WO 2011/012637PCT/EP2010/060930 Subcutaneous ante. ER2 antibody formulation The present
invention relates to highly concentrated, stable pharmaceutical formulations of a pharmaceutically
active anti-HERZ anfigedy or a mixture of such antibody molecules for suhspiangamsdpigetion. Such
formulations comprise, in addition to the high amounts of antiHER?2 antibody or mixture thereof, a
buffering agent, a stabilizer or a mixture of two ore-imore 5 stabilizing agents, a nonionic surfactant 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 (IV) route. Unfortunately the amount of antibody 10 that can be injected via the
intravenous route is limited by the physico-chemical ropertles of the antlbody, in particularly by its
solubility and stability in a suitEreuignrees antirdiER aartibedy dgampatian the infusion fluid. Alternative
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.,
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receptor antl ﬁ—ﬁE “anti ich is currently marketed in Europe in form of a 150 mg 25 lyophilized
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due to the:vissnelastiargsisiarae W ydhaditin ganducianeenindnebsiubestanebus 30 (SC) tissue, due to
the generated backpressure upon injection [Aukland K. and Reed R., "Interstitial-Lymphatic
Mechanisms inglye samirok o &xtraceibios kimishVabinenBbysiglege Redemshe l99Ri143:1-781, as
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high concentration protein formu atlons is rather challehging and there is a 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,
wheaereahyv reneated adminicetratinn increaaceac the rick of an immiine recnnncece \While antihodiece have a



10 HER?Z antibody in accordance with the present invention is increased by the fact that two different
proteins have to be formulated in one liquid formulation in such a way that the formulation remains
ctorage.  VRTIMEER: deciosare provides a nighly concentrated, stabG pr macetbal formulaton
15 of a pharmaceutically active anti-HERZ2 antibody.or a mixture of such antibody molecules for
subcutaneous injection, which are ready for use. More particularly the highly concentrated, stable
pharmaceutical formulation of I ' - At tj i fermulatippiof the present
disclosu rlerfu%':r)nl |§%%l€ ‘SS%U%?S]()%?()) %%%13 %ﬁ%}'ﬂ%’%{éﬁ%ﬁﬁﬁmﬁ;& %%%%%&%#2% a buffering
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stabilizerlivhéne byciptunaiivhalethiGhiskats. pestentrhs whueond asjysabieéPe.g. in a concentration
of 5to 25 mM; - 0.01 to 0.1 A of a nonionic surfactant; and 25an effective amount of at least one
hyaluronidaseWhitythe abovhinatiirstyepect atherchis phoeidtduad gl e Sndanreeteelsstable
phaf@acg&&fi%hga&mﬂ katenof @e%%w}%@iﬁé%%@%v@eﬁﬂﬁtb&%mwﬁﬂﬁubcutanfe0uS injection
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providingr}gfr[fgi‘-ﬁlacﬁ‘og.sso%f }8{%).65_ 1833%’51 6566 %%%%g%g%%z}%?plg&g%%ﬁéﬁinb%ﬁghcﬁgﬁaggeégtabiIizers; d.
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hyaluronitiaseearizymweh tdapatient M preserthdisaliostirendisdrpiisd de sdopimebe SabangRition for the
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disease GPRIRGFIECPHEIAHE-HE RDISAIB GBY EEIBE Yo RN REVEY LEHEE RNV RF §88Tentially
with a chemeatiendpdesicdagenitiimacse tontjespéat mhbiplésiwoofdbe thdyuissiasiea highly concentrated,
stable pharmaceutical anti-HER2 antibody formulation as defined above for preparation of a
medicament foriedatiogiacdiseasdatorgisnrtietcinenabite srsatmeniswittranrantiga@R2 tetibody, 10
optionally capger or a non-malignant disease, in a subject. -5-  The present disclosure also provides
for methods of treating a disease or disorder which is amenable to treatment with an anti-HER2

antibpgy (e.g. %ﬁ&ﬁﬁg%ﬁ@%ﬂmmw dissasadiniastnies EamRT ising adminisieriagiihe
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formulation de erein t$ a ngbject in a amoll(mt ffe& ive to tr %tgieasﬁ%ldige%s% r.disorder.
The cancE8F &IREh(igHhat s ésec\}WF%%'erﬁzérra NV OIVE RIER S Skpréssing tells, su_é?‘l that the
HER?2 antifiduipdtichecherafuutbtmeaecerricarisr fonetEaE AT Ads rISREEXVTH HEH¥sent
disclosure/éguatde to bind to the affected cells.  The present disclosure also provides pharmaceutical
compositions consisting of a highly concentrated, stable pharmaceutical foimulation of a
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suitable in&tructions elr subcutanepus administration. . In a third aspect, there is provided an
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formulatiopplpsadeordinedinlitthtvidgresmansicetes ith vatsfen FrrRABY HSGHEBHSISI a
pharmaceptically-aciiye @ifideleR2 antibody or a mixture of such antibody molecules and suitable
excipients as outlined below and may additionally comprise a soluble hyaluronidase glycoprotein either
as a combined{rmulaficnhai-aaddseRaaim dammudaiion den porrdminisiB iRnmulatiod Rultiblarth aspect,
there,is provided a kit comprising one or more.vials . ini Tolp]] le
pharr%gace’% icAP AT R g}ﬁ%ll%(g)zt%e ormu a?fg] agaggpﬁr%?c? Egﬁ@@#ﬁ%&%@%ﬁ:ﬁfgﬁﬁé’d, stable
pharmace@tl?f&Vfé?rﬁ%hﬁi@ﬁhﬁf%’?ﬂ?ﬁFWﬁéeﬁﬁ@ﬁl@%W%?ﬁﬁlﬁ%ﬁlﬂl%?fﬁo@gﬁ%ﬁgﬁgﬁgf thE present
disclosureanuidydies foovithedtinsigsiichjfarmnor may be provided in lyophilized form. In accordance with
the teachings in WO 97/04801 the antibody concentration in the reconstituted formulation can be
increased by repanstiittioniparkyophilreds2btéoim tjgtdertoi progéder alpriotwitedctoricanmation in the

reconstituted farmsllatignwhish is.akewti2 Ak timas grqalerthan e Rrlsin @engeairaiiandn the

mixture before the lygphilization step., . The anti-HER .antié)od concentrationd to 150 mg/ml,
e.g. b f%é?]afﬁﬁ]le it &gfﬁ?ﬁarﬂrr%?gﬁ%klﬁrisfﬁl?n@% or% 18?1ﬁg%?ar%é}rqﬁ%l%%%%%émraﬂon of the
buffering adtptsgslibimephasi Mechamisng i& ths SOFHMOERK e8! B thNPBIN® o bR BEHRY. Various
buffering agemis are dgmnwWh: to78]epersibnsskitied tire theettasoefinad further below. The buffering
agent can be a histidine buffer, e.g. L-histidine/HCL1. In a particular embodiment the pH of the
L-histidine/HC1 buffer is about 5.5 or about 6.0. -5a- 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. a,a-trehalose dihydrate or sucrose. The concentration of the stabilizer is 15 to 250 mM, or 150 to
250 mM, or about 210 WO 2011/012637PCT/EP2010/060930 -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.g. methionine in a concentration of about 5rnM, about
10 MM ar aboiit 15 mhM) <sntahle eavamnlece nof nharmacariticallyy accantahle crirfacrtante inchiide



20 amount of the hyaluronidase enzyme can easily be determined by the person skilled in the art
based on the disclosure further below. It should be provided in sufficient amount so that an increase in

the dispersign and absarption of the co-administered anti-HER2 antibod)ix,tsfif‘;;}gﬁ€ ﬁ%'/ﬁm—gg]? minimal
amount of tﬁ‘éoh"ﬁ?elt (F58idase enzyme is > 150 U/ml. More particularly the effective amount of the
hyaluronidase enzyme is about 1'000 to 16'000 U/mml, whereby the said amount 25 corresponds to
about 0.01 mg to 0.16 mg protein based on an assumed specific activity of 100'000 U/mg. Alternatively
the concentratigy of e, YR BIIAASE.SAEIME 15aBAYLARARINIR QLIRS MOtE PaiLieuIarly
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co-formutatiblerastiuithemoettine dvbBlowc BBITHEs imjoeritait Fsberebiorapra fskafiAtiswd#PAccordance with
the presaptianentiisthedpttiatisnesiideseeady for use and/or is injected it has the composition as
set out in the appended claims. WO 2011/012637PCT/EP2010/060930 -7.. The ratio (w/w) of the
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hum%\ 53%8 Rk P%lé)rrllu_g&ﬁre%l ased on the récombinant DN,gt as described further
below. 5IFPSSRSEBRASEHMIBMRIER: AGH oA B At amaN s ROt EARTANSMI- HER? antibody
formulationsiifiaticasdancesvithr eept etams invéotivarinaselotke phtheudstiowne ebmpésidons: a)100 to
150 mo/miaatiHERA solibedkifishseiRatad diom te.gaunieichingtuzupakhrituaupab and
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stabilizerwhich'is e.g. a,a—yl rehalose dihydrate, and optiona ionine as a second stabilizer at a

concEhtrasR e 81t 255 AH8TE GOT B50. 08V EIPET AASTBAR I SaPREYIR Ry 2 F88F 16'000 U/,
more partisutatyof 'RfidedBASGpanhohathy demvivaade aranpehsiath G SIgneFUPPRTIESg. at a
Corceng?gﬁﬁdcﬁs%@%e%@@%' g YV bl @ephiad b vt QR i eriat)d 20baB B gaNihR NI ERZA Rkt By, e%g.
selected from the group of Trastuzumabh, Per .- , mM of a
Pisticine LR e, rehBetie ?ﬁis"ti%fﬁ,sel% &’}gf;%gé%p%@%%giﬁ’ g%?%%é?ﬁs%%ﬁ%ﬁ%%ﬂ%%m mM of
a stabiliz&¥ {Aeh %@.@}?d%d@ﬁ]é*%@s’é‘ WW&E%M optionally methionine as a second stabilizer at a
concentration of 5 to 25 mM, or 5 to 15 mM, or about 10 20 mM; about 0.01 to 0,08% of a nonionic
surfa¥ant; and>EblE0serhitbanskedydermi iRy swaBitinE ABBIRPHEOD UPHITgraR88ut 12'000 Wm]
of a hyaluigtidasetenz poe, sustthsl BygtniyeRid 20 (S)OABU 04 HACmig/is Pateii NER D 2Afidy, e.g.
selected fQusthgngroun 9k T Lagtuziemeds Pertuzumab and T-DMI; 10 to 30 mM, or about 20 inM of a
25histidine buffer, such as e.g. L-histidine / HO at a pH of about 5.5; 150 to 250 mM, e.g. about 210

ctabilzer at & o o 3o 0.08 06 of
stabilizer at a concentration of 5 to , , Or abo ; about 0.01 to 0.08 % of a
nonionic §B%‘8f’é?ﬂ;15r£‘&ti%§0 %@gﬁ%/%%%oio%g] Pore&r&%% r]rtﬁgcr)ﬂr\/l more particularly about 2'000
30U/ml or about 12'000 U/ml of a hyaluronidase enzyme such as te : rHuP!ﬂ%O. ?ﬁﬁfpo t 120 mg/ml
anti-AER?2 antibBey Ersdes e vie 5%1?5%?‘1@%&5%%%{8,(1&&?&8%% b 38 T:DM1; about 20
mM of a histickneatsfferblsaphasneagutichiStidindating pha phprrefcabeul vastishaii-PHRmM
am-trehalgsendifiysiratasans eptianathtisbopiitl-amMsmethibniepanaisecand Sabilizenut.Omor 0.06 %
of WO 2011/012637PG: -8 Orhate 20; Jut 12 1968 rine
hyaluroniﬁgl]g1 lésheiyl/?nae%%{gdz} agsfz %%Qﬁgglggaﬁa %%%{til%f f?}%i t%%ﬁ%a?mﬁgt%é%\qf%%dggd%g%wf e)About
120 mrRSRAt HERD 2SR EHE SRR A O SHBGFATp oA SAIMAB PRI ISE S T-DIVIL:
abouB20 embwit atistidineuifewaohizs sezyme-Hibtidiapa3Hon Athachhi-eprasauesGIEBSEY 210 mM
ct,a-trehalgsediftysikatecanereptionaliy st morethivninelssia secang stabilizerir6:@4 or 0.06 % of
polysorbalg, 20, g0k gt 2R MMLALR IYAhanIdase TR AB IR GeAN particularly
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the Formulation speci |ed%be ow, OA lyophilized formulation comprising 120 mg/mlanti-HER2
R i e e S R e e
histidine bufidi sathragepsy of thistitihedy famnmlatians Andfap adimmBiratien ieg. shasatiesib8Ediny drate
and options)ihd Qaaibmstbiening 8 siatsesondtriabilitetieatoriat04ntentO6236s0Camanianic surfactant;
and particularly Formulation Y specified below. These formulations can be reconstituted with 1'000 to
16'000 U/ml, or 151'500 to 12'000 U/ml, or more particularly about 2'000 U/ml or about 12'000 U/ml of
a hyaluronidase enzyme such as e.g. rHUPH20.  In another embodiment the highly concentrated,
stable pharmaceutical anti-HER2 antibody formulations in accordance with the present invention have
one of the compositions specified in Table 1, 3 and 4, whereby the formulations C, D, E and F are less

preferred because of less 20 desired properties as outlined in the Examples and in Table 1. It has
haan nronncead tn facilitate the ciitheiritananiice iniectinn of tharanartitic nroteine and antihndiac hy 11einn



glycoprotein. In case the anti-HER2 antibody and the soluble hyaluronidase glycoprotein are 10
administered as separate injections, one or both of4he proteins have to be provided with the buffering
agent, the stabilizer(s) and the nonionic surfactant in the concentrations as specified in the appended

claims but excludi he hyaluronidase enzyme. Th aIu oRi AvAY be provided e.g.
2 LG P SUHER A BHTG! MoBL e Lt bt e e )
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glycoproteln may 'Be Eonaiderad to be & er excipl nt in the anti-HER? formulation. The soluble

hyalBromnediicafirnsprateit Fbes Abriaeeeetior R ha B RO ARG HISRIRIGH A & BF Rfanufacturing
the antldﬁ&@&&@ﬁbﬂk&hﬁg’ﬁﬂ@rmﬁmﬁﬁ ackiles gHorthn befonaith eggjegitom &hdengtivdlththe soluble

hyaluronidase 9 %8%@}%511&%%@eex@a@e@%m@raammmume thefeller frsethe spluble
hyaluro ase rotein may be provided in a either.in lyophilized form %\ihlch must be
reconstititisd tﬁtﬁf itdble Bients - beldte t%@ué %@i %88& hefa%tgﬁlra Elrco?urlnay be provided
as a I|qmﬁgmymulammdagdmmhiaphm@ﬁ%@mﬂimm@f&mmﬁnﬁqaié’m@h%luron|dase
25 QJVCCE@E‘?@'%%ﬁ?%%@&%@ﬂ&%m%ﬁe%ﬂiﬁ%&h%}é aea:bepmvidedsstiitstaomprising both

|nject|on components and suitable mstrglctl%ns for elr bcut neous adqglnlstratﬁ(l) I?wtable

instructiSHE TR tREFARS G AR E B SR RSt AR on 0 onea%lrO BathBr trie Yormuiations may also be
providedohelasione emeipsetaritinvarsoaralscpio b ip phamecsutical ¥ asthEssss sisisting of a

30 highly.consapiatedsiablephatmageutical formulation of a pharmaceutically active anti-HER2
antibody or a mixture of such antibody and a suitable amount of at least one hyaluronidase enzyme in

the form of a i, cormel AG.ARI VSR CPRBRVEATR N SUSbig N ieason heln subgytancous

administration. A er aspect resent’i tion relates to t|on ices co r| |ng a highly
35 ééncéhﬁﬁm%cﬁh%ﬁ%%’eﬁﬁéff %8 %RI&EBFH&W g?é(%é’ﬂ? IREREH. such
formulatiobomayeonnsigtaian pivaichace ntishilfoastee anti-HER2 antibody or a mixture of such WO
2011/012637PCT/EP2010/060930 -10- antibody molecules and suitable excipients as outlined below

and may additigRalhaeRmarsa R a@u@e@a@&w@m@iaﬁwxﬂmemmmmmmbﬂed formulation
orasa s parate forqwulaazttlgg gor_ }@j q)s&ra |on aty%rl %1 f;@%ﬁ&%@%ﬁﬁgﬁ&@re known in the
ra

prior art? aoe‘r’i?‘% ies are 5 prefe y ntonoclonal anti hey may either be so-called
chimaeric antlbodles humanized antibodi r full Q an antlbodles They may either be full length
anti-HER2 antibdthedt 2hieH é@?@%ﬁﬂﬁé‘&ﬁ t (#g ving the same biological activity; including
amino acid sequence variants and / or glycosylation variants of such antibodies or fragments.
Exafiples of hunibeiettarfiHmRDos afmoRm@eaeRhBIMIdHM e IS Tam®s Trastuzumab and 10
Pertuzumab. Another suitable anti-HER?2 antibody is T-DM1, which is an antibody-toxin conjugate
consisting of huMAb45:8 IHERAEPINEM) acba ameaytansivioide (vimddtpbilizers, whereby
deacetyl-N2-(3- "1%&&9&9— ARl oﬁ?ﬁé/;'e)ﬁ@%ﬁ@aw@e@Mﬁamﬁ@&@@gm%maaaﬁ@ﬂtbm@h
conjugate (with a linker) is currently under development for metastatic breast cancer. Other
HER2 antibodiesifi¥arious properties have been described in 'ragliabue et al., Int. J. 15 Cancer,
47:933-937 (1991); McKenzie et al., Oncogene, 4:543-548 (1989); Cancer Res., 51:5361-5369 (1991);
Bacus et al., Mol8etidp @d@m%%@@%mg %5’@@6@"(?9@0) Stancovski et al., PNAS (USA),

88:8691- 8695 (1991); Bacus et al., Cancer Research, 52:2580-2589 (1992); Xu et al., Int. J. Cancer,
53:261-408 (1993} meaw@emn(aépﬁwmrm.h@ameida&ewm%z:ﬂ?l-zwes (1992); Hancock et
al., Cancer Res., 51:4575-4580 (1991); Shawver et al., Cancer 20 Res., 54:1367-1373 (1994); Arteaga
et al., Cancer ReSir®4:3¢63t8:46 3 (h0H)dHanuasth el ahtrake BiolaThpimaraGati 5 GOhELGFN2992);

U.S. Pat, No, &,103.456: 3] KlanRer £ Al QD9608E.442099:2109, (1997 Fbe most successtul

therapeLﬁlc an | Boantibo y Is Trastuzurn y Genentech Inc. and F. Hoffmann-La Roche
Ltd under the trade 'cﬂﬁ g—d%&gglﬁl %M%ﬁﬁ%{ fn the HER2 antigen and antibodies directed
thereto are descrlbe In many %%tgg%! .non-patent écatlo étoar asy |5able overview see U.S. .
Patent No. 5,821,333k \G "““gfﬁé“éﬂ ?Q'Qaa&? y is €.4. selected from the
group of TrastGZuma@Ome}ﬁszaﬁ\’aﬁﬂa'FWIéﬁﬂ AR TSP TOMS UBPE AARIFEST anti-HER2
antibodies such as eayodirastunuiriyanizReriopinsatfotaht and Pertuzumab. It has been found
that the combipation gf,Reruzumab.3e.and JiesiwaLs aliaiastive-aneweliolerated in patients with
metastatic HER2-positive breast cancer who had experienced progression during prior trastuzumab
therapy Ise e.g. Baselga, J. et al., Journal of aim Oncol. Vol 28 (7) 2010: pp. 1138-1144]. The
formulation in accordance with the present invention is exemplified herein with the anti-HER2 antibody
Trastuzurnab. The terms "Trastuzumab”, "Pertuzumab" and "T-DM1" encompass all corresponding
anti-HER2 antibodies 35 that full-fill the requirements necessary for obtaining a marketing
authorization as an identical or biosimilar product in a country or territory selected from the group of

countries consisting of the USA, Europe and Japan. Trastuzumab has the CDR regions defined in
EP_-R_-EONNOEL WO 2011/01282R7PCT/EP2010/0ANA02N Partiiziimabh hace the CDR reainne Aefinead in



WO 2011/012637PCT/EP2010/060930 -12- the nominal quantity of 150 mg can be withdrawn from the
final product after reconstitution), 3.50 mg L-histidigg_hydrochloride, 2.25 mg L-histidine, 141.9 mg
tx,ct-trehalose dihydrate, 0.63 mg Polysorbate 20. The dissolved lyophilisate contains about 24 mg/m|
Trastuzwnab, 5 mM Lhistidine/HCI pH 6.0, 60 mM wa-trehalose drate, 0.01% polysorbate 20. The
solution 1 PR 5 TR TS S0t 3] B BT CION S BOATS EhaPA HE ttont
over 90uwiflfesi{sulrgeqlisntinfusiondcandhebffive heetrerBWithinutes in MBC, if well tolerated). A

numbergf a$qluhle Qﬁ(ﬁﬂ&g%@@ﬁ%sgéyg%ﬁ%@@ﬁ%&ﬂ%ﬁﬁgﬂm@dﬁ%@é@ﬁ ARupTder derfribeipdefine the
function, the mechag rrf%of a?lé) and t ertl sof uch solubleh urﬁnlg %(%\/c?%]otems the
ministenn 100_QE5CT1 e(ﬁ% ect 111, a y)(u}

followmﬁ rouRd Ihformation is provi oderm interstitial MAtHX 1S comprlsed

of a5netwkd@ﬁﬁm@u§1p¢@@érn§@r%édﬁga%\ﬁmm@vu§%bra§w@@mﬁ AUERYHAEE. Hyaluronan

(HA), a popsiiated repeatingdineapélisreghatide, is the prominent glycosaminoglycan of the Sc
tissue. HA is secreted into the interstitium by fibroblasts as a high molecular weight, megadalton

viscous polyrje, gae&m %%FE%%?&JQ&Q@QHQ%@@M‘QE‘E& BpfbeaRd i aliver, through the action
15 of lyspsomal h romﬁ (lj\]% %Jalco idases. § gﬁr%atel 50% of the hgialuronan in the
body is Bﬁﬁ%‘éed‘ EZ ?jtﬂl%lagt E)%re BB DB RGA VI weight tissue
[Au klaandlamﬂR’eém Rea@u@mqhst:algee@tmmwnﬁat@k@@v@rggm@mWa@mmﬁtﬂ%@méﬁ@of HA,
of w@|crbggoggrgeéy&,}tgpgﬁ@yg{aq%gmﬂﬁﬁlg&geaﬁgac@%@aed) daily [Laurent L.B., et al., "Catabolism
of hyaluronan in rabbit skin takes place locally, in lymph nodes and liver", 20 Exp, PhyS|oI 1991, 76:
695-7031. As a major constituent of the gel-like component of the hypodermal matrix, HA contributes
significantly to its viscosity.  Glycosaminoglycans (GAGs) are complex linear polysaccharides of the
extracellular matrix (ECM). GAGs are characterized by repeating disaccharide structures of an
N-substituted hexosamine and an uronic acid (in the case of hyaluronan (HA), chondroitin sulfate (CS),
25 chondroitin (C), dermatan sulfate (DS), heparan sulfate (HS), and heparin (H)), or a galactose (in
the case of keratan sulfate (KS)). Except 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 mammals predominantly in connective tissues, skin, cartilage, and in synovial fluid.
Hyaluronan is also the main constituent of the vitreous of the eye. In 30 connective tissue, the water of
hydration associated with hyaluronan creates hydrated matrices between tissues. Hyaluronan plays a
key role in biological phenomena associated with cell motility including rapid development,
regeneration, repair, embryogenesis, embryological development, wound healing, angiogenesis, and
tumorigenesis (Toole, Cell Biol. Extracell. Matrix, Hay (ed), Plenum Press, New York, 1991; pp.
1384-1386; Bertrand et al., Int. J. Cancer 351992; 52:1-6; Knudson et al., FASEB J. 1993;
7:1233-1241]. In addition, hyaluronan levels WO 2011/012637PCT/EP2010/060930 -1.3- correlate
with tumor aggressiveness [Ozello et al.. Cancer Res. 1960; 20:600-604; Takeuchi et al., Cancer Res.
1976; 36:2133-2139; Kimata et al.. Cancer Res. 1983; 43:1347-1354]. HA is found in the
extracellular matrix of many cells, especially in soft connective tissues. HA has been assigned various
physiological functions, such as in water and plasma protein 5 homeostasis [Laurent T.C. et al.,
FASEB J., 1992; 6: 2397-2404]. HA production increases in proliferating cells and may play a role in
mitosis. It has also been implicated in locomotion and cell migration. HA seems 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 theological 10 properties have proved useful in ophthalmic
surgery (e.g. to protect the corneal endothelium during cataract surgery). Serum HA is diagnostic of
liver disease and various inflammatory conditions, such as rheumatoid arthritis. Interstitial edema
caused by accumulation of HA may cause dysfunction in various organs [Laurent et al.. supra].
Hyaluronan protein interactions also are involved in the structure of the extracellular 15 matrix or
"ground substance”. Hyaluronidases are a group of generally neutral- or acid-active enzymes found
throughout the animal kingdom. Hyaluronidases vary with respect to substrate specificity, and
mechanism of action (WO 2004/078140). There are three general classes of hyaluronidases: 1.
Mammalian-type hyaluronidases, (EC 3.2.1.35) which are endo-beta-N- 20 acetylhexosaminidases
with tetrasaccharides and hexasaccharides as the major end products. They have both hydrolytic and
transglycosidase activities, and can degrade hyaluronan and chondroitin sulfates (CS), generally C4-S
and C6-S. 2. Bacterial hyaluronidases (EC 4.2.99.1) degrade hyaluronan and, and to various
extents, CS and DS. They are endo-beta-N-acetylhexosaminidases that operate by a beta elimination
reaction 25 that yields primarily disaccharide end products. 3. Hyaluronidases (EC 3.2.1.36) from
leeches, other parasites, and crustaceans are endo-betaglucuronidases that generate tetrasaccharide
and hexasaccharide end products through hydrolysis of the beta 1-3 linkage. Mammalian
hyaluronidases can be further divided into two groups: neutral-active and 30 acid-active enzymes.
There are six hyaluronidase-like genes in the human genome, HYAL1, HYAL2, HYAL3, HYALA4,
HYALPI and PH20/SPAM | HYALP1 is a pseudogene, and HYAL3 has not been shown to possess

oan7zvme activvitns towward anyvy known cribetratee HY AL A4 iec a chondroitinace and avhihite littla activityy



As noted above and in accordance with the teachings in W02006/091871 small amounts of 25 soluble
hyaluronidase glycoproteins (SHASEGPSs) can be itroduced into a formulation in order to facilitate the
administration of therapeutic drug into the hypodemns. By rapidly depolymerizing HA in the
extracellular space sHASEGP reduyces the yiscosity of the interstitium,.thereby increasing.hydraulic
conductance§a3?§gﬁf8Wi§’&§%f§'Fgé{ v tﬁ}r‘ﬁlélgstgo g}/ adminidteret 1%5%@%515 c%n%*séor{g%ﬂ%}t% the SC
tissue. Theratletsbehyarawithiconantttdhée inrtihasty by 3CHMASE 6 poRrsalisnAed disdhitdt titial
VECOSitmﬁ@w&éﬁbﬁ&ﬁg&?ﬁiﬁﬂ%&ﬁ%@@&@Mﬁﬂ%iﬂi@@&ﬂ@dﬁ%ﬁéjﬁt&fﬁi@dbiﬁlavailaxbHityoaﬁsc )
administered therapeutic drug... When injected i rmis, metizatign of HA by
cHASE b ca e B B e ht the
sHAﬁSE@ﬂ@@ﬂﬁ&tﬁﬁféﬁggéﬁﬁﬁrﬂﬁél%té‘?gﬁtiﬁi“éb@éé%HEE’%&WEW@ tBeIBHIRARES in mice,
without gleiesiablei3b Sysfemici alxseiptiotoinllood ftllidwipgsingliésintrare nosis daskim ©DhE mice.
Within tgﬁue\é?&pgéﬁg_compartment SHASEGP demonstrates a half life of 2.3 and 5 minutes in mice and
WO 2011/012637PCT/EP2010/060930 -15- Cynomolgus monkeys, respectively, with doses up to 0.5
mg/kg. The rapid clearance of SHASEGP, combined tWi the coptinual S}/%tgleosf;s 1%f Bhe HA substrate in
the SC tissuel,gr%%ﬁﬁ?} TSR AR AT e e BB R R Fahcaen Ei‘prgo%ﬁer co-injected
moleculematidrattdceteblavimmarstiigl fovarsisterifiimra nrashedly postamikisRation [Bywaters
G.kg et mghodReconsHtiOBRLhEdarRd) badriendmBiesprenchafickklyal tiyidasaidigetion”, Br.
Med. J., 1951: 2(4741): 1178-1183]. . In it i fect Q idsdis) |0, SHASEGP
also act%ng_g%%gé%%?ié%ﬁgn %éln%% Eoﬁgﬁ%ﬁﬁﬁjﬁ%ﬁ@%‘ﬁﬁﬁ%ﬂééﬁﬁ?dgﬁgﬁ%g@%@% largely
excludethsio s iRStgHAM 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 wighthaysprepdnatisiye 15 0rkDidpdrarsinisetieforfs tres epsertiterintehsghibl eraesnidtdre

reaching;the. diainingdmahalicIforsuRSRRUSTbARSRERIOM iRdedtiancseulaneompantdatoBie.

increasipg local dispersion, SHASEGP increases the.rate (Ka) of. tion of lecules.
Thiys,%‘lea%gci’o%O crlé%%éjg %“ea‘gk‘:%?é%)s éF\)‘? nég “5R0 lﬁglt%nat?éﬁtonlg%%?ggg;ﬁlﬁgggg%&%%%gﬁtive to
SC adniinebteatibads melemdenurd sripsEcPimboRmrtEcd Pelot and mapeedifiinpalty human
enzymedfanpabiansadiniessiitinlitansnaricobtbeiapsiitess, dcGonired fRetedsecnRt:s kldpadfe2411.
Hyaluropidas f.ani lgin have been used clinically for over 60 years, primarily to
increasg%ﬁ%ugﬁgég%g%%%dﬁg@%lﬁg{%h of other co-administered drugs and for 20 hypodermoclysis
(SC injection/infusion of fluid iaﬁlfrarge voIUﬁe{%éFr.?st Gl.,."Recombinant hun]an Qxalul%)nidé\s |
(rHUPH20): al% &i8BifGBEH o fol SIBUASh & S aMRY SIE AT H AR et SR B& 1 Bfthion on
Drid§ Delivesnt20el sibiophanopctiiicalctatistiiR B antibeta fismubfiatisndstingdiaholfdases have
been described in detail in the following publications: Duran-Reynolds F., "A spreading factor in certain
snake venontsiaridgisyelatienttat2d tditerpbaenatadiion ToGRiBooBidtRhHsN 1838ic6ly8LHEChain E.,

A m“C%'Xt'ii-i{%%yﬁl%&%}?&ﬁ%ﬁi%&@&%ﬁe U AR LD BS SRR B forN B may
transglycosylative action of testicular hyaluronidase”, lfﬂ-%\?é Chem.,. 13%@; @%I%O%IB-%; 'I;S‘]mém, R.,
SaamarrPIAM cvaRR AR [0 BRegrAaRSToR Bt SHR) LYRERALIZEY RiGH ToISREAFRY
hyalurorandentiei epidehn atandtierddboompaetnrentseohbrgasad skirehrsigahautiadyophiivedt.
Dermatal, 1394 3 1d 383130k aH&e ddiBion Biahb tBonRagtbdRdtmufaataboliam ieflyatronan in

rabbit skin takes place lpcally, in lymph nodes and liver", Exp. Physiol. ,1991: 76..695-703; Laurent,
TG, anchLHEE HheReE has s e SPETBREINE e mtee Br e D A R ciogy
Henriksen, J.H. (Ed) CRC Press, Boca Raton, FL; 1991. pp. 249-265; Harris, E.N., et zill., "Endocytic
function, glyco8&RIFHOGRRAPHRIHGRRSATAIMS A S EndrNREIPInG Fetoibiiaess ndiih 190-kDa
hyaluroria regeptabton dddaaytodisy( kbaRBEB( hegBidl. Chem. 2004; 279:36201- 36209; Frost, G.1.,
-Recombinant human hyaluronidase (rHuPH20): an enabling platform for subcutaneous drug and fluid

administrationy ExRREQRIYE R OR B UERaIVERN2POVid A2 FH WA.5 £ 2.0 is 1 to 50 mM, e.g. 10
ol R B0 Q apsi e bl aNICare RIUHE APRUEAN b DUIERInclude
Hylase(r) "Dessau ane yalase(r .aﬁyasfuronl ase rodq’uc;ts. 0 anlmaﬁ origin approyed in the US
include VideedritheydsberM st ieripe saa8eTm by Adisidne Sndfere ol Bt Sidd8e products
have beganddialycasiablisbadhd bel modicS shgnittentisaenfftisks ideniiffedl ie Mypersénsitivity and/or
allergenicity, which is thought to be related to the lack of purity of the animal-derived preparations
[Frost, G.1., "Recombinant human hyaluronidase (rHUPH20): 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 10 UK, Germany and the US. In the UK, the usual 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 purpose 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 subcutaneous use. In the 15 US, 150 units are considered
adeariate for eaach liter of hvnodennochvyeice enliition In Germanyv 150 to 200 11nite are caoncidarad



hyaluronidase is inactivated and metabolized locally in minutes and has not been noted to have
systemic or long term effects. The rapid inactivatiog of hyaluronidase within minutes when it enters the
blood stream precludes a realistic ability to perform comparable biodistribution studies between
different hyaluronidase products. This property.alsp minimizes any potential systemic 20 safety
concerns bechsS ARV ATAiGiEhiiASB hroHt é{t‘%gahﬁ%? g&@atls z’t‘gﬁ{%gt%%e.m %%ﬁeﬁ{ﬁfﬁ%%%fﬁre of all
hyalurodigiasgtenpyimes.is thdivkpilisjetorde pdiyrdanaeatpgrotaiiiee faridie sstbediftsemtes in
?hemiﬁ%h%ﬁ%fﬁaﬂﬁé@ﬁ%@wﬁ%ﬁﬂmmﬁw lf@fﬁ%uﬁfti@rﬁ]_%.@%@%ﬁiﬁ@%’é@%ﬁﬂﬂ@&o%med
rom the same species and tissue, They are unusuyal i t their it e,.same (ex or
potencyﬁﬁrgspelte of ﬁ%%‘fﬁrglg& el}é)rlft;lisl?rl%{(?% &S, }I{il[eor%%%r}oﬁiaraasfé%%%%%r#]gemé\zg%ﬁgé??r? Ea[cjz(scordance
with the formulation of the present invention is characterized by having no adverse effect on the
molecular integrity of the antiHERZ2 antibody in the stable pharmaceutical formulation described herein.
Furthermore, 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-HERZ2 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 formulation in
accordance with the invention. It is therefore to be considered as an excipient in the anti-HER2
antibody formulation in accordance with this invention. As it exerts no therapeutic effect it WO
2011/012637PCT/EP20101060930 -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 13-1,4 glycosyl hydrolases that depolymerize hyaluronan by the
hydrolysis of the 131,4 linkage between the C1 position of N-acetyl glucosamine and the C4 position of
glucuronic acid. Hyaluronan is a polysaccharide found in the intracellular ground substance of
connective tissue, such as the subcutaneous 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 facilitating 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.l., "Recombinant human hyaluronidase (rHuPH20): an enabling platform for 15 subcutaneous drug
and fluid administration”, Expert Opinion on Drug Delivery, 2007; 4:427440]. 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 genorne 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.  rHuPH20
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 amino acid sequence orthologous to that found in some bovine
hyaluronidase preparations. The PH20 hyaluronidases, including the animal derived P1-120 and
recombinant human rHuPH20, depolymerize hyaluronan by the hydrolysis of the 13-1,4 linkage
between the  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 WO 2011/012637PCT/EP2010/060930 -19- hyaluronidase”, J. Biol. Chem., 1955; 216:
783-94]. This N-acetyl glucosamine/glucuronic acid structure is not found in N-linked glycans of
recombinant biological products and therefore rHUPH20 will not affect the glycosylation of antibodies it
is formulated with, such as e.g. Trastuzumab. The rHUPH20 enzyme itself possesses six N-linked
glycans per molecule with 5 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 rHuUPH20 on these N-linked glycan structures. The short 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 10 accordance with

the present invention can be prepared by using recombinant DNA technology. In this way it is ensured
that the ecame nrotein (identical aminna acid ceadriance) ic nhtained all the time and that an allaraie



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,é(y('g[glptn(?0 Prﬁ?ent invention are Iistgd in the Qefinitigns sectionlje%g&g)&%s]he stable
pharmaceutical formulation of the pharmaceutically active anti-HER2 antibody in accordance with the
invention can be administered as subcutaneous injgction, 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 administ S%‘i‘ﬂ’iﬁi&%&'ﬁ?@%@ﬁ%%@&’oﬁ@ I0YIRS, M SIREARY Ril0.& BInIESMosk pagferably 3
1 minutes. In adjuvant EBC pa gﬁ Eﬂtents with MBC recei |§19®

; lents and a gn EM rsastﬁlzgmgab
monothe%ﬁ??%?é‘?%enﬁ%’rﬁércﬂwg\]féﬁbqﬁ’s%] e REFBFSHRERYBHL St JRen™such &
subcutanestiscadrmimisteationtesds of sereastd. phtentCondenidines Withi¥he potential for self-
administration at home. This leads to improved 25 compliance and reduces / eliminates costs
associated witRulvabidrinisplatiohpfviznacansivedlc ostspiob b sadrinistragbricrpritordialebeds, patient
tr avels_etcam%gt%%@ey%@i&%elm (MisUatiopINARGREGANIGIAIHT IR @rﬁ?ﬁmtﬁwemganwﬁfoscukely bfe )
associated with a reduced. frequenc or Jn ion- tions. The addition of the
hyaluronigg%%pg’tﬁ%%ﬂ%}ﬁ%ﬁ a gw%&%érea%h%ﬁé%%&%%n%d{ %ﬁ}ﬁﬁé ﬁvi\:/%r%ch can be safely and
comforta Bl A BRAIRINSE ST HERE FETS T URHEY RSP U RS R RS HE RN eSS OBIRe is Ito 15
ml. It has(BeknwhbseRlestiat the wdminidodsiohsofpiefGrpbilaiontisnagelsrdance with the present

invention ipgreases, Ihe-disnansiany AbrDspEa A shihebinavailabiliyeddhe dhempeutiTastibody. Large
molegules (i.e. > 16 lcDa) t e ini i Al ' d into the
vascilar o and Rol I A AR SR e R S maLe Gleplegnt ;-%%%t of
Mo|ecu|aPM@wmﬁtﬁePW@%i@é&%@ﬁ?@é&?ﬁfﬁ%&%ﬁﬁéé’i@@@f@?i%}h%ﬁgﬁ%xﬁfﬂ%’o on of
Water-Soldbie sGitrblequotics: Foliviin g | Byibt e ereo trscholidisndgtiore tradooak: Bei 1 69oSwartz, M. A.,
"Advancegfalg ejiyasidRRview ta-pbysielogr abihadyenpiaticie ysienT RA0X. 58e 3-20]. The rate
of introdugtion of E@%%L%E%EJ‘BQ'?ngﬁgﬂlﬂﬁ?e%.easé@E%@d%59%@%9&? Shysisiowed mlative to

intravenous Infusion, therefore ?ot n 5 restilting in reduced frequency/intensity of infusion related
reactiéns POIY SRR B A BRI BT YA RETB O LtRTRBS E T SRS TRl FoTRHGFEGHIR S ARHEwith the
invention vedjuites KigH hmibddy convemtfalibis (8B Frox/ 1RO LY iR Trrfal/stepr #iParification of
the manufﬁgqégﬁg)oggg@moﬂmoaf@f@,as adeifional process step (ultrafiltration/diafiltration) is added to
the conventional manufacturing process of Trastuzumab. 10 In accordance with the teachings in WO

97/04301 the hig@gyoﬁ@aﬁea%i&ﬁtsﬂehétﬁlp&ﬁmiﬂﬁa@sﬁwiﬁeh@ﬁ@ﬁ&é%Bag_a@tjﬂ@ﬁuy&)ﬁmuiaaw_in -
accordance with the.present invention can also be.pravide a or 0 which can
reconstitu?%yWﬁﬁmaedsﬁnlta elgr%‘?fgg ril??oogt%ﬁ é%gtl(}eu%gﬁ% ﬁna%t?%ﬁgéﬁ%% é%ﬁ%%@%%&%&%ﬁ@e%ﬁ stituted
formefhticaaié HER 2 vaunes S earRf AaRGASHY Ledsiamae LR AR OB SRDIS TSI used to 15
treat candersedrerishyitbiosemisrtizarietrivahdiodd derposidaion tofbcidoseniborte grysivlogical

condition jR.peaamale tialdspicalhvshatasierzptbyaneguiateshsallgrowtisEapmplasist cancer

include, bt are. not imited 1o, caIGInama, ymenoma ?s'%Si%’ﬁfﬂﬂ%9%@%@%%%?@@@?@&1@&“
retinoblastomay, sarcoma ﬂncﬁudﬁnaﬁlposa,rcoma gng synovial cell sarcoma), neuroendocrine tumors
(including 6B Sche ETEr PR ang 1R e ¥R B iR STRERGh R SEARTEMa
(inclifingcacesphiaineusbooal),. tmengrigidapadenttateied ma aaskmoh apemiicleckdmiel or lymphoid

malignanqi@@’-o@@m&%ﬂ%&%&e@m@@&ﬁ&uﬁiﬁi@@ep&réﬂ@@i@@@iawguﬁeqeImamqeﬁ((et@- epithelial

squamous eol cancer), g cansernduding stralkosl g satsesnnerksrial galljyng cancer
adenocarcinoma o e Iung n SC|U8.I¥1OUS carcinoma of the lung, cancer Q the peritoneum,

hepatoce MRS RhRREIRREERR ISRORTECH diarws HlAVIHERASH Sirata ey dped i Beatic
cancer, globlagtoma Acervidalccdrinéhs cuaniale Camudrtivne tivamodvrinatide pramee Loneasings breast
cancep ColRsaRRCcRIHEeSIAl tansakcalaiactal-canesn LRdameltist oTICRNES targnama, salivary
gland carginama, HenEY aIIR0AL SoNestrblSIRls FaNGah LUl FRPGRE: YR caRET: kptc

carcinoma, anaT carcinoma, penile‘carcinoma, testicular_cancer, esophageal cancer, tumors of the
biliary tradAENFENCTECH SAeHA 6 THEER Latcer/m! 18 kaH T abser140!Gs4 ?ﬁ”ﬁ’f@%‘?ﬂ%éﬁ Ppatent
specificatiBrarig Tadand frspelkifptidl e dyelcificidalseprovidedrerptalietenacomdinekiant, such as
e.g. meanghataasiadicns dbethe éan@enpfidden prgferably-hdaumest prefesiablys@dddaredncluded in
the giyen yalug, ‘é‘r’&%?l%%&é%%?g?5’&15{5%%%9&%%9@ win 6/loldhe same issug ypansSuch

overexpression may be cause gene amplification or by increased transcription or, transjation. HER
receptor CVBRaKBHESSBATR Y BAAES NSRS SPaii RERRC BB Byrstt: HCRy PR VAT GG
increased levels of the HER protein present on the surface of a cell (e.g. via an imrnunohistochemistry
assay; NC). 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 W098/45479), 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;
\WNOO1/052G4 10 niitbliched Anril 12 100111 f Pateant 5 401 ARQ iccried March 2Q 1005 and <|iac at



10 reproductive conditions such as endometriosis, ovarian hyperstimulation syndrome, preeclampsia,
dysfunctional uterine bleeding, or menometrorrhagia; synovitis; atheroma; acute and chronic
nephropathigs, Gpglkging proliferative glomerulonephritis and diabetes-ingoesabrenalsdisease);
eczema; hypertrophic scar formation; endotoxic shock and fungal infection; familial adenomatosis
polyposis; neurodedenerative diseases (e.g. Alzhefmer's disease, AIDS-related 15 dementia,
Parkinson's disease, amyotrophic lateral sclerosis, retinitis pigmentosa, spinal muscular atrophy and
cerebellaridegepesationy (el adysitast esyntsants aapliR2aneinidy isdheheicairgeof; fibrosis of the
lung, kidneyy6r Ierg el meiaterbuparsensii by disepsesiniantie Bymerirophic pyloric stenosis,

urinary obstructive’ syndrome; psoriatic arthritis; and Hasimoto's thyroiditis. Exemplary non-malignant

indications forhetapy herain NEIkA. BEAasln 20 FAHSIREHION S SrlerodsmAaASHUlRE dispase (c.0
Cle

restenosis, artherosclerosis, coronary artery disease, or hypertensi rg colon polyps, fibroadenoma or
respiratoRf Gl 8A LR BRI R Eiche c?ﬁt?ﬁsﬂ?g?féﬁ%ggéffﬁ% F cystic fibrosis). Where the
indication is cancer, the patient may be treated with a combination of the antibody f rmuL?jt'on, and a
chembtherapditiemgembahmesnibriighhtrannettstieh Fﬁ@mgcfgtﬁamm%ﬁé P cuiTent
administriviondsing sepanatade mitil dtiops enaisiegiephavemeaceftibalffolenisticrmpasiiedtisecutive
administration in either order, wherein preferably there is a time period while both (or all) active agents
simultaneouslyexert tinbidiogigahaaiiviER Thuhdhe chesdotivet dpeutie agent thay be administered
prior to, or following, adminisiraliop.of.te-apthadyinimulajen invcrardanemuiiticssasent

invention. In this 30 embodiment, the timing hetween at least.ong administration of the .~
chemotherapeutic agé’ﬁstt’e‘igﬂf zﬁg};ﬁ %Pr\% 3% ﬁw%%ré;ig%%mng%igo%?} Elr?ﬁﬁiﬁl%ﬁﬁﬁ%&gr’gance with
the pi@sent invention EehibsterdBlydspprasdraatiayal yapiiposine 8 2 apP IS BBy approximately 2
weeks or less. AlternatirebsttitoehehatRsmpéiiieagent antl tReartiboahidoitsulétiveninaadcordance

with the present inventipg ate adoyRistaIStLAOBSERRHY odhepatants n/asingle fauration or

separate 35 formulations. WO 011/012[2 ﬁ T7EP2010/060930 -24- ther. n[&%ylt in an
improvement in survivaoerafi stirvigal G:g o pfogfedsion rrg{a%ﬁ?v?%gh gﬁaéoggg?%ay result in an

objective clinical respehset (BatiallEFdomplete). Moreover, treatment with the combination of the
chemotherapeutic agent and the antibody formulation may result in a synergistic or greater than
additivie, therapeutic bEKefitl fortisanpatieriiERIcvrHaNg v fesarriBees) e Erfotrtbtfohraniianiatered is a
naked antibody. Howexgt, the antikotpadmirgstese dniviay e aariigated wikisadiytdtaiic agent. The
immunoconjugate andjor, anfigen; o Wiishiibis, RerEhin s theg dntermaliaed Byihe pelhvesulting in
increased therapeutic efﬁ(f’acy of the iImmunoconjygate i i@" ng theé:antcer ﬁell totgvhicrpeigsbinds. In
one embodiment, the &yfBY3¥%E Eﬁp‘[gr'&'@tﬁgf##gﬁ)esfeg ﬁlhar‘fﬂ% SCREd N Re cancer cefl. 10
Examples of such cytotssitlstpticant adensriytaieisid so 28lisbamidind 3 mpihgerbaséd ind DNA
endopyicleases. The clinicalbsmnoshagrog et dmmunioatnjudatesamd &3020mEbAdytewsinoid
immunoconjugates (T-Pi4) aghey armaescribeddn Wi 2093037288 /paticylaaitienidase
immunoconjugate T-MCC-DM |, the chemic me of which is

Wideacetyl-N2(3-mercaptere BB iiopsiy- sine-4-maleirnidornethyl-cyclohexyl-1-carboxyl-Trastu

zumab. 15For subcutaneous delivery, the formulation may be adminjstered via a Sl%]tab|e device, such
as (but not limiféd to) &*BJRnG BATRjeRHIARRY A% the f 5%5{}5@%3 T HE GENJECTTm
device); an infusion pufnptsuckiaPergziveb-OadkPM):df injéeiber Borh2AInNecEENPENTmM: an
needigjess device (e g BETL RIM AR%BI QEHORTON)it arpvafabubchiinisous paich delivery

system. A suitable delivery system. f ulatigns, in acCoE I R 0 ipgention is
described in WO 2010?6%598%4?8 l%gIgg\%gé%n%%ﬁ#%%sglpﬁl?t%%%%k?é%&%%%@% gsfp?ea%%%rcglarly 5

“ml of the liquid formulRRSIHIRCREFISAEE bfith e SeBHEA AdSHCent Or the prevention or
“treatment of disease, ttvel Appvbpraterdoshigd/ottivstdiibtso) Wifcaesermpisnitheuliséss ansease to be
treated, as defined abqvegihe seueriy/antheatsse wf ithemisgaseowhathprihelarijhddyt iz’ 000

adminjistered for preveptive or j | ignt's clinical
histo%/Bsand his respons&zr?o? i g%%ﬁ)%egg?ﬁg{g?f%iﬁs@gﬁ%g%%Eé%a\}%%jn%ﬁﬂgggﬁéi%%glr?ﬁ'l'g hgé antibody is
suitably administered tq the patient,at one {i [ I, Seri t ding on the type
and severity of The disgabsaél,t ggoﬁ%gﬂi nél_t%@%%n%%dgf E%d%%%%%éﬁ@n%e% rR,gP(I%“ lly between
about 0.1 mg/kg to 20 AiafRFEr8b AFERYMItRA 5%141 PRt BtE Q%ﬁfﬂ?}éﬁgﬁw HE? @bsage for
administration to the 36, pdtiditididretii?] for pkbofipleuby.OndortRbiendd pardtehativikidyatiéhs, or by
continuous infusion. Mekg spesifitaliydhe desromahihamntibodyonildanindie0ange drofrakout 0.05
mg anti-HERZ2 antibody / kg of bodyweight to about 10 mg anti-HER?2 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 WO
2011/012637PCT/EP2010/060930 -25- determined empirically by the skilled practitioner. Preparation

and docina cechediillae for crich chemotharany are alen deceribed in Chemotherany <|ervice EA M C



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 tryplie-g1 oy 3) analysis; evaluating biological activity or antigeabitdingdédsianction of the
antibody; etc. Instability may involve any one or more of: aggregation, deamidation (e.g. Asn
dearrtidation), oxidation (e.g. Met oxidation), isomef¥ization (e.g. Asp isomeriation),
clipping/hydrolysis/fragmentation (e.g. hinge region fragmentation), succinimide formation, unpaired
cysteine(s), N-termingbgxtapsiono Griedpinali provessintelycasylatidmsekanges seth oA "deamidated”
monoclonal antibody fig[gifis 9ne YUY, PNe BLMRIR;LE AspaAmRgABS/dUe thereof has been

0

modified, e.g. to an aspartic acl an iso-aspartic acid by a post-translational modification.  As

used herein the term uftering ager RIoVId A, o 5 S.RLIRISERIR a0 ageN! which provides

that the solution comprising’it resists cha action of

nges in Its acid/hase conjugate
components. The buffeptisaMAPiEHERHD %’?@A@/&ﬁhgﬁ&@\m ?ﬁ& P éﬁ%ﬂf%\/qgﬁ 3f has a pH
in thesrange from aboeip 5.0Hstalivaut FI(T, a0k frbnfadbout 5.0 watddd 6151 ecfisthatise ¢iB3iEabout 5.8.

A pH of about 5.5 has,f@ beiiatand 10 heneshaitable [kxamplaswailufRongragents diat will control
the pH in this range i”C'P‘é‘&é‘f@%%ﬁ&‘%&éﬁ?&?@@é%ﬂw?a*ﬂi)?&iH}BﬁdeHé%WX%@ba@ne and other
e

organic acid buffers. Phe Most suita 2 pburtter in accordance with the present invention is a histidine
buffer, such as e.g. LRIeREAE AR pasisalefisthn FoBuHR1O % BEf éﬁ]\%“?’ising the amino acid
histidine. Examples of histidine buffers include histidine chloride, histidine acetate, histidine phosphate,
histidine sulfa®. The Hidtiephiipesiormadatior QORrHs B ARTREBEBRIRE RS RftbRSs a histidine
chlonige buffer. Such bistidéaerohlaticlerbuffef Tsgsrepanet, Bytitrating hatliStaMe ;(hee¥age? solid) with
g"gted hydrochlolriclaﬁ@ti&ﬂlg?ﬁﬁa@g&h%fy‘.g%t.i@m@sagﬁemchmd@pommdgmwmwme@f 5.5 30

.6, more particularly at a pH frgm about 5.3 to about 5.8, .and-most parti - 5. By
"isotonic" is meant thatfel]iluaéo &éﬁlﬂg iaot% ao"f]?_r? et_lr%% ?W;;O er%%g{én %Iff??ing) é%a%%%g%g??@rzgga%} étas
human blood. Isotonid il fsohangainsis frmaanEred BrosEQraeiaies oi?te?glﬁgo 350
mOsm. Isotonicity carbilewn@ass éshusiagoasvaipdrepressshieed fretzlngPp sinttdedidssibrtype
osmggeter. WO 2011/Qd2637P 60l BRROLPN6RF3 Qe Tarly aborsacsiiatine! hieneinicormises the
general composition (§H10‘2 %ndlderivc?tives thereof i%glggir}glmgaccharides, disaccharides,

) . < ch ag €.z, .
trisaccharides, polysa éW rld%sygﬁ}é%?ia?é%ﬁ%@?}% 1lljcmg stigars, nonreducing sugars, etc. Examples

of saccharides_herein include glucose, sucrose, trehalose, lactose, fruct mal dex

glycerin, dextrdh 2RPRAHESICONOEPST %%‘%’&téﬁﬂ%ﬁﬁf{ﬁﬁ% %%Efﬁ }%E%fﬁ%%ﬂ?f%%élﬁ%%geﬁ,ﬁ%gfetgtgo@ e,

raffinose, frrarwisteivsis, sertyoseyiHaesciaptitvgeti ondturor ¢ datermAaHHsnIaRErElcd i»

iso-maltutpgge et Rarticwiasdybineédomulations descibad Fareitecoprgiisedbnommaediicing

disacenaride a5 4 siailzinecaenk SHER BmBRAdhariAe sslegted from the group of trehalose (e.g. in
e

the form of am-t lose dihydrate) and sucrose. 10Herein, a "surfactant” refers to a surface-active

agent, e.0. 2 nIONIG SHARADY foiaunplee oL suelaeincia hejelndackideatlisothels (g ample
d ) R/go 80); p

olysorbate 20 and, po ate 80); poloxamer (e.g, poloxamer 188); Triton, ium dodecyl sulfate
?SgS); sotfitiRediasrRy Lairgsmab amATyaSh @Wéi%’é%:lﬁ?ﬁiﬂisﬁﬁ}ﬁ%? f-?’,t |ﬁ]3%}/?g‘ %%’légsg’r)?ﬁ%u%obetaine;
lauryl-, myMER0QAIABISI. Ot ste heyh shevasihes; thasksdjtionnf iagh-sdrie Rydentstauroamidopropyl-,
15 cocamigloRiaemdineirarmidopiapileamynisamidep topyt-apalmideprapficitimies the
SOSt Gl OB RV REIAING (5.6 O RIIRRIRBAN MO TIOR Ao, RRUBIE A on
|sostearamﬂlqpropyll-almet yaI mine, sodium methyl cocoyl-, or disodium methyrllol?e)fl}t)aurate; and the
MONAQL}W“ég‘?i%’é“{‘%ﬁ%ﬁé’ﬁ%‘fﬁ&’éﬁﬁg?ﬁ%%%%fﬁel\% SEFS }gl,eﬁ%ﬁ%%ﬁi}i _gh;colii polypropyl
glycol, anihcopahaiaxsafistyidneaad mbpiteriagiyebi gargobimrsircke piegistepdnisty and
Polysorbage R (R Mand Balysarzate 80(P330)ntespedtiveiniiavebbenfeandiedtbparticularly
suitable '”‘ﬁbgsfg{jfa Filgl? r c%? ReE NBIGIN iscost IR fNHRAAY NBERIBAS psgstinnthe broadest

sense anc_? specifically covers full length. monagclonal antibodies, polyclonal antibodies, multispecific
antibé@ie§"(€'f‘§jl.sﬁi%ﬁlé'b?ﬁét%’ﬁ’tfblb‘a?é’@ﬁ%%ﬁ&ﬁ%ﬁé?‘ﬁ%ﬂ%ﬁﬁr \ééﬁ Fﬁﬂ%ﬁ&ﬁrﬁ%ﬂbodie& and antibody
fragments, so long as they exhibit 25the desired biological activity. ‘Ié'%e term "monaclonal antibody"
as used herein%@F@W&ﬁ‘&ﬁﬂ%@ﬁ‘v6&@&3@?%%63%%@%8%%{?{@&% &R hONgReous
antibodies;drepritiesinditidiahasitibodiesechmeppsitrinthie Popelaaartraigbnietadsiod/or bind the same
epitope, expeRi{RERRsaIRie saNaRtSdhay MayBidea By iRgpereAULinR] of the mamnciarad antibody, such

variants generally, being presenl i 20/mRaT ARGYS SoRiasha polyelonal aelikge pigparations

that typica ?Wnc tde di rént antibodies directed, against diffe ?terminants Tge |tq es}, each
monotlon&IandebERy @@Wé&%&%&iﬁ@?&@ﬂ@?&%ﬁ%ﬁ%@ﬂ?%%ﬂ% 3%?@85?’11%1&%1?%0%1 o 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 35
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 WO
2011/012637PCT/EP20101060930 -28- antibodies to be used in accordance with the present

invventionn mav be made hyv the hvhridoma methnd firet deceribhed by Kohlaer et al Natiire 25R-A08



region (a native sequence Fc region or amino acid sequence variant Fc region) of an antibody. 5
Examples of antibody effector functions include Clg binding; complement dependent cytotoxicity
(CDQ); Fc rgeeRiandineging, antibody-dependent cell-mediated cytotoxicigy tABL®)p@aagocytosis;
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, IgG, and

IgM, andoseyerahafiesemids fuiblecaivdatinigusphiciassis'sisatipes)s aistigsl, 19G2, 19G3,
9G4, lof, and Jane b ey ehain cansianialomaios faakcaussnanchindbm diiasent classes of

antibodies are ca a[a?p al, 5 [delta], silon],.7 and p. especti The subunit
structure¥ B T5TER AdiFBHEIG AR EO Ryt ﬁ%’%?l(tﬁll'f%?g%n@ggsgrs% E#j %{ﬁgé)?o‘%%}l/%éT are well

known. lisiHedinelibidiegrottcaeniligther & ineliodehiatibuest rdhs P THECASTY SFTHE Sftibody to
bind tp apfiger-ansimsultiradneesurable pietegital¢rsponseowtichi vamjsetiveasgrddintiitro or in
vivo. Such.agfivit It Frampleyhsaithe.antibadyisr HERaptibody) or
agonistic“‘fci]r%1 %Lee#ggfsnug)éf& gﬁ{%ﬁgﬁ%@gﬁ;}@? Ee em %din&er%ﬂlth_e biolo(gg(%géractivigér ‘[J‘gé:gli&mg ability of
the formLf%%@aéﬁﬁbggﬁ%%er%ﬂ“ﬁ%ﬁfé%%erpg ERUMaN breast cancer 20 ¢ Ifelhe RS
MDA-MBit:2m/HER2 Thébshniormaiasieie fll argbbuiaichaedhs spREICHR AT the so-called
chimeric gptifadieminivaichia paitiaRiof thethdgware/eslight iohéindisddengicabpritRioraromologous to
corrggpon rkr}%lisst%%‘éﬁéélcs%sﬁdﬁt%’}ﬂ}%%%i deEiveddiipnt apariicHansneries prdelenging dea particular

antibody class or subclass, while the remainder.of the chain(s) is identical wit [ logous to
correspoRBifigieedgaticts ﬁﬁagﬂﬁﬁgg]é@zggﬁ\?é’&lf’r%lﬁqSﬁ%%fé%%%%g&é@“&? Léﬁg%gl)ngg t Qg?r%?r%g antibody
class or shbetassdad dathaburaxrhishing BruaH EIGHEiBRERIcHY J8HsrEai e 868 ed
biologicakagfivétyr(idedRatent Nohik@dife36 T BindManriddnfatal;tBrdc 00at. A aaMSHUSA,
8L:6851-555 (1084 himeic sutbesies ol inteseshareindnsiuderpiimaiasdaanibodies

comprising variable domain antigen-bindi que derjved fr. - imate (e.g.
010 Word RHGHELY: A U SR Gr ke FOREehAt el o douiet O TR
non-humah e syscitidalhy)capmipbtinssinFoThaEAR ‘arﬁ%%@?ésl AP ®ontain minimal sequence derived
from non-human inununoglobulin. For the most part, humanized antibodies are human
immunoglobulias frecipiemeitisotpdmvehinmidasilabs Fpope HLIMAo sABBAS RGO RET TR Ecipient are
replaced by fesidugsHsam;ainoevasiableregien siiaisbyannshimmanspepiesitongbantbetiy) such as
mouse, raf T8I ERAONIMMALPHTRIS Newna e WO 20 LUNPRE IO GRERABHUPAA93 -30-
desired spemﬁmty, afinit ,and,capacny. In some nsélanc strﬁ\m worl r%gl?n&éFRgegg%% %of the
humaf inﬁ%@d&%ﬁlﬁ?é‘& 1%83085/%16‘?%%%‘5%& Sﬁ?gﬁ-ﬁurﬁ%ﬁl%%laﬁe%.y Urt ermoré’,?%umanized
antibodiesmdgedomprismrasitjessiohalrthe hstetotasel the geduiiebraRremdBE R CORMSE dHoPantibody.
These magifications.ai sraceto duthen refingiretitody prithnmanbe rdnoBsgenedatitheskaianized
antibody il carprise shbstanfialial platisastonmancbapicaly Joatsblagiamains, in which all
all of the

or substantia y al ypervariable |[Qops carr nd tg those of a non-human im oglobulin and
all or subé%@&l%ﬁﬁ%aﬁw(fﬁéﬁg 8?"5%—%6120{%}%1 ﬁ%%ngfggﬁ |€r:1.ﬁ§£i1:|b3% E&H}ﬁgﬁ@%%manized
antibdfly ebtiopedialsewik porpkde cteRRRES PHTOA SRanIMRERBYIKEL NS EEhStEm 1 igion (Fo),
typically thatiohafusnaodmmenoglehulinbkadfsauftithefodiaitsubeetdunes wirzhjNatiore 321:522-525
(1980); Rigehmann.eh ah e 63328 aah (PR and;RresifbrCut (O Sikiak B0l 2:593-506
(1992). umanlzera HERZ2 antibodies include huMAb4D5-1, huMAb4D5-2, huMAb4D5-3,
huMAb4DBENFHIARGEBEEENMREXSES-6, huMAD4DS5-7 and huMAb4D5-8 or Trastuzumab
(HERCEPTINTm) as described in Table 3 of U.S. Paten 5,821,337; humani ed‘5208C9t.1%5Ofa
(W093/21319) ZReFTiorn 4 RSEFott ETIRISS, ROk S P FRISERASE SQpRest, Jed furthernerein below.
For the puriphsesoheseimitdrasticphabiceHRREEPTINDMOEhph iR AB DY ge it td HE Bnti-HER2
antibody djsgeted againstihe JR5aRIERSdSHrhwanitabd . preferabily leempriskmiheiightand heavy

chain amino acid seguences disclo in M 144908 20T heeRiarRg4D5" is the
region in PR RTE ik ek Sm%ﬁfﬁ! 8?%%%%%@ cvgdrl]%éﬁe ?ﬁ%ﬁ%@gﬁ{%s (ATCC CRL 10463) and

TrastuzuntBEiHRE HRROBH AGPENEEYEE to the transmembrane domain of HER2, and within Domain IV
of HER2. To screen for antibodies which bind to the 4D5 epjtope, a routine cross-blockin pssay such
as that describetl fttherisoeres! e BISsFRERERRUEIEGIA 'SSAHEPHSYIST CABBRSIBR/ égnl-?’arlow and
Davidibanehto8Recanditenerfonmend:i@s ftrerietively sepitdpecenaphihg pEscpelpEtEheted assess
whether the antinody hinds {eiher 4Bmeniope i BRRd G- HER DaRDbYCsEaresidulessinibie 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 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 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 HER2 (e.g. any one

or more nf recidiiec in the reaion from aboniit recidiie 22 to abhoiit recidiie 52 nf HER2Y WO




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 hetgipfgfers:ig-a substance that inhibits or prevents the functiop©f/Eria @owian causes
destruction of cells. The term is intended to include radioactive 5isotopes (e.g. At ",3l P", Y",Re',
sm1537B212, P" and radioactive isotopes of Lu),-éfremotherapeutic agents, and toxins such as small
molecule toxins or enzymatically active toxins of bacterial, fungal, plant or animal origin, including

frag men%éﬁ@ﬂ?m@&@% theraabble cAciphRemaiheripelibitagant is:p chiginicalyoomposnd useful in

the reatmety OLVQH%%{I W&ﬁ&%@ﬁ@t&%%ﬁﬁ%ﬁ%ﬁﬁmﬁ%ﬁ% Axpatingoarnissush as

thiotepa an osp de CYTOXANT) alkyl sulfonates such as busulfan, irnprosulfan
and plpogﬁlfé‘r“\adﬁ’i?ﬂdf%%uch as benzodopa, carboquone, meturedopa and uredopa; ethylenimines
and methylamelamines includin altretamlne trlethylenemelamln len 85105 horamide,
triethiylenethidphgiphSfamide %?ﬁ‘ﬁ@ﬂﬁ?ﬂ&ﬁ%ﬂﬁ’é?ﬁ%?ﬁé 38@%93(5 %Y C|aﬁy tllatacin and
bu||atacum@g}ﬂgh@e@emmmmoamaﬁmmw@mwmsmﬁ@m@www&b@@%hone 15 lapachol;

colchicings Replinic acid;ea m@mﬁﬁi{hﬁm@ﬂqﬂw HytBEkie aaditigasetbpoteERIR 2

(HYCAMTI T CPT- an, £ AMP gﬁ@ YRS RIQ’[E@R;R SpeRriestitiand
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novantrone; edatrexate; daunomycin; aminopterin; ibandronate; topoisomerase inhibitor RFS 2000;
difluorometlhylomithine (DIVIFO); retinoids such as retinoic acid, including bexarotene
(TARGRETINTm); bisphosphonates such as clodronate (for example, BONEEOSTM or OSTACTm),
etidronate (DIDROCALTm), NE- 58095, 25 zoledronic acki/zoledronate (ZOMETATm), alendronate
(FOSAMAJXTm), pamidronate (AREDIATm), tiludronate (SKELIDTm), or risedronate (ACTONELTm);
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(available from Wyeth) which preferentially binds EGFR but inhibits both HER2 and
EGFRoverexpressing cells, GW572016 (available from Glaxo) an oral HER2 and EGFR tyrosine 5
kinase inhi%z@l@gi&gy— 166 (aygilable from Nova}rtis); pan-HER inhibitwﬁ@@@gmrtinib
(CI-1033; Pharmacia); Raf-1 inhibitors such as antisense agent ISIS-5132 available from ISIS
Pharmaceuticals which inhibits Raf-1 signaling; neri-HER targeted TK inhibitors such as Imatinib
mesylate (GleevecTM) available from Novartis; MAPK extracellular regulated kinase | inhibitor CI-1040

(availabledram, RatmagiadsiiRazinesisdoh ae0RR/858035He Rulychigrasnilinayiuinazoline;

pyridopyrimidines; pyritnidopyrirnidines; olopyrimidi S| - . 1 and
CGP 627%%‘;%%‘%5%0&‘5%‘%%%%ﬁaﬁ%sﬁ_’e%garﬁﬁ%ﬁ-? é qﬁ%ﬁ) 2%} %%nrpﬁ%ﬂ%%%;@q%%&%%g(%iferuloyl
methane?@@%%@ﬁgﬁ‘ﬁﬁﬂiﬁ%}ﬂﬁﬁﬁﬁﬂd@;Smb%ﬁgrﬁ’é%aiﬁ‘?fﬁ?ﬁﬁﬁursiit’r S%t%ﬁe eties;
PD-01838053¥2846]-harbbarjpantisehsbemaieciles (e3g. tHOEigaTImd tds desribek ol nucleic
acid) squinime|inag§US Patent No. 15 5,804,396); tryphostins (US Patent No, 5,804,396); ZD6474

(Astra Zeneca); PTK-787 (Novartis/Schering AG); pan-HER inhibitors such as Cl- 1033 (Pfizer);
/éfé igitggg('(fllvs %ﬁﬁ%ﬂ?ﬁw'@g&%&&% hlljgy?gg@a : Z@lﬁ &@'@ggﬁﬂ;ﬁmmﬁ&@f}@%&@ﬁﬁg ;)

- Wyeth); Semaxinib (Su ; razeneca); - 1 vagi nering ;
INC- IC1 Y MBRSHEL O PRASHE Cr?gée%ﬂ%‘h r‘i‘ﬁ?‘%#lﬁ%% Eé‘ﬁlé’\r/\?iﬁba%poalieerﬁ pa ﬁ%ﬁ%%%?%@‘%%tem No. 20
5,804,396; W099/09016 (American Cyanamid ;W098%4 960 é%mer'carl'u Cyanamid), W097/38983
(Warner Ean%%ﬁﬁ%b@@%’é@?glmﬁéﬂg HFS\RigR 863 SFherLambert. Wooa30347
(Pfizer, Inc); WHOBL889 TB{ZentistitiaiDo618 30| Zeareedipr anirWo 36133980 fxbHe e, 38n
"antijangiogepigrgenindafers ixancampeundinhieichinakabis iotelterasuritteio S6mmadE degree, the

development,of Blood yegsel3, The ANLaNGIRDGNE (ROIBHAYAY IR-RSIanes i sl molecule or

antibody that binds to a gro tﬁlfactor or growth factor receptor involved in promoting angiogenesis.
The preferred" &M IBHBSRE IEAGM W& ein is an antibody that binds to Vascular Endothelial Growth
Factor (VEGF), such as Bevacizumab (AVASTINTITh The term "cytokine" is a generic term for
proteins reledB&amYRHOTSI SREHLTSH Whith B RNbRLAROTH B AT AL %%&‘@e%ﬂtlé?cﬁ%e lators.
Examples of eushotytakinés dreitynephioiindsemo auidivreshamduerackicazt psiypeptiddadimones.
Included among the cytokines are growth hormone such as human growth hormone. N-methionyl
humap growth korbonepardihovireagebivthitormone)t péhtsynpitddnor monbathypexaseiviesulin,

proinsulin, relayin. Brasslaxin qglycapeaigin honenes such as follicle stimulating hormone (FSH),
thyroid stimulating hormone 35 (TSH), and luteinizing hormone (LH), hepatic growth factor; fibroblast

growth factory prolacting pIASRRR) BGIRGET: THIALPRETORIBLAIER AR Pk ndRUMRIIANInRIRYING
substance, mouse gonadotropln-assocla'fﬁ%%e tide |nh|§|nt; a(%tl(\{lni% r%uzl@r endothelial growth
factor, integrif WO B9 FETPEX ASETHE ke rernbopoietin ), nerve growth
factors such as NGF-P, platelet-growth factor; transforming erowth fact%ﬁ%%'[GFs&,shug\QBaé TGF-a and
TGF-P, insulin TR&"gHaWAR FaflFa Bsa 2RPRNAL B I%idtn B GAedihtiRIVE ¥atits! interferons
such2ds intarfdron-an®anbht DveoioprpstitiiRatinythadtoraasrisyasisets a8 thHERBRAEYC SHIM-CSF),
granulocyigPacsaRbagrCRkC {GivnGzhlaid, arenidae)isy (S d:GoH)r mferaukins (ILs) such as
IL-1, IL-IafaI -%{]IL% Qlf4 Ifﬂégbllé_)-& IL-7, 1L-8, IL-9, IL-10, IL-11, IL-12, a tumor necrosis factor such
as TNF-a'or T Eal%y Sther polypeptide factors including LW and kit ligand (KL). As used herein,
the term cytokipe includes proteins from natural sources or. fr ' L.cul nd
biologically act é’%‘d‘ﬁ%a é‘g%zgﬂ#el%% f&%n%sygéﬁgﬁc%‘éé?gf%ggt%%%p%%ﬁgng%%ég?vgdg%r%u nt" refers
to an amount which provides the desired effect. In thstgoars}er%gag%a #lﬁatilqgfgg{g%i%%te ch as the
hyaluronidase &RZ/METS SEBFESAES SR G BREZETL iAvention an effective amount is the amount
neceg8anfabvinendaenha wishs fsidw dprbaBsegstsris P ceainiM Selca sl E RS SRS dy in
such a wag#Ey thehenti-v ERh anihodyiesin it dniestHerapelkiciilioefid tyve ivaguast datime bove. In
the case | fapesitiRdhesamorunt afActiveyingsedient affective to treat a
disease i%%%%gaémﬁg%e%%iggs cancgﬁthe effective amount):)f the drug may reduce the
number of ¥keer cells; reduce the tumor size; inhibit (i.e., slow to some extent and preferably stop)

cancer cell infiltration into peripheral or ans: inhibit (i.e.,.slow to some extent and referabl stop)
tumor metastagi; ‘}H??Fﬂ)ﬁl?%csé)ﬁ%%gﬁ{, t Pﬁ?’ﬁé\?ﬁ;fgﬁﬂj}b‘?“@%\?e&@ néné?nuémeokﬁesn “6he 20 or more
of the38ymrotdrins pdoiatetowitin triel sdndee frantiatienteid indaveiy 5reY predvenrtagdWmdand/or kil
existing capgesCedsiitmaebr syiasiatisnand/ anmgotoxice the Bffietcive amienqunay sxteth
progression {18 S KIVR M ILARALIRE U (BRGNS (Gl ng:a RAiSh 3080w Ehaor
complete responsg, CR), increase overall survival time, and/or improve one or more symptoms of
cancer. 25The 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 is not to be
considered to be a contaminating 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
aNo/LA by weinht of the antihodyy haced on total weainht of the compnocitinn nrefarahlhvy at leact ahniit OK04



Trastuzumab monoclonal antibody is harvested from the cell culture fluid and purified using
immobilized Protein A affinity chromatography, cation exchange chromatography (e.g. SPSepharose
FF), a filtratign sigR.t9gemove viral contaminations (e.g. a PVDF membrapg/isaddoayddgoMilipore under
the name Viresolve filters), followed by anion exchange chromatography (e.g. QSepharose FF) and an
ultrafiltration/diafiltration step. For preparing the fekdulations 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 approxjmateiyna Quale 4013404 263d BEH i BdARGHOR0S3GindBprodudd uffd 26 issmiaminfactured by
techniqu enerally known from the .pr ion af: i i 3 50 iRS with
thawing §fss cells rc')r%g tfé}em\e/v&%ogﬁg)eqﬁ?%%& riI_5>()H10£r8 ?n%%%?%%ﬁ%%% r&%ﬁ%ﬁﬁ%ﬁ%ﬁ through
cell cultuBeiRASerat s h%‘ggsf?é‘é R WEH b5 BRI AOR T a Bioreactor. Afer ’qom,gfetion of the
productidrispidase B tefl & elmiveotigniiehr A dBy-MiPabiore iraabaterdn theardutinrns ten
solvegt/dgigrgentio inastivataudssses thbe theqtgirits thaaminifietdy ahsqriasmbeehaiin
chromatogranhy PIBCeSSEs 19, STOUE RIPGRES N REAHHEHLCIARALITPLLIESoibial fitration step s

performed, e re Is then concentrated, formulated into the final buffer: 10 mg/mL
rHUPH20 in 20,mM Lhistidine/HCI. buffer 6.2, 130 MM N % ly 0. The
rHUPH20 bulk 5" ?5Pé§ kg:)ge{fgbvf/é -}%1 .mhp# %%¥ﬁo_ r(%g(eétll ?é%%%%‘t?% %13% I\lﬂ%é?%h%%ggé%r%ance with
the presefiririciefion BecdwWiiky- G@%H“Fﬁ%sﬁ?%ﬁﬁﬁﬁﬁa‘sﬂ&ﬁﬁoﬁmﬁs SEFUER EKHRE in the art. There
is therefoganoaeeddlbeexplainetktiuimvhsgdalgetaild infeigaitbdisgrprithdet formulations for
subcutaneous administration according to the invention 15 were developed as follows. Example 1:
Prepayation ofthe diguig federtationsrstitEbmHuexprepaiption of thestigoikl §6 fintdagiprielrastuzumab

was buffer-exchangedagainst.a.20diafillraion biffes aoptaininga.tbe aigipatarhbufiarrsmposition
and, when required, concent at%F b |af|Itratlogngtoiagogantlltr)}ogy congc {Flté%t@p gfl eaF?p 0. 150 mg/ml.
After confSREAERSITFHY ﬁﬁﬁ’fﬁiﬁfﬂ ﬁ’&?b ARG IRE éxtipients (8.4. trehalose; rHUPH20) were added as
stock solutioneddnireterinbsaiiseiioRbrrhleshant gt Walcthn WEiehH RERHHB BERKSId stock
solution. Ginaietheprolairgenasniatiaieaasdiilisted lyitp, buffer te firefinkioighshezeneb 25
el e L e et and
urther below. All formulations were sterile-filtered thro 22 um. low-protein rs an
eopical I RS Bt o L Wk B Ppp ORI b N L
tetrafluordistioy|bheilasbiednd bised Bopperd: dhid %@ﬂ%%&‘ﬁ@?ﬁ%‘?ﬂfﬁ&ﬁf&%dﬁégogbﬁ?&. 3.0ml.
These formuiations Averasionesd atditferantckmaterdonditiois {56 26Caded) 800) HorwkfieteRt intervals

gf time ?]n& &?[%‘?zﬂa%&%%?%%%ﬁ% AlBishaki E]ﬁéﬁgzﬁr&f%&’a{l&?ﬁqmma{(ﬁ@s angd12a) and )
reeze-thaw stress met The.s s were ana efore and.aite tress tests by
the toMon P H el MG W 2081 B SRS b B0 e B0 ) B
spectrophitpedetma! Zyagize HACoRIBACH SR BIEYIRD R SEETSBY-by lon exchange chromatography
(1EC); 4) by turbidity of the solution; 55) for visible particles; and 6) for rHUPH20 activity. UV
spectroscopy, (BeehfemitetdueinaonGf prstenmeliittneanralsarbasidy shiacrsHastiter A3s UV
spectrophgitameterimacvavelgagthtregr oy Raning tisdthaide Meatprotefrsiinphestt@dvere
diluted to dﬁg,&rs%aige%mmrwﬁb 1ba eariespRading iesmpiatienbulfendhaPiatele gosgentration was
calculated according to Equation 1 %&%d £§>20 X ﬁi'ffiﬁgj Egeq(gm2>§lclﬁc§%3)Thl_e',:lU}i/1 Iicgggea&sorption
at 286 hm ARG TGRS Y- AP BV M and mthip e Wit the aifudon factor, which was
determinethdome tHdenaiahod smdess. draans Faitkd. oflmst Smalnex PRHELIRE BRI Dififer. The
numeratoruass divis edibydhe predici-otthetarstielsrpatholengthteb aiydatre(Btinction coefficient a.
Size Exclusion Chromatography (SEC) was used to detect soluble high molecular weight species
(aggregates) ang lowomelequiarwaighthychabsis pradustaithWgdnndhe fennslatiohin, Theid@emethod

was performed on a Waters Alli S FEIPLC instr ithaWaiers \WAsd Lual,Absorbance
Detector an éﬂqst}’irp])%vel wﬁﬁ'?‘? gfilo%%l]aggs%?ls:sl!% té%?%ﬁ %ﬁsﬁvﬁg&g 4h 6x300u m c{:o%;;wnrllg in row. Intact

monotfer capBiEFEEs andRYERER Al B PR e R AL B A iy Serane eliition brofife. using 50
mM sodiutephespiates. 420 mivhzodium perhidedrehiplagicd grempisie prasatednitiherd detected at a
\C/ivavelgngtﬁl&ﬁ?tg@neﬁuilgg mﬁﬁﬁm@,h@a@wgmmﬂﬁﬁwwmmmmmﬁ chemical
egradation products alteri e T a0, i igns. Fordhig purpose
Trastuzun e CeSiad a%%féé%‘%‘é%%%%%%‘i‘%%@%f3“?5‘%&;@5‘?%’?? el rment
equipped \Mﬂﬁ”&ﬂiﬁ%@fgc?&%’@tgﬁ%ﬁ%ﬁ’v\é%ﬁg} 315 H}% g ggior@%%lq#g&aé é%?cfb
Analylital ¢a8idrF2306kchusge ¢olufinSER RI0%n) 28mMeddinrdgiicsnhsé maaion!s .5 in H20
and 10 mM sodium phosphate buffer pH 7.5 and 100 inM NaCl were used as mobile phases A and B,
respectively, with a flow rate of 0.8 mlimin. WO 2011/012637PCT/EP2010/060930 -40- For the
determination of the turbidity, opalescence was measured in Ft LT (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 An in vitro enzyme assay of rHUPH20 as

hyaluronidase was used as activity assay. The assay is based on the formation of an insoluble
nracinitate when hvaliironan (ecoditim hvaliironate) hinde to 2 cationic nrecinitant Enzvme activvitvy wac



variations in stabilizer (methionine) from about 5 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 proyigtﬁgzml'y,ﬁ%gl, below wherein the following abbreviations are usegit:qdiresfiom particles; e
. = essentially free from particles; wafp: = with a few particles FIT: = freezing/thawing; skg: = shaking;

nd: = not determined The formulations specified bébw show that it is possible to provide liquid
formulations with 25 high concentrations of two different proteins. Such formulations can be prepared

with greatgyaaseanchiowes £ostsitbasiyonkilzeddonmulations. Merequasisusiufaukelationalare easier
to handle as o dissplyind obhe lyppiigsd,nelprediel Geconasiutionhis reskired (ready to use) I

NCET
has beenfound that the formulations specified in Tables 1,3 and 4 are also suitable for the formulation

of highly concepfrated, stable pharmaceutical formulation of pharmaceutically 3 ive. 1-IER2
antibodies lackihg't 8“39&%%@63%%6?&%/rrﬁ%l.nf{hée?r%]%lr%??ﬁséﬁsgj_{acslglg%tl ?ﬁg%-ﬁ%%ﬁggé%ﬁ%%ntion

relates_q@@t@ﬁﬁd}wm@ﬁtﬁﬁ%‘éﬁﬂﬁg%@ﬁ%&f% fpsdenentechat okRtE a7 RIATHRGRRIGEe enzyme. 42
HE agtivityofibniid 9E1:SiIHT. ESOAPSEB AT MAOZ BT20N624(BT 91T j9bdikti@l iptresZERT 13294 Pu

ce: 0 0 ,GalgifEaNrg ootis ahidh il kgl elibdibeid. dii el aTo Bdit: iR SRR EIKS6n and
cell migration. HA seems to play important roles in cell regulation, development, and
differentiation [Laurent et al., supral.

HA has widely been used in clinical medicine. Its tissue protective and rheological
10 properties have proved useful in ophthalmic surgery (e.g. to protect the corneal endothelium
during cataract surgery). Serum HA is diagnostic of liver disease and various inflammatory
conditions, such as rheumatoid arthritis, Interstitial edema caused by accumulation of HA may

cause dysfunction in various organs [Laurent et al., supra].

Hyaluronan protein interactions also are involved in the structure of the extracellular
15 matrix or "ground substance”.

Hyaluronidases are a group of generally neutral- or acid-active enzymes found throughout
the animal kingdom. Hyaluronidases vary with respect to substrate specificity, and mechanism of
action (WO 2004/078140). There are three general classes of hyaluronidases:

1. Mammalian-type hyaluronidases, (EC 3.2.1.35) which are endo-beta-N-

20  acetylhexosaminidases with tetrasaccharides and hexasaccharides as the major end products.
They have both hydrolytic and transglycosidase activities, and can degrade hyaluronan and
chondroitin sulfates (CS), generally C4-S and C6-S.

2. Bacterial hyaluronidases (EC 4.2,99.1) degrade hyaluronan and, and to various extents, CS
and DS. They are endo-beta-N-acetylhexosaminidases that operate by a beta elimination reaction

25  that vields primarily disaccharide end products.

3. Hyaluronidases (EC 3.2.1.36) from leeches, other parasites, and crustaceans are endo-beta-
glucuronidases that generate tetrasaccharide and hexasaccharide end products through hydrolysis
of the beta 1-3 linkage.

Mammalian hyaluronidases can be further divided into two groups: neutral-active and
30 acid-active enzymes. There are six hyaluronidase-like genes in the human genome, HYALI,
HYAL2, HYAL3, HYAL4, HYALP! and PH20/SPAM1. HYALPI is a pseudogene, and HYAL3
has not been shown to possess enzyme activity toward any known substrates. HYAL4 is a
chondroitinase and exhibits little activity towards hyaluronan. HY AL is the prototypical acid-
active enzyme and PH20 is the prototypical neutral-active enzyme. Acid-active hyaluronidases,
35 suchas HYALl and HYAL2 generally lack catalytic activity at neutral pH (i.e. pH 7). For
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example, HY ALI has little catalytic activity in vitro over pH 4.5 [Frost L.G. and Stern, R., “A
microtiter-based assay for hyaluronidase activity not requiring specialized reagents”, Anal.
Biochemistry, 1997; 251:263-269]. HYAL?2 is an acid-active enzyme with a very low specific
activity in vitro.

The 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
HYAL?2 and human PH20 [Danilkovitch-Miagkova et al., Proc. Natl. Acad. Sci. U SA, 2003;
100(8):4580-4585; Phelps et al., Science 1988; 240(4860): 1780-1782], and those which are
generally soluble such as human HYALI [Frost, 1.G. et al., “Purification, cloning, and expression
of human plasma hyaluronidase”, Biochem. Biophys. Res. Commun. 1997; 236(1):10-15].
However, there are variations from species to species: bovine PH20 for example is very loosely
attached to the plasma membrane and is not anchored via a phospholipase sensitive anchor
[Lalancette et al., Biol. Reprod., 2001; 65(2):628- 36]. This unigue feature of bovine
hyaluronidase has permitted the use of the soluble bovine testes hyaluronidase enzyme as an
extract for clinical use (Wydase™, Hyalase™). Other PH20 species are lipid anchored enzymes
that are generally not soluble without the use of detergents or lipases. For example, human PH20
is anchored to the plasma membrane via a GPI anchor. Attempts to make human PH20 DNA
constructs that would not introduce a lipid anchor into the polypeptide resulted in either a
catalytically inactive enzyme, or an insoluble enzyme [Arming et al., Eur. I. Biochem., 1997,
247(3):810-4]. Naturzﬂly occurring macaque sperm hyaluronidase is found in both a soluble and
membrane bound form. While the 64 kDDa membrane bound form possesses enzyme activity at
pH 7.0, the 54 kDa form is only active at pH 4.0 [Cherr et al., Dev. Biol., 1996;10; 175(1): 142-
531. Thus, soluble forms of PH20 are often lacking enzyme activity under neutral conditions.

As noted above and in accordance with the teachings in W02006/091871 small amounts of
soluble hyaluronidase glycoproteins (SHASEGPs) can be introduced into a formulation in order
to facilitate the administration of therapeutic drug into the hypodermis. By rapidly
depolymerizing HA in the extracellular space sHASEGP reduces the viscosity of the interstitium,
thereby increasing hydraulic conductance and allowing for larger volumes to be administered
safely and comfortably into the SC tissue. The increased hydraulic conductance induced by
sHASEGP through reduced interstitial viscosity allows for greater dispersion, potentially
increasing the systemic bioavailability of SC administered therapeutic drug.

When injected in the hypodermis, the depolymerization of HA by sSHASEGP is localized to
the injection site in the SC tissue. Experimental evidence shows that the sHASEGP is inactivated
locally in the interstitial space with a half life of 13 to 20 minutes in mice, without detectable
systemic absorption in blood following single intravenous dose in CD-1 mice. Within the
vascular compartment SHASEGP demonstrates a half life of 2.3 and 5 minutes in mice and
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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.
J., 1951; 2 (4741): 1178-1183].

Tn 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 local dispersion, SsHASEGP increases the rate (Ka) of absorption of many
macromolecules. This leads to increased peak blood levels (Cra) 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 to increase the dispersion and absorption of other co-administered drugs and for
20 hypodermoclysis (SC injection/infusion of fluid in large volume) [Frost G.L, “Recombinant
human hyaluronidase (rHuPH20): 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
75  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.L,
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, U.B.G., Dahl, L.B., Reed, 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, J.R.E., “Degradation of Bioactive Substances: Physiology and Pathophysiology”,
Henriksen, J.H. (Ed) CRC Press, Boca Raton, FL; 1991. pp. 249265, Hairis, 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.1., “Recombinant human hyaluronidase (rHuPH20): 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.1., “Recombinant human
hyaluronidase (FHuPH20): 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 usual 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 purpose 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 mt of fluid for subcutaneous 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, 20035, 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 hypodermoclysis
- as an adjunct in SC urography for improving resorption of radiopague agents.

As part of that regulatory review it was established that rHuPH20 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 (rHuPH20) 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
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-HER? antibody into the systemic circulation via the
subcutaneous application route by the reversible hydrolyzation of hyaluronan, an extracellular
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-HER2 antibody into the systemic circulation. In addition, the

administration shows reduced pain in humans and less volume-derived swelling of the SC tissue.

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 preciudes a realistic ability to perform comparable biodistribution studies
between different hyaluronidase products. This property also minimizes any potential systemic
safety concerns because the hyaluronidase product cannot act at distant sites.

The unifying featare 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.

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-
HER? antibody in the stable pharmaceutical formulation described herein. Furthermore, the
hyaluronidase enzyme merely modifies the delivery of the anti-HER?2 antibody to the systemic
circulation but does not possess any properties that could provide or contribute to the therapeutic
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 formulation in
accordance with the invention. It is therefore to be considered as an excipient in the anti-HER2

antibody formulation in accordance with this invention. As it exerts no therapeutic effect it
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represents a constituent of the pharmaceutical form apart from the therapeutically active anti-
HER?Z2 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 $-1,4 glycosyl hydrolases that depolymerize hyaluronan by the hydrolysis of the B-
1,4 linkage between the C, position of N-acetyl glucosamine and the C4 position of glucuronic
acid. Hyaluronan is a polysaccharide found in the intracellular ground substance of connective
tissue, such as the subcutaneous 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 facilitating their absorption. The effects of hyaluronidase are local
and reversible with complete reconstitation of the tissue hyaluronan occurring within 24 to 48
hours [Frost, G.1., “Recombinant human hyaluronidase (rHuPH20): an enabling platform for
15  subcutaneous drug and fluid administration”, Expert Opinion on Drug Delivery, 2007; 4:427-
4407. 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.

tHuPH20 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
tHuPH20 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 amino 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 hydrolysis of the B-1,4 linkage between the Cy
position of N-acetyl glucosamine and the Cy4 position of glucuronic acid. The tetrasaccharide is

35  the smallest digestion product [Weissmann, B., “The transglycosylative action of testicular
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hyaluronidase”, J. Biol. Chem., 1955; 216: 783-94]. This N-acetyl glucosamine/glucuronic acid
structure is not found in N-linked glycans of recombinant biological products and therefore
rHuPH20 will not affect the glycosylation of antibodies it is formulated with, such as e.g.
Trastuzumab. The rHuPH20 enzyme itself possesses six N-linked glycans per molecule with

5 core structares 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 short 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
10 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, ¢.g. caused by contaminating proteins co-purified during
extraction from a tissue, is avoided. The hyaluronidase enzyme used in the formulation as
exemplified herein is a human enzyme, viz. rHuPH20.

135 The amino acid sequence of rHuPH20 (HYLENEX™) 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 mammalian 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

20 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 tHuPH20 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

25 clinical safety and efficacy of units of hyaluronidase are equivalent.

The use of tHuPH20 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.

30 The osmolality of the stable 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  -> 600

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-HER?2 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 cells, 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-HER2 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 (q3w). The full volume of

20  the injection fluid is in most case administered 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 TV 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 1 to 15 mti. 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

resulting in reduced frequency/intensity of infusion related reactions.

The production of the subcutaneous Trastuzumab formulation in accordance with the
invention requires 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.
In accordance with the teachings in WO 97/04801 the highly concentrated, stable pharmaceutical
anti-HER? 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-HER2 antibody concentration reconstituted formulation.

The HER?2 antibody SC formulation in accordance with this invention is mainly used to
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, gastrinoma and islet cell cancer),
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
including gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer, ovarian
cancer, liver cancer, bladder cancer, hepatoma, breast cancer, colon cancer, rectal cancer,
colorectal cancer, endometrial or uterine carcinoma, salivary gland carcinoma, kidney or renal
cancer, prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma, anal carcinoma, penile
carcinoma, testicular cancer, esophageal cancer, tumors of the biliary tract, as well as head and
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
Jevels 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; JHC). Alternatively, or additionally,
one may measure levels of HER-encoding nucleic acid in the cell, e.g. via fluorescent in situ
hybridization (FISH; see W098/45479), Southern blotting, or polymerase chain reaction (PCR)
techniques, such as real time quantitative PCR (RT-PCR). One may aiso 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; WO91/05264
published April 18, 1991; U.S. Patent 5,401,638 issued March 28, 1995; and Sias et al., J.
Immumol. 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
scanning for radioactivity 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.

A cancer which "overexpresses” a HER ligand is one which produces significantly higher
Jevels 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
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 include
autoimmune disease (e.g. psoriasis); endometriosis; scleroderma; restenosis; polyps such as
colon polyps, nasal polyps or gastrointestinal polyps; fibroadenoma; respiratory disease;
cholecystitis; neurofibromatosis; polycystic kidney disease; inflammatory diseases; skin
disorders including psoriasis and dermatitis; vascular disease; conditions involving abnormal
proliferation of vascular epithelial cells; gastrointestinal uicers; 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
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, carcoidosis, 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
5  skin; diabetic retinopathy and diabetic nephropathy; Guillain-Barre syndrome; graft versus host
disease or transplant rejection; Paget' s disease; bone or joint inflammation; 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;

10 reproductive conditions such as endometriosis, ovarian hyperstimulation syndrome,
preeclampsia, dysfunctional uterine bleeding, or menometrorrhagia; synovitis; atheroma; acute
and chronic nephropathies (including proliferative glomerulonephritis 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

15 dementia, Parkinson's disease, amyotrophic lateral sclerosis, retinitis pigmentosa, spinal
muscular atrophy and cerebellar degeneration); myelodysplastic 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 psoriasis,

70 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-

75 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 prior to, 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 formulation in accordance with the present invention is
preferably 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

35 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 progres sion free
survival) and / or may result 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.

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 cytotoxic agent targets or interferes with nucleic acid in the cancer cell.
Examples of such cytotoxic agents include maytansinoids, caliocheamicins, 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-carbox yl-Trastuzumab.

For subcutaneous delivery, the formulation may be administered via a suitable device, such
as (but not lmited 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 paich
delivery system. A suitable delivery system for the formulations in accordance with the present
invention is described in WO 2010/029054. Such device comprises about 3 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
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 plg/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-HER?2 antibody is a candidate initial dosage for administration to the
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-HER?2 antibody / kg of bodyweight to about 10 mg anti-HER?2 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
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 a second (third, fourth, etc) chemotherapeutic agent(s) (in another word a "cocktail” of
different chemotherapeutic agents); another monoclonal antibody; a growth inhibitory agent; a
eytotoxic agent; a chemotherapeutic agent; a EGFR-targeted drug; a tyrosine kinase inhibitor; an

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

Tn 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 manufacture is provided which
contains the pharmaceutical formulation of the present invention and provides instructions for its
use. This arficle 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 2 to 6 administrations) 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 living 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; etc. 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, ¢.g. to an aspartic acid or an iso-aspartic acid by a
post-translational 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 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 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 "saccharide” 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, fructose, maltose, dextran, glycerin, dextran, erythritol, glycerol,

5 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 q,o-trehalose dihydrate)

and sucrose.

10 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 80);
poloxamer (e.g. poloxamer 188); Triton; sodium dodecyl sulfate (8DS); sodium laurel sulfate;
sodium octyl glycoside; lauryl-, myristyl-, linoleyl-, or stearyl-sulfobetaine; lauryl-, myristyl-,
linoleyl- or stearyl-sarcosine; linoleyl-, myristyl-, or cetyl-betaine; lauroamidopropyl-,

15  cocamidopropyl-, linoleamidopropyl-, myristamidopropyl-, palmidopropyl-, or
isostearamidopropyl-betaine (e.g. lauroamidopropyl); myristamidopropyl-, palmidopropyl-, or
isostearamidopropyl-dimethylamine; sodium methyl cocoyl-, or disodium methyl 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, PF6S etc);

20 eic. 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 least two full length antibodies, and antibody fragments, so long as they exhibit

25  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

30 minor amounts. In cofitrast 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

35  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 monoclonai
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antibodies to be used in accordance with the present invention may be made by the hybridoma

method first described by K&hler 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” may 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., 222:581-567 (1991).

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 antibodies; single-chain antibody
molecules; and multispecific antibodies formed from antibody fragment(s).

10 A "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, CH1, 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 differs 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 80%, 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 variant, the antibody with an amino-terminal leader extension (e.g. VHS-)
on one or two light chains thereof, antibody with a C-terminal Iysine 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 amino 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
(32 oligosaccharide structure, instead a GO oligosaccharide structure, attached to an Fc 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, etc,
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 1°331°266 and USP
7’517°670.

Antibody "effector functions” refer to those biological activities attributable to the Fc
region (a native sequence Fc region or amino acid sequence variant Fe region) of an antibody.
5 Examples of antibody effector functions include Ciq binding; complement dependent
cytotoxicity {CDC); Fe receptor binding; antibody-dependent cell-mediated cytotoxicity
(ADCC); 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, IgG, and IgM, and several of these may be further divided into
"subclasses” (isotypes), e.g., IgGl, IeG2, 1gG3, IgG4, IgA, and IgA2. The heavy-chain constant
domains that correspond to the different classes of antibodies are called o [alpha], & [delta], €
[epsilon], ¥ [gamma], and p [mu], respectively. The subunit structures and three-dimensional
configurations of different classes of immunoglobulins are weli 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 biological 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 formulated antibody te 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 (U.S. Patent No. 4,816,567; and Morrison et al, Proc. Natl.
Acad, Sci. USA, 81:6851-6855 (1984)). Chimeric antibodies of interest 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 from 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
general, the humanized antibody will comprise substantially all 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 a human immunoglobulin.
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. 2:593-5%6 (1992).

Humanized HER?2 antibodies include huMAb4D3-1, huMAb4DS-2, huMADb4D3-3,
huMAD4D5-4, huMADB4ADS-3, huMAb4DS5-6, huMAb4D3-7 and huMAb4D5-8 or Trastuzumab
(HERCEPTIN™) as described in Table 3 of U.S. Patent 5,821,337; humanized 520C9
(W093/21319) and humanized 2C4 antibodies, such as Pertuzumab as described further herein
below.

For the purposes herein, "Trastuzumab”, “HERCEPTIN™" and "huMADb4DS5-8" refer to
an anti-HER?2 antibody directed against the 4D5 epitope. Such antibody preferably comprises the
light and heavy chain amino acid sequences disclosed e.g. in Fig. 14 of WO 2006/044908.

The "epitope 4D5" is the region in the exiracellular domain of HER2 to which the antibody
4D5 (ATCC CRL 10463) and Trastuzumab bind. This epitope is close to the transmembrane
domain of HER2, and within Domain IV of HER2. To screen for antibodies which bind to the
4D5 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
4D5 epitope of HER2 (e.g. any one or more residues in the region from about residue 529 to
about residue 623, 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 7+3
antibodies bind., To screen for antibodies which bind to the 7C2/7F3 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 establish whether the antibody binds to the 7C2/7F3 epitope on
HER?2 (e.g. any one or more of residues in the region from about residue 22 to about residue 53
of HER2).
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Herein, "Pertuzumab” and "rhuMAb 2C4” refer to an antibody that binds to the 2C4
epitope and preferably comprising 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.

5 The "epitope 2C4" is the region in the extracellular domain of HERZ 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 II in the extracellular domain of HER2. 2C4 and
Pertuzumab bind to the extracellular domain of HER?2 at the junction of domains L, I and 11
(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 G1 arrest and M-
phase arrest. Classical M-phase blockers include the vincas (vincristine and vinblastine), taxanes,
and topo II inhibitors such as doxorubicin, epirubicin, daunorubicin, etoposide, and bleomycin.
20  Those agents that arrest G1 also spill over into S-phase arrest, for example, DNA alkylating
agents such as tamoxifen, prednisone, dacarbazine, mechiorethamine, cisplatin, methotrexate, 3-
fluorouracil, and ara-C. Further information can be found in” The Molecular Basis of Cancer”,
Mendelsohn and Israel, eds., Chapter I, 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 pg/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 celis. The term is intended to include radioactive
5 isotopes (e.g. At* IPL T, ch, 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 variants 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 (CYTOXANT); 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 trimethylolomelarnine; acetogenins (especially bullatacin and
bullatacinone); delta-9-tetrahydrocannabinol (dronabinol, MARENOLT™); 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; cryptoplhycins
(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 such as chlorambucil, chlornaphazine, cholophosphamide,
estramustine, ifosfamide, mechlorethamine, mechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, prednimustine, trofosfa[pinide, uracil mustard; nitrosureas such as
carmustine, chlorozotocin, fotemustine, lomustine, nimustine, and ranirnnustine; antibiotics such

25  as the enediyne antibiotics (e. g., calicheamicin, 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-oxo0-L-norleucine,
doxorubicin (including ADRIAMYCIN™, morpholino-doxorubicin, cyanomorpholino-
doxorubicin, 2-pyrrolino- doxorubicin, doxorubicin HCI liposome injection (DOXILT™),
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,
potfiromycin, puromycin, quelamyein, rodorubicin, streptonigrin, streptozocin, tubercidin,
ubenimex, zinostatin, zorubicin; anti-metabolites such as methotrexate, gemcitabine
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(GEMZAR™), tegafur (UFTORAL™), capecitabine (XELODAT), an epothilone, and 5-
fluorouracil (5-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,
dideoxyuridine, doxifluridine, enocitabine, floxuridine; anti-adrenals such as aminoglutethimide,
mitotane, trilostane; folic acid replenisher such as frolinic acid; aceglatone; aldophosphamide
glycoside; aminolevulinic acid; eniluracil; amsacrine; bestrabucil; bisantrene; edatraxate;
defofamine; demecolcine; diaziquone; elfornithine; elliptinivmn acetate; etoglucid; gallium nitraie;
hydroxyurea; lentinan; lonidainine; maytansinoids such as maytansine and ansamitocins;
mitoguazone; mitoxantrone; mopidanmol; nitraerine; pentostatin; phenamet; pirarubicin;
losoxantrone; 2-ethylhydrazide; 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;
pipobroman; gacytosine; arabinoside ("Ara-C"); thiotepa; taxoid, e.g., paclitaxel (TAXOL™),
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 (VELBAN™), vincristine (ONCOVINT™),
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 QOSTAC™), etidronate (DIDROCAL™), NE- 58095,
zoledronic acid/zoledronate (ZOMETAT™), alendronate (FOSAMAJX™), 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
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; Bel-2
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 anti-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
(AROMASIN™), and nonsteroidal aromatase inhibitors such as anastrazole (ARIMIDEX™),
fetrozole (FEMARAT) 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), MADb 4355 (ATCC CRL HB8307), MAb 225 (ATCC CRL 8308),

25  MAD 528 (ATCC CRL 8509) (see, US Patent No. 4,943, 533, Mendelsohn et al.) and vartants
thereof, such as chimerized 225 (C225 or Cetuximab; ERBITUX™) and reshaped human 223
(H225) (see, WO 96/40210, Imelone Systems Inc.); antibodies that bind type II mutant EGFR
(US Patent No. 5,212,290); humanized and chimeric antibodies that bind EGFR as described in
US Patent No. 5,891,996; and human antibodies that bind EGFR, such as ABX-EGF (see

30 WO98/50433, 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 small molecules that bind to EGFR include ZD 1839 or Gefitinib (IRESSA™; Astra Zeneca),
CP-358774 or Erlotinib HC1 (TARCEVAT™ Genentech/Roche/OST) 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
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EGFR-targeted drugs noted in the preceding paragraph as well as small molecule HER2 tyrosine
Kkinase inhibitor such as TAK1 65 available from Takeda, dual-HER inhibitors such as EKB-569
(available from Wyeth) which preferentially binds EGFR but inhibits both HER?2 and EGFR-
overexpressing cells, GW572016 (available from Glaxo) an oral HER2 and EGEFR tyrosine

5 kinase inhibitor, and PKI- 166 (available from Novartis); pan-HER inhibitors such as canertinib
(CI-1033; Pharmacia); Raf-1 inhibitors such as antisense agent IS18-5132 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 15 3035,4-(3-

10 chloroanilino) quinazoline; pyridopyrimidines; pyrimidopyrimidines; pyrrolopyrimidines, such
as CGP 59326, 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.

15 3,804,396); tryphostins (US Patent No, 5,804,396), ZD6474 (Astra Zeneca); PTK-787
(Novartis/Schering AG); pan-HER inhibitors such as CI- 1033 (Pfizer); Affinitac (ISIS 3521,
Isis/Lilly); PKI 166 (Novartis); GW2016 (Glaxo SmithKline); CI-1033 (Pfizer); EKB-369
(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); W0O98/43960 {American Cyanamid);
WO97/38983 (Warner Lambert); W099/06378 (Warner Lambert); W099/06396 (Warner
Lambert); WO96/30347 (Pfizer, Inc); WO96/33978 (Zeneca); WO96/3397 (Zeneca); and
WQ96/33980 (Zeneca).

An "anti-angiogenic agent" refers to a compound which blocks, or interferes with to some
25 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 angiogenesis. The preferred anti-angio genic factor herein is an antibody that binds to
Vascular Endothelial Growth Factor (VEGF), such as Bevacizumab (AVASTIN™),

The term "cytokine" is a generic term for proteins released by one cell population which
30 act on another cell as intercellular mediators, Examples of such cytokines are lymphokines,
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
35 (TSH), and luteinizing hormone (LH), hepatic growth factor; fibroblast growth factor, prolactin,
placental lactogen, tumor necrosis factor o and p, 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-p, platelet-growth factor; transforming
growth factors (TGFs) such as TGF-o¢ and TGF-p, insulin-like growth factor-I and -1I,
erythropoietin (EPO), osteoinductive factors; interferons such as interferon-a, -, and -y, colony
stimulating factors (CSFs) such as macrophage-CSF (M-CSF)}, granulocyte-macrophage-CSF
(GM-CSF), and granulocyte-CSF (G-CSF), interlevkins (ILs) such as IL-1, IL-1ot, IL-2, IL-3, IL-
4, TL-5, TL-6, IL-7, IL-§, IL-9, IL-10, FL-11, IL-12, a tumor necrosis factor such as TNEF-¢, or
TNF-B, 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.

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
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 dru g may reduce the number
of cancer cells; reduce the tumor size; inhibit (1.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
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.

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 is not to be
considered to be a contaminating protein of the anti-HER2 monoclonal antibody in accordance
of the present invention). An "essentially pure” antibody means a composition comprising at
least about 90% by weight of the antibody, based on total weight of the composition, preferably
at least about 95% by weight. 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 understocd by reference to the following Examples. They
should not, however, be construed as limiting the scope of the invention. All literature and patent
citations are incorporated herein by reference.



pu Main Peak (%) 169 698989r 89 1.9Pu9SOSpuT 1CO LOC80900pul'V.pu
C86 1L' 86 S'86 886 1.86 pu 1786 6.L6 puZb 6976 19.0 ,909'0C 090

10

15

26

25

WO 2011/012637 PCT/EFZ010/660930

-37-

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 chloride
show a smaller increase of HMW s 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 Na(l

showed an intermediate turbidity. No significant increase was observed upon storage for 8 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 viscosity 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-390058 is expanded in cell culture from a master cell bank. The
Trastuzumab monoclonal antibody is harvested from the cell culture fluid and purified using
immobilized 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 ip 2 20 mM histidine buffer at a pH of approximately 6.0.

C86
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tHuPH20 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 cell 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 culture liquid 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: 10 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 subcutaneous 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
completion of the diafiltration operation, the excipients (e.g. trehalose, rHuPH20) were added as
stock solutions to 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 particular

formulations further below.

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

30 tetrafluoroethylene)-coated rubber stoppers and alucrimp caps. The fill 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 (1 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 rHuPH20 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) % dil. factor

£<Cm%2g>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 a 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 sodium 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 Trastuzumab 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™ W(CX-10 Analytical cation-
exchange column (4 x 250 mm). 10mM sodium phosphate buffer pH 7.5 in H20 and 10 mM
sodium phosphate buffer pH 7.5 and 100 mM NaCl 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 tarbidimeter at room {emperature.

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

instrument.

5 Anin vitro enzyme assay of rHuPH20 as hyaluronidase was used as activity assay. The assay is
based on the formation of an insoluble precipitate when hyaluronan (sodium hyaluronate) binds
to a cationic precipitant. Enzyme activity was measured by incubating rHuPI120 with hyaluronan
substrate and then precipitating the undigested hyaluronan 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
- variations in surfactant from approx. 0.02% to approx. 0.06%

- variations in stabilizer (methionine) from about 5 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 te 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 pharmaccutically

30  active anti-HER?2 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.
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Dog f3IS DOCZ )18 |1 114 DOS SZ 3001' WO 2011/012637PCT/EP2010/060930 -66- Example 2:
Preparation of a lyophilized formulation A solution of approx. 60 mg/ml Trastuzumab was prepared as
described aRoyse for ligyid formulations. All excipients have been added gichatbafi@samncentration of
the above mentioned 5 liquid formulation. The foggnulation 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 FIVE (Copolymer of ethylene and tetrafluoroethylene)-coated rubber stoppers suitable for the use

in lyophilization processes-and-yophitized-usingthefreeze-gryi o Table 2. 10 Table
2 Freeze-drying C@cle Step Shelf tergpergture (G) Ramp.Rate 2 (min) Vacuum Set
point (ubar) Pre-cgéling séch;o%o Fréeziid 20Co1|GR1REE Priman > &5 4560 80
Secondary Drying #25C 0.2 30@'80 The ﬁr()dﬁctc\TvasNﬁ 'St cpole nperature to approx 5C
(pre-cooling), followed by-a-freezing stepat F40C witharptateca rox. PC/min, followed
by a holding step g-mc for @bout 2 hours | The first drying ste; d at|a plate
temperature of apfgox. - 18 25C and presstret 3 F &bbut 76 hours.
Subsequently, the%econdférﬁng step < with ajte pergtur mip from -25C to 25C,
followed byahold@g step at 25C for ours atla chiam pprox. 80 ubar.
Lyophilization was€arriefd gut in a Usi 90 LN2|fregze-dryer (lﬂsifr id, Maurepas, 20 France)
or a LyoStar Il Fre@e-dryﬁe:r PS Sy eRidge;NY-USA). Fhedreeze-dried samples were
stored at different gjimate &hditions nd 30T) o (differgnt Ifitervals of tfine. The lyophilized
vials were reconstifuted to™a final vol ml with water fpr injectjon (WH|) yielding an isotonic
formulation with angantib pdy conceniration af approx. 120 mg/ml. The reconstitgition time of the
freeze-dried cakes}zvvas arou @ilgmi@ )Erg\alygs Qf the, 25 recenstifyted isampies was performed after a
24 hour incubatiorigheriod %f he reconstituted liquid sample afambient 1ergnperarture.
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M@, the,solution; and 5 5) for visible particles. The resulis-giipefiability testing for the
effp: = essentially free from particles; 10 nd: = not determined 68

Uil

Formulation Y is provided in the Table 3 below wherein the following abbreviations are used: ffp: = free

The samples were again analyzed by the following analytical methods described above: -67- 1) UV
from particles;

spectrophotometry; 2) Size Exclusion Chromatography (SEC); 3) lon exchange chromatography
(TEC); 4) t
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fo ulations provided are summarized in the following Table 4: F Tr mg/ml His tre mM NaC1 mM Meth

mM PS 20 §04HH WM PH - %% 120 20 5.5 210 10 0.04 12'000 Bd@r2§e3033d
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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 athalf of the concentration of the above mentioned
liquid formulation. The formulation was sterile filtered through 0.22 um filters 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 freeze-drying cycle reported in Table 2.

Table 2 Freeze-drving Cycle

. Shelf temperature | Ramp Rate | Hold time | Vacuum Set point
Step )] (°C/min) {min) (pbar)
Pre-cooling 5°C 0.0 60 -
Freezing -44°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 {rom 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. -
25°C and a chamber pressure of approx. 80 pbar 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-90 LN2 freeze-dryer (Usifroid, Maurepas,
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 ml with water for
injection (WFT) 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
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:



10 0.06 12000 C 120 20 5.5 13010 0.04 12'000 D 120 20 5.5 130 10 0.06 12'000 E 120 20 5.5 105
65 10 0.04 12'000 F 120 20 5.5 105 65 10 0.06 12'000 G 120 20 5.51 210 10 0.04
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1) 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 abbreviations are used:

{fp: = free from particles;
effp: = essentially free from particles;

10 nd: = not determined



H 110 20 5.0 210 50.02 2'000 110 206.0 210 50.02 2'000J 110 20 5.0 210 5 0.06 2'000 K 110

206.01210 50.06 2'000 L 110 20 5.0 210 115 0.02 2'000 M
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110 20 6.0 210 150.02 2'000 N 110 20 5.0 210 15 0.06 2'000 0 110 20 6.0 210 15 0.06 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
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The properties of the above formulations provided are summarized in the following Table 4:

2 Tr His tre NaCl | Meth Ps rHu
20 80
mg/ml | m pH mM mM mM % % U/iml

A | 120 | 20| 55 210 10 | 0.04 12’000
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 0.06 12°000
E 120 20 5.5 105 65 10 0.04 12°000
E 120 20 5.5 105 65 10 0.06 12°000
G 120 20 5.5 210 10 0.04
H 110 20 5.0 210 5 0.02 2’000
[ 110 20 6.0 210 5 0.02 2’000
] 110 20 5.0 210 5 0.06 2’000
K 110 20 6.0 210 5 0.06 2’000
L 110 20 5.0 210 I3 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 110 20 6.0 210 15 0.06 2’000
P 130 20 5.0 210 5 0.02 27000
Q 130 20 6.0 210 5 0.02 2°000
R 130 20 5.0 210 5 0.06 2’000
S 130 20 6.0 2190 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 0.66 2’000
w 130 20 6.0 210 I5 0.06 2’000
X 120 20 5.5 210 10 0.04 2’000
Y 120 20 3.5 210 10 0.04 12°000 %)

F = Formulation Tr = Trastuzumab

His = L-histidine/HCI tre = a.a-trehalose dihydrate

NaCl= Sodium Chloride met = methionine

5 PS = polysorbatein % (w/v) rHu = rHuPH20

*) = after reconstitution
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CLAIMS

1. A nighly concentrated, stable pharmaceutical formulation of a pharmaceutically
active anti-HERZ antibody for subcutaneous injection comprising:
a. about 50 to 350 mg/m! anti-HER2 antibody;
b -about | to 100 mM of a buffering agent providing a pH of 5.5 £ 2.0;
c about ] to 500 mM of a stabilizer or 8 mixture of two or more stabilizers;'
d. about 0.01 to 0.08 % of a nonionic surfactant; and
e more than 150 to about 16'000 U/ml of a hyaluronidase enzyme,

2. A highly concentrated, stable pharmaceutical formulation of a pharmaceutically
active anti-HER2 antibody according to claim 1, comprising about 2'000 U/ml of a .
hyaluronidase enzyme.

3. A highly concentrated, stable pharmaceutical formulation of a pharmaceutically
active anti-HER2 antibody according to claim 1, comprising about 12'000 U/ml of a
hyaluronidase enzyme. .

4, A highly concentrated, stable pharmaceutical formulation of a pharmaceutically
active anti-HER2 antibody according to claim 1, comprising about 1'000 to about 16000
U/ml of a hyaluronidase enzyme.

5. A highly concentrated, stable pharmaceutical anti-HER2 antibody formulation
according to any one of claims 1 to 4, wherein the anti-HER2 antibody concentration 1s 100
to 150 mg/ml, 120 = 18 mg/ml, about 110 mg/ml, about 120 mg/ml, or about 130 mg/ml,
respectively. '

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 at a concentration of 1 to
50 mM.

7. A highlyconcentrated, stable pharmaceutical anti-HER2 antibody formulation
according to any one of claims 1 to 6, wherein the buffering agent provides a2 pH of 5.5 + 0.6.

8. A highly concentrated, stable pharmaceutical anti-HER2 antibody formunlation
according to any one of claims I to 7, wherein the buffering agent is a histidine buffer.

9. A highly concentrated, stable pharmaceutical anti-HER2 antibody formulation
according to claim 8, wherein the histidine buffer is 20 mM histidine/HCL



0.06 2'000 X 120 20 5.5210 100.04 2'000 Y 120 20 5.5210 10 0.04 12)000*) F= His = NaCl=5
PS = *) 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 fomiulation of a pharmaceutically active anti-HER2 antibody for
subcutaneous injection comprising: 5a.about 50 te7350 mg/ml anti-HER2 antibody; b. about Ito
100 mM of a buffering agent providing a pH of 5.5- 2.0; c. about Ito 500 mM of a stabilizer or a mixture
of two or mofe stabilies:caretytated. Glable PiosYewiai b AR EER Haetandy dodnulatione. more than 150

to about 16'a@6rtlmmtods byahfroaldadeenzymesil 0. ABiahly Goneeriraied, stable pharmaceutical
formulation of a pharmaceutically active anti-HERZ2 antibody according to claim 1, comprising about

2'000 U/ml fah idase 5 A highl nce stable pharmaceutical formulation
of a pha, mageutl )&‘a?wﬁcgl\soengﬁ %iajégﬁag] agccéroé? li%%ﬂ@“%%‘i!ﬁfm%ut 12'000-U/ml of
a hyalu m&a%%%?%;(ﬂﬁﬂy ong oA 4dhy! ctBH@eﬁ’li?Sﬁ%H thesprshsmidaifaecutishr ipadeseof a

pharmaceufié&R§¢20 active anti-HER2 antibody according to claim 1, comprising about 1'000 to about
16'000 U/ml of a hyaluronidase enzyme. 5. A highly concentrated, stable pharmaceutical anti-HER?2

tibody f lat tibod
f;sr:Cznzazggy§§@;@i2§5§@@¥s%%%}vgggaﬁz%énﬂ“ﬁ%%*a%ﬁw R

the sta 1Izzcr is at a concentration of
130 mg/ml, r "
q ?g E’S\'I or about 210 mM.

13, Ahighly cohccntrated, stable pharmaceutical anti-HER?2 antibody formulation
according to any one of claims 1 to 12, wherein methionine is used as a second stabilizer,

15 14 Ahighly concentrated, stable pharmaceutical anti-HER? antibody formulation
according fo claim 13, wherein methionine is in a concentration of 5 fo 25 mM.

15. A highly concentrated, stabie pharmaceutical anti-HER2 antibody formulation
according to any one of claims | to 14, wherein the nonionic surfactant is a polysorbate

20 selected from the group consisting of poiysorbate 20, polysorbate 80, and polyethylene-
polypropviene copolymer,

16.  Ahighly concentrated, stabie pharmaceutical anti-HER?2 antibody formulation
according to claim 13, wherein the concentration of the polysorbate is 0.02 % (w/v), 0.04 %
25 (whv)or 0.06 Y%({w/v), respectively.

17, A highly concentrated, stable pharmaceutical anti-HER? antibedy formulation .
according to any one of claims ! to 16, wherein the anti-HER2 antibody is selected from the
group of Trastuzumab, Pertuzumab and T-DM! or a combination of such antibodies.

30 _
18. - A highly concentrated, stable pharmaceutical formulation of a pharmaceuficai’iy
active anti-HER2 antibody for subcutaneous injection comprising: 100 to 150 mg/ml anti-
HERZ antibody selected from the group of Trastuzumab, Pertuzumab and T-DM1; 1 to 50
‘mM of a histidine buffer; 15 to 250 mM of «,a-trehalose dihydrate or sucrose, and optionally
35 methionine as a second stabilizer at a concentration of 5 to 25 mM: about 0.01 to 0.08 % of a
nonionic surfactant; and >150 to 16'000 U/ml, or 1'000 to 16’000 Usml, or about 2'000 U/mi,
or about 12'000 U/m! of a hyaluronidase enzyme.

19, Aighly concentrated, stable pharmaceutical formulation of 2 pharmaceutically
40 active anti-HERZ antibody for subcutancous injection comprising: 120 = 18 mg/ml anti-



6. A highly concentrated, stable pharmaceutical anti-HER2 antibody formulation according to any one
of claims 1 to 5, wherein the buffering agent is at a concentration of | to 30 50 mM. 7. A highly
concentrated, stable pharmaceutical anti-HER2 antibody formulation according to any one of claims 1
to 6, wherein the buffering agent provides a pH of 5.5 0.6. 35 8.A highly concentrated, stable
pharmaceutical anti-HER2 antibody formulation ac8brding to any one of claims 1 to 7, wherein the
buffering agent_is a histidine buffer. 9.A highly concentrated, stable pharmaceutical anti-HER2
antibody fo o Qégé%‘fﬁﬁdﬁrﬁtﬁm’? ERREFrethezraablRe amarbep® TivMiistidigdfcl. -71-
IC.A highlyebhesaheitdl sthbirs phistidiaebutforl 50te-ER 2:ah tibaehp i uidionmaensbiatgdto any one
of claims ItdiBydsthereisuthesstahiligsidsatysaethaiide as ddechrblighbyicensentiuaduatahler 5
phatinacevial s R agthiach teismiiateRio.B601na40 88 0RS RLBIAITSR.AQ, wherein the

saccharide | |§n d&)@@qhql@g Odd)xﬁirata 950%0%9880 Uﬂh’z % fcélggﬁ]u}/i@(:ﬁ ! ﬁﬁg‘g&}ﬁ{ﬁaﬁ% Paagarmaceutlcal

anti-HER2 g ormu ton accordln to"any one lizer is at a
concentraﬂHH’Bt"iS hyateromeass m‘bout 210 rnM. 13. A highly concentrated, stable pharmaceutical
anti-HERZ2 antibody formulation according to any one of claims 1 to 12, wherein methionine is used as
a second stabilizex. HighlylcAnkighiy D sabhtpatestastablaphartreenticalmiiddERZantibody
formulatlonaas:@oagmgzmtmaéy whessin.Medhion eaa&amgsa%%nt@&mﬁ migfhfaniM. 15 A
RACHR b s L e SR e S T T sV S Al

claims 1to 14, w rem%he nonionic sur sor aten% seﬁ Ped f p consisting
of polysorbg‘tgéﬁ EBBW' <OrBRYEe88 Mtidipo fﬁ"ylé?“%tﬁ Ribredy bR SR mbd of %I'A hlghly
concentratéghaess|dinriipaaccueieat.ant-spERRIntistelprfoms ksnreicserding o xlaim 15, wherein
the concentatiemrafitheoPSlysDibalte, is 002%0-aMyd: QHRAYS 8 5nfMy/ v 0.06:8a(\0dw), sesprstively. 17. A
highly concghftaleeh-aiabieBhannasestoat anli-BIERD @Iiboso oMY Btian Acsars g any one of
clalmsilnto %@0&%‘?5@%{7&%{5 %ﬁ%@ﬁt'bo% is.selected from the group of Trastuzumab,

an oraco

Pertuzuma ination of such antibodies. 30 18. A highly concentrated, stable
pharmaceutical formulation of a pharmaceutically active anti-HER2 antibody for subcutaneous
injection cothprisifigigity tensatitiednfebiripiERReavtisadlpsaivion dferphimagouisaly Trastuzumab,
PertuzumabcandaiitEHER At EBoyMoobubbistigine bugialod boaphihgnbbafta 20 tighalase dihydrate or
sucrose, angEpptipnBls AR Mathinsih hesepesendsiahilizer LA LANGeIRHNL. %H&?'éom'\/' about

0.01t0,Q.0 QN M0 10.16000 / |, or 1000 to 16 00 U/ or about
ZOOO%QmI%g? %aah%%& %8%6%%‘%“%@%om?a§§éﬁg v zhi DAS‘hmﬁF an nlé’d stable
pharmaceu?ﬁ’c?éﬂt Ma't?S ST ‘%“tt&g'l V&0 %tgﬁ\ﬂ-:‘ Qr‘iﬁ ﬁE&?Qﬁ%&W%F&ﬁﬁkﬁaneous
" injection cotﬁﬁﬁ@ﬁﬁ“hﬁﬁiﬂ’%ﬁﬁ%ﬁﬁ%ﬁn&w HER2 antibody selected from the group of Trastuzumab,

Pertuzumab and T-DM1; 10 to 30 mM, or about 20 mM of a histidine buffer; 150 to 250 mM or about

210 mM of z1.a-trehailgse ciayekaieor spEQsarmatanio raiymetRioninm: aAmacsecand stabilizer ata

concenyatign; of &tpﬁéﬂ@%tw t?othE’umMar%E)ép é&%&}%& Y %9&%9% ;fﬁr%ﬁ jnonionic
Fmat, i

surfactant; o 1600Q U/ml.. or 1500 OOO ora or about 12'000
; seizaied hj %aPﬁ&%eQ%@ P(S’Htt% at|on of a
ﬁ@&ﬁ@bﬁé@f@&t@*ﬁtﬁ@ﬁbﬁuemﬁgﬁ@tmém 120 mg/m1

Wm' of a hya uronldas enzy %ﬁmﬁ? Conee

pharmace 406 %Eﬁ\/‘é‘ﬁﬁtk?‘tﬁ@hﬁbat‘&ﬁ}@d?%

anti- 10 HERZuhHibodyrethecton fonsdtmdstobiistT étuniniélis BEpnizsortake 20datdRbnt; 10 to 30
mM, or aba@aR0RM off Bhkigtidinddee HeryA&0 to 250 mM, or about 210 mM of a,atrehalose dihydrate
or suckgse, and optionally methionine as a second stabilizer at a concentration of 5 to 25 mM, or 5 to
15 mM, or about about 1 to % of a non onic 1000 to 16'000 U/mI or
1'500 to 12000 U m'l1 %"toi qtgé’ FEaERICE Lo %@%@%&%&Mﬂ%“se enzyme. 21. A
highly conciAtF4iBg t%?é%’l@r]?rfgrﬂ?a@é tteglzfdfﬁmfaﬁgﬁéb’ai‘ﬁﬁ&ﬂﬂ%&ﬁ%lsﬁ EoHlEEhti-HER2
antibody for subcutaneous injection comprising: about 120 mg/ml antiHER2 antibody selected from the
group of TrastuzumeighRerduzemabdndsTe BidrinaahinldaPehR0HBI ehabbistigingdmebar; about 210 mM
a,a-trefalogsnghin IQ(P tq%gstaﬂgn%tmtlx Etmsttcme@ttﬂtm@wwrﬁﬁtaﬁgﬁﬂo’%@b'“zer

0.04 or 0.0 f ate 0 a d t1l yme. 22. A highly
concentrategﬁgtag ep armacelgtrllga Fﬁﬁl%?g ?105 aaepat‘!!armaceutlcarﬁyﬁlﬁc ive anti-HER2 antibody
for subcutaneous |nject|on comprising: about 120 mg/ml antil1ER2 antibody selected from the group
of Trastuzuttab, PeftzirmarrartrrdDmbleabaumnautinglcintHERdinetbofe foabdatial0 mm
a,a-trehalosecditiiydratemnrsuosdekaimnil oFdomalii Sxakid QpoMrseeiionihasiagsecond stabilizer;
0.04 or©.06% of polysorbate 20; and about 2'000 U/ml of a hyaluronidase enzyme. 30 23. A highly
concentrated, stable pharmaceutical anti-HER2 antibody formulation according to any one of claims 1
to 22, wherein the hyaluronidase enzyme is rHUPH20. 24. A highly concentrated, stable
pharmaceutical anti-HER2 antibody formulation 35 comprising 120 mg/ml Trastuzumab, 20 mM
L-histidine/HC1 pH 5.5, 210 mM ct,a-trehalose dihydrate, 10mM methionine, 0.04% polysorbate 20
and 2000 U/ml rHUPH20. 25. A highly concentrated, Stable pharmaceutical anti-HER2 antibody

formulation according to any one of claims | to 24 which is stable upon freezing and thawing. 40 -73-
26 A hichIvs concentrated <table nharmacearitical antic-HER?2 antibody, formiilation acecnrdina to any one



33. A kit comprising one or more vials containing a highly concentrated, stable 25 pharmaceutical
anti-HER2 antibody formulation according to any one of claims | to 28. 34. A kit according to claim 33
further comprising an injection device for subcutaneous administration of the formulation to a patient.

73,

26. A highly concentrated, stable pharthaceutical anti-HER? antibody formulation
according to any one of claims 1 to 25 when used for subcutaneous injection.

27. A highly concentrated, stablc pharmaceutical anti-HER2 antibody formulation
5 according 1o any one of claims 1 to 26 in liquid form.

28. A highly concentrated, stable pharmaceutical anti-HER2 antibody formulation
according to any one of claims 1 to 26 in tyophilized form.

10 29, Useof 2 highly concentrated, stable pharmaceutica! anti-HER? antibody formulation
according to any one of claims 1 10 28 for the preparation-of a medicament for treating a
disease or disorder amenable to treatment with an anti-HER2 antibody, optionally cancer ora
non-malignant disease, in'a sub3 ect.

15 30.  Useaccording to claim 29 ‘whersin the cancar 1s g&SlTlC cancer, metastatic breast cancer.

or early breast.cancer.

31, Aninjection device comprising a highly concentrated, stable pharmaceutical anti-
HER?2 antibody formuiation according to any one of claims 1 10 27.
2. : :
. 32. Aninjection device according to claim 3 Iiwherein the formulation is co-administered
concomltantiy or sequentially with a chemotherapeutic agent.

| 33. - A kit comprising one or more vials containing 2 highly concenirated, stabie
25 = pharmaceutical anti-HER2 antibody forrnulation according to any one of claims ! to 28.

34. A Kif according to claim - 33 further COMPpIising an injection devxcc for subcutaneous
admlmstratmn of the formulation to a patient,



