in the extracellular domain of HER2 to which the antibody
4D35 (ATCC CRL 10463) and Trastuzumab bind. This epitope is close to the transmembrane
domain of HER2, and within Domain IV of HERZ. To screen for antibodies which bind to the
4D35 epitope, a routine cross-blocking assay such as that described in Antibodies, A Laboratory
Manual, Cold Spring Harbor Laboratory, Ed Harlow and David Lane (1988), can be performed,

25  Alternatively, epitope mapping can be performed to assess whether the antibody binds to the

4D3 epitope of HER2 {(e.g. any one or more residues in the region from about residue 529 to
about residue 625, inclusive, of HER2). The "epitope 7C2/7F3" is the region at the amino
terminus, within Domain I, of the extracellular domain of HER?2 to which the 7C2 and/or 7F3
antibodies bind. To screen for antibodies which bind to the 7C2/7F3 epitope, a routine cross-

30 blocking assay such as that described in “Antibodies, A Laboratory Manual” (Cold Spring
Harbor Laboratory, Ed Harlow and David Lane (1988)) can be performed. Alternatively, epitope

mapping can be performed to establish whether the antibody binds to the 7C2/7F3 epitope on

HERZ (e.g. any one or more of residues in the region from about residue 22 to about residue 53

of HER?).
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Herein, "Pertuzumab” and "rhuMAb 2C4” refer to an antibody that binds to the 2C4
epitope and preferably comprising the variable Hight and variable heavy amino acid sequences
disclosed in WO 2006/044908, more particularly the humanized 2C4 version 574 disclosed in
Fig. 2 of WO 2006/044908.

5 The "epitope 2C4" is the region in the extracellular domain of HER?Z to which the antibody
2C4 binds. In order to screen for antibodies which bind to the 2C4 epitope, a routine cross-
blocking assay such as that described in Antibodies, A Laboratory Manual, Cold Spring Harbor
Laboratory, Ed Harlow and David Lane (1988), can be performed. Alternatively, epitope
mapping can be performed to assess whether the antibody binds to the 2C4 epitope of HER2.

10 Epitope 2C4 comprises residues from domain IT in the extracellular domain of HER2, 2C4 and
Pertuzumab bind to the extracellular domain of HER2 at the junction of domains I, IT and III
{(Franklin et al. Cancer Cell 5:317-328 (2004)).

A "growth inhibitory agent" when used herein refers to a compound or composition which
inhibits growth of a cell, especially a HER expressing cancer cell either in vitro or in vivo. Thus,
15  the growth inhibitory agent may be one which significantly reduces the percentage of HER
expressing cells in S phase. Examples of growth inhibitory agents include agents that block cell
cycle progression (at a place other than S phase), such as agents that induce 1 arrest and M-
phase arrest. Classical M-phase blockers include the vincas (vincristine and vinblastine), taxanes,
and topo II inhibitors such as doxorubicin, epirubicin, daunorabicin, etoposide, and bleomyein.
20  Those agents that arrest G1 also spill over into S-phase arrest, for example, DNA alkylating
agents such as tamoxifen, prednisone, dacarbazine, mechlorethamine, cisplatin, methotrexate, 5-
fluorouracil, and ara-C. Further information can be found in” The Molecular Basis of Cancer”,
Mendelsohn and Israel, eds., Chapter 1, entitled "Cell cycle regulation, oncogenes, and
antineoplastic drugs” by Murakami et al. (WB Saunders: Philadelphia, 1995), especially p. 13.

25 Examples of "growth inhibitory” antibodies are those which bind to HER2 and inhibit the
growth of cancer cells overexpressing HERZ. Preferred growth inhibitory HER2 antibodies
inhibit growth of SK-BR-3 breast tumor cells in cell culture by greater than 20%, and preferably
greater than 50% (e.g. from about 50% to about 100%) at an antibody concentration of about 0.5
to 30 ug/ml, where the growth inhibition is determined six days after exposure of the SK-BR-3

30  cells to the antibody (see U.S. Patent No. 5,677,171 issued October 14, 1997). The preferred
growth inhibitory antibody is a humanized variant of murine monoclonal antibody 4D5, e.g.,

Trastuzumab.

"Treatment" refers to both therapeutic treatment and prophylactic or preventative measures.

Those in need of treatment include those already with the disease as well as those in which the
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disease is to be prevented. Hence, the patient to be treated herein may have been diagnosed as

having the disease or may be predisposed or susceptible to the disease.

The term "cytotoxic agent” as used herein refers to a substance that inhibits or prevents the
function of cells and/or causes destruction of cells. The term is intended to include radioactive
5 isotopes (e.g. At ™, [P, T, Y*°, Re'™, Re™, Sm'*, Bi*®, P** and radioactive isotopes of Lu),
chemotherapeutic agents, and toxins such as small molecule toxins or enzymatically active

toxins of bacterial, fungal, plant or animal origin, including fragments and/or vartants thereof.

A "chemotherapeutic agent" is a chemical compound useful in the treatment of cancer.
Examples of chemotherapeutic agents include alkylating agents such as thiotepa and

10 cyclosphosphamide (CYTOXAN™Y); alkyl sulfonates such as busulfan, improsulfan and
piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and uredopa; ethylenimines
and methylamelamines including altretamine, triethylenemelamine, trietylenephosphoramide,
tricthiylenethiophosphoramide and trimethylolomelarnine; acetogenins (especially bullatacin and
bullatacinone); delta-9-tetrahydrocannabinol (dronabinol, MARENOL™); beta-lapachone;

15  lapachol; colchicines; betulinic acid; a camptothecin (including the synthetic analogue topotecan
(HYCAMTIN™), CPT-11 (irinotecan, C AMPTOSAR™), acetylcamptothecin, scopolectin, and
9-aminocamptothecin); bryostatin; callystatin, CC-1065 (including its adozelesin, carzelesin and
bizelesin synthetic analogues); podophyllotoxin; podophyllinic acid; teniposide; cryptopihycins
(particularly cryptophycin 1 and cryptophycin 8); dolastatin; duocarmycin (including the

20  synthetic analogues, KW-2189 and CBI-TMI); eleutherobin; pancratistatin; a sarcodictyin;
spongistatin; nitrogen mustards sech as chlorambucil, chlornaphazine, cholophosphamide,
estramustine, ifosfamide, mechlorethamine, mechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, prednimustine, trofosfa[pilnide, vracil mustard; nitrosureas such as
carmustine, chlorozotocin, fotemustine, lomustine, nimustine, and ranirnnustine; antibiotics such

25 as the enediyne antibictics (e. g., calichearnicin, especially calicheamicin gamma 11 and
calicheamicin omega 11 (see, e.g., Angew, Chemie Intl. Ed. Engl., 33: 183-186 (1994));
dynemicin, including dynemicin A; an esperamicin; as well as neocarzinostatin chromophore
and related chromoprotein enediyne antiobiotic chromophores), aclacinomysins, actinomycin,
authramycin, azaserine, bleomycins, cactinornycin, carabicin, carminomycin, carzinophilin,

30 chromomycinis, dactinomycin, daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine,
doxorubicin (including ADRIAMYCIN™, morpholino-doxorubicin, cyanomorpholino-
doxorubicin, 2-pyrrolino- doxorubicin, doxorubicin HCI liposome. injection (DOXIL™),
liposomal doxorubicin TLC D-99 (MYOCET™), peglylated liposomal doxorubicin
{CAELYX™), and deoxydoxorubicin), epirubicin, esorubicin, idarubicin, marcellomycin,

35 mitomycins such as mitomycin C, mycophenolic acid, nogalamycin, olivomycins, peplomycin,
potfiromyecin, puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin,
ubenimex, zinostatin, zorubicin; anti-metabolites such as methotrexate, gemcitabine
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(GEMZAR™), tegafur (UFTORAL™), capecitabine (XELODA™), an epothilone, and 5-
fluorouracil (3-FU); folic acid analogues such as denopterin, methotrexate, pteropterin,
trimetrexate; purine analogs such as fludarabine, 6-mercaptopurine, thiamiprine, thioguanine;
pyrimidine analogs such as ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine,

5 dideoxyuridine, doxifluridine, enocitabine, floxuridine; anti-adrenals such as aminoghutethimide,
mitotane, trilostane; folic acid replenisher such as frolinic acid; aceglatone; aldophosphamide
glycoside; aminolevulinic acid; eniluracil; amsacrine; bestrabucil; bisantrene; edatraxate;
defofamine; demecolcine; diaziquone; elfornithine; elliptinium acetate; etoglucid; gallium nitrate;
hydroxyurea; lentinan; lonidainine; maytansinoids such as maytansine and ansamitocins;

10 mitoguazone; mitoxantrone; mopidanmol; nitracrine; pentostatin; phenamet; pirarubicin;
losoxantrone; 2-ethythydrazide; procarbazine; PSKL™ polysaccharide complex (JHS Natural
Products, Eugene, OR); razoxane; rhizoxin; sizofiran; spirogermaraium; tenuazonic acid;
triaziquone; 2,2, 2"-trichlorotriethylamine; trichothecenes (especially T-2 toxin, verracurin A,
roridin A and anguidine); urethan; dacarbazine; mannomustine; mitobronitol; mitolactol;

15 pipobroman; gacytosine; arabinoside ("Ara-C"); thiotepa; taxoid, e.g., paclitaxel (TAXQL™),
albumin-engineered nanoparticle formulation of paclitaxel (ABRAXANE™ ), and docetaxel
(TAXOTERE™); chloranbucil; 6-thioguanine; mercaptopurine; metliotrexate; platinum agents
such as cisplatin, oxaliplatin, and carboplatin; vincas, which prevent tubulin polymerization from
forming microtubules, including vinblastine {VELBANTM}, vincristine (ONCOVINTM),

20 vindesine (ELDISINE™ )}, FILDESIN™)}, and vinorelbine (NAVELBINE™)); etoposide (VP-
16); ifosfamide; mitoxantrone; leucovovin; novantrone; edatrexate: daunomycin; aminopterin;
ibandronate; topoisomerase inhibitor RFS 2000; difluorometlhylornithine (DMFO); retinoids
such as retinoic acid, including bexarotene (TARGRETIN™); bisphosphonates such as
clodronate (for example, BONEFOS™ or OSTAC™), etidronate (DIDROCALT™), NE- 58095,

25  zoledronic acid/zoledronate (ZOMETA™), alendronate (FOSAMAJTX™), pamidronate
(AREDIA™) tiludronate (SKELID™), or risedronate {ACTONEL™); troxacitabine (a 1,3-
dioxolane nucleoside cytosine analog); antisense oligonucleotides, particularly those that inhibit
expression of genes in signaling pathways implicated in aberrant cell proliferation, such as, for
example, PKC-alpha, Raf, H-Ras, and epidermal growth factor receptor (EGF-R); vaccines such

30 as THERATOPE™ vaccine and gene therapy vaccines, for example, ALLOVECTIN™ vaccine,
LEUVECTIN™ vaccine, and VAXID™ vaccine; topoisomerase 1 inhibitor (e.g.,
LURTOTECAN™); rmRH (e.g., ABARELIX™}; BAY439006 (sorafenib; Bayer); SU-11248
(Pfizer); perifosine, COX-2 inhibitor (e.g. celecoxib or etoricoxib), proteosome inhibitor (e.g.
PS341); bortezomib (VELCADE™); CCI-779; tipifarnib (R1 1577); orafenib, ABT510; Bcl-2

35 inhibitor such as oblimersen sodium (GENASENSE™}; pixantrone; EGFR inhibitors (see
definition below}); tyrosine kinase inhibitors (see definition below); and pharmaceutically
acceptable salts, acids or derivatives of any of the above; as well as combinations of two or more

of the above such as CHOP, an abbreviation for a combined therapy of cyclophosphamide,
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doxorubicin, vincristine, and prednisolone, and FOLFOX, an abbreviation for a treatment
regimen with oxaliplatin (ELOXATIN™) combined with 5-FU and leucovovin.

Also included in this definition are anti-hormonal agents that act to regulate or inhibit
hormone action on tumors such as anti-estrogens with mixed agonist/antagonist profile,

5 including, tamoxifen (NOLVADEX™,), 4-hydroxytamoxifen, toremifene (FARESTON™),
idoxifene, droloxifene, raloxifene (EVTSTA™), trioxifene, keoxifene, and selective estrogen
receptor modulators (SERMs) such as SERM3; pure anfi-estrogens without agonist properties,
such as fulvestrant (FASLODEX™), and EM800 (such agents may block estrogen receptor (ER)
dimerization, inhibit DNA binding, increase ER turnover, and/or suppress ER levels); aromatase

10 inhibitors, including steroidal aromatase inhibitors such as formestane and exemestane
(AROMASINT), and nonsteroidal aromatase inhibitors such as anastrazole (ARIMIDEX™),
letrozole (FEMARA™) and aminoglutethimide, and other aromatase inhibitors including
vorozole (RIVISOR™), megestrol acetate (MEGASE™), fadrozole, imidazole; lutenizing
hormone-releasing hormone agonists, including leuprolide (LUPRON™ and ELIGARD™),

15 goserelin, buserelin, and tripterelin; sex steroids, including progestines such as megestrol acetate
and medroxyprogesterone acetate, estrogens such as diethylstilbestrol and premarin, and
androgens/retinoids such as fluoxymesterone, all transretionic acid and fenretinide; onapristone;
anti-progesterones; estrogen receptor down-regulators (ERDs); anti-androgens such as flutamide,
nilutamide and bicalutamide; testolactone; and pharmaceutically acceptable salts, acids or

20 derivatives of any of the above; as well as combinations of two or more of the above,

As used herein, the term "EGFR-targeted drug” refers to a therapeutic agent that binds to

EGFR and, optionally, inhibits EGFR activation. Examples of such agents include antibodies and
small molecules that bind to EGFR. Examples of antibodies which bind to EGFR include MAb
579 (ATCC CRL HB 8506}, MAb 4535 (ATCC CRL HB8507), MAb 225 (ATCC CRL 8508),

25 MAD 328 (ATCC CRL 8309) (see, US Patent No. 4,943, 533, Mendelsohn et 21.) and variants
thereof, such as chimerized 225 (C225 or Cetuximab; ERBITUX™) and reshaped human 225
(H225) (see, WO 96/40210, Imclone Systems Inc.); antibodies that bind type II mutant EGFR
{US Patent No. 3,212,290); humanized and chimeric antibodies that bind EGER as described in
US Patent No, 5,891,996; and human antibodies that bind EGFR, such as ABX-EGF (see

30 WQ098/50433, Abgenix). The anti-EGFR antibody may be conjugated with a cytotoxic agent,
thus generating an immunoconjugate (see, e.g., EP-A-659439, Merck Patent GmbH). Examples
of smali molecules that bind o EGFR include ZD 1839 or Gefitinib (IRESSA™; Astra Zeneca),
CP-358774 or Erlotinib HCI (TARCEVA™ Genentech/Roche/OSI) and AG1478, AG1571 (SU
5271; Sugen)

35 A "tyrosine kinase inhibitor" is a molecule which inhibits to some extent tyrosine kinase

activity of a tyrosine kinase such as a HER receptor. Examples of such inhibitors include the



89 L9 pu9S 0 S pu 1E 8Z Size Exclusion-HPLC (%) MIATTIo00081190L'0OpuOVT PuvO09
Monomer (%) L. 86 L' 86 86 S'86 886 L. 86 P V86 pu Z'176 976 MTAIH 90 9'0 9*() Co 90 P u CU

190

15

20

25

35

-35-

EGFR-targeted drugs noted in the preceding paragraph as well as small molecule HER?2 tyrosine
kinase inhibitor such as TAKI 65 available from Takeda, dual-HER inhibitors such as EKB-369
{available from Wyeth) which preferentially binds EGEFR but inhibits both HERZ2 and EGEFR-
overexpressing cells, GW572016 (available from Glaxo) an oral HER2 and EGFR tyrosine
kinase inhibitor, and PKI- 166 (available from Nowvartis); pan-HER inhibitors such as canertinib
(CI-1033, Pharmacia); Raf-1 inhibitors such as antisense agent ISIS-5132 available from ISIS
Pharmaceuticals which inhibits Raf-1 signaling; non-HER targeted TK inhibitors such as
Imatinib mesylate {(Gleevec™) available from Novartis; MAPK extracellular regulated kinase 1
inhibitor CI-1040 (available from Pharmacia); quinazolines, such as PD 153035,4-(3-
chloroaniline) quinazoline; pyridopyrimidines; pyrimidopyrimidines; pyrrolopyrimidines, such
as CGP 39326, CGP 60261 and CGP 62706; pyrazolopyrimidines, 4-(phenylamino-7H-
pyrrolo[2,3-d] pyrimidines; curcumin (diferuloyl methane, 4,5-bis (4-fluoroanilino)phthalimide);
tyrphostines containing nitrothiophene moieties; PD-0183805 (Warner-Larnber); antisense
molecules (e.g. those that bind to HER-encoding nucleic acid); quinoxalines (US Patent No.
3,804,396); tryphostins {US Patent No. 5,804,396); ZD6474 {Astra Zeneca), PTK-787
{Novartis/Schering AG); pan-HER inhibitors such as Cl- 1033 (Pfizer); Affinitac (ISIS 3521;
Isis/Lilly); PKI 166 (Novartis}; GW2016 (Glaxo SmithKline); CI-1033 (Pfizer); EKB-569
(Wyeth); Semaxinib (Sugen); ZD6474 (AstraZeneca); PTK- 787 (Novartis/Schering AG); INC-
IC11 (Imclone); or as described in any of the following patent publications: US Patent No.
5,804,396; W0O99/09016 (American Cyanamid); W098/43960 (American Cyanamid);
W097/38983 (Warner Lambert); W099/06378 (Warner Lambert); W099/06396 (Warner
Lambert); WO96/30347 (Pfizer, Inc); WO96/33978 (Zeneca); WQ96/3397 {Zeneca); and
WO96/33980 (Zeneca).

An "anti-angiogenic agent” refers to a compound which blocks, or interferes with to some
degree, the development of blood vessels. The anti-angiogenic factor may, for instance, be a
small molecule or antibody that binds to a growth factor or growth factor receptor involved in
promoting angicgenesis. The preferred anti-angiogenic factor herein is an antibody that binds to
Vascular Endothelial Growth Factor (VEGF), such as Bevacizumab (AVASTINT,

The term "cytokine" is a generic term for proteins released by one cell population which
act on another cell as intercellular mediators. Examples of such cytokines are Iymphokines,
monokines, and traditional polypeptide hormones. Included among the cytokines are growth
hormone such as human growth hormone, N-methionyl human growth hormone, and bovine
growth hormone, parathyroid hormone, thyroxine, insulin, proinsulin, relaxin; prorelaxin,
glycoprotein hormones such as follicle stimulating hormone (FSH), thyroid stimulating hormone
(TSH), and luteinizing hormone (LH), hepatic growth factor; fibroblast growth factor, prolactin,
placental lactogen, tumor necrosis factor o and B, mullerian-inhibiting substance, mouse

gonadotropin-associated peptide, inhibin; activin, vascular endothelial growth factor, integrin,
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thrombopoietin (TPO), nerve growth factors such as NGF-f, platelet-growth factor; transforming
growth factors (TGFs) such as TGF-o. and TGF-{3, insulin-like growth factor-1 and -I1,
erythropoietin (EPQ), osteoinductive factors; interferons such as interferon-o, -B, and -y, colony
stimulating factors (CSFs) such as macrophage-CSF (M-CSF), granulocyte-macrophage-CSF

5 (GM-CSF), and granulocyte-CSF (G-CSF), interlevkins (ILs) such as IL-1, IL-1a, IL-2, IL-3, IL-
4, IL-5, IL-6, IL.-7, H.-8, 1L-9, IL-10, IL-11, IL-12, a tumor necrosis factor such as TNF-o or
TNF-8, and other polypeptide factors including LIF and kit ligand (KL). As used herein, the
term cytokine includes proteins from natural sources or from recombinant cell culture and
biologically active equivalents of the native sequence cytokines.

10 The term "effective amount” refers to an amount which provides the desired effect. In the
case of a formulation ingredient such as the hyaluronidase enzyme in accordance with the
present invention an effective amount is the amount necessary to increase the dispersion and
absorption of the co-administered anti-HER2 antibody in such a way that the anti-HER2
antibody can act in a therapeutically effective way as outline above. In the case of a

15 pharmaceutical drug substance it is the amount of active ingredient effective to treat a disease in
the patient. Where the disease is cancer, the effective amount of the drug may reduce the mumber
of cancer cells: reduce the tumor size; inhibit (i.e., slow to some extent and preferably stop)
cancer cell infiltration into peripheral organs; inhibit (i.e., slow to some extent and preferably
stop) tumor metastasis; inhibit, to some extent, tumor growth; and/or relieve to some extent one

20 or more of the symptoms associated with the cancer. To the extent the drug may prevent growth
and/or kill existing cancer cells, it may be cytostatic and/or cytotoxic, The effective amount may
extend progression free survival, result in an objective response (including a partial response, PR,
or complete response, CR), increase overall survival time, and/or improve one or more

symptoms of cancer.

25 The antibody which is formulated in accordance with the present invention is preferably
essentially pure and desirably essentially homogeneous (i.e. free from contaminating proteins etc,
whereby the hyaluronidase enzyme in the formulation in accordance of this invention 1s not to be
considered to be a contarninating protein of the anti-HER2 monoclonal antibody in accordance
of the present invention). An "essentially pure” antibody means a composition comprising at

30 least about 90% by weight of the antibody, based on total weight of the composition, preferably
at least about 95% by weight. An "essentially homogeneous” antibody means a composition
comprising at least about 99% by weight of antibody, based on total weight of the composition.

The invention will be more fully understood by reference to the following Examples. They
should not, however, be construed as limiting the scope of the invention. All literature and patent
35 citations are incorporated herein by reference.
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The Examples are further illustrated by the appended figures, which show the following
experimental results:

Fig. 1 Stability of the formulations A to F (see Table 1 below) after 8 weeks with respect
to Low Molecular Weight (LMW) Species detected by Size Exclusion-HPLC. As shown in this
figure the PS20 formulations A, C and E showed a slightly better stability than the PS80
formulations B, D and F upon storage at 30° C.

Fig. 2 Stability of the formulations A to F (see Table 1 below) after 8 weeks with respect
to High Molecular Weight (HMW) Species detected by Size Exclusion-HPLC. As shown in this
figure the formulations A and B that contain trehalose without the addition of sodium chleride
show a smaller increase of HMWs after 8 weeks storage time.,

Fig. 3 Stability after 8 weeks with respect to turbidity. As shown in this figure trehalose
containing formulations A and B show a low turbidity; whereas NaCl containing formulations C
to F show a much higher turbidity. Formulations E and F containing trehalose as well as NaCl

showed an intermediate turbidity. No significant increase was observed upon storage for § weeks.

Fig. 4 Viscosity of liquid formulations A to F (see Table 1 below) as measured by using
plate-cone viscosimetry at ambient temperature. All formulations are in a low viscosify range

that allows for subcutaneous injection.

Examples

The anti-HER2 formulations for subcutaneous administration according to the invention
were developed based on the experimental results as provided below using the general

preparatory and analytical methods and assays as outlined below.
A) Preparation of the components for the formulation

Trastuzumab is manufactured by techniques generally known for the production of
recombinant proteins. A genetically engineered Chinese hamster ovary cell (CHO) line prepared
as described in EP-B-390038 is expanded in cel! culture from a master cell bank. The
Trastuzamab monoclonal antibody is harvested from the cell culture fluid and purified using
immobiiized Protein A affinity chromatography, cation exchange chromatography (e.g. SP-
Sepharose FF), a filtration step to remove viral contaminations (e.g. a PVDF membrane (sold by
Milipore under the name Viresolve filters), followed by anion exchange chromatography (e.g. Q-
Sepharose FF) and an ultrafiltration/diafiltration step. For preparing the formulations in
accordance with these examples the Trastuzumab was provided at a concentration of approx. 100

mg/ml in a 20 mM histidine buffer at a pH of approximately 6.0.



86pu8liZPu9zzz (h)T'Wad ZI1ZZT Zl puZ1 Z pu Ol 8 Main Peak (%) 69 69 L9 89 89 99
pu g 917 Pu 9Z Lz Size Exclusion-HPLC (h) MITT CO 90 CO 9.0L'O CO

38.

rHuPH2( is manufactured by techniques generally known from the production of
recombinant proteins, The process begins with thawing of cells from the working cell bank
(WCB} or master ceil bank (MCB) and expansion through cell culture in a series of spinner
flasks followed by expansion in a bioreactor. After completion of the production phase, the cell

5 culrore liguid is clarified by filtration, and is then treated with solvent/detergent to inactivate
viruses. The protein is then purified by a series of column chromatography processes to remove
process and product related impurities. A viral filtration step is performed, and the filtered bulk
is then concentrated, formulated into the final buffer: 16 mg/mL rHuPH20 in 20 mM L-
histidine/HCI buffer, pH 6.5, 130 mM NaCl, 0.05% (w/v) polysorbate 80. The rHuPH20 bulk is
10 stored below -70°C. '

The other excipients of the formulation in accordance with the present invention are widely
used in the practice and known to the person skilled in the art. There is therefore no need to be
explained them here in detail.

Liquid drug product formulations for subcntaneous administration according to the invention

15 were developed as follows.
Example 1: Preparation of the liquid formulations

For the preparation of the liquid formulations Trastuzumab was buffer-exchanged against a
20 diaﬁltration buffer containing the anticipated buffer composition and, when required,

- concentrated by diafiltration to an antibody concentration of approx. 150 mg/ml. After
cémpletion of the diafiltration operation, the excipients (e.g, trehalose, rHuPH20) were added as
stock solutions fo the antibody solution. The surfactant was then added as a 50 to 200-fold stock
solution. Finally the protein concentration was adjusted with a buffer to the final Trastuzumab

25 concentration of about 110 mg/ml, 120 mg/ml or 130 mg/ml as specified in the pasticular

formulations further below.

All formulations were sterile-filtered through 0.22 pm low protein binding filters and aseptically
filled into sterile 6 ml glass vials closed with ETFE (Copolymer of ethylene and

30 tetrafluoroethylene)-coated rubber stoppers and alucrimp caps. The ﬁﬂ volume was approx. 3.0
ml. These formulations were stored at different climate conditions (5°C, 25°C and 30°C) for
different intervals of time and stressed by shaking (I week at a shaking frequency of 200 min™ at
5°C and 25°C) and freeze-thaw stress methods. The samples were analyzed before and after

applying the stress tests by the following analytical methods:
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1) UV spectrophotometry;

2) Size Exclusion Chromatography (SEC};
3) by Ion exchange chromatography (IEC);
4) by turbidity of the solution;

5) for visible particles; and

6) for fHuPH20 activity.

UV spectroscopy, used for determination of protein content, was performed on a Perkin Elmer
235 UV spectrophotometer in a wavelength range from 240 nm to 400 nm. Neat protein samples
were diluted to approx. 0.5 mg/ml with the corresponding formulation buffer. The protein
concentration was calculated according to Equation 1.

A(280) -~ A(320) x dil. factor

g<cm%ng> xd{cm)

The UV light absorption at 280 nm was corrected for light scattering at 320 nm and multiplied

Equation 1:  Protein content=

with the dilution factor, which was determined from the weighed masses and densities of the
neat sample and the dilution buffer. The numerator was divided by the product of the cuvette’s

path length d and the extinction coefficient &.

Size Exclusion Chromatography (SEC) was used to detect soluble high molecular weight species
(aggregates) and low molecular weight hydrolysis products (LMW} in the formulations. The
method was performed on a Waters Alliance 2695 HPLC instrument with 2 Waters W2487 Dual
Absorbance Detector and equipped with 2 TosoHaas TSK Gel SuperSW3000, 4,6x300 mm
columns in row. Intact monomer, aggregates and hydrolysis products were separated by an
isocratic elution profile, using 50 mM sodiuvm phosphate, 420 mM sodium perchlorate, pH 7. 0

as mobile phase, and were detected at a wavelength of 280 nm.

Ton Exchange Chromatography (IEC) was performed to detect chemical degradation products
altering the net charge of Trastuzamab in the formulations. For this purpose Trastuzumab was
digested with Carboxpeptidase B. The method used a suitable HPLC instrument equipped with a
UV detector (detection wavelength 214 nm) and a Dionex ProPac™ WCX-10 Analytical cation-
exchange column (4 x 250 mm). 10mM sodium phosphate buffer pH 7.5 in H,0 and 16 mM
sodium phosphate buffer pH 7.5 and 100 mM Na(l were used as mobile phases A and B,

respectively, with a flow rate of 0.8 ml/min.
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For the determination of the turbidity, opalescence was measured in FI'U (turbidity units) using a

HACH 2100AN turbidimeter at room temperature.

Samples were analyzed for visible particles by using a Seidenader V90-T visual inspection

instrument.

5 Anin vitro enzyme assay of rliuPH20 as hyaluronidase was used as activity assay. The assay is
based on the formation of an insoluble precipitate when hyaluronan (sodinm hyaluronate) binds
to a cationic precipitant. Enzyme activity was measured by incubating rHuPH20 with hyaluronan
substrate and then precipitating the undigested hyalurcnan with acidified serum albumin (horse
serum). The turbidity was measured at a wavelength of 640 nm and the decrease in turbidity

10 resulting from enzyme activity on the hyaluronan substrate is a measure of the enzyme activity.
The procedure is run using a standard curve generated with dilutions of rHuPH20 assay

reference standard, and sample activity is read from the curve.

Further experiments were performed including following variations:
- variations in pH from about approx. 5.0 to approx. 6.0
15 - variations in protein content from about approx. 110 mg/ml to approx. 130 mg/ml
- varjations in surfactant from approx. 0.02% to approx. 0.06%

- variations in stabilizer (methionine) from about S mM to about 15 mM

The compositions and the results of the stability testing for the liquid anti-HER-2 drug product
20 formulations (Formulations A to X) are provided in Tablel below wherein the following
abbreviations are used:

ffp: = free from particles; effp: = essentially free from particles; wafp: = with a few particles

F/T: = freezing/thawing; skg: = shaking; nd: = not determined

The formulations specified below show that it is possible to provide liquid formulations with
25 high concentrations of two different proteins. Such formulations can be prepared with greater
ease and lower costs than lyophilized formulations. Moreover such formulations are easier to
handle as no dissolving of the lyophilized final product (reconstitution) is required (ready to
use). it has been found that the formulations specified in Tables 1, 3 and 4 are also suitable for
the formulation of highly concentrated, stable pharmaceutical formulation of pharmaceutically

30 active anti-HER2 antibodies lacking the hyaluronidase enzyme. Therefore, in one aspect the
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present invention relates also to formulations having the specified ingredients but lacking the

hyaluronidase enzyme.



11 Zr ZI ZI pri Z T El pu OT 8 Main Peak 69 69 L9 69 89 99 pu 917 PIT 9Z LZ Size Exclusion-HPLC
42

(06) MINIL'OL'COCO9.0EOpuGOTrlpub71 Monomer (%) 9'86 986 c86 986 L. 86 86

pu dy ¢'¢ S 9 ¢¢ 67 £06 30 LOT s300M [T e
P6TET dy ¥ 9 9 Sy o1 816 90 <01 sjooMm g
8FETT dpy 8¢ e L €€ 1T TL L0 pu $j00M O¢
OL6ET dyy [ 9T L (4% L1 L'L6 90 pu syoom 7 DT
9L1TY dyg L'y 61 8 %9 Al £'86 ¢'0 901 $ooM g
£1921 dyz 8¢ 4! 11 6 80 L'86 0 pu $302M O
OverT dyy €5 11 Z1 79 80 L'86 0 pu sjoom [7 oS
FOCET dg 8P 11 1 09 1 86 0 o1 YoM §
8¢CT1 dygo 09 pu pu pu 6’0 L'86 70 pu (sopko ¢) ATES
€50T1 dy3 L's 2l 11 09 60 L'86 70 pu Joom [ | D57 TS
SLLET dy 7€ pu pu pu 60 L'86 70 pu yoom | Do 838
€19¢1 dgg 0 ) 1 09 L0 6'86 70 (481 [enyg -

@ | e | @ | @ | @ | @ cﬁmmwv

MH_MWW soponaed (NI poERd | 1mAd | rad WEN | MINT | POTOW | MIAH -m.mmu.ugco I, HyonIpuod

mm Eﬁ.mw A 1 Aprgmy, YTdH-28uetox uoy Y TJH-U0ISn[o%Y 971G U0 ] 28eIong aferoig

“OZHJNEH [/ 000,71 ‘0T veqsoskiod 94°( ‘SUMIOTIHOWE AW T *d1eIpAyip

JSOTRYAT-DD NI (T “S'S Hd IDH/QUIPTISTY-T W (7 ‘qruinzmsel], [u/Sur 07| vonisoduiod 2y M UONRIRILIO] PINDI[ € ST Y UOHRINULIOY

uonjuaAHI SN 63 SuIpicade suonejnuLioy 1npoxd Snap DYHH-Nue pmbiy jo eiep HIIQEIS pue uonpsodwo]y 11 SjqeL



(mg/m1) T IT pu pu pu pll ZIT pu PIT Z pu Pu ZIT OUST" aurols, TePTITT 3100M )103M I (5 cycles) 8

pu r86 GL6 pu 9.C6 0176 (66) MINH 8'0 CO 'L'0 L.0 80 pu 60 60 pu SI 6.1 Protein concentra- tion
weeks 12 weeks 36 weeks 8 weeks 12 weeks

pu dy €¢ pu pu pu 6'C 796 60 LO1 SYa9m [T e
P6ECT dyy 8F 9z 9 S Lt L'L6 90 60T sy g
pu dyg €< pu pu pu 1T 1'L6 80 pu oM OF
pu dyze (AL pu pu pu 81 L6 L0 pu SYeIM 7 | DeST
pu di o' 61 8 £ €1 7’86 ¢ 601 SyooMm §
pu ag Sy P pu pu 80 8'86 0 pu SYOM OF
pu dg € pu pu pu 80 8'86 S0 P syooM 17 Dol
806ET dyy 'S 1 9 09 60 L'86 0 601 Sjeam g
2 TESTT iz ¢'¢ pu pu pu 60 L'86 70 pu (s2[242 ¢) 1A
06£6 g [4S 4! 4! 19 80 L8 | ¥0 pu Yoam T | DeST IS
0ECET dyz (43 pu pu pu 60 L'86 70 pu ARM T 1 D5 89S
£6TET dyy vy 01 ¢1 6 L0 6'86 0 11 [eniog -
. e @ | @ | @ | @ | e |
Ananoe sajonred (LD pAE_d | 1 Hvad | qeRd TN | MINT | 1OWOUON | MINH “BRUADUOD oy, HONTIPUOD
THH IGISTA Ayprging, YIdH-2Fueyyx: 10| Y IdH-UOISn[aNy 971§ U130 afr101§ adrIng

"OZHANHY T/ 000,21 ‘08 dreqrosK[od 9590°( “SUIUORISUE AN (3]
“DTRIPAIP 9SO[RYSN-0"D W 0T ‘S°¢ Hd IDH/RUIPUSIY-T W ()7 ‘qeuunzmsel], fur/Sw oz ] uonisodurod oy) [iim Uoe niof pinbi] € $1 ¢ MORB[NULIO]



60 HE

44

pu dy L'ST 67 8 43 9T £'96 (A YA syeam [7 .
15421 dgy 0'€T T 8 o 97 9'L6 80 4| syeoMm g
87071 dyy L'ST 1€ 6 43 1C 0'L6 01 pu s3jeem Of
TL6Y1 dyy €T (44 6 T 91 $'L6 60 pu SYROM TT | oS8T
8£0E1 dy 0'sT 81 6 128 €1 0°86 L0 STl s300M g
8TZET dyg €92 4 (4 6S 80 9'86 90 pu oM OF
60v$1 dy 9°€T 6 €1 79 0'1 186 90 pu oM 17 e N
€orTT ay ST It ¢l 09 20 L'86 <0 971 SYooMm g
9L8T1 dy 84T pu pu pu 60 9'86 €0 pu (s2[242 ¢) A
6071 dy £'5T 1 41 09 60 $'86 S0 pu Feom 1 | .87 39S
€ZIE! dy 092 pu pu pu 60 9°86 ¢0 pu Foam T | o6 NS
CCETT dyy YT 01 <1 6§ L0 $'86 ¢'0 621 Tenra -
. @ | w | w | @ | e | w | O
fuamoe | sopned | (ALD bR | 1ead | AeRd URIA | MINT | PWOUOIN | MINHL | s | ouny | wommpuos
AH SIQISTA | Anplamng, O 1dH-=8ueyoxs] uoy DTIIH-UOTSH[OXH JZ1g wsjor] | eFero)g | oBIONg

activity (U/n11) 90n S OS Z TNt E-1.8-177Z 9LOZ L6ST pu %6T -1760Z pu pit pu Visible particles dip

36 weeks 8 weeks 12 weeks Storage condition Skg 5C DOCZ 21S lid as DOCZ 30017
djj cn-jj dip djja pu djj pu djj

"OTHANHE W/ 000.2T ‘07 9reqioskod g5p(°0 ‘dutuoiypaw I
01 “OpLIOJYD WNIPos I (¢ ‘C'S Fd "TOH/AUIpHSIY-] AW (7 ‘quuanzm)ser], uy/Sw (7] uonisodwios o) it HOLR[AULIO] pInblf € 8T ) UOHEMUELIO]



pu dje ve pu pu pu 9C 196 £l Al s3eam |7 5.0
78171 dyy L'tT & 8 N LT L6 60 $Tl $3=am 8
pu dy 592 pu pu pu e 896 'l pu Sy=am Ot
pu dyz €T pu pu pu 8'1 L6 60 pu syeem [T JaST
19921 iz P'ET 81 6 129 A 1'86 L0 SZ1 $pM 8
pu dyz 19T pu pu pu 80 9'86 90 pu Seam O
pu dy £ pu pu pu 01 ¢'86 90 pu SoIM [T oS
8¢Zel dyy 0°¢Z 11 ¢l 09 80 L'86 <0 6Tl SYoom
w 90611 dypo 84T pu pu pu 60 986 $'0 pu (sophog)y | 1M
11¢8 djpa ¥'ST I (4! 09 6°0 <86 90 pu Yoom T | DoSTHAS
[0ZTT dpzo 1'¥Z pu pu pu 60 9'86 <0 pu JooM T | DoE S
8LIGI djJ 1'sT 01 ¢l 65 L0 6'86 0 8T1 ey -
G @ || @ e | e | e | T
Kyanoe saponred (NI pAERd | Towad | qEed WEW | MINT | JOWOUOI | MINH -RIJUDOUOD awy, TOHIPUCD
IH JQISIA Arprgm], YIJH-28uryoxsy oy YTJH-UOISN[IXT] 971G 901 B AVIIN aFeIoIg

"OTHANHI /1) 000,21 08 #1eqrosA[od 946(() uuonpaw
0T ‘oprIod WnIpos W ¢ T ‘¢S HA [DH/AUIPHSR-T AW ()7 ‘qRINZHSeI], Tw/Bw gz uonisodwod ) M4 UOTR[NULIO pinby] € ST (f HOYBIAILIO ]

dj 917 St 72.1,7 8'17 St pu oc 617 pu CS 19 lon Excliange-HPLC Peak 4 (go) Si96 8 Pu pu It 81

LtZZ ZT (h) 1Arad a:!' 11 T ZI ZT pu ZT ZT pu 6 6 69 (%)



46

pu dyy vLT T 8 (43 9T £°96 'l €zl §j00M [T o
SPLIT dyy L'ST T 8 St ST L'L6 80 A §y20m Q
87071 dy vLI 43 6 43 1'e 0°L6 60 pu $j00M 9F
0ELPT djy 761 67 8 A% L1 $'L6 20 pu R 7 | D.8T
pU dyg 29! 8T 6 %9 A 186 L0 ¢TI $yeam §
1ZEET dig $'91 4! A 65 80 L'86 <0 pu $300M G¢
96851 dyg P91 I €1 19 60 9°86 S0 pu s30Mm TZ DS
980¢1 dy 691 I S1 09 80 L'86 ¢'0 Tl syooM g
vLETT dpye <91 pu pu pu 60 9'86 <0 pu (s9p242 ¢) J/A
€6LT1 dyze LT 11 4! 09 0’1 $'86 S0 pu yoam | | 0,67 39S
€oETT dyy TLT pu pu pu 60 986 ¢0 pu Yoom T | D.$ S
CLYET dy 9°91 01 ST 65 L0 686 0 8zI Tenm -
%) | (@ () (%) | (@ | (@ | (WAD
(/1) poeod | 13ead | Yeod urW | MINT | owomopy | MNH | M UILL | HOBIpuoD
£1ATio8 saronred (LD -eHUAOUCS | ofelnig EREAIN
IH AAISIA | Ayprqany, D 1dH-oFueysxy uoy D' TdH-uoISN[o¥XH 321§ ure01d

Wood ulelN 69 L9 69 99 69 pu 117 SS pu Lt It Size Exclusion-HPLC (W) AKIN1 CO CO 90 CO Co Pu

'CT Inf pu 0. Efr C86 (h) :10 MOWN CS6 17.86 C86 I'86 56 pu L. L6 8.L6 pu Z.S6 C6 8.0 (h) MINH

St

‘OTHAPHT [/ 000.21 ‘nom areqiosdjod 940" ‘QUILOIYIAWI INUT ()] “DPLIOTYD WNIPOS W GO *31RIpALip
ISOTRYSN-BD AW ¢OT ‘'S Hd [DH/AUIPHSIY-T W 07 ‘qeuinznser], [w/Suwr (71 uonsodwos oy qiim vonenuiroy pinbi| e $1 7 HONBINULION



47

pu dyy 191 pu pu pu 6T 966 81 €Tl SyPaM {7 e
09811 dg 791 €T 8 5% LT <'L6 80 124! syooMm g

pu dy €81 pu pu pu 1T 6'06 01 pu SYeaM Of

pu dy 7ol pu pu pu L1 ¥'L6 60 pu sYeaM 17 | DeST
0LSET dp pLT 81 6 € TT 186 L0 Tl syaaMm g

pu dg TL pu pu pu 80 L'86 9'0 pu oM O¢

pu dg 0'07 pu pu pu 60 986 90 pu syeaM 17 Db

pu dpy <91 14 Y 09 80 L'86 S0 Tl syaam §
69L1Y dyy ¢'81 pu pu pu 80 L'86 <0 pu (s97942 ¢) AP
¥OL6 dp 8¢l 11 4 09 60 986 $0 pu Yoo [ | DoST 3§
881¢1 dyy 091 pu pu pu 60 986 <0 pu yoam || DoS IAS
690€T dyge L'91 01 i 6S L0 686 0 LTl feny -
. @ | @w | @ | w | @ | e |
A3IATIOR soponred (LD b vad 1 Ead | Eed WEN | MIN'L | IOWOUOIN | MINH —BIUOUO0D awny, UonIpuod

AH slqistA | Aupiqng, O 1dH-98usyoxy uo] O IdH-UOTSN[OXT 921§ uwjord | ofeiolg | aSwiog

a2ciois [11.11In1 >f QOM | 3POM (5 cycles) 8 weeks 12 weeks 36 weeks 8 weeks 12 weeks 36 weeks

8.0 pull I." pu 61 Protein concentra- tion (mg/me ICI pu Pu P11 ZI pu pu pu 11 Pu Pu T 01.111J,
8 weeks 12 weeks Storage condition aos 2)1s post 33is 113 DoS DogZ DoOti 61

"DTEANHT [N 000,21 08 9¥rqI0s£[od 9590°0 SUIIORSW AW (] ‘OPLIOJYD WINIPOS IR §9 ‘IRIPAYIP
2SOTBYRN-0D U SOT ‘S HA IDE/AUIpnsIy--] NI (7 ‘qrumznsei], Taydw 0z [ uonisodwos ay iim uotjejninio] pinbif ¢ s1 § uoyenuLioq



HE activity (Wm!) TftZ L6EZ pu LLZZ L9TZ OLOZ pu ZZIZ 8ETZ pu pu pu Visible particles djj a djj djj

adjjdjdjpudjdjjpu dj Turbidity (F1'U) L. CCc 017 Cc pu 9.1 pu 0. 17 lon Exchange-HPLC

Peak 4 (go) 99

48

08 @1eqiosA1od (a/M) 9$0°0 “TIEN INW 0¢T “¢°9 Hd ‘[DH SUIPHSTH/SIH WW 0T UL QTHANH! Ju/Su g
:uonrsodurod SUTMOT[O] 91 TM JIng ® wol] wonaslut rord pappe GZHANHT pUe

(86

dyy iy 43 9 6€ T L0 7zl SyoaM T
dy Ty T 9 €S 1'C L6 9'0 121 syeem 7T DeST
pu pu I L 99 £0> $'66 $0 pu S3ooM
pu pu i L €S z0 766 9'0 pu $309M 9
dg iy L1 L 65 o> €66 <0 121 S00M 177 el
dy £y 11 8 99 €0> 766 ¢0 |F4! sfeam 71
pu pu L 01 0L pu 966 ¥'0 pu syedMY
pu pu 01 3 L9 10 $'66 S0 pu $YOIM O¢
dyy Iy 6 6 89 pu §'66 v'0 121 SYIaM {7 -
dy 8y L 0l 0L £0> 9'66 0 811 syjaom 7]
pu pu 11 11 09 pu 966 €0 pu SYyooMm §
dyg Ty L 11 1L pu L'66 €0 (44! rentug -
%) (%) @ | @ | @ | (e | @D
(LD pyeod | TeRd | Jeed UTEW | MIN'T | IOWOHO | MIAH -gmwwmoo - wonipuos
soponired o1qISIA | ANPpPIQIR], Y1 JH-28ueyoxy Uol YIFH-U0N[oxH 921§ urs101g ageio1g agerolg

‘0z aveqrosk[od o4y () “OUITOT SN AW (1] *01RIpAUIp
2SO[RYaNI-0'0 NW (17 C°C 11 [DH/PUWIPHISTY-T NH (7 ‘qewinzmser], /8w (7] tonisodwod 2 s uogeneio] pinby v st 5 HORRNULIO]

S



o
©
o
-l
o
o
o
o
o
©
o
©
S _
~ pu djz LYy ce ¢ 8¢ 66 CT6 g9t 111 sy 7T
Imna DoV
2 pu dyy 'y 0t £ 1€ 197 I'v6 Vi pu Syaem §
.m pu pu pu pu pu pu pU pu pu pu s¥20M OF
= 6L0T dyy 8¢ 0¢ P 0¢ S| 8°L6 L0 111 $qoam 71 J8T
5 ° 1681 di [ <1 € LS 01 £'80 L0 pu se24 §
2o pu pu pu pu pu pu pu pu pu pu $Y30M §F
= O
o M 0L6T dyj 6t 6 01 99 L0 L'86 90 0T1 S¥oam 71 Db
X 00 .
20 ceTT dy 0'f 8 01 69 90 886 90 pu Soom 8

C oAl
Ee L91T dy 8¢ 9 4! 89 Lo L'86 L0 pu (sopho )| 1M
= <
8 s pu gz 8t L 01 89 Lo 986 L0 pu Foam T | Do5T BAS
N ~
o< 90¥T dy 6'¢ 9 At -89 L0 L'86 90 pu yoam [ | DS IS
N m 180T dyy 6'¢ 9 (4! 69 80 L'86 90 28! feny .
T
N T 3
g ) @ | @w | @ | @ | @ | e
o_h .m Aynanoe | sopnred (NI P Aesd 13Ead | Ead UEIN | MINTL | PWOTOIN § MINH ébmun.u:oo ST, TOTIPHOD
MU/WM IH a[qistA | Aypraang, YIJH-eFneyoxyy uoy YTIH-UosnoX;] 221§ U120 a3e101g age101g
g
3 N “OZHANHT TR/ 000.7 ‘07 218qrosA1od o570°0) ‘@uIuoTiou U § “01eIpAyip
~®» 2S0TEYRN-D'0 AW (17 ‘0°S Hd [DH/AWPpRSIY-"T WW (7 ‘qerinznses, [wy/Sw g1 nonisodod o) A WoNe[uLioy pmbij e ST ff UOHR[NULIO]
23
.Mu_ S
- o
»n N
S0
Qo

>
o



pu dy L'S (44 6 0T £ 66 61 41! syoem 71 o
pu dyy 0'g 9T 6 9C I'¢ £'66 9'7 pu $Ya9M §
put Pu pu Pu _um pu pu pu @5 pu SHIIM Om
LSTT dp 4 1z 4 S Tl 816 01 111 M T | 65T
0161 djge 8y 81 4 (39 01 186 60 pu ER CEIRY
pu pu pu pu pu pu pu pu pu pu S¥aam g¢
¥£0T djg LY 01 1 9 L0 $'86 80 (48 $YPOM 7] Do§
1161 dy <y 8 I 89 90 986 80 pu $32aMm §

7 LOST dyg ¢y L 4! 89 L0 9°86 80 pu (sophog) | Id
ZAA dyy LY 8 Il L9 Lo 986 80 pu Fom T | 06T IS
TLYT dyy s L (4 89 L0 986 80 pu Yoam [ | Do$ 99S
8P61 djgo Ly L 4! 69 L0 $'86 80 11 fenuy -

. @ | @ | m e @ | e |
\Q;ﬁuw wmmoﬁ.qm& m SHHO ¥ Eed Asd [Ead UIBIN | MIATT | JOLHOUOIN MINH ~BIUS0H0D QL] HOnIpuos
TH JIqISIA Ayprqng, Y1dH-e3uryoXH Uo] Y TdH-H01Snfaxy 9ZIS uraoIg ofei0)g | oFmIoIg

"OTHATH (/1) 000.T ‘0T dreqios£od 957070 OUTHONIaW W ¢
XNRIPAYIP 9SO1RYRN-DD NWE 017 ‘0°9 HA [DH/SUIPHSTY-T INW (7 ‘qeiunzmsed, juy/duw gy I vontsoduios o) i uoneiniio] piabiy w s1 § uonpBMULIO]

L'Opu01V'1lpuit09 Monomer (%) L. 386 C 86 e86 L'86 8'86 986 pu Z.86 87.6 pu 176 Zt6 (%)
AMAIN o L*0 L'O CO 90 9.0 pu 80 8.0 pu S'l 8*-1 Protein concentra- tion (mg/m1) 11 pu pu pu Pu 1

Pu



51

pu dy T 99 < LT 09 ¥'76 9’1 111 SYooM 7T o
pu dyy Tt e € 0¢ Vol $'P6 ¢l pu 204 §
pu Ppu pu pu PU pu pu Pu pu pu mM@@kw of
162C dy 0t 0T e 0g b 6°L6 Lo 101 s3ooM 7] DeST
€61 dgy 0 ¢l S 9§ 01 £'86 L0 pu syeom 8
ﬁﬁ pu pe pu pu pu pu pu ﬁm pu Syaam Q¢
LEET dyy 6'¢ 6 01 99 80 9'86 90 41! s3ooM 71 Do$
€97 dgy Iy 8 01 89 90 886 90 pu syoam g
9$TT dgy L€ 9 zZt 89 L0 L'86 L0 pu (831042 ©) AT
£661 dygo oy L 0T 89 80 986 90 pu eem 1 | DeST IS
8TST dygo €y 9 A 89 Lo 9'86 90 pu yoom 1 DS S
8617 dgy L' 9 4! 69 L0 L'86 90 481 Jeniuy -
() %) | () ® | @ | @ | @ %mmwv
AYIATIOR saponred (N1 v Ated T71ed | 90d UEIN | MIN'T | SWONON | MINH ~BIURDU0D ST, uonIpUOd
a1 J[QISTA | Auplging Y TdH-28ueaYH qo] Y TAH-UOTSNa¥YH 971§ U110ig aferorg agerolg

pu 'El pu Pu ZI JUJU guJoi 10 111111 loom 1 )100M (sai3K3 c) 8 weeks 12 weeks 36 weeks 8 weeks

12 weeks 36 weeks 8 weeks 12 weeks Storage condition Dog BIS Skg 25C as DoSzZ D.017 62 7?7
1-LT..0189LZ-1788Z 17170Z LI9Z | LCZ 179IZ pu 91 TZ 0661 pu pu pu Visible particles djjadjja

"OTHIRHE T8/ 000.7 ‘07 Steqroskjod 900" *SUTHOTIOW AW  “JeIpAyrp
ISOTRYSH-DD W 017 ‘0'C Hd IDH/RuIpUSIY-T W 07 ‘qeuinzmsery, (a/8w g1 1 uonisodod ay) (pis TONR{nWIo] pinbil ¥ §1 § HoHBNULIO



11-11 1)ecm L 09917 CtPu6.17 pu CC lon Exchange-HPLC (%) 1770cl
52

8 8 puslZpul7z0Z (h)Vad ZI Z1iiZZT Z I Au

djj djj djj pu d jj djp pu djj

pu dg 79 [44 8 8T £y 6'€6 61 it $Y00m 7] o
pu dyy (S 9t 01 9z e ¥'S6 ¢l pu Syoem g
PU . pu pu pu Pu pu pu “pu pu pa S¥oam ¢
L161 dyy LY Iz [4! Sy ol 6'L6 01 (41! syoam 7| 8T
£981 dg Sy 81 4! 3 g0 £'86 60 pu §Y=am 8
pu pu pu pu pu pu pu pu pu pu S33M Q¢
09¢T dyz 5 6 (4] £9 L0 586 80 (41 SHeem TL Deb
cElT dyy Sy 8 4] 89 Lo ¢'86 80 pu SyeaM
91€T dyj 8P L 4! 69 Lo 986 80 pu (591242 G) RPE |
6¥0T dgye 9P 8 11 LY L0 $'86 80 pu oM | DoST BAS
089C dyy 0's L 4! 86 Lo G586 80 pu Haom | DS 89S
8€TT dyy L'y L 4 69 Lo 986 80 111 Teniug -
S W | | @ | @ | e | e | O
Ayanoe soponred (LD PARd | 119d | A0ed WA \E\mqw OWONOW | MINHL | poouon SwiLy, TOTIPUOD
9H SIQISIA Ayrprgang, Y IdH-28uryoxy uof YIJH-UOIA[OXH 9Z1§ U101 age101g a8eIng

"OZHARHY 19/ 000.7 ‘07 @rqiosA[od 9456(°( *SUIMORST AU § “AIRIpAYIp
ASOTRYAL-0'0 AW 017 ‘070 Hd [DH/AUpnsiy~1 W (7 ‘qeuunznysel], fry/8w o1 [ uonisoduiod oY) [im UOHB[ULIO) pmbif € ST 3 wonv[nuIog




53

pu dyy (44 ce ¥ 8T 09 9'C6 ¢l (A1 oM 71 20p
pu dy 6t 123 ¥ e ¢y (A7 | pu SYooM §
pu pu pu pu pu pu pu pu pu pu syeoM OF _
S01¢C dy 8¢ 61 ¥ 0s 1 6'L6 L0 It Sy2M 7 DaST
6161 dyy 8¢ | ¢ 9¢ 01 ¥'86 Lo pu Syoom g
P pu pu pu pu pu pu pu pu pl S¥aam g¢
LE]Y dp 8¢ 8 01 L9 L0 L'86 90 I SYaam 71 Do
£9TT dy 8¢ L 01 89 9'0 8'86 90 pPU syaaMm §
SEVe dyy 9'¢ L Tl 89 80 <86 Lo pu (se1942 ) L/
pu dy 'y L 01 89 Lo L'86 90 pu Joom T | D,ST IS
PLST dgy I'v 9 Al 69 Lo L'86 9'0 pu Hoam | Do 39S
10£T dyye c'e 9 z1 69 L0 L'86 90 A8 [ENTU] -
. @ | @ | @ || w | e |
Ayatioe soponued (ALY bed | 1 3ead | oeed UIBIN | MINTT | SOWIOUOI | MINH “EIUOUO0D oy, oTIpuod
IH SIQTSTA Ayprgang, Y1dH-afueyoxy uoy Y TAH-UOISN[OX5] 9Z1§ UIMOILJ afeiolg ofeiog

ZI pu Ol 6 Main Peak (%) 69 29 89 89 L9 L9 P u Zg Lt7 pu 17Z 61 Size Exclusion-HPLC (%) MIAIT
COLOCO90L.00pu01 pu67 (oh).10WOUOW C'86 986 C'86 986 C'86 C'86 pu 086 L. L6 pu

"OTHATEH [W/N 000.2 ‘07 eqroshjod 97070 QuIUOTIow WU 1 ‘RIpAyIp
JSOTRYDT-0'0 NI 017 ‘0°S HA [DH/UIPLSIY-T WM (7, ‘qetinznises ], TuyFw ¢ vonisoduiod o) (iM UODR[NULIOY pmbl] ST 7] Uohje[auiIo]



54

pu dp 'S (44 8 LT Ty 196 Ly 11 syam 7] o
pu dgy v's 9T 01 97 S'¢ 056 ¢l pu SIoaM g
pu pu pu pu pu pu pu pu ﬁd pa SYoom Q¢
9€61 dy L'y 12 Tl o 1 0°86 60 11 sy3aM 7| DoST
0061 dj o 81 4! €5 TT 186 60 pu Sjam g
Pu 2183 pu pu “um ﬁuﬁ PU Pa ﬁm muﬁ SHRDaM Om
870C dgge 6% 6 4l 99 Lo 9'86 80 111 syoam 71 DoS
8812 dyy <y g Al 89 L0 9'%6 L0 pu sjooMm §
£871C dyy 9y L 4 89 9'0 9'86 L0 pu (89243 G) 1/
1991 dy 6 g 141 LS L0 986 L0 pu oM T | D.5T #S
6912 dyy TS L 71 69 90 9'86 L0 pu oM T | D6 IS
€072 dgge % L 4 69 L0 9'86 L0 01t reniy -
. @ | W | @ | @ | @ | e |
Ananoe | soponred (N1 pAead | ToERd | PO WP | MINT | OWOUOIN | MINTL -ERTAIUOD =hugf qonIpUOd
=15 OIqISIA | Amprqany Y1dH-28ueyoxy uol I IJH-UoISnoXy 071§ Uroid 28BI01S YOI

VC6 L'6 (oh) MINH 80 80 8.0 80 80 8'0 pu 01 01 Pu CI 07 Protein concentra- tion (mg/m1) IC' pu Pu
pu pu ZEE P pu ELI pu pu tEl Storage Time trill 3100M [ 100M I (5 cycles) 8 weeks 12 weeks 36

weeks 8 weeks 12 weeks 36 weeks 8 weeks 12 weeks Storage

“OZHANHT W/ 000.7 ‘0T deqiosijod 957070 *auUOTYIaT I §T “AreIpAyIp
SSOTBYRII-0'D AW 0T ‘00 Hd [DH/AWPUSIY-T WTI 0 ‘qQeuinziyser], JuySw g1 ] uonisodod oy (i Uolie[niiio] pinbi] B $1 JA] UORBNUELI0]




"OZHANHA TW/N) 000.7 ‘07 @1eqioskrod 940()() “OUTHIOTYINI AT G “OyefpAyIp

ISOTRYAN-0D W 17 ‘0°S HA IDH/AUIPNSIY-T W (7 ‘grianzniser], [uu/Sw [ [ uonsodwiod o) WA vonenulo] pmbiy e sT N uojemuLIoy

~
NI
4 T
© "
i
g <
0 -
0.2
© ©
© =
m7u_ © pu dgy €y ¢¢ 14 87 09 CTo ¢l 111 SyaeM T 2u0p
ey o
o O- pu dyy 0y 143 v 0t 1y L6 €1 pu syooM
o=
; .M pu pu pu pu U pu pu pu pu pu sy@am gf
o
o 060T dyy L'e 61 ¥ 0¢ I8! 6'L6 Lo R A sHem 7] 25T
I ©
- 5 SIce dyy 8¢ ¢I S LS 1"l 7'86 L0 pu 8399/ 8
V_/. = pu pu pu pu pu pu pu pu pu pu SHOIM OF
< 2 :
R .m. LEOT dpge o't 8 01 L9 L0 8'86 90 T SHRIM 7] Do
.% 01T dyy 6'¢ L 01 69 L0 886 90 pu SioeM g
< .
o o LSYT dyy oy 9 Zl 89 L0 L'86 L0 pu (521240 ) LA
E 980¢ dyy L'e L 01 89 80 986 90 pu joom T | 0,87 TS
m_u 65€T dpo G 9 4 69 L0 986 90 pu Hoem | oS 39S
o 0I¥C digo g€ L Tl 69 L0 L'86 90 11 Tenig -
>
2 . @ | w | @ || @ | e | e
w. ATAnOR sayonIed (NIA PAPRd | 18ad | Pad UIBIA | MIN'T | 1SWIOUOIN | MINH ,m.amuwcoo Quiy], UONIPUOD
W._ 9H AUISEA Ayprqing, Y TdH-98ueyoxyy woy YIJH-UoSnaY 221§ WM01g 23r103G adeioig
@
N~
—
N
T
©
©
>
a
-
©
o
=
-
o
-
0

condition DOC thIS | Skg 25C JJd Dog Do CZ Do O ti

917 617




pu dg I'9 (&4 8 LT €y 06 61 48! oM 71 Ao
pu dyg A4S T 01 97 67 966 ¢ pu syeom 8
pu pu pu Pu pu pu pu pu ﬁﬁ muﬂ wvﬂuu\s @M
91ZC dgy Y Iz €1 9% Tl 6'L6 60 48 sy 7] DS
7007 dy 8v 81 71 %9 60 786 60 pu sy20m g
uuﬁ pu pu pu pu pu pu pu ﬁﬂ Pu S¥y2om §¢
€061 dy 9p 6 zl 99 L0 £'86 80 41! S3aaM 7] DS
6¥02 dg Y 8 (4l g9 90 L'86 L0 pa $y20M g
€T€T djja € L 4! 69 L0 9'86 L0 pu (sopho 6) RIS
61T dyyo 6 8 11 L9 L0 $'86 L0 pu YoM 1 | DoST HAS
o131 dyy LY L zl 69 L0 9'86 L0 pu Yoam | | Do€ IS
£61T dyy Sy L 71 69 L0 9'86 80 111 feny -
. W | @ | @ || e | e T
ATATIOR saponted (LD bAead | TAad | yred WP | MINTT | FOWOUOIN | MINH ~BI0T0D Wy, uonIpucd
HH Q[QISIA ANpigmy, I IFH-o8ueyoxyg uof YT JH-UOISN[OXH JZIS UE0L] afero1g a8e10)§

L'17 1717 L'pu 17 0" S. pu oc 8'S Ton Exchange-HPLC Peak 4 (%) 8 8 pu8 OZ u,p sz OZ Peak |

(%) ZI ZTT1111ZT puZIClpua\ 6 Main Peak (%) 69 69 L9 69 L9 L9

{0ZHANHEI THYN) 000.Z 0T 2eqiosdjod 9,00°0 ‘QUITORpou WU G ‘OTeIpAyip

SSOTRYRN-D0 AW (17 “0°0 114 [DH/SUIpHSIY-"T INTU (7 ‘qeuinzmsex], [wySui ()] | wontsodurod a1 [ilm voneniio] pimbiy e s1 () uonenuLIoy




pu dg ¢y ceE ¢ 8T 6'S 1'76 6’1 671 syeam 7] o
pu dyy 6€ g v Te (474 Tv6 91 pu oM §
pua pu pu pu pu pu pu pu PU pu YoM OF
L8831 dy €y 61 1y IS VI 8'L6 80 8C1 $320M 7] DuST
160T dyy ¢'¢ 9 g LS o' 786 80 pu SYoaM 8
pa pu pu pu pu pre pu pu pH pu sYaom OF
9L81 dp 8¢ 6 1 L9 L0 L'86 90 671 s3eam 71 DS
LY dy 9'¢ L 01 69 9'0 886 9'0 pu $eom §
655T dyy L'e 9 TI 69 L0 L'86 L0 pu (so1242 ¢) 1
pu dyy 6'¢ L 01 89 Lo 986 L0 pu Joom | DoST AS
8TLT djy y'E 9 4 69 L0 L'86 L0 pu Joam [ Do§ IS
CE0T dy 8¢ 9 A 69 L0 L'86 L0 871 fenug -
(%) (%) (%) (%) (%) (%) (o /S
(/) pyedd | 1¥edd | ead W | MINT | ISWOUOW | MINH uon
Apanose saronred (N ~BII3OUOD awry, UONIPUCD
Yy SQISIA Anprgang, Y TAE-280eyoxy uoy O TH-UOTSN[XH SIS 013101 ] ageio1g adrIng

Jawouow c86 S.86 S.86 986 86 1/86 pu 0.86 8 L6 pu VS6 L: C6 (%) A&WH 8.0 80 80 80 8'0 80 pu

pu CS Lt? Pu 171 U Size Exclusion-HPLC (oh) COo CO CO co80pu0'l1.1 pu O'C P17 (b)
0.10'I Pu

*OZHINHET T/ 000,27 ‘07 9rqiosAjod 95707 “oUIUORpRU W ¢ S1eIpAyIp
ASOTRIAN-DD TA 017 “0°C HA [DH/UIpnSI-T WM (7 ‘gerunzmsel), [ul/Sul (¢ uonisodwios sy} Yiim UOLE[NULIO] pInbr © ST J UsnemnuLiog



OTHANHT [T/ 000.Z ‘07 MeqiosAiod 9570°0 “QUIHON AW AW ¢ “ApeipAyIp
ISO[RYDI-DD AT (0TZ ‘0°0 Hd IDH/AUIpHSIY-] W (7 ‘qemnzngser], oS o¢] vonisoduiod aij; (Pis uonenuiio} pinbi v st {) uopwmuiioy

C T Protein concentra- tion (mg/m1) ICI pit P u pu P ILL pu pu ILL Pu Pu Z CI agnlO)S ul NOOM
laaA\ | (5 cycles) 8 weeks 12 weeks 36 weeks 8 weeks 12 weeks 36 weeks 8 weeks 12 weeks

N

>

>

-

N

9

@) pu dyy I'9 (/4 8 8T 7't vE6 (A (43! s)Pam 7] o
S pu djjo 96 LT 01 LT 0'¢ T$6 81 pu oM g ’
.\m) pu pu pu pu pu pu pu pu pu pu Sqaam §F

/_m TI6T djy LY 1T 4! 9F 't 8'L6 11 (431 saam 71 | D.S5T
3 8881 dy IS 51| 75 rro|ose | 1T pu | spoomsg

s pu pu pu pu pu pu pU pu pu pu saam Q¢

(@) ]

o 1€61 dygo 6 6 1 99 L0 '86 60 zeT $300M 71 oS
(o] .

~ 1€1T dn 'S 8 i 89 90 98 | 60 pu $300M g

i

S TIET dyy 8¥ 9 4 69 90 $8 | 80 pu (s9[24> ©) /A
(¢p) .

N L8LY dyy 8 8 1T L9 L0 #'86 60 pu Yyeom [ | Do$T BMS
@ TTST dyy a4 L 4! 69 L0 g6 | 80 pu Foom [ | DoS IS
S .

3 60€T djjo a4 L 4! 69 L0 $'86 80 €1 Tenug -
M . T /sul

= . @ | W | @ | | @ | e |

N _ . !

A% A1anoe soponmed (NI peed | 1o[od | Avod MBI | MIN'T | 1OWOUOIN | MINH ~BNTIOU0D Swry, uonipuo?
a 9H QIQISIA Lypigm], Y IFH-98uRyo¥s] uof Y1JE-UoIsn]aXy 9Z1S uaoId oBvimg adrioig
(%2}

o

7))

0

@©

c

9

£

c

o

(&)

(O]

(@)

©

)

0p]




LLVZ Pu 681 Z OCOZ OCOZ Pu Pu Pu dijj djja sap used 0119IsIA dijj djj pu djj djj pu dil d j j dj; Z17

pu dyyo 9y <¢ ¢ 67 0’0 076 07 (43 §300M 7] o
pu dyy Ty 93 v (43 I'v €16 9'] pu sya0M g
pu pu pu pu pu pu pu pu pu pu SY3OM OF
6661 dyjo 6°¢ 0T ¥ IS vl L'L6 60 I£1 SYRM T | DoST
6361 dyyo ¢ <1 < 8¢ 0T 786 6'0 pu syaaM g
pu pu pu pu DU pu pu pu pu pu $33am Qf
0S€T dyge 9¢ 8 07 L9 L0 9'86 90 1€1 syem TL | o8
SLOT . dpo c'¢ L 01 69 90 L'86 L0 pu sYoom g
. 1L€7 dye 8¢ 9 7l 69 90 L'86 L0 pu (sopfog) | I
i 8561 dyyo €y L 01 89 80 $'86 L0 pu oM [ | D57 IS
9681 dgye L€ 9 zl 69 90 L'86 Lo pu Yoam [ | DS S
9607 dyye L 9 4! 69 L0 9'86 Lo €1 [enmug -
/g1
iy R I TN I I O - e
Ananoe saponyred {NLD : _ . ~BIUIOU0D QLY uonIpuod
TH JIGISTA Apiqmy, Y Td1I-98ueyoxs] Uof Y IJH-U0ISN[IXH 5715 U101 g oFri0g adeiolg

(11.1- 817 Pu g't7 pu T 'g 817 lon Exchange-HPLC 9 31Rad 8 9 pu 6 81 pu CZ IC CC ZI ZI () T 3ltad

0Z

"OTHAMEY 1W0/1] 000.¢ ‘07 S1eqroskod 95900 ‘SuTUONIOW W ¢ ‘91eIpAiyIp

SSOTRYRI-0'D T 017 ‘0°S HA [DH/AUIPHSIY-T AW ()7 ‘qewnzmsel], TuySu g¢T uonsodiuod o) iis vone[auuo] pmbi| € s1 3 UoHe[nuiioy



60

pu dyy I'9 7T 6 1T £y g€ 7T ¢€1 s3eoM T -
pu dyy LS LT 6 LT 0€ 756 61 pu $593Mm 8
P pu pu pu pu pu pu pu pu pu §Hoom a¢
$60T dyg 6 17 1 LY Al L'L6 Il 1€l $3o0M 71 D.6T
9561 dy 0'S 81 z1 ¢S I'1 8'L6 | T pu oM §
pa pu Pu pa pu pu pu pu pu pu saam O
L681 dyge 8 6 (4 99 L0 7'86 60 TEl SyoM | DS
9L0T djgo gt 8 71 69 Lo 86 8'0 pu SYaam §
L8PT dyy Ly 9 1 69 9°0 $'86 80 pu (sa1oho ©) RVE|
11T dgy 6'Y 8 1 L9 L0 86 60 pu oM 1 | DoST IS
8087 dyem 8v L ! 69 L0 <86 80 pu Joam 1 | DS IS
90¥T djye 9v L 4| 69 L0 €86 80 €T Teniug -
- W | @ | @w | @ | @] w | O
AMM“WW saponred (LD bAeRd | ToEed | ved UIPIN | MINT | WOUOIN | MINH am.amuwmou owiy, UOnIpuHos
TH SIQISTA Auprqing, Y1dH-e8ueyoxy uoy Y IdH-UoISnaXyg 971§ ui2101q omﬁﬁm afeimg

(%) MIAI/ 9.0 COCO puCOO'I puC. 1917 986 g'86 (b) JatuotioN 986 986 g'86 pu 986 Z.86 pu 8.L6

pu Of pulL.9 6969 (%) 3120c1 uTRIN 89 69 89 Pu L9 LS pu Og trg Size Exclusion-HPLC CO CO
916

"OTHAMHI TW/N 000.2 ‘0T 1rqrosdjod 95907 ‘sutvongiows W ¢ “syeIpLyip
aSORYaN-0D W (17 ‘0°9 1 [DH/PUIPNSIY-T NI (7 ‘qeranznyser ], [W/8uI g¢ | uonisodiuod Sif s Jone[nuLo] pInbi] ® 8T Q HOBINLIO]



61

pu dy 'y ¢e 4 6T 09 6 8T (A3 eyfoom 71
pu diy 137 e ¥ 1€ T €6 T pu $300M 8 De0F
pu pu pu pu pu pu pu pu ru pu SHooM OF
8€TT dy LE 61 ¥ 43 vl L6 80 1€l syoom 71 05T
(4AYS djy 9'¢ SI ¢ 9 01 786 80 pu SyeaM §
pu pa pu py pu pu pu pu pa pu S¥ooM O
0L0T dy L€ L 01 69 L0 9'86 90 el syaom 71 o€
L1 dyy ¢'g L 0t L9 <0 R'86 90 pu sjaom g
LLTT dp Le 9 4 89 9°0 L'86 L0 pu (s9]042 G) 1/
pu dgye 0y L 01 89 80 ¢'86 L0 pu Noom T | D67 38
L6ET dyg L'e 9 (4 69 L0 186 L0 pu b CELN S e Wk N
11€2 dgge LE 9 4! 69 L0 L'86 L0 1¢€1 feng -
() @ | w | @ | @ | @ | e | O
Gmor | sopnrd | (L | P EOd | TR | lUed UIBIN | ML | RWOUON | MINH | pinosuos | aumg, | wonppuos
HqH SqQISTA ] ANpraang, Y TdH-oFueyoxy uoy Y TdH-UoISn[axs 9Z1§ uraj0id BRI 28eI0lg

C.g6 80 8.0 (9h) MINH 80 8'0 8*0 Pu CO 6'0 pu L: I t1 Ti! (MOW) UOI1 -alltiODUOD 111310.1d pu pu
pu pu ZZI pu pu pu iii ZZI pu awn auJois 3paM loom | (5 cycles) 8 weeks 12 weeks 36 weeks 8 weeks

12 weeks 36 weeks 8 weeks 12 weeks Storage condition Skg 5C

. "OZHARET W/ 000.7 ‘07 @rqiosijod 9700 ‘QUIUCIHAW W G “SIBIpAIp
ISOTRIAN-1D I 17 ‘0°S Hd [DH/AUIpUSH- AW 7 ‘qeuunzmser], juySw 0¢ ] uontsoduwmos o) M UonRmuiIo) pinbiy e 81 ¥, GojBnuiog




Skg 25C ,L/A Dog DogZ DoOt? -66- Example 2: Preparation of a lyophilized formulation A solution of
approx. 60 mg/ml Trastuzumab was prepared as described above for liquid formulations. All excipients
have been added at half of the concentration of the above mentioned 5 liquid formulation. The
formulation was sterile filtered through 0.22 um fi&ers and aseptically distributed in equal amounts into
sterile 20 ml glass vials. The vials were partly closed with ETFE (Copolymer of ethylene and
tetrafluoroethylene)-coated rubber stoppers suitable for the use in lyophilization processes and

lyophilized using the free
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Formulation U is a liquid formulation with the composition 130 mg/ml Trastuzumab, 20 mM L-histid

dihydrate, 15 mM methionine, 0.02% polysorbate 20, 2’000 U/ml rHuPH20.

condition

Ske 5°C

Skg 25°C
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25 reconstituted samples was performed after a 24 hour incubation period of the reconstituted liquid
sample at ambient temperature. The samples were again analyzed by the following analytical methods
described above: -67- 1) UV spectrophotometry; 2) Size Exclusion Chromatography (SEC); 3) lon
exchange chromatography (IEC); 4) turbidity of tkﬁlg solution; and 5 5) for visible particles. The results
of the stability testing for the Formulation Y is provided in the Table 3 below wherein the following
abbreviations are used: ffp: = free from particles; effp: = essentially free from particles; 10 nd: = not
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9Z 1 Pu a, 9 2 P v) ljefflul 8 weeks 21 weeks 36 weeks 1 8 weeks 21 weeks 36 weeks 8 weeks 21
weeks 36 weeks coi 0...)0 bID.Qc,2c V)OU i,-)iri Pinni 0 C>en -69- The properties of the above
formulations provided are summarized in the following Table 4: F Tr mg/m1 His tre mM NaC1 mM
Meth mM PS 20 80 rHu

66-

Example 2: Preparation of a lyophilized formulation
- A solution of approx. 60 mg/ml Trastuzumab was prepared as described above for liquid

formulations. All excipients have been added at half of the concentration of the above mentioned
5 Hquid formulation. The fdrmulation was sterile filtered through 0.22 pm filters and aseptically .

distributed in equal amounts into sterile 20 ml glass vials. The vials were partly closed with

ETTFE (Copolyfner of ethylene and tetrafluoroethylene)-coated rubber stoppers suitable for the

use in lyophilization processes and lyophilized using the freeze-drying cycle reported in Table 2.

10 Table 2 Freeze-dryving Cvcle

_ Shelf temperature | Ramp Rate | Hold time | Vacuum Set point
e o) CChminy | (min) (bar)
Pre-cooling 5°C 0.0 60 -
Freezing ~40°C 1.0 120 -
Primary Drying -25°C 0.5 4560 80
Secondary Drying +25°C 0.2 300 80

The product was first cooled from room temperature to approx 5°C (pre-cooling), followed by a
freezing step at -40°C with a plate cooling rate of approx. 1°C/min, followed by a holding step at
-40°C for about 2 hours . The first drying step was performed at a plate temperature of approx. -
15 25°C and a chamber pressure of approx. 80 ubar for about 76 hours. Subsequently, the second
drying step started with a temperature ramp of 0.2°C / min from -25°C to 25°C, followed by a

holding step at 25°C for at least 5 hours at a chamber pressure of approx. 80 pbar.

Lyophilization was carried out in a Usifroid SMH-30 LN2 freeze-dryer (Usifroid, Maurepas,

20  France) or a LyoStar II Freeze-dryer (FTS Systems, Stone Ridge, NY, USA). The freeze-dried
samples were stored at different climate conditions (5°C, 25°C and 30°C) for different intervals
of time. The lyophilized vials were reconstituted to a final volume of 2,65 mi with water for
injection (WFI) yielding an isotonic formulation with an antibody concentration of approx.

120 mg/ml. The reconstitution time of the freeze-dried cakes was around 10 min. Analysis of the

25 reconstituted samples was performed after a 24 hour incubation period of the reconstituted liguid
sample at ambient temperature.

The samples were again analyzed by the following analytical methods described above:



Uml mpH %% A120205.5210 100.04 12000 B 120 20 5.5 210 10 0.06 12'000 C 120 20 5.5
130 10 0.04 12'000 D 120 20 5.5 130 10

£7-

1)y UV spectrophotometry;
2) Size Exclusion Chromatography (SEC);
3) Ton exchange chromatography (IEC);
4) turbidity of the solution; and
5 5) for visible particles.
The results of the stability testing for the Formulation Y is provided in the Table 3 below
wherein the following ahbreviations are used:
ffp: = free from particles;
effp: = essentially free from particles;

10  nd: = not determined



0.06 12'000 120 20 5.5 10565 10 0.04 12'000 F 120 20 5.5 105 65 10 0.06 12'000 G 120 20 5.5 210

100.04 H110205.0210 50.02 2'000 110 20 6.0 210
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50.02 2'000 110205.0210 5 0.06 2'000 K 110 20 6.0 210 50.06 2'000 110 20 5.0 210 15 0.02
2'000 110 206.0210 150.02 2'000 N 110 20

~6G-

The properties of the above formulations provided are summarized in the following Table 4:

F Ty His tre Na(l | Meth PS rHu
20 80
mg/ml | m pH mM | mM | mM % % U/ml

A 120 20 5.5 210 10 0.04 12°000
B 120 20 5.5 210 10 0.06 12’000
C 120 20 55 130 10 0.04 12’000
D 120 20 5.5 130 10 (.06 12°000
E 120 | 20| 55 | 105 | 6 | 10 | 0.04 12000
E 120 20 5.5 105 65 i0 0.06 12’000
G 120 20 55 210 10 0.04
H 110 20 5.0 210 5 (.02 2’000
I 110 20 6.0 210 5 .02 2’000
] 110 20 5.0 210 5 0.06 2’000
K 118 20 6.0 210 5 0.06 2’000
L 110 20 5.0 210 13 0.02 2’000
M 110 20 6.0 210 15 0.02 2°000
N 110 20 5.0 210 15 0.06 2’000
O 119 20 6.0 210 i5 0.06 27000
P 130 20 5.0 210 5 8.02 2’000
Q 130 20 6.0 210 5 0.02 2’000
R 130 20 5.0 210 5 0.06 2’000
) 130 20 6.0 210 5 0.06 2’000
T 130 20 5.0 210 15 0.02 2’000
U 130 20 6.0 210 15 0.02 2’000
v 130 20 5.0 210 15 0.06 2’000
W 130 20 6.0 210 15 0.06 27000
X 120 20 55 210 10 0.04 2’000
Y 120 20 5.5 210 10 0.04 12°000 *)

F = Formulation Tr = Trastuzumab

His = L-histidine/HCl tre = a,a-trehalose dihydrate

NaCl= Sodium Chloride met = methionine

5 PS = polysorbate in % {w/v) rHa = rHuPH20

*) = after reconstitution



5.0210 150.06 2'000 0110 206.0210 1150.06 2'000 P 130 20 5.0 210 50.02 2'000 Q 130 20
6.0 210 50.02 2'000 R 130 20 5.0 210 50.06 2'000 S

S70-

Claims

1. A highly concentrated, stable pharmaceutical formulation of a pharmaceutically active

anti-HER 2 antibody comprising:
5 a. about 50 to 350 mg/ml anti-HER2 antibody;
b. about 1 to 100 mM of a buffering agent providing a pH of 5.5 £ 2.0;
¢. about 1 to 500 mM of a stabilizer or a mixture of two or more stabilizers,
d. about 001 to 0.08 % of a nonionic surfactant; and
e. an effective amount of at least one hyaluronidase enzyme.

10 2. A highly concentrated, stable pharmaceutical anti-HERZ antibody formulation
according to claim I, wherein the anti-HER?2 antibody concentration is 100 to 150
‘mg/ml, 120 £ 18 mg/ml, about 110 mg/ml, about 120 mg/ml, or about 130 mg/ml,
respectively.

3. A highly concentrated, stable pharmaceutical anti-HER2 antibody formulation

15 according to claim 1 or 2, comprising more than 150 to about 16’000 U/ml of a
hyaluronidase enzyme, about 2’000 Ufml, or about 127000 U/ml, respectively.

4, A highly concentrated, stable pharmaceutical anti;HERZ antibody formulation
according to any one of claims 1 to 3, wherein the buffering agent is at a concentration
of 1 to 50 mM.

20 5. Ahighly concentrated, stable pharmaceutical anti-HER?2 antibody formulation
according to any one of claims 1 to 4, wherein the buffering agent provides a pH of 3.5
=0.6. |

6. A highly concentrated, stable pharmaceutical anti-HERZ antibody formulation
according to any one of claims 1 to 5, wherein the buffering agent is a histidine buffer,

25 e.g. 20 mM histidine/HCL



130 20 6.0 210 50.06 2'000 T 130 20 5.0 210 15 0.02 2'000 U 130 20 6.0 210 15 0.02 2'000 V 130
20 5.0 210 150.06 2'000 130 206.0 210 150.06

10

15

10.

1L

12.

13.

14.

71~

A highly concentrated, stable pharmaceutical anti-HER? antibody formulation
according to any one of claims 1 to 6, wherein the stabilizer is a saccharidé, such ase.g.
o.a-trehalose dihydrate or sucrose.

A highly concentrated, stable pharmaceutical anti-HER2 antibody formulation
according to any one of claims [ to 7, wherein the stabilizer is at a concentration of 15 .
to 250 mM or about 210 mM, respectively.

A highly concentrated, stable pharmaceutical anti-HER2 antibody forfrmiation
according to claim 7 or 8, wherein methjonine is used as a second stabilizer, e. g.ina
concentration of 5 to 25 mM.

A highly concentrated, stable pharmaceutical anti-HER?2 antibody formulation
according to any one of claims 1 to 9, wherein the nonionic surfactant is a polysorbate
selected from the group consisting of polysorbate 20, polysorbate 80, and
polyethylene-polypropylene copolymer. |

A highly concentrated, stable pharmaceutical anti-HER2 antibody fonnulation
according to claim 10, wherein the concentration of the polysorbate is 0.02 % (w/v),
0.04 % (w/v) or 0.06 % (wiv), respectively.

A highly concentrated, stable pharmaceutical anti-HER2 antibody formulation
according to any oné of claims 1 to 11, wherein the anti-HER2 antibody is selected
from the groﬁp of Trastuzumab, Pertuzumab and T-DM1 or a combination of sﬁch
antibodies.

A highly concentrated, stable pharmaceutical anti-HER2 antibody formulation
according to any one of claims 1 to 12 which is stable upon freezing and thawing,

A highly concentrated, stable pharmaceutical anti-HER?2 antibody forreulation

according to any one of claims 1 to 13, wherein the hyaluronidase enzyme is fHuPH20,



2'000 X F120 20 5.5210 100.04 2'000 Y 120 205.5210 100.04 12'000*) F=His=NaCl=5PS =
Formulation L-histidine/HC1 Sodium Chloride polysorbate in % (w/v) after reconstitution Tr tre met rHu
Trastuzumab a,a-trehalose dihydrate = methionine rHUPH20 -70- Claims 1. A highly concentrated,
stable pharmaceutical formulation of a pharmaceutically active anti-HER2 antibody comprising: 5a.
about 50 to 350 mghnlanti-liER2 antibody; b. abou}7 _to 100 mM of a buffering agent providing a pH of
5.5 2.0; c. about 1 to 500 mM of a stabilizer or a mixture of two or more stabilizers; d. about 0.01 to

0.08 % of 2 norjenisuTaciaN e AN ElTRGHNRAMON PEAlsastons uagniface enzyme. 102

A highly concentrated, stable pharmaceutical anti-HER2 antibody formulation according to claim 1,

wherein the anti-HERZ antikogy, capceniration is ﬂepggpj gm{ogﬂggse]@l g/nil, about 110 mg/ml,

about 120 mg/ml, or about 130 mg/nil, respectively. |gh y concentrated stable pharmaceutical

anti-HER2 antlb@dmﬁgmyI@é@@&é@@g@fmﬁq}ﬁ@rﬁ{@wﬁ&graathm@ﬂgoaw&ﬁhmaéo to about 16'000
Ulml of a hyaluronidase enzyme, about 2'000 U/ml, or about 12'000 U/ml, respectively. 4. A highly

concentrated, stablephanmacetieal @diabizR 20a1atite dybtetaulakon iaeaending4o any one of claims Ito
3, wherein the buffering agent is at a concentration of 1 to 50 mM.
5 administration.

17. A highly concentrated, stable pharmaceutical anti-HER2 antibody formulation
according to any one of claims 1 to 16 in liguid form.

8. A highly concentrated, stable ﬁharmaceutical'anti—HERZ antibody formulation
according to any one of claims 1 to 16 in lyophilized form.

10 19. A highly concentrated, stable pharmaceutical anti-HER2 antibody formulation
according to any one of claims 1 to 18 for the treatment of a disease or disorder
amenable {o treatment with an anti-HER?Z2 antibody, such as e.g. cancer or a non-
maliénant disease.

20. An injection device comprising a highly concentrated, stahle pharmaceutical anti-

i5 HER2 antibody formulation according to any one of claims 1 to 19,

21. The use of a formulation according to any one of claims 1 to 19 for the preparation of a
medicament useful for treating a disease or disorder amenable to treatment with an
anti-HER2 éntibody, such as e.g, cancer or a non-malignant disease in a subject
comprising adnﬂnésteﬂn g the formulation described herein to a subject in an amount

20 effective to treat the said disease or disorder.

22. The injection device according to claim 20 or the use according to claim 21 wherein
the formulation is co-administered concomitantly or sequentially with a
chemotherapeutic agent,

23. A method of treating a disease or disorder which is amenable to treatment with an anti-

25 HER?2 antibody such as cancer or a non-malignant disease in a subject comprising



205. A highly concentrated, stable pharmaceutical anti-HERZ2 antibody formulation according to any
one of claims | to 4, wherein the buffering agent provides a pH of 5.5 0.6. 6. A highly concentrated,
stable pharmaceutical anti-HER?2 antibody formulation according to any one of claims 1 to 5, wherein
the buffering agent is a histidine buffer, 25e.g. 20 mM histidine/HC1. -71- 7. A highly concentrated,
stable pharmaceutical anti-HER?2 antibody formulatjgn according to any one of claims 1 to 6, wherein
the stabilizer is a saccharide, such as e.g. an-trehalose di hydrate or sucrose. 8. A highly

concentrated, stableghiaquagesisal ARHERZ. ANibay ipwlation Sacqording igany,gge of caims 1

to 7, wherein the stabilizer is at a concentration of 15 to 250 mM or about 210 mM; respectively. 9. A

highly concentrateqd, stablepharmaceutisal antizHERZ pmtipedy formulation according to claim 7 or 8,
wherein methionine is used as a second stabilizer, e.g. in a concentration of 5 to 25 mM. 1010. A

highly concentrated steblephatimaceitisal-anikbRarmniibedyipimuation.atagrding tmasy one of
claims 1 to 9, wherein the nonionic surfactant is a polysorbate selected from the group consisting of
polysorbate 20, polysatbate 80 uahspalysihyfene:polypropy leherdapalymerthe fddniatiightya
concentrated, stable pharmaceutical anti-HER2 antibody formulation 15according to claim 10, wherein
the corftentration afatfrtpolysorbate is 0.02 % (w/v), 0.04 % (w/v) or 0.06 % (w/v), respectively. 12. A
highly concentrated, stable pharmaceutical anti-IIER2 antibody formulation according to any one of
claims 1 to 11, wherbirktrerting KR HRRIJHI IS sereptst dromintaeligrotny i6e Trastbeulrnetys
Pertuzumab and T-DM1 or a combination of such 20antibodies. 13. A highly concentrated, stable
pharmaceutical antSMERS 56 KeAFRYIAETR Qe85 Mg to any one of claims 1 to 12 which is stable
upon freezing a g awing. 14. A hi hl)gc nc ntrakt)e , Stable pharmaceutical anti-HER2 antibody
formulation accg dillnqbetlfﬁvgﬂ?/%ﬁé %efl%]llénﬁé)f ¢ £3Wherein the hyaluronidase enzyme is rlluPH20.
-72- 15. A highly concentrated, stable pharmaceutical anti-HER2 antibody formulation according to any
one of claims 1 to 13 lacking the hyaluronidase enzyme. 16. A highly concentrated, stable
pharmaceutical anti-HERZ2 antibody formulation according to any one of claims 1 to 14 for
subcutaneous or intramuscular Sadministration. 17. A highly concentrated, stable pharmaceutical
anti-HER2 antibody formulation according to any one of claims Ito 16 in liquid form. 18. A highly
concentrated, stable pharmaceutical anti-HER?2 antibody formulation according to any one of claims 1
to 16 in lyophilized form. 1019. A highly concentrated, stable pharmaceutical anti-HER2 antibody
formulation according to any one of claims 1 to 18 for the treatment of a disease or disorder amenable
to treatment with an anti-HER2 antibody, such as e.g. cancer or a nonmalignant disease. 20. An
injection device comprising a highly concentrated, stable pharmaceutical anti- 15HER2 antibody
formulation according to any one of claims Ito 19. 21. The use of a formulation according to any one of
claims 1 to 19 for the preparation of a medicament useful for treating a disease or disorder amenable
to treatment with an anti-HER2 antibody, such as e.g. cancer or a non-malignant disease in a subject
comprising administering the formulation described herein to a subject in an amount 20effective to
treat the said disease or disorder. 22. The injection device according to claim 20 or the use according
to claim 21 wherein the formulation is co-administered concomitantly or sequentially with a
chemotherapeutic agent. 23. A method of treating a disease or disorder which is amenable to
treatment with an anti- 251-IER2 antibody such as cancer or a non-malignant disease in a subject
comprising -73- administering a formulation according to any one of claims 1 to 19 to a subject in an
amount effective to treat the said disease or disorder. 24. A kit comprising one or more vials
containing the formulation according to any one of claims 1 to 19 and instructions for subcutaneous
administration of the fommlation to a 5patient. 25. The kit according to claim 24 further comprising an
injection device for subcutaneous administration of the formulation to a patient 26. The invention as
herein before described.



