- 1 - SPECI FI CATI ON HI GH CONCENTRATI ON ANTI BODY- CONTAI NI NG LI QUI D
FORMULATI ON TECHNI CAL FI ELD [ 0001] The present invention relates to
an anti body-containing fornmulation, and particularly, to a stable
liquid formul ati on containing a high concentration of an anti body.
BACKGROUND ART [0002] In recent years, various antibody formul ations
have been devel oped and used in practice. Many such anti body

formul ations are used in intravenous injection. However, due to needs
of aclinical site, there is an increasing denmand for devel opnent of

an anti body-containing fornul ati ogsfp "{:I ‘%@6@ adm nistered as a
sel'f-injectabl e subcut aneous i njectrof. Cf f I'n designing an

anti body-co ] i i i j

dose o an_ AibeaR TR A Ao TR IN LR ST b v B o
ng) and an anount of an injection solution is generally limted in
subcut aneous injection, it is necessary to increase a concentration
of an ant iipegniCATaFiE Ui d to be adm nistered. In view of this, in
many cases, high concentration fornulations are used, which are
prepar ed Poocherdeypegbnt ihZaatib® fel £6516 @R khttdd9rtohe By fgtitulatich, whti sditicularly,
| yophilized fornmulation is reconstituted in water having a vol une
smal | er t iansthiialiqiid fetmidtipeghithiningta logh cdroevereion ofarstntibady. demand
exists for a liquid fornulati on which does not require
reconst it BAGKGRANNIWMIRIh i s easy to handle. Although an increase in
a viscosity of a formulation due to addition of a cryoprotective_ .
agent suchO3] alngaerat ysass, varous apiihady formulitioag dave been @eloyeﬂpmdms%@
formul ation i.s n%greferr d fipr flor.rrul ations for subcut aneousq

i nj ect i onPrackcs s Mamy TP e tiPRd forRplat s G win! Shfav HRuSI IR iHovaes
formul atign were,a.liguid fornulation, 00 ut J optaj ning a
hi gh concg‘ﬁ troal%elgc(ljsno%fc‘ﬁﬁlr?gl as'r11t 1‘%%83‘3 Efnemn%fc{sgn %]rmnz%ﬁ g(!f) rl?te?égﬁ%rg?uné\?f%ng a

i gh VIS Comtioty Sftaithe PR ANRINAAH oA bOAMRRIl @ AlsclPiL RIS sutindbie
to the intermol ecufar cinteractions o protelns. Furthéer, 1n cases
where a pifégion. is stored in a formof a solution having a high
concentration, problematic degradation occurs, which includes a - 2
- gener at {a003pf Ini desighinp laf amitdidgicostaining| fernagdgiondai ebcutaitdus injdcton, since a
necessary to prevent such degradation. Especially, in antibody

f or mul at i doss,of as swiiody permsimanietrdtior éd rgedativat 1@} mrg tb 2(0om g )md|an kineunt of
aggregates are likely to be generated in a liquid state. In cases
where a | pyiniestipn palufion is gencralydingipeddn peicutaneqyin gpieqtinn, it i§ ngpestAre 1 increase

exists in that a pioactivity of antibqdy mlecules . ig |ost,due to

Goani dat | BROGEEHORS 4% PRl e B [t T RiSiEA o M ire & thised mAmicRISgS.

Ther e have. been osed tious ideas.f,or providing a stabilized

formul ati ﬁﬁ?_cpﬁw%gg%sfﬁ%‘\éﬁb@sgﬁ ug%q?i@é(:hp% %H‘ierﬁ?bY g'cs mal | even after

the for wbﬁ)@hﬁ}lgaﬁoﬁ-cﬁ 8l ti(%ptrec icLugnlg.vﬂ'ﬁEH nggilﬁédrfﬁnmﬂ{ﬁﬂ i recmastituted in
n y di sSo

formul ati are produce 1'ving an-active conponent an

various addiet hy88g 4 olameYinhBdr (Ml thidt before jopRMitionS OHowevddiattrong demand
formul ati ons contai ning a high concentration of an anti body, there

does not yskts ociadiquid foeratiatdroglick Heds nosrequitd fecomtitutibm apd exhéuhtis easy to

di meri zati on and deamidation. [0006] A need to provide a high '
concent r ahingite. adtlihouglyarcinaneaserin agistenitnelf aforonlation dusto ddditighiof iy

di meri zati on and deam dation during |ong-term storage are_inhibited,
and whi cheiyepigichvestgsnt wchaye waltlagbfeprp vctlagéquPFSsOég@dv%nhé&sé formulation

?—ﬂg ?b@%&%ﬂbﬂ?tﬂ&%’% %ﬁﬁ%ﬁrgﬁﬁgﬁu %ﬁ@%@ﬁ?%&ﬁﬁ géf’@;vs;?mg,aﬁ
i ner Eé?ﬁuﬁﬂﬁé%@i%ﬁgﬁﬁta'g?%o ;ﬁéﬁ?‘}ﬁ;” BB ebor age ar e § nhi bi teq.
2 ni st r KP4, SPGE BB R e RReb PR PERBEN R Somsoons

having a high viscosity due to macromolecular properties of proteins, and  due to the

—

intermolecular interactions of proteins.  Further, in cases where a protein is stored in a form

of a solution having a high concentration, problematic degradation occurs, which includes a



(4)""Thé formulation according to (1) to (3) containing the antibody

in an anount of at least 50 ng/m . (5) The formul ation
according to (1) to (3) containing the antibody in an anpunt of at
| east 100 ng/ m . (6) The formulation according to (1) to (3)

containing the antibody in an amount of at |east 120 ng/m .

(7) The formul ation according to (1) to (6) wherein the antibody is
an anti-IlL-6 receptor antibody. -X8) A stable liquid

formul ation containing an anti-IL-6 receptor antibody, characterized

by conpri %t'n&gt]gﬂ 5%?%01@{195%{%%09}%{&%&%%?% N&d %t is nece sar % {}revgnt such

f or mul ati®®n accor

humani zedye ?fhﬁhtl?cﬁldy E@f(f:c # AHbédYFnulations, assc{cila%l)nsq}g 1ikQy Wﬁ@ﬁ)ﬁ?&i nd
according to (1) to urther conprising tryptophane. 113
The for mihaflinda@eetediafdikety to bk gbferdtddih d1@0i @att helnakds ekt n%ﬁxye
from4 to 8. (12) The formul ation according to (1) to (1

wher ei n tfhamdatipnns sterddfopa pag fine] Nprableanxistd inakat hrbioacidtyt of adHEHIyM
(13) The formulation according to (1) to (12) having a viscosity of
from 2 t ondlsewddds st due to deanidifjonTif emfirgracid rasiiless sadcoradpargine 035'(d11¢8 to
(13), which is stable at 22-28C for at |east 6 nonths. (15)
The for ndDﬁQﬁ]orTha@é@mbwg prepoger vapiguy ifleps foxprayidingerstabdired formmlation, in
di meri zati g i body nol ecul es | i nhj The

f or nul at |‘25‘Hqé %&?ﬁﬂﬁﬁt"( CO(“!IBODPIB i %31 V&ﬁé %&%“e&i@%’dn?ffwlsﬂ?ﬁd) for along
deam dati on f antib ules is

For mil at iBAOSREER n%%ow? {5 fr ool ] di& g anied fotpog g and
ad m ni st r\%}lblﬁ{ﬁ] dditive 1n buffer solgﬂc(nl8)ﬂ WaGer! R E{H!]l?tfb%]ﬁfbﬁg é&]tﬂﬁ’mé 9n g]m)

0 (13) whic as not' been su jecte to [yo I't zat1 on

pr epar at 'c%ﬁccﬁfraﬁchﬁoffaﬂraﬂﬁlk | @8re does pot get dxd®) 1A ARb atﬁ%ufﬁ@i@m% picRnt
deam dation of molecules of an antibody in a liquid fornulation

cont ai ni ngmthatianbhd@dnidationpri sing adding arginine to the liquid

formul ati on. (20) A nethod for inhibiting dirnerization of

nol ecul es[O@ﬁé] ark @t tdpyide a high gGoqesnttafi@r antibad §-contgning &rmiubagiob bests, in
ant i body, rising adding, arginine and nethionine to the liquid

f or nul at |vdnc \meratineaEgd dramidtionvERE |ong t¢ro0stopeBsie itibijsd candrwhich is

i nvention, l.iquid formlation containing,a high concentration of an
ant i body bogh %bé?/?@eﬁﬂawn?q{ “ﬁh}“cﬁqg?“éif"ﬁ?mdg’tl?léﬁrﬁtw concentration by

| yophi | i nd hence does not require
reconstlﬁﬂ&tgﬁﬁtﬁﬂQBEH?ﬁ%ﬁgaggxﬁpglning | i quid formul ati on accordi ng
to the pr f liquid state for a long
tinme. Since gﬁ?ggggﬂ”contalnlng |IQUI8 formul ation according to
the presqpgo] n%’ﬁbﬁ&ﬂoﬁtﬁ@g&@e&iﬁ@ﬁ&%@s RYpraviRE QB%iﬁ_%oﬂ&htrhtﬂﬁ' uding a

| yophi li zati on step, addition of a sugar or ke as a
cryopr ot egiiboty-cgeiting Bqui@forMeREsS ah WhicBRiké iSO Rtk a6n dinfng

DRAW NGS [0011] Fig. 1 shows a typical chromatogram of Exanple 1.
long-term storage are inhibited, and which is stable and suitable for use in subcutaneous
administration.

MEANS FOR SOLVING THE PROBLEM

[0008] The present inventors conducted intensive study with a view to attaining the above
object, and as a result, discovered that a stable high concentration antibody-containing liquid
formulation can be provided by adding an amino acid, arginine or a salt thereof, as a
stabilizer, to thereby complete the present invention.

[0009] That is, the present invention provides the following:

(1) A stable antibody-containing liquid formulation, characterized by comprising

arginine and methionine.



Fig. 2 shows eval uation results of t he gel perneati on chromatography

(SEC) in Example 1. Fig. 3 shows evaluation results of the ge
pernmeati on chromatography (SEC) in Exanple 1. Fig. 4 shows a typical
chromat ogr am of Exanpl e 2. Fig. 5 shows eval uation results of
t he i on exchange chromat ography (1 EC) in Exanple 2. Fig. 6
shows eval uation results of the ion exchange chromat ography (I1EC) in
Exanpl e 2. Fig. 7 shows evaluati-gn results of t he gel

per neati on chromat ography (SEC) in Exanple 3. - Fig. 8

Exarmpl 6 5. uaagrmﬁr@elm@me@# S pasBR A "
present i nventr Ifbnﬁ]_gw(??e)g ﬁt%g:'(%?t}glqh f'&’ﬂ?’gﬁ%a sura2348] In the

present inventr |ng iqu ation" means a
l'iquid formulatj ﬁﬁnﬁq&wmio&rgmaﬁdﬁgw Q@@h/(sﬁiéo@anﬁgrﬁevaﬂnus&umﬁaﬁ Rinount of
which is prepared such that it can be adm nistered to an ani mal such
as human, agkdst\§0intdimi.s preferably produced by a process not including
a lyophilization step. [0014] The anti body-contai ni ng quuid

formul ati on acc@dihedotalitive aprazdiegto (1nte@) camainiag thel antjbody in an amount of
phar maceuti cal fornulation containing an antibody at a high

concent r atat lsast 1B ingfmbr ef er abl y has an anti body concentration of not

l ess than 50 ng/nl, nore preferably not |ess than 100 stil
more pref er abl y (Gdihe ferswlationgeeesdingdy (i to @hepwmaﬁre@nﬁngwérl apppoptof
| ess than 1@ qgé t should be noted that a liquid fornul ation
cont ai ni ngt XAtilEOEE ™Y a concentration of 120 mg/nL or higher, or
preferably 150 e 9 ;. Conme

Cse. “Nanely,  cnEDaredlmits assoh e B REBT KRR Riep i B i
to use a I} éqﬁogm{gb Iatron contai ning anti body at this hrgh
concentratio [ 0015] Further, considering the manufacturing process,
the hi ghest congyny satile gamaffomratieﬁ@wmhmﬁgmﬂ ahquscteéégfdmh@ﬁdd@n
according to the present invention nmay be typically 300 ng/ni,

pr ef er abl yhabferiagt ibly camg@rising either efgdtimbdrym@bidnivg/ .. Therefore, the
anti body-containing liquid fornulation according to the present

i nvention pref e(@dlhy forawilaiion atordiogite @ pteo@hwhetindhe oftibbdpinad@ntacized0
mMAL, nore preferably from 100 to 300 ng/ni, still nore preferably
from 120 weatibely oplpman aiedyet nore preferably from 150 to 200 ng/ ni.
[ 0016] The anti nventi.on i s not

lr3 estri ﬁt ed as : g*afé?qrgﬁbgaﬁg@?ﬁ%hﬁé re2§)nfgdﬁllﬂ‘?r§8wp”ﬁiﬂﬁ“&Pflf)PlE’&By can
monoct onal - ant i Hady i LrBER feeo i oTE O TR inE iR s Bk g .
oroper U1 s can' ho) phoRyashish Atbind A9 By RRE) OB AR

can be used in present 1 nventio S not

monocl onalymaphti PedhES) Brisgoast.ed from an ani mal such as human, nouse,
rat, hanster, rabbit, sheep, canel or nonkey, but also |ncludes
artificiall y nodizh Thelformalaribh aaotdizgtoi(Dpdi(E2) haviap aaiscediiyrof fiot 2 to

anti body, humani zed anti body and bi specific antibody. The

i mmunogl oBamifascl ass of the antibody is not restricted and can be

any of the classes including IgGs such_ as rﬂ qGB and 1904,
lgA, | gD, IgE afid) Thnformpuisign @%@@@&:@é&k@él r\jbChrﬁoPﬁrb&M 22:08°C forzt least
preferred 8] The anti body which can be used in the present

i nventi onSi des not onIy whol e anti bodi es, but also antibody

fragnents such cuI ht

anti bodi es suc hﬁ%yﬁé{? %Og glaﬁ agg%@%toéﬁ}g( r{?af%n i (%%‘ﬁggmrffé‘ﬂo%%f
scFv di ner, specrfrcrtles prepared by binding the
vari abl e réﬂ?@ﬁ cﬂgﬁlgﬁ?ﬂﬁéﬁy through a Iinker such as a peptide

l'inker. [0019] @i'&fTﬁ@R)\quuﬁﬁé&ﬁdcg%gatﬁt(lﬁ@‘élﬁsch‘éﬂc&ﬁz&ﬁﬁ tRR dUsiBMatich of

the present invention can be prepared by nethods well known to those
antibody molecules is inhibited.

(17) The formulation according to (1) to (13}, which is for subcutaneous

administration.



[ 0020] A hybridoma producing a monocl onal anti body can be prepared as
foll ows: basically utilizing a known technique. That is, the hybridom
can be prepared by inmuni zing an animal with a desired antigen or
cells expressing the desired antigen as a sensitizing antigen by a
standard net hod; fusing the obtained i munocytes with known parent
cells by a standard cell-fusion nethod; and screening a nonocl onal

ant i body- produci ng cell (hybridoma) by.a-standard screeni ng net hod.
Preparation of a hybridona can be carried out by, for exanple, the

Wiscein, o, nerhass End g lecstubb i fl Sl ERL By ipdPlio
immnOQenil%ﬁﬁli&ft'oggﬁﬁi%&%ﬁidnﬁafllt YWorhtl§@Nt i gen can be bound to an

anti genic crono € such as albumn, and the resulting conjugate
can be used as @m)ABROYRR inHiliA hmﬁﬂ&ﬂﬁhbﬂ%ﬁkc@@$b@ﬁﬁhﬁﬁmﬁﬁﬂaﬁ%uﬁ
enpl oyed, which are prepared by the genetic reconbination téchni que

i n which agrmamdtiog eontginig ths antibo 8¢ dofnpbisth@aduify Argidine, to tHedyufitfoahilAGon.
the gene into an appropriate vector, introducing the vector into a
host, and naki n0) Aemétbad fopiirdhitieg dineriaationtwd dyldeslee of droantibadyninl adiquid
Carl, A. K Borrebaeck, James, W Larrick, THERAPEUTI C MONOCLONAL

ANT| BODI E§yrudgsion spataining thhantibady, egmprisigeladdingargining and peeioningyg the liquid
PUBLI SHERS LTD,. 1990). More specifically, a cDNA encoding the

vari abl e fEGUROPY region) in the antibody is synthesized fromthe

MRNA of i i rse t i pt .0 f DNA di
TS o O TR S e L B SV eneodi o
ligated t i ) Is T.egi f 2si red
%0 g RS DRl PR BRI 55881k Sl
expr essi on ML Y prottdbE WA ME Hefortuliion %?E&Eyeﬁ‘tgatfoﬁ%g‘r{yd A81-9f0:Pk nB\hﬁ

anti body can be iI'ncorporated 1nto an expression vect ontal ning the

DNA encodinp@sdaf akd h&dk @Besfot tdatirefdcbiratiion.Thehd MibbSy-Edeahing Tighiad
into the expression vector such that the DNA is expressed under the
contr ol oforanlaeisp bassdiog tocthe preadnlt inventicagiao be stocdd s liqmidataeefor @ldong time.
pronoter. Host cells are then transfornmed with the resulting

expr essi ofinge theamtibedyecontaniamliquid dymutaioh acassdingtodhelpiosent ngentinmtcan be
cells. [0022] In the present invention, reconmbinant anti bodies
artifici aprogueaddivia macesprotipduding plyophiiration gisei #iditianef a sugar or the like as a
het eroanti genicity to human, such as chineric antibodi es and
hunanizedcgﬁﬁpﬁﬁﬂ%%§¥ﬁhﬁ“B@“ﬁ?@@?'These nodi fi ed antibodi es can be

pr oduced ﬁfﬁﬁfgﬁéggﬁiOFﬁjﬁgpﬁﬁhbﬁ«%Qtibody is an anti body

conprisin ari ns in e heavy chain and light chain in an

anti body Otlﬁ]; %—gl movﬁtahﬁlgigﬂgﬂﬁ ! oPB&dinfs 1mouse, and const ant

regi ons i avy chai t“ chain in an anti body of hunman,
and can be obt aFReslsiRivs cvaiahidhGesul DR ReDsbrMatiol @hbatakRApBy (SBEPR | N
the nouse antibody with a DNA encoding the constant region in the
human ant iERadple 1i ncor porating the obtained DNA i nto an expression
vector, introducing the expression vector into a host, and naking the
host produce t hBigahstiavwsdyaluptimrsjultsigftheigekps raeation shipniatogadpdy (8BC) isd
reshaped human anti body, and is obtained by transplanting the CDR
(conpl emeBE#PPIEY- det ermi ning regi on) of, for exanple, a nouse

anti body to the_coppl enentarity deterninj region of a human

anti body. A st e ogB ey el HeBASER PoHAPRORRT que for pr epar i ng

t he humani zed apti i | 2ci ficall i

such that the COR oRtneT AR AR EE 3BTl lefls: HrrolalRe T U

of the huﬁﬁﬁmﬂ@ i body are ligated is synthesized by PCR nethod from

several oligonhu eoti des prepared so as to have overlapping regions at

their term nal spiglHehoalchnfchn?bWN1ts Bf 1He GoM é{@hi‘r@ﬁ%hl@%t(@%ﬁ?'(mg}i\ﬂe_

constant region of a human anti body, and the - 8 - resulting IS
- Example 2.

Fig. 7 shows evaluation results of the gel permeation chromatography (SEC) in

Example 3.



[ 0030] As the human I gM anti bodi es, énti-ganglioside GVB r econbi nant
human 1.gM anti bodi es (see WD 05-05636) and the |ike are preferred.

[ 0031] As the | ow nol ecul ar wei ght anti bodi es, anti-TPO receptor

ant agoni st di abodi es (see WO 02-33072), anti-CD47 agoni st di abodi es
(see WD 01-66737) and the like are preferred. [0032] To eval uate the
shelf stability of the high concentration antibody-containing |liquid
formul ation, the present inventors studised the effects of various
addi tives by conducting heat acceleration tests and |ight

accel eration te tha n.sol

Wi ch a hi gn coRtaRetry hRgHoLsmls o L P ated R ebaphiy it "

sol ution %&g&?1n§ng the am no acid arginine, the anmount of generated
di mer was er than that in solutions to which arginine was not

added. Fr eagthgemi BSRIGARR VING@RT PHRANVENTIANGI nine is effective as

a stabilizer for inhibiting dinerization. Further, in solutions in
whi ch a hifghi2¢0Teepilesdt | mamm‘nvatutnwaey@ﬁaeaumlyed in a buffer
sol ution containing arginine and nmethionine, the inhibitory effect
agai nst di[@603] z &t the presas iveatdony eahtibddacdmdining tiguid déorivuddt o' hmedns a liquid
argi ni ne and nethionine which is | ower than the concentration of
ar gi ni ne dérorvdatiog edediningranantibddyiangn aéteresamponanhivdiichos prephred such thitom
these results, it was found that a synergistic effect is obtained by
the addi t Cehboidmipisieridie aa%m@btq@h @ﬁ%ﬁéﬂﬂ And wiish ieRTeigrRblyRredured by it
was found that deanhﬁatl t he anti body nol ecul es is inhibited by
t he addi t PHIFSBMOLEG E@UW%gﬁﬁts are exenplified as test
results o for ni ng..a _humani zed.. ant
Fecept or e ﬁhﬁ FooBe EBRaifpE 218 S5 e Ba de e %%%gjesemagvenw isa
addi ng ar , 0 be
9 %h&'d\’kﬁ ﬁﬁa %J&Eﬂ%hhﬁlﬁ‘?&n c ?taﬁ' éfan%@&%@ﬁ%néh ot uce h&{‘uﬁ&&

provi ded, nerization o ant and

deam dat i QRrghblyMes AIUntiBOEYconSeaBNLHH RA lesd 1hah s@ ﬁfg%nLam&'e ﬁa?éfcx@ﬁl@%%t less
of the préesent invention i's characterized by adding arginine t

sol uti on, thfRanepsdi el met peiferably geeledstthin 0 0f/uil}) endyt nh@@lyreferab not
nDIecuIes is inhibited in the resulting antibody-containing liqu
formul ati dess thasd560 digigl.y , It simuihtxoatiterbthat wléuad Simblagon containing antibody at a
anti body-containing |iquid formulation is characterized in that it
cont ai ns &encaniration @y 1hmgimlgphbigker; o1 paefpiablydi50 sug/miios highet, hasrot beeazs
descri bed above, .an anti hody- contalnlng liquid formylation of th

present i H%‘éﬁlﬁﬂeé forcapmeaciliisen aNayel Bdhe Biesr o ARt AW fpr tlpdlirst time to
| ut ffect b d b f
and et ni B hdsfn BT RaA B Conmbrerbu Ryl LEuBRheoRtuter (ne® "

A e

mol ecul es ahﬁ’bo'd? tn t% txa@tdlf&ntmmh%wrtm@go @p bta@&ﬁ%v%ﬁt’iﬁlﬁhﬂ Bkypicaiyy d
formul ati on. Accordingly, an enbodi nent as a stab

ant i body- g0Ming/miL,pYefbiabilyl 230 /Ml adll infofe pifegdbly amlﬁgnnzrgd Tharefdralthé t
contains an anti body, arginine and nmethionine in a buffer solution.
[0034] Asattit@dpcgtaming ligeiidoimulatien secadingtto thepeeseitonyentiony proferatiiehas an
argi ni ne conpoundper se, - 12 - derivatjves thereof and salts

t her eof camitedy gencantration o fram9 ta 30 sefmk, mevsexierably drogy Kitp 8A mefmL,

compound 5B} e A5 420 i aet Min e L inshs Hererty o 156 Doed.
L-nethiongﬁg égﬁksalts thereof are preferred. [0035] In cases where

the antib ‘aining liquid formlation according to the present

| nvent | on(GR8} HSabogHE et U900t G AR AN B ongl S bins

concentration of argini‘ne Is era

pref erabl y, 10QitPankdOP MHe a'ihbt‘)d &H%@eﬂﬁ&fa%gbio}ﬁal%%béﬁ &QqndHMl:lohﬂ

cases where the antibody-containing liquid rmul at1 on”according to
antibody, although a monoclonal antibody is preferred because an antibody having uniform

properties can be produced stably.

[0017] A monoclonal antibody which can be used in the present invention includes not only



B) arginine and/or nethionine, and addi ti onal other anmino aci d(s)
(evg., stryptophan) as an optional additional component(s); ©
buffering agent(s); and - 15 - D)surfactant(s). [0043] The term
"substantially conposed of" herein nmeans that a conponent other than
t he conponents usually added to formul ations is not contained, the
conponents usually added to formul ati ons being the optional additive
conponent s descri bed bel ow, such as susgendi ng agents, solubilizing
agents, isotonic agents, preservatives, adsorption inhibitors,

Feduci ng' A5enend a0 RE bRt Ton Somip P Rublarctiols] EFRER b,
?r ginine a PJan{E?BpﬁBﬁiegebutggg ix?c‘ij\ﬂfe% Er%@iﬁ‘fallghﬁ‘ﬁ iﬂﬂé&ﬂ]bﬂﬁ.}lpéﬁ%o&% &rch
rypt ophan) &s an opt1onal additional corponent(s)' is meant to

i ncl ude t!ﬁ@_c}ﬁ&(%ﬁéamfﬂﬁﬁﬁ, Huldni-0d Eﬂigb%?%%%lﬁﬁ%{cﬁic%ﬁﬁd&y.l) THE Ghithitfiobulin

(b-2) arginine and nethioni ne; an i oni ne; respectively, as

an am no arksofapélidtibe@y H)not ABMicled ndhn bosAsEhE El8ssERRERIMNE BF@s dulbR as
formul ation additionally contains other amino acid(s). Preferred

exanpl e ofigGhag@2,He63 and hutrdatdAd (gD, IigE and ygM opAarng Assd dlesses, Yo aphiaM
any of the tryptophan conpound per se, derivatives thereof and salts
t her eof careprefemedd. L-tryptophan and salts thereof are preferred.

[ 0045] As regui red, a susg_endi ng agent, solubilizing agent, isotonic
agent, pr &dUpY aThsantibade whish cambe wsd in the present inysption ipglRdesingt only whole

gE’E o o REAbARLES s A BB fr%&%ﬁéé%%%f%ﬁ%‘ﬂ%aﬁ %&%%Qr%@%%’mlwg to
iy Lon. [ 0046 ' .
el e BT SHRPE AP s ey SRRy %48, il SRBRR°af REP e gurm

arabic, p r " i 4 . .

Pl yoxyet Lok Bt dr R Siibiacs JAb R Y AR Bl MR, LolcRe B AP thubody
sol ubi l'i zitH}g,%% ket Sich Uslg peftfak Yigketet hyl ene hydrogenated castor oil,
pol ysor bat e , hicotinam de, polyoxyethyl ene sorbitan nonol aurat e,
macr ogol  #00d 9T aBkeddboRé-dedctibéd/antibbdle £l hivh cashersed (B4 Blesdnx avphias dah be
the isotonic agent include sodiumchloride, potassiumchloride and

cal ci um chteparied by mefl@Qd 9!l Enawp teethosefskilled iptheadr vat i ve i ncl ude net hyl
p- hydroxybenzoate, ethyl p-hydroxybenzoate, sorbic acid, phenol,
cresol an{P2f] ofdypedwna producing a mpuerhulal Mmtkapy ean heprepacedad SJlgisi esically

i nhibitor include human serumal hum n, .l ecithin, dextran,,.

et hK I Ie n eoli%ili]éjl@ﬂ&ﬁ bRy Ilbfﬁéh%‘iﬁeﬁ elT%tri% E@Fglﬁ’rb,“dﬂ‘}?ﬂ F‘gkwr Eﬂi‘&qdc'ﬁ/: IPH’F‘g’é?é?g an
T N TSAETER S A R A T
reduci ng Nﬂggg{mﬁlﬂ& Hgéﬁ]%dt R@]ﬁ_@ ggEgd[%y inﬁﬁﬂnﬂgyt@s with {uﬁ(nﬂ@@en@ Eéﬂéﬁ)ﬁrsa) ’

such as cysteing, N ~honocysterne, tic acl
thi odi gl ye@hdard &IREERARURIE Bt scthig laidiollonallallii ??bdu‘%lnig cell
t hi ogl ycolic acid and salts thereof, "sodiumthiosul fate, glrutathione
and C1- C7 (hybtia@hXayesstardefdslicemng iptiRg. oPrephationdf aibeidirha tahCBelidfried out
eryt horbi c acid, dibutyl hydroxytol uene, butyl ated hydroxyani sol e,

a- t ocophebuwlfor o Sreahetbmbtcatrdinglio deanethidbialdilstemred alg&ohkr.tthané of |

L- ascor byl _Fal_ mtate, L-ascorbyl stearate, sodium hydrogen sulfite,
sodi um suMilstedn, G.r¥igthods Eraymat €1983) 6hyr4Qal Insgases veliser bpanmpnoggnisiient s
e RS L e e S S e B eairom ¢ Rch as abunis,

ti body- L ni liguid f | at i . di to th t
vent onrepsot g s <PIFR HPBUBRNARE Snt oral route, 1 or

oot onDCRAT| EE e ARG B ERE cala B AON e ol BB HieBbc

pul monary , adih b ddd @&ﬂr@fghte hﬂg WhidhtanGafeed 2fe RIARIARSE ﬁrbﬁqoaa,%wf%mg

subcut aneous 1 njection, dose of antibody per adm ristration

the gene into an appropriate vector, introducing the vector into a host, and making the host
produce the antibody (see, for example, Carl, A. K. Borrzbaeck, James, W. Larrick,
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present invention, a stable liquid fornulation can be obtained, in
whi ch di meri zation and deam dati on of the anti body during |long-term
storage are small, by adding to the fornmul ati on argi nine al one, or
argi ni ne and net hi oni ne, or nethionine alone. [0057] As anot her
aspect of the present invention, a nethod for inhibiting deam dation
i n antibody-containing liquid fornulations is provided, the nethod
conprising adding to the fornulation arginine or a salt thereof.

[ 0058] As still another aspect of the present invention, a nethod for
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present invention wl ow be descri eg'l nor e 8etal by way o t%e

exanpl es ghyifsl, BRIIINA iH0vE Yited DS ARREdRg B BorlkiAERBIoni(BVENS) MR al S
not restricted thereto. [0061] [ Exanpl es] Entl body Sarnpl e The

humani zeddaitéd adtibody, aed Betrestltimgllighed PR S ihfiedubetar aeskprsdioneddyor,
prepared in accordance with the nethod described in Reference Exanple
2 in JP 8ABGfAGiRel, s HINYy endodin e regdimnefdabe amibbd tanrbeliacqopoyared 2o an
described in Exanple 10 in WD 92/19759. This anti body wil |

occasi onagxpyesien vestarcpnigining the DNYRscoding theeC tagisinesd thaandhedypl dbe DNA is
EXAMPLE 1, [00629 Stabilizing Effects bX Conbi nati on of Arginine and
Met hi oni ni@corporated intp the sxarepiomnypcior sehdhat dha BNA) is ¥ piptsed yndepthe spripd oF
humani zed anti bady were.eval.uated for, an influence gn stabilization
of the fdfP&ES! '@%@ﬁﬁ‘igrf%"wc & SEncer Op RIFMPAT oHOY el F iche and
nmet hi oni ne. [ 0063] . this.st .t 0O al  t ffects. b

conbi nat 1 Gsisrng bith Pertuhit bt BT S Ba LR T BePerhd By v
Al to A9 yer Hg_repar ed. Prescriptions for the eval uation sanples were
as foll ows: fb 64] - 18 - [Table 1-1] [Prescriptions] Sanple No.

Ant i body [gozayl 1\He prdéeMahvention, recombinant antibodies artificially modified for the purpose
of reducing the heteroantigenicity to human, such as chimeric antibodies and humanized
antibodies can be used. These modified antibodies can be produced by known methods. A
chimeric antibody is an antibody comprising variable regions in the heavy chain and light
chain in an antibody of an animal other than human, such as mouse, and constant regions in
the heavy chain and light chain in an antibody of human, and can be obtained by ligating a
DNA encoding the variable region in the mouse antibody with a DNA encoding the constant
region in the human antibody, incorporating the obtained DNA into an expression vector,
introducing the expression vector into a host, and making the host produce the antibody.
(0023] Humanized antibody is also called reshaped human antibody, and is obtained by
transplanting the CDR (complementarity determining region) of, for example, a mouse
antibody to the complementarity determining region of a human antibody. A standard
genetic recombination technique for preparing the humanized antibody is also known.
Specifically, a DNA designed such that the CDR of the mouse antibody and the framework
region (FR) of the human antibody are ligated is synthesized by PCR method from several
oligonucleotides prepared so as to have overlapping regions at their terminals. The obtained

DNA is ligated to a DNA encoding the constant region of a human antibody, and the
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resulting DNA is introduced into an expression vector. The expression vector is introduced
into a host, and the host is made to produce the humanized antibody (see EP 239400 A and
WO 96/02576). As the FR of the human antibody to be ligated through CDR, one of which
complementarity determining region forms a good antigen-binding site is selected. As
required, an amino acid(s) in the complementarity determining region can be substituted so
that the complementarity determining region of the reshaped human antibody forms an
appropriate antigen-binding site (Sato, K. et al., Cancer Res. (1993) 53, 851-856).

[0024] Methods for obtaining a human antibody are kaown in the art.  For example, a
desired human antibody having a binding activity to a desired antigen can be obtained by
sensitizing, in vifro, human lymphocytes with the desired antigen or with the cells expressing
the desired antigen; fusing the sensitized lymphocytes with human myeloma cells, for
example, U266 cells; and obtaining the antibody from the cells (see JP 1-59878 B). The
desired human antibody can also be obtained by immunizing a transgenic animal having all
repertories of human antibody genes with the antigen (see WO 93/12227, WQ 92/03918, WO
94/02602, WO 94/25585, WO 96/34096 and WO 96/33735). Further, a technique by which
a human antibody is obtained by panning using a human antibody library is also known.

For example, a variable region of a human body is expressed in the form of a single chain
antibody (scFv) on the surface of a phage by use of a phage display method, and the phage
which binds to the antigen can be selected. By analyzing the gene of the selected phage, the
DNA sequence coding for the variable region of the human antibody which binds to the
antigen can be determined. If the DNA sequence of the scFv which binds to the antigen is
determined, an appropriate expression vector containing the sequence is constructed, and the
humanized antibody can be obtained. These methods are well known, and WO 92/01047,
WO 92/20791, WO 93/06213, WO 93/11236,W(Q 93/19172, WO 95/01438 and WO
95/15388 can be referred to.

[0025] In cases where an antibody gene is once isolated, and the gene is introduced into an
appropriate host so as to prepare the antibody, appropriate combinations of the host and

expression vector can be used. In cases where eukaryotic cells are used as the host, animal
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cells, plant cells and fungal cells can be used. Known animal cells include (1) mammalian
cells, for example, CHO, COS, myeloma, BHK (baby hamster kidney), Hela and Vero; (2)
amphibian cells, for example, Xenopus ococytes and (3) insect cells, for example, sf9, sf21
and Tn5. Known plant cells include cells originated from plants belonging to the genus
Nicotiana, for example, Nicotiana tabacum, and the cells can be subjected to callus culture.
Known fungal cells include the cells originated from yeasts, for example, those belonging to
the genus Saccharomyces such as Saccharomyces cerevisiae; and filamentous bacteria, for
example, those belonging to the genus Aspergillus such as Aspergillus niger. In cases
where prokaryotic cells are used, there are production systems using bacterial cells, Known
bacterial cells inctude E. coli cells and Bacillus subtilis cells. The antibody is obtained by
introducing a desired antibody gene into these cells by transformation, and culturing the
transformed cells in vitro.

[0026] Antibodies in the form of antibody fragments, low molecular weight antibodies and
modified antibodies can also be employed as the antibody in the present invention.
Examples of the antibody fragments and low molecular weight antibodies include Fab,
F(ab"s, Fv, and single chain Fv (scFv, sc(Fv), and the like) having one or more specificities,
prepared by ligating the Fvs in the H-chain and L-chain through an appropriate linker
(Huston, J. S. et al., Proc. Natl. Acad. Sci. U.S.A. (1988) 85, 5879-5883). Specifically, an
antibody is treated with papain or pepsin to generate antibody fragments, or a gene encoding
these antibody fragments 1s constructed, and the gene is expressed in appropriate host cells
after introducing the gene into an expression vector (see, for example, Co, M. S. etal., T.
Immunol. (1994)152, 2968-2976 ; Better, M. and Horwitz, A. H., Methods Enzymol. (1989)
178, 476-496; Pluckthun, A. and Skerra, A, Methods Enzymol. (1989) 178, 497-515;
Lamoyi, E., Methods Enzymol, (1986) 121, 652-663 ; Rousseaux, J. et al., Methods
Enzymol. (1986)121, 663-669 ; Bird, R. E. and Walker, B. W., Trends Biotechnol. (1991) 9,
132-137.

[0027] Antibodies bound to various molecules such as polyethylene glycol (PEG) can also

be used as modified antibodies. The term "antibody" used in the present invention also
Y P
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includes these modified antibodies. These modified antibodies can be obtained by
chemically modifying an obtained antibody. Methods for carrying out the modifications are
established in the art.

[0028] Examples of the antibody contained in the formulation according to the present
invention include, but not limited to, anti-tissue factor antibodies, anti-IL-6 receptor
antibodies, anti-IL-6 antibodies, HM1.24 antigen monoclonal antibodies, anti-parathyroid
hormone-related peptide antibodies (anti-PTHrP antibodies), anti-glypican-3 antibodies,
anti-ganglioside GM3 antibodies, anti-TPO receptor antagonist antibodies, factor
VIlI-substituting antibedies, anti-CD3 antibodies, anti-CD20 antibodies, anti-GPIIb/II1a
antibodies, anti-TINF antibodies, anti-CD25 antibodies, anti-EGFR antibodies, anti-Her2/neu
antibodies, anti-RSV antibodies, anti-CD33 antibodies, anti-CD52 antibodies, anti-IgE
antibodies, anti-CD11a antibodies, anti-VEGF antibodies, anti-VLA4 antibodies, anti-AXL
antibodies, and so on,

[0029] Preferred examples of the reshaped human antibodies used in the present invention
include humanized anti-interleukin (IL-6) receptor antibodies (hPM-1 or MRA) (see

WO 92;19759), humanized anti-HM1.24 antigen monoclonal antibodies (see WO 98-14580),
humanized anti-parathyroid hormone-related peptide antibodies (anti-PTHrP antibodies) (see
WO 98-13388), humanized anti-tissue factor antibodies (see WO 99-51743) and
anti-glypican-3 humanized IgG1x antibodies (see PCT/JP05/013103). The humanized
antibodies especially preferred in the present invention are humanized anti-IL-6 receptor
antibodies.

[0030] As the human IgM antibodies, anti-ganglioside GM3 recombinant human IgM
antibodies (see WO 05-05636) and the like are preferred.

[0031] As the low molecular weight antibodies, anti-TPO receptor antagonist diabodies (see
WO 02-33072), anti-CD47 agonist diabodies (see WO 01-66737) and the like are preferred.
[0032] To evaluate the shelf stability of the high concentration antibody-containing liquid
formulation, the present inventors studied the effects of various additives by conducting heat

acceleration tests and light acceleration tests.  As a result, it was found that in solutions in



To eval'uate stability of the liquid fornulations, each sanpl e was
subj ected to a heat acceleration test (stored at 40C for 3 nonths and
at 25C for 6 nonths, respectively). The purity of the anti body before
and after the heat acceleration test was eval uated by gel perneation
chromat ography (SEC). The anal ytical conditions were as follows: [Ce
Per meat i on Chr omat ogr aphy] The sanple was used as the solution to be
measured as it was. [0065] One mcroliter.of the solution to be
measur ed was subjected to liquid chronatography, and the peak ar eas
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respecti v & R;cventc ereforc a rst aspect of the present mventlon Isc aradenzed by adding

arginine to a solution, whereby dimerization or deamidation of the antibody molecules is
inhibited in the resulting antibody-containing liquid formulation. Accordingly, an
embodiment as a stable antibody-containing liquid formulation is characterized in that it
contains an antibody and arginine in a buffer solution. Further, as described above, an
antibody-containing liquid formulation of the present invention can additionally contain
methionine in the solution, with a synergistic effect being obtained by use of arginine and
methionine in combination. Therefore, a second aspect of the present invention is
characterized by adding arginine and methionine to a solution, whereby dimerization, in
particular, of the antibody molecules is inhibited in the resulting antibody-containing liquid
formulation. Accordingly, an embodiment as a stable antibody-containing liquid
formulation is characterized in that it contains an antibody, arginine and methionine in a
buffer solution.

[0034] As the arginine used in the present invention, any of the arginine compound per se,



- 20 - was snallér than that in thelsanples (Sanpl e Nos. A3 and A4)
contai ming 150 mM of arginine, which concentration was about the sane
as the total concentration of the stabilizers; and the anount of

di mer was about the same as in the sanple (Sanple No. A6) having an
argi ni ne concentration of 300 M These results are considered to

i ndicate that a synergistic effect in the inhibition of dinerization
I s obtained by conbining argini ne and.qethi oni ne. [0069] Influence of
ar gi ni ne and nethionine on t he anount of Iom/nDIecuIar meight
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1.25 1.88,0 th%%é%l%ogm&gse%'1gﬂlejprégnt(fn\%%tlon, any of the methionine compound per se,
derivatives thereof and salts thereof can be used. L-methionine and salts thereof are
preferred.
[0035] In cases where the antibody-containing liquid formulation according to the present
invention contains arginine and does not contain methionine, the concentration of arginine is
preferablf 50 to 1500 mM, more preferably 100 to 1000 mM, still more preferably 200 to
700 mM. In cases where the antibody-containing liquid formulation according to the
present invention contains arginine and methionine, the total concentration of arginine and
methionine is preferably 50 to 1200 mM, for example, preferably, the arginine concentration
is 40 to 1000 mM and the methionine concentration is 10 to 200 mM; more preferably, the
arginine concentration is 50 to 700 mM and the methionine concentration is 10 to 100 mM;
and still more preferably, the arginine concentration is 100 to 300 mM, and the methionine
concentration is 10 to 50 mM.
[0036] The buffer solution is prepared using a buffering agent which is a substance for
maintaining a pH of the solution. In a high concentration antibody-containing liquid
formulation according to the present invention, a pH of the formulation is preferably 4 to 8 ,
more preferably 5.0 to 7.5; still more preferably 5.5 to 7.2, and still more preferably 6.0 to 6.5.
A buffering agent which can be used in the present invention is one which can adjust the pH
in this range and which is pharmaceutically acceptable. Such a buffering agent is known by
those skilled in the art, and examples thereof include inorganic salts such as phosphoric acid
salts (sodium or potassium) and sodium hydrogen carbonate; organic acid salts such as citric
acid salts (sodium or potassium), sodium acetate and sodium succinate; and acids such as
phosphoric acid, carbonic acid, citric acid, succinic acid, malic acid and gluconic acid.
Further, Tris buffers, Good's buffers such as MES, MOPS and HEPES, histidine (e.g.,
histidine hydrochloric acid salt) and glycine can also be used. In the high concentration
antibody-containing liquid formulation according to the present invention, the buffer is

preferably a histidine buffer or glycine buffer, and a histidine buffer is especially preferred.
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The concentration of the buffer solution is generally 1 to 500 mM, preferably 5 to 100 mM,
still more preferably 10 to 20 mM. In cases where a histidine buffer is used, the buffer
solution contains histidine at a concentration of preferably 5 to 25 mM, more preferabty 10 to
20 mM.

[0037] For the "stable" high concentration antibody-containing liquid formulation
according to the present invention, significant change is not observed when it is stored at a
refrigeration temperature (2 to 8°C) for at least 12 months, preferably for 2 years, and more
preferably for 3 years; or when it is stored at room temperature (22 to 28°C) for at least 3
months, preferably 6 months, and more preferably 1 year. For example, sum amount of
dimers and degradation products in the formulation when it is stored at 5°C for 2 years is
5.0% or lower, preferably 2% or lower, and more preferably 1.5% or lower; or sum amount
of dimers and degradation products in the formulation when it is stored at 25°C for 6 months
is 5.0% or lower, preferably 2% or lower, and more preferably 1.5% or lower.

[0038] The formulation according to the present invention can further contain a surfactant.
[0039] Typical examples of the surfactant include nonionic surfactants, for example,
sorbitan fatty acid esters such as sorbitan monocaprylate, sorbitan monolaurate and sorbjtan
monopalmitate; glycerin fatty acid esters such as glycerol monocaprylate, glycerol
monomyristate and glycerol monostearate; polyglycerol fatty acid esters such as decaglyceryl
monostearate, decaglyceryl distearate and decaglyceryl monolinoleate; polyoxyethylene
sorbitan fatty acid esters such as polyoxyethylene sorbitan monolaurate, polyoxyethylene
sorbitan monooleate, polyoxyethylenesorbitan monostearate, polyoxyethylene sorbitan
monopalmitate, polyoxyethylene sorbitan tricleate and polyoxyethylene sorbitan tristearate;
polyoxyethylene sorbitol fatty acid esters such as polyoxyethylene sorbitol tetrastearate and
polyoxyethylene sorbitol tetra oleate; polyoxyethylene glycerin fatty acid esters such as
polyoxyethylene glyceryl monostearate; polyethylene glycol fatty acid esters such as
polyethylene glycol distearate; polyoxyethylene alkyl ethers such as polyoxyethylene lauryl
ether; polyoxyethylene polyoxypropylene alkyl ethers such as polyoxyethylene
polyoxypropylene glycol ether, polyoxyethylene polyoxypropylene propyl ether and
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[0071] 4nhibitory Effect by Arginine agai nst Deam dati on

Liquid formul ati ons containing anti-IL-6 receptor humani zed anti body
were evaluated for influence on the deam dation by argi nine. [0072]
In this study, evaluation sanples nunbered A10 to Al15 and nunbered
Al6 to A18, - 21 - containing different anmounts of arginine and
rnet hi oni ne, respectively, were preparegs_ Prescriptions for the

eval uation sanples were as follows: [0073] [Table 2-1]

[Prescri p%b@gj%lethsyq%l p%lyoxypmpylenc cetyl ether; polyoxyethylene alkyl phenyl ethers such as

polyoxyethylene nonylphenyl ether; polyoxyethylene hardened castor oils such as
polyoxyethylene castor oil and polyoxyethylene hardened castor oil (polyoxyethylene
hydrogenated castor oil); polyoxyethylene bees wax derivatives such as polyoxyethylene
sorbitol bees wax; polyoxyethylene lanolin derivatives such as polyoxyethylene lanolin;
surfactants having an HLB of 6 to 18 such as polyoxyethylene fatty acid amides, for example,
polyoxyethylene octadecanamide; anionic surfactants, for example, alkyl sulfate salts having
a Cy9-Cys alkyl group, such as sodium cetyl sulfate, sodium lauryl sulfate and sodium oleyl
sulfate; polyoxyethylene alkyl ether sulfate salts in which the average number of moles of the
added ethylene oxide units is 2 to 4 and the number of carbon atoms of the alkyl group is 10
to 18, such as polyoxyethylene sodium lauryl sulfate; alkyl sulfosuccinate salts having a Cg-
Cigalkyl group, such as sodium lauryl sulfosuccinate; natural surfactants such as lecithin and
glycerophospholipids; sphingophospholipids such as sphingomyelin; and sucrose esters of
Ci12-Cyg fatty acids.  These surfactants can be added to the formulation of the present
invention individually, or two or more of these surfactﬁnts can be added in combination.
[0040] Preferred surfactants are polyoxyethylene sorbitan fatty acid esters and
polyoxyethylene polyoxypropylene alkyl ethers, and especially preferred are polysorbates 20,
21, 40, 60, 65, 80, 81 and 85, and Pluronic type surfactants, and most preferred are
polysorbates 20 and 80, and Pluronic F-68 (Polokamer 188).

[0041] The amount of the surfactant(s) to be added to the antibody formulation according to
the present invention is generally 0.0001 to 10% (w/v), preferably 0.001 to 5%, more
preferably 0.005 to 3%.

[0042] In another aspect of the present invention, the formulation according to the present
invention is preferably substantially composed of the following components:

A) anti-IL-6 receptor antibody;

B) arginine and/or methionine, and additional other amino acid(s) (e.g., tryptophan) as
an optional additional component(s);

C) buffering agent(s); and
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D) surfactant(s).
[0043] The term "substantially composed of" herein means that a component other than the
components usually added to formulations is not contained, the components usually added to
formulations being the optional additive components described below, such as suspending
agents, solubilizing agents, isotonic agents, preservatives, adsorption inhibitors, diluents,
vehicles, pH-adjusters, soothing agents, sulfur-containing reducing agents and antioxidants.
[0044] The above-described "B) arginine and/or methionine, and additional other amino
acid(s) (e.g., tryptophan) as an optional additional component(s)" is meant to include the
cases where the formulation contains (b-1) arginine; (b-2) arginine and methionine; and (b-3)
~ methionine; respectively, as an amino acid additive(s), and further include the cases where
the formulation additionally contains other amino acid(s). Preferred example of the other
amino acid(s) is tryptophan. As the tryptophan, any of the tryptophan compound per se,
derivatives thereof and salts thereof can be used. L-tryptophan and salts thereof are
preferred.
[0045] As required, a suspending agent, solubilizing agent, isotonic agent, preservative,
adsorption inhibitor, diluent, vehicle, pH-adjuster, soothing agent, sulfur-containing reducing
agent, antioxidant and the like can be added to the formulation according to the present
invention,
[0046] Examples of the suspending agent include methyl cellulose, polysorbate 80,
hydroxyethyl cellulose, gum arabic, powdered tragacanth, sodium carboxymethylcellulose
and polyoxyethylene sorbitan monolaurate.
[0047] Examples of the solubilizing agent include, polyoxyethylene hydrogenated castor oil,
polysorbate 80, nicotinamide, polyoxyethylene sorbitan monolaurate, macrogol and castor oil
fatty acid ethyl ester.
[0048] Examples of the isotonic agent include sodium chloride, potassium chloride and
calcium chloride.
[0049] Examples of the preservative include methyl p-hydroxybenzoate, ethyl

p-hydroxybenzoate, sorbic acid, phenol, cresol and chlorocresol.
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[0050] Examples of the adsorption inhibitor include human serum albumin, lecithin,
dextran, ethyleneoxide-propylene oxide copolymer, hydroxypropylcellulose, methyl cellulose,
polyoxyethylene hydrogenated castor oil and polyethylene glycol.

[0051] Eﬁ(amples of the sulfur-containing reducing agent include the compounds having a
sulfhydryl group(s), such as N-acetylcysteine, N-acetyl homocysteine, thioctic acid,
thiodiglycol, thioethanolamine, thioglycerol, thiosorbitel, thioglycolic acid and salts thereof,
sodium thi.osulfate, glutathione and C,-C thicalkanes.

[0052] Examples of the antioxidant include erythorbic acid, dibutylhydroxytoluene,
butylated hydroxyanisole, a-tocopherol, tocopherol acetate, L-ascorbic acid and salts thereof,
L-ascorbyl palmitate, I.-ascorbyl sfearate, sodium hydrogen sulfite, sodium sulfite, triamyl
gallate, propyl gallate, and chelating agents such as disodium ethylénediaminetetraacetate
(EDTA), sodium pyrophosphate and sodium metaphosphate.

[0053] The antibody-containing liquid formulation accordihg to the present invention is
usually administered through a parenteral route, for example, by injection (subcutaneous,
intravenous, intramuscular injections or the like), percutaneous, transmucosal, transnasal or
puimonary administration, but it can also be administered orally. In subcutaneous injection,
the dose of antibody per administration is large (about 100 to 200 mg) while the amount of
the injection solution is limited, so that the formulation according to the present invention is
especially suited for subcutaneous injection.

[0054] The osmotic pressure ratio of the antibody-containing liquid formulation according
to the present invention is preferably about 0.5 to 4, more preferably about 0.7 to 2, and still
more preferably about 1.

[0055] The viscosity of the antibody-containing liquid formulation according to the present
invention is preferably about 2 to 15 mPa's, more preferably about 4 to 10 mPa-s. It should
be noted that the viscosity described herein is measured by a rotation viscometer method
using a cone-plate type viscometer, in accordance with 2.53 Viscosity Determination /
General Tests , the Japanese Pharmacopoeia, 15th edition.

[0056] As can be seen from the results of the examples described below, according to the
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present invention, a stable liquid formulation can be obfained, in which dimerization and
deamidation of the antibody during long-term storage are small, by adding to the formulation
arginine alone, or arginine and methionine, or methionine alone.
[0057] As another aspect of the present invention, a method for inhibiting deamidation in
antibody-containing liquid formulations is provided, the method comprising adding to the
formulation arginine or a salt thereof.
fO0S8] As still another aspect of the present invention, a method for inhibiting dimerization
of antibody in antibody-containing liquid formulations is provided, the method comprising
adding to the formulation arginine and methionine.
[0059] In the above-described two methods, the antibody is preferably an anti-IL-6 receptor
antibody, which is a humanized antibody or human antibody.
[0060] The present invention will now be described in more detail by way of the examples
given below. However, the scope of the present invention is not restricted thereto.
[0061] [Examples]

Antibody Sample

The humanized anti-1L-6 receptor antibody was the humanized antibody prepared in
accordance with the method described in Reference Example 2 in JP 8-99902 A using the
human elongation factor Ie promoter described in Example 10 in WO 92/19759. This
antibody will occasionally be referred to as "MRA" in the tables in Examples.

EXAMPLE 1
[0062] Stabilizing Effects by Combination of Arginine and Methionine

Liquid formulations containing anti-IL-6 receptor humanized antibody were
evaluated for an influence on stabilization of the formulations obtained by use of a
combination of arginine and methionine.

[0063] In this study, to evaluate the effects by the combination of arginine and methionine,
gvaluation samples numbered Al to A9 were prepared.  Prescriptions for the evaluation
samples were as follows:

[0064]



180 - 50 0.5 20 6.0 To evaluate the stability of the liquid
farmul ati ons, each sanple was subjected to a heat acceleration test
(stored at 40C for 3 nonths and at 25C for 6 nonths, respectively).
The purities of the antibody before and after the heat accel eration
test were eval uated by ion-exchange chromatography (1 EC). The

anal ytical conditions were as follows: [lon-exchange Chromatography]
To each sanple, purified water was added& to adjust the anpunt of the
hunani zed anti-1L-6 receptor antibody to about 1 ny in 1 nL of the
sanpl e, apd Bge fesultlng sanpl e was used as the sanple to be

measur ed. f?@ b Thirty mcroliters of the sanple solution was
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Wavel engtih: 280 nm [ 0€y7] [ Boomyl a.21 0.5 20 6.0
A7 180 100 10 0.5 20 6.0
A8 180 100 30 0.5 20 6.0
A9 180 100 50 0.5 20 6.0

To evaluate stability of the liquid formulations, each sample was subjected to a heat
acceleration test (stored at 40°C for 3 months and at 25°C for 6 months, respectively). The
purity of the antibody before and after the heat acceleration test was evaluated by gel
permeation chromatography (SEC). The analytical conditions were as follows:

[Gel Permeation Chromatography]

‘The sample was used as the solution to be measured as it was.

[0065] One microliter of the solution to be measured was subjected to liquid
chromatography, and the peak areas of the peaks of dimer, monomer and low molecular
weight degradation products (LMW) were measured by an automatic analytical method, and
the amounts theréof (%) were detenmined.

[0066]



Cal cul ati on Equation Total Area of Al Peaks = Grand Total of
Total Area of MRA Pre Peaks + Peak Area of MRA Main + Peak Area of
MAR Sub-1 + Peak Area of MAR Sub-2 + Peak Area of MAR Sub-3 + Peak
Area of MAR R-1 + Total Area of 1QH)-MRA Peaks + Total Area of
2Q(H) - MRA Peaks + Peak Area of Others Amount of MRA Pre (% = (Total
Area of MRA Pre Peaks/ Total Area of Al Peaks) x 100 A typi cal
chromat ography is shown in Fig. 4. MRA{gre indicates the total of the
- 23 - peaks of the substances appearing earlier than that of the

mai n conp Et.;ioom] Eval uation results of the ion-exchange
chromatogﬁ%g y1 e shown in Table 2 and Figs. 5 and 6. As shown, the

anount of [ e sanples (Sanple Nos. Al to Al5) to which
ar gi ni ne %ﬁ@@%i@nﬁ{g%sﬂr the acceleration at 40C for 3 nonths and at

25C for 6 nont i Bl t iif the sanple
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reduced pegipadiihg Q0RMMoOIALOf30diamliRiido ind0.05 Bisodiumdaaid) On the ot her
hand, the anount of Pre peaks in the sanples (Sanple Nos. Al6 to Al8)
t o whi ch net hi onmentwé $njedeicShmpdd: tabout t1Re 1 g i eires ef hummenided 4OETE-6re@ptor
mont hs and at 25C for 6 nonths, respectively, was simlar to the
sanpl e (Setibpey No. A10) to which argi nine was not added; and
accordingly, influence_ of_ the addition of methionine was not

observed. [007djloyRatnd BL/BYn Taple 2 Pre peak (% 40 G 3nonth s 25

C-bront s ALO 55,2 323, AL, Gl 333 A2

[0067] [Formula 1]

Calculation Equation

Total Area of All Peaks = Peak Arca of Monomer + Peak Area of Dimer + Peak
Area of Low Molecular Weight Degradation Products (LM W)

Amount of Dimer (%)= (Peak Area of Dimer/T'otal Area of All Peaks) x 100

Amount of Low Molecular Weight Degradation Products (LMW) (%) = (Peak Area '
of Low Molecular Weight Degradation Products/ Total Area of All Peaks) x 100

A typical chromatography is shewn in Fig. 1.
[0068] The evaluation results obtained by the gel permeation chromatography (SEC) are
shown in Table 1 and Figs. 2 and 3.  As shown, the amount of dimer in the samples (Sample
Nos. A2 to A6) to which arginine was added, after the acceleration at 40°C for 3 months and
at 25°C for 6 months, respectively, was smaller than that in the sample (Sample No. A1) to
which arginine was not added; and accordingly, the inhibitory effect of arginine against
dimerization was confirmed. It was also confirmed that the amount of dimer was reduced
proportionally to the amount of the arginine added. On the other hand, the amount of dimer
in the samples (Sample Nos. A7 to A9) to which arginine (100 mM) and methionine were

added, after the acceleration at 40°C for 3 months and at 25°C for 6 months, respectively,
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was smaller than that in the samples (Sample Nos. A3 and A4) containing 150 mM of
arginine, which concentration was about the same as the total concentration of the stabilizers;
and the amount of dimer was about the same as in the sample (Sample No. A6) having an
arginine concentration of 300 mM. These results are considered to indicate that a
synergistic effect in the inhibition of dimerization is obtained by combining arginine and
methionine.

[0069] Influence of arginine and methionine on the amount of low molecular weight
degradation products was not observed.

[0070] [Table 1-3]

Table 1
40°C-3months 25°C-6months
Dimer (%) | LMW (%) | Dimer (%) | LMW (%)
Al 2.70 1.25 1.88 0.48
A2 2.19 1.24 141 0.47
A3 2.00 1.34 1.33 0.49
A4 1.85 1.38 1.19 0.49
A5 1.62 1.37 1.09 0.49
A6 1.53 1.46 099 0.50
A7 1.58 1.29 1.11 0.45
A8 1.52 1.21 1.07 0.47
A9 1.48 1.32 1.03 0.47

EXAMPLE 2

[0071] Inhibitory Effect by Arginine against Deamidation

Liquid formulations containing anti-IL-6 receptor humanized antibody were
evaluated for influence on the deamidation by arginine.

[0072] In this study, evaluation samples numbered A10 to Al5 and numbered A16 1o A18,



As in Exanple 1, liquid fornul ati ons containing anti-I1L-6 receptor

humani zed

anti body were evaluated for influence on stabilization of

the fornul ati ons obtai ned by use of a conbination of arginine and
met hionine. [0081] In this study, to evaluate effects of the

conbi nati on of arginine and net hi oni ne, eval uati on sanpl es nunbered
Al9 to A27 were prepared. Prescriptions for the evaluation sanples
were as follows: [0082] [Table 3-1] [Prescriptions] Sanple No.

Ant i body
mM pH A19

ng/ mL Arg mM Met nM Pol ysorbate 80 ng/m, Histidine buffer
c&ﬁgining'diﬂexént%q)nounts of arginine and methionine, respectively, were prepared.

Prescriptions for the evaluation samples were as follows:

[0073] [Table 2-1]

[Prescriptions]

Sample Antibody Arg Met Polysorbate 80 Histidine buffer ‘
No. mg/mL mM mM mg/mL mM PH
Al0 180 - - 0.5 20 6.0
All 180 50 - 0.5 20 6.0
Al2 180 100 - 0.5 20 6.0
Al3 180 150 - 0.5 20 6.0
Al4 180 200 - 0.5 20 6.0
Al5 180 300 - 0.5 20 6.0
Al6 180 - 10 0.5 20 6.0
Al7 180 - 30 0.5 20 6.0
Al8 180 - 50 0.5 20 6.0

To evaluate the stability of the liquid formulations, each sample was subjected to a
heat acceleration test (stored at 40°C for 3 months and at 25°C for 6 months, respectively).
The purities of the antibody before and after the heat acceleration test were evaluated by
ion-exchange chromatography (IEC). The analytical conditions were as follows:
[lon-exchange Chromatography]

To each sample, purified water was added to adjust the amount of the humanized
anti-1L-6 receptor antibody to about 1 mg in 1 mL of the sample, and the resulting sample
was used as the sample to be measured.

[0G74] Thirty microliters of the sample solution was subjected to liquid chromatography,
and the peak areas of the peaks of MRA Pre, MRA Main, MRA Sub-1,MRA Sub-2, MRA
R-1, 1Q(H)-MRA, 20(H)-MRA and other related substances (Others) were measured by an
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automatic analytical method, and the amounts thereof (%) were determined by an area
percentage method.

[0075] MRA Pre indicates the total of the peaks of the substances each eluted after a
retention time shorter thaﬁ that of the main component, and a plurality of degradation
products, mainly deamidation products of humanized anti-1L-6 receptor antibody, was
included. When the production amount of this Pre peak was small, inhibition of
deamidation of the antibody is indicated.

[0076] [Table 2-2]

Analvtical Conditions

Column: ProPac WCX-10 4 x 250 mm (DIONEX)
Mobile Phase: Solution A: 25 mmol/L. MES buffer solution, pH 6.1
Mobile Phase: Solution B: 25 mmol/L MES buffer solution, pH 6.1 (containing
250 mmol/L of sodium chloride)
Amount of Injected Sample: about 30 yg in terms of humanized anti-IL-6
receptor antibody
Flow Rate: 0.5 mI/min

Detection Wavelength: 280 nm

{0077] [Formula 2]

Calculation Equation
Total Area of All Peaks = Grand Total of Total Area of MRA Pre Peaks + Peak

Arca of MRA Main + Peak Area of MAR Sub-1 + Peak Area of MAR Sub-2 + Peak Area of
MAR Sub-3 + Peak Area of MAR R-1 + Total Arca of 1Q(H)-MRA Peaks + Total Area of |
2Q(H)-MRA Peaks + Peak Area of Others

Amount of MRA Pre (%) = (Total Area of MRA Pre Peaks/Total Area of All Peaks)

x 100

A typical chromatography is shown in Fig. 4. MRA Pre indicates the total of the
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peaks of the substances appearing earlier than that of the main component.

(0078] Evaluation results of the ion-exchange chromatography are shown in Table 2 and
Figs. 5and 6. As shown, the amount of Pre peaks in the samples (Sample Nos. A1l to Al15)
to which arginine was added, after the acceleration at 40°C for 3 months and at 25°C for 6
months, respectively, was smaller than that in the sample (Sample No. A10) to which
arginine was not added; and accordingly, the inhibitory effect of arginine against the
_generation of Pre peaks was confirmed. It was also confirmed that the amount of Pre peaks
was reduced proportionally to an amount of arginine added. On the other hand, the amount
of Pre peaks in the samples (Sample Nos. A16 to A18) to which methionine was added, after
the acceleration at 40°C for 3 months and at 25°C for 6 months, respectively, was similar to
the sample (Sample No. A10) to which arginine was not added; and accordingly, influence of
the addition of methionine was not observed.

[0079] [Table 2-3]

Table 2
Pre peak (%)
40°C-3months | 25°C-6months
AlO 56.2 32.3
All 51.3 30.3
Al2 50.7 293
“Al3 49.0 28.7
Al4 47.8 28.5
Al5 47.0 27.9
Al6 55.7 31.2
Al7 55.0 31.2
Al8 553 314

EXAMPLE 3
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st-abilkty of the liquid fornul ations, each sanple was subjected to a
| i ght acceleration test (total illum nance 1,200,000 |ux and total
near-ultraviolet radiation energy: 200 Wh/nR2). The purities of the
anti body before and after the |ight acceleration test were eval uated
by gel perneation chromat ography (SEC) and ion exchange

chromat ography (1EC) as in Exanples 1.aad 2. [0083] The eval uation

results by the gel perrreatl on chrorrat ography (SEC) are shown in - 25
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t hought at a synergistic effect in the inhibition of

di meri zatcPon I % glt ai ned by conbi ning argi ni ne and net hi oni ne. [ 0084]

| nfl uence iLne-and - nethionine-on the ampunt of 1 ow-molecul ar i

wei ght de&g i guict sy was } |obp ¢ 085 2]

Tabl e 3 1?%@%0)%&’%&00 W Theh Sljitine 800 hisidAL bftret oH

mg/ml, mM mM mg/ml, mM

A19 180 - - 0.5 20 6.0
A20 180 50 - 0.5 20 6.0
A2l 180 100 - 0.5 20 6.0
A22 180 150 - 0.5 20 6.0
A23 180 200 - 0.5 20 6.0
A24 180 300 - 0.5 20 6.0
A25 180 100 10 0.5 20 6.0
A26 180 100 30 0.5 20 6.0
A27 180 100 50 0.5 20 6.0

To evaluate the stability of the liquid formulations, each sample was subjected to a
light acceleration test (total illuminance 1,200,000 lux and total near-ultraviolet radiation
energy: 200 W-h/m®). The purities of the antibody before and after the light acceleration
test were evaluated by gel permeation chromatography (SEC) and ion exchange
chromatography (IEC) as in Examples 1 and 2.

[0083] The evaluation results by the gel permeation chromatography (SEC) are shown in
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Table 3and Fig 7. As shown, the amount of dimer in the samples (Sample Nos. A20 to
A24) to which arginine was added, after the light acceleration test was smaller than that in
the sample (Sample No. A19) to which arginine was not added; and accordingly, the
inhibitory effect of arginine against dimerization was confirmed. It was also confirmed that
the amount of dimer was reduced proportionally to an amount of arginine added. On the
other hand, the amount of dimer in the samples (Samplie Nos. A25 to A27) to which arginine
(100 mM) ahd methionine were added, after the light acceleration test was smaller than that
in the sample (Sample No. A22) containing 150 mM of arginine, which concentration was
about the same as the total concentration of the stabilizers; and the amount of dimer was
smaller than in the samples (Sample Nos. A23 and A24) having arginine concentrations of
200 mM and 300 mM, respectively. These results are thought to indicate that a synergistic
effect in the inhibition of dimerization is obtained by combining arginine and methionine.
[0084] Influence of arginine and methionine on the amount of low molecular weight
degradation products was not observed.

[0085] [Table 3-2]

Table 3
1,200,000Iux + 200 W *
h/m?

Dimer (%) | LMW (%)
Al9 6.95 0.22
A20 6.75 0.24
A21 5.78 0.21
A22 5.08 0.19
A23 4.73 0.18
A24 4.13 0.18
A25 5.27 0.19
A26 4,05 0.17
AZ7 3.84 0.16
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results by the ion exchange chromatography (1 EC) are shown in Table 4
and Fig 8. [0086] As shown, the anount of Pre peak in the sanples
(Sanpl e Nos. A20 to A24) to which argi nine was added, after the |ight
acceleration test was smaller than that in the sanple (Sanple No.

Al19) to which arginine was not added; and accordingly, the inhibitory
ef fect of arginine against formati on of2d¢» e peak was confirned.
Further, it was confirned that as the anmount of arginine increases,

t he production I i | .
ot her hand, the@g?r%ﬂ{r?t&%? B(%Iﬁ rrlgﬁﬁig}) ?gﬁltﬁg@?ﬁ%%nyé %f%a i%lzflc)%%%ﬁ%ﬁlm
t he sanpl %bk&%ﬁ|}@%-8\_|03. A25 to A27) to which nethionine was further
added to arginine (100 mV) was snaller than that in the sanple

(Sanpl e N§O08EP2NAs ehuving it aagoubb6f Pidvipedk iatigh saiples (Sdbinsld NeQICEIND al) an
was about the sanme as the total concentration of the stabilizers; and
it was smedHigrarginte was atideel, sfterphedigh( Saaijelatiohtest wAPSnAledthAR dat inali¢ segnple
argi ni ne concentrati ons of 200 mM and 300 mM respectively. These
resul ts al®amplodight!9doiwhithragiaing veas net asledsagi sedordingly,dbe mhibitotyeeffect of
inhibition of formation of Pre peak by the conbi nation of arginine
and net hi riee agaisiormptiopid're peakpyas coufiuedoy Furthep Ghwearepniixned theigrs e

iile A19 39.2 0 .6. A21 36.7 .
amountpt‘)% arg?n%ne increases, the production amount of Pre peak decreases proportionately.

On the other hand, the amount of dimer after the light acceleration test in the samples
(Sample Nos. A25 to A27) to which methionine was further added to arginine (100 mM) was
smaller than that in the sample (Sample No. A22) containing 150 mM of arginine, which
concentration was about the same as the total concentration of the stabilizers; and it was
smaller than in the sarnﬁlcs {Sample Nos. A23 and A24) having arginine concentrations of
200 mM and 300 mM, respectively. These results are thought to indicate that a synergistic
effect in the inhibition of formation of Pre peak by the combination of arginine and
methionine,

[0087] [Table 4]

Pre peak (%)
1,200,000Iux
+200 W-

b/m?
Al9 39.2
A20 38.6
A21 36.7
A22 35.7
A23 34.9
A24 34.9
A25 36.8
A26 35.0
A27 338




A22 35.7 A23 34.9 A24 34.9 A25 36.8 A26 35.0 A27 33.8 - 27 - CLAIMA
stabl e anti body-containing liquid forrmulation conprising 40 to 1000
nv argi nine and 10 to 200 mM net hi onine. 2. The fornulation of claim
1 further conprising a histidine buffering agent. 3. The fornul ation
of claim2 further conmprising a surfactant. 4. The fornul ation
according to claim3 containing the antibody in an anmount of at | east
50 mg/m . 5. The fornul ation according’to claim3 containing the

anti body in an anount of at least 100 ng/m . 6. The fornmnul ation
according to claim3 containing the antibody in an anount of at |east

CLAIM

1. A stable antibody-containing liquid formulation comprising 40 to 1000 mM arginine
and 10 to 200 mM methionine.

2. The formulation of claim 1 further comprising a histidine buffering agent.

3. The formulation of claim 2 further comprising a surfactant.

4, The formulation according to claim 3 containing the antibody in an amount of at least
50 mg/ml.

5. The formulation according to ¢laim 3 containing the antibody in an amount of at least
100 mg/ml,

6. The formulation according to claim 3 containing the antibody in an amount of at least
120 mg/ml.

7. The formulation according to any one of claims 4 to 6, wherein the antibody is an anti-

{L-6 receptor antibody.

8. The formulation according to any one of claims 4 to 7 having the pH in the range from
4to 8. '
9. The formulation according to claim 8, wherein the antibody is a humanized antibody

or human antibody.

10.  The formulation according to claim 8, wherein the antibody is a himanized anti-IL-6
receptor antibody, the amount of surfactant is 0.0001 to 10% {wi/V), the concentration

of the histidine buffer solution is 1 to 500 mM, and the concentration of the antibody is



120 mg/ M. 7. The fornul ati on according to any one of clainms 4 to 6,
wherein the antibody is an anti- IL-6 receptor antibody. 8. The
formul ati on according to any one of clains 4 to 7 having the pHin
the range from4 to 8. 9. The formul ati on according to claimS8,
wherein the antibody is a humani zed anti body or human anti body. 10. .
The formul ati on according to claim8, wherein the antibody is a
humani zed anti-I1L-6 receptor antibody?84he anount of surfactant is
0.0001 to 10% (W v), the concentration of the histidine buffer
solution is Ito 500 mM and the concentration of the antibody is 50
to 300 ng/m . 11. The fornulation according to claim8, wherein the
anti body is the humani zed anti-I1L-6 receptor antibody MRA, the
concentration of arginine is 50 to 700 M the concentration of
methionine is 10 to 100 mV the anount of polysorbate 80 as the
surfactant is 60©0B0inhemd% (W v), the concentration of the histidine
buffer solution is 5 to 100 nM -and the concentration of the antibody
is 100 to 300 ng/m . 12. The formul ation according to claim10 or 11,
further corpri Thefgmiuiajion enserdine to dam STwbersip heantippdyohths bubBireHh et 16
claim10 or 11.bayNGiBodyl PRASIthy cBicehtf2800 2 lafhickme P30 S0 706 mWQhe
formul ati on according tg claim10 or 1 i i |l e at 22-28C

n 1 &i which is sta
for at |east 6S9RgRRrpron of grethigpineris ity 100 Bt %@Wmtr‘i’é relgsogtalsi 1 % 6P%r
11, wherein t heEivetsd @it gh/vinid donaytatioh ekl aBtidise bufer fildted is 516.
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claim 10 or 11, which is for subcutaneous adm nistration. 18. The

formul atiqg aceQydiNehb@adb@iniolQaifi1o bl WRirkd} BidsisHRlkyh§giAnes Ubj ect ed

Ci
to |lyophilTization during preparation of the fornulation. 19. A
nmet hod for inhibiting dinerization of nolecules of an antibody in a
liquid formul atherBmfutiibRidbalig td@aiANDiob Dichaving O WRdobigi digromcdd NYmPass.
argi nine and nethionine to the liquid fornul ation. 20. The nethod of
claim19, wherein the antibody is a humani zed anti.|L-6 receptor
ant i body, 1and Tiecfofoatiah adcbdimgcoripin Hew 150vhich i8§ableay/2R128 T fot hideast 6

anti body, 1 tQ.mR0 MM of a histidine buffering agent, and 0.0001 to

10% (w' v) of a Surfactant, and has a - 29 -

15.  The formulation according to claim 10 or 11, wherein the dimerization of antibody

molecules is inhibited.

16.  The formulation according to claim 10 or 11, wherein the deamidation of antibody

malecules is inhibited,

17.  The formulation accdrding to -claim 10 or 11, which is for subcutansous

administration.

18.  The formulation according to claim 10 or 11 which has not been subjected to

lyophillization during preparation of the formulation.

19. A method for inhibiting dimerization of molecules of an antibody in a liquid
formulation containing the antibody, comprising adding arginine and methionine to the

liquid formulation.

20, The method of claim 19, wherein the antibody is a humanized anti.IL.-6 receptor
antibody, and the formulation comprises 50 to 300 mg/ml of the antibody, 1 1o 500
mM of a histidine buffering agent, and 0.0001 to 10% (w/v) of a surfactant, and has a



pH of 4 to 8, and wherein the arginine is added to the fornulation in
t he amount of 40 to 1000 mM and the nethionine in the amount of 10
to 200 MM 21. The nethod of claim 19, wherein the antibodiy is the
humani zed anti-1L-6 receptor anti body MRA, and the fornulation
conprises 100 to 300 ng/m of the antibody, 5 to 100 mM of a :
hi stidine buffering agent, and 0.005 to 3% (w v) of polysorbate 80,
and has. a pHof 4 to 8, and wherein-2he arginine is added to the
formulation in the amount of 50 to 700 nM and the nmethionine in the
amount of 10 to 100 nM

pH of 4 to 8, and wherein the arginine is added to the formulation in the amount of 40

to 1000 mM, and the methionine in the amount of 10 to 200 mM.

21, The method of claim 19, wherein the antibodiy is the humanized anti-IL-6 receptor
antibody MRA, and the formulation comprises 100 to 300 mg/ml of the antibody, 5 to
100 mM of a histidine buffering agent, and 0.005 to 3% (w/v) of polysorbate 80, and
has a pH of 4 to 8, and wherein the arginine is added to the formulation in the amount

of 50 to 700 mM, and the methionine in the amount of 10 to 100 mM.



