- 1 - SPECI FI CATI ON H GH CONCEN | RATI 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 fornulation, and particularly, to a stable
liquid formul ati on contai ning 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 fornulation_that can be adm nistered as a

sel f-injectabl e subcutaneous i nj ectiESAFIGHBER] 1 n designing an

anti body-co i.ai r i in i |nce
dose of " an_ Anboa A ToR dvbodir FOVERBIR s b ug Rk mE e B
ng) and an anount of an injection solution is generally limted in
subcut aneous injection, it is necessary to increase a concentration
of an antﬁ@gﬁ%uthaF fgpid to be administered. In viewof this, in
many cases, high co#%éntration formul ati ons are used, which are

pr epar ed ertle)RRBht ihvedlib® Rl Y6 R A dd9oh@EIMY BHRulatich, WH Sl
| yophi |'i ZZ%IOdeEr mjlxﬁ?’i otr% I shr econstituted id(r% V?/at %%vi %gﬂlﬂ"%ﬁﬁg&my,

smal | er t pagsthiflatighie fernmildtipapbhthingata lgh cdriewveibn ofarSintibsgy. demand
exists for a liquid fornulati on which does not require
reconsti t BACGKGRAOOUNDWMARIN i s easy to handle. Although an increase in
a viscosity of a fornmulation due to addition of a cryoprotective
agent suclO0M2] alnseepat yéars, viréous aoidhady iformubatinpe bavedeen dryelopepirid used ih
formul ation is not preferred for formulations for subcutaneous

i nj ect i onpractics. s Mawy sdeantibadyt formplationst wied dbintravmausipiscden jHoveyer,
formulatiqn were.a_liquid formulatian. [0004] Sol utjons containing a
i gh concant oaerdptaretiisaLabr BEag HoRetoE Gra T AT RN RRGT Ay o

hi gh vi scosi.ty due to cr I | a roperties of proteins, .and due
to che | neaity o i aRiaN AL pE Rl e e el B etlR oy findolS
where a p§ i&hh is stored in a formof a solution having a high
concentratron, problematic degradation occurs, which includes a - 2
- gener at {®03Pf Inl d&ﬁ?ﬁi&l@ laf? afidP com@inbty fBrrAQ SRRt &Bcutditdud njdcBion, since a
necessary to prevent such degradation.” Especially, in antibody

for mul at i aog,of as sathiody pemnsindinietrdtiokéd Mraeqatiant 1Q0 g b 2000m g ) ed|adb@unt of
aggregates are likely to be generated in a liquid state. In cases
where a | aginjettibosalution is generallyd fnuiteddn fdrcutinémn gnjedtion, it & necaskdrg M increase
exists in that a bioactivity of antibody nolecules is |ost due to
deam dat i 8RowEntAtioRET ak pribody inpanid tadre adaninisipeedgi Heview of thife it MpIKDESSS,
There havg_geen progﬁsed arious ideas . for provigLn a stabilized

for mul at i BigR SPRCCRRtoR tpmadatinns are used, Which e RAERT oY Besml | even after

he f i i d.f N i f..tine. h . . .
Formu at | behpaclShihl el B AEOLA DaBbinta Rangtii s ropptivued n
various adgdiet hiiss 4 PolBmP Hﬁ]&ﬁ(—{l‘ {5 chide bRFbre f?:a Y&dtion! OHO\IVE\%:I)I,IJSSHOH demand

formul ati ons contal ni ng a |gh concentra n of an anti , there

does not ¥gkts @xladiqual foRsMAGOGNich B6ds noBregliird feebRtifutibA), ARH NH@dhtis easy to
di meri zati on and deam dation. [0006] A need to provide a high

concent r ahamile. amtiihboghyarcmnicaderin agistarityolf atforiul #on dbsto ddditishiof b

di meri zati on and deam dation during |ong-termstorage are inhibited,
and whi chciyeplotectivesizal wchath sgit ialtheproductios pracessof Bedyephdlingd formulation
admi ni stration. DI SCLOSURE OF THE | NVENTI QN PROBLEM TO BE SOLVED BY
THE | NVENTS rokpTefowd fordampypations fesfsub@danspessiaigetionnifangurgised that Gisnrekleme

a high concentration antibody-containjng Liquid formulation, in which

Gi mrer | 2 FORC B a bl ’é‘&lf‘?rHWY’ﬂ]GPi“ﬁ& 3 Eﬂvgd FosmiHalpBy age are i nhibited,

and which_] tahl e and suitahl.e for use in.subcutaneo .

i i st r KP4h S PeitaathificioReptBRen il PEBHBNEH . supons
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



(5) The formulation according to (1) to (3) containing the anti body

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

| east 120 ng/ m . (7) The formulation according to (1) to (6)
wherein the antibody is an anti-I1L-6 receptor anti body. (8) A
stable liquid formul ati on containing an anti-IL-6 receptor antibody,
characterized by conprising either argisine or nethionine. (9)
The formul ation according to (1) to (8) mherein the antibody is a
humani zed ant i body or human anti body The fornmul ation

accor di ngEepgratian of igsqleple ?rtﬂfqrwehlb&ﬁggfeﬁgt%@n@ rtymf&aséméo prevent such 11)
Tom o el S50, Solbdas Pl ers P R T B gl

(15) e PRI RPaRr O a3l ﬁﬁtétbfé” e F R halr O S ko000
f 2t
( I’lg;n Vm?g%éllﬂgi%gx[ Ig Btlog:d éf?r a loﬁ%ﬁ)nc OBEH%%%% ﬁ1gﬂar$gg)§(%'&ml%ftaﬁt1$&d}15

The for Mihglkée i RPN th dednPidétion dfQmide3cid At AGLEN :isza@ﬂar%fﬂe }éaaiues
di meri zati on of antibody nol ecules is inhibited. 16) The

f or mul at i [0003c @hedtihage barn(pigpobal €atidps idedsaoaproeidingecktibilized &rmulation, in
deanmi dati on of antibody nol ecul es is inhibited. (17) The

f or mul at i\mlliclah)smfcﬁnragtiv&)coq:rnp)oncm i S} evehafitr theforonlaBoris wtoastefou s long
adm ni stration. - (18) The fornul ation according to gl)
to (13) iteriedohtime. no‘éucbé@rmtéamp&@ne@aoctuéed BrodipRolving 3R 4CHFC erRpaRgnt an

reparation of the formnul ati 9 Anethdfor i nhj bitin
dean dat | GHOBY adﬂﬂw&&m ey solpfiophy ﬁﬁ’&’&;"/elﬁlf‘ ilqwﬂcf TtignsEaniqinias 2 high
containin ant i i S dd|n n|ne
For mul at rgRceRtaEh b8 gncl Biiellonthdvel i B1hy O bl Spris provent
nol ecul esdlﬁtané%ﬂofi‘gﬁd 89 ddana liquid formulation containing the

ant i body, nprising a ng, arginine and nmethionine to the |liquid
formul at '[Qﬁbﬁ]ARVM ﬁ%%w@% a high doWéMﬁ&l\ﬁr{ﬁ@Qé,%orﬁMth CorRluBSBR Exists, in
invention, a’liquid forrmul ation containing a concentration of an

ant i body viliclpdigicrigaibn ani tEaniatih dugih@ tomgtéxin @ﬂragefara ORISR aidi iiclbi

| yophilization is not necessary, and hence does not require

reconst i thoth gahle Fksuitalile fodye moubaitanicogs ddnguistdatfonr mul at i on accor di ng
to the present invention can be stored in a liquid state for a | ong

tinme. SiAMSCLRSURR PEJHE BOEMTHIMg |iquid formul ati on according to
| yoph F?%ﬁ%@%ﬁ%@t@ B AN B LA i ﬁéef?k?’és' 2 oo e
CEon LSS R b eSS <R e S e
"2 Vc%h%%wﬁ%@%8@%%&?@@&?%ﬂ@&e&%ﬂ%ﬁwp“y
per neat i QgnLRHARREARE 'héhthb{t%@ld 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
fonnulatién 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.



Example 1. Fig. 4 shows a typical chromatogram of Exanple 2.
Fig. 5 shows evaluation results of the ion exchange chromatography

(IECQ) in Exanple 2. Fig. 6 shows evaluation results of the ion
exchange chromat ography (I EC) in Exanple 2. Fig. 7 shows

eval uation results of the gel perneation chromatography (SEC) in
Exanmple 3. - 5 - Fig. 8 shows evaluation results of the ion

exchange chronmat ography (1EC) in Exanpl.g 3. BEST MODE FOR CARRYI NG
OQUT THE | NVENTI ON [ 0012] The present invention will now be descri bed
in detail. [001 n the present .invention, "antihody-containing

| au - 1or il at FDue seeanRioRof B sbrthed hrmpiiive e Ao abHienge 288 n e body
as an active co i ch.| ared such.that Lt can be

adm ni st ered to@ﬁﬁgr%ﬁn%ﬁmgﬁ%ﬁtgﬁpﬁﬁ%ﬁerg%rap]\t}\%lilgt?lsq aCtﬁPtef erably
produced by a prgc ' P LA b zad | . :

ant i body- cont ai R‘Bn]gél%?%ﬁ?ﬂioﬁ %%}&rdrﬂ(?lggltoggb ?g@zlr“ﬁ“?%’gﬁ‘g gﬁtaﬁgg%ﬁ eléggg{él] k2
i nventi on 4t Rad sDinEingl Phar maceutical fornulation containing an

anti body at a high concentration, which preferably has an anti body
concentration of5)mk for@fidatioh abcording® (1h-to BPEctadiiat elealdlidodydh ah 8HSunt of
than 100 ng/m., still nore preferably not |ess than 120 ng/ni, and
yet nore ptkebhenlbmg/mbt | ess than 150 ng/nL. It should be noted that
a liquid fornmulation containing anti body at a concentration of 120
mg/ L or hi gher {6)dmhe fprafudatianlageordiag teglio (3) cavtajkiag thehratibovytin be amount of
devel oped for commercjal use. Nanely, the present invention allows
for the fidtisastdP@mmgfml.-put to use a liquid fornul ation containing

anti body at thi ' concentration. [00 urt her, consjdering. the
manuf act ur | ng pEBALEoTRIIOR FUREURE todd Lol wbeie 5 oo gg nh Thte
liquid formulation cording to the present invention may be

typi cal l yr%’rﬁﬂtoﬁgqﬁ’f,gﬁpr eferably 250 rng/nL and nore preferably 200

ng/ mL. Therefor - - ol Li, QL Gy f i
nacording to tne)Ey et adil 8ol ra0h Sl e oh A I QE PR
concent r athQhctéizeli b9 RoPriifs StHer ﬁ?hﬂamﬂﬁtﬂoﬁ%@.f erably from 100 to
300 nmg/ mL, still nore preferably from 120 to 250 ng/nL, and yet nore
preferably from93he famadbiongédamiding @Q1%lo (Fhehasiithosdyibbdy Ba husmadized
the present invention is not restricted as long as it binds to a
desi red anttitypely or Fieamartibbdyly can be either a pol yclonal antibody or
a nonocl onal antibody, although a nonoclonal antibody is preferred

because an ant i HOXYhefopmplationageardingde d Do (PfyrthercomeTipng HpRiephase.ab| v .
0017] A I ti body whi ck b dinth t

i[ nven% i onn})zgfu@gg]rhg Or%Hﬁyxn @“éfﬁnﬁzwgéﬂiﬁaﬁlhg?fﬁdﬁi g’éﬁég‘?‘%‘? fameigo 8.

f i mal h t ter bhit,.sh .

(roman an el e hne IR s b (PP i b REE i

anti bodi eg sugl f%@fmrﬁ%bsmmtl body, hurmani zed anti body and

bi specific anti e Imunogl obulin class of the antibody is not
restricted, and(1BRThdRrANNMIO adcbRlind BIRS (1 )GhavidE BYisc&HS of behh 28

| gGl1, 19g02, Igog an | g04, 1gA, 1gb, fug;)eEt e(m? Igl\/F Anong t hese

cl asses, hgmParsd | gM are preferred. [0018] The anti body which can be
used in the present invention includes not onlébv\,hol e antibodi es, but
al so anti body f (ldyFbnfesmglation acsoRing tP4b) taftB)F¢hich & stabimat 2880 ferati lcast
wei ght anti bodi es such as single chain Fv (scFv, sc(Fv)2, diabodies
such as s®m¥isner) having one or nore specificities, prepared by

bi ndi ng the vari egi ons of an anti.bo t hrough. a, )i nker such as
a peptide I|i nkebgs)lf‘g%)@‘?mgﬂ%“ %1998&8’-&)‘8§5:)rtpg@= 3‘3%6‘6?"9@ t%ﬁgwf&é}ﬁmb%f
used in thelitf)resent 'lnven;j%)ﬁgd[ can be prepared by nmethods well known

to those SRFTITEFQIGEueRSTH 0020] A hybri doma producing a

monocl onal anti : f.ol i.cal AN
known techni qu eB%S‘i'?:g‘[;PG?ngﬁ{lﬁ%?cﬁ%drﬁ%& g%{) t§ gkﬁ\b,\aem%?%%g@e%x%a; tdiL“AAnIirlrlﬁ1 !riﬁﬂ% (ﬁg
antibody molecules is inhibited.
(17) The formulation according to (1) to (13), which is for subcutancous

administration.



|
- 7 - MACM LLAN PUBLI SHERS LTD, 1990). Mre specifically, a cDNA
encodi ng the variable region (V region) in the antibody is
synt hesi zed fromthe nRNA of a hybridoma using a reverse
transcriptase. If a DNA encoding the V region of the desired anti body
is obtained, the DNA is then |igated to a DNA encodi ng t he constant
region (C region) of a desired antibody, and the resulting |ligated
DNA is introduced into an expression veator. Alternatively, a DNA
encodi ng the V region of the antibody can be incorporated into an

expressi on_vec Eﬂr@ TROF 80 E{E%H%ogﬁﬁgh%g«vﬁl&? has loEER réul%]:acté[:cp tﬁ

anti body. The IS incorporate pression vector suc

that the BdnitesRHEsRestebitdlRn Jiif BARIEG Of an

expressi o ontrolling Tegion such as enhancer or pronoter. Host

cells are then r ﬂ%ﬁ&hﬂ@ﬂnﬂlﬁﬁ]tiﬁ%@eaﬁﬁ@dﬂohbﬂ&o%@k@ﬁﬁdn%tilﬁ&?ytiﬁradiqﬁﬂd
the anti body can be expressed by the host cells. [0022] In the

present i myeitlition cofteininghihaianibody) icolpriiing adding drgigire!tb yheradid foatulhn.

t he purpose of reducing the heteroantigenicity to human, such as
chinmeric anti bo(#0¢# ractbochipminhilytug dinteriboidnes modsrulse ofimeahtibddieme: liquid
modi fied anti bodies can be produced by known nmethods. A chineric

anti body ifermaatign cpiaiaingdbamtibedh gomprsiaprddizgaypioms and meHdortieaipythe liquid
chain and light chain in an anti body of an ani mal other than human,
such as nmiRfER{ati®Rd constant regions in the heavy chain and |ight

hai n i ] be obtained by ligati DNA
encodi ng. (TR SN RERRSOF THERAERHENE 7T 06 ant Tbody w th o DNA®

di Foh i Ll i body wi _—
obt ai neq SRS o8 R PresbBPhRGeLR R TR L0 ne » AEARCAhNS, 8

vector i ntaf?tili";_dg g%m@&ﬂ l“rimm& {chfimRisibn BY Qﬁl&ﬁtrﬁtf&ﬁtb? @%dggﬂ&m{fgg@ﬁ]

Humani zed anti Is also called reshaped human antib

obt ai ned Rycekdaay) 3R Betick BGestHdereglit: feeOmsatu@IGRNt Bhd dnyibol@-ednidinih g Bquid
region) of, for exanple, a nouse antibody to the conplenentarity

det er m ni frgmuiagion acatdiag touh@presant invemtion cn bt stiorctarial a diqmidisiate for a long time.
reconbi nation technique for preparing the humani zed anti body is al so
known. Sp&uict theaintihodyscomtinineiquith édmylatinn a¢ratding e tIEDRegsht inventipniggmbe
anti body and the framework region F$?”of_the human anti body are

| i gat ed i 8rodyerdtyss praershyot pegtiding #bygphitigatios stegy additiomiof @ Sugns 9t thgdike as a
prepared so as, tqQ have overl apping regions at their termnals. The
obt ai ned EIBPTOLECHYHARPB4IS PEt I};f’cg‘ﬂ%ﬁ{yencodi ng the constant region of a

human ant bﬁ?ﬂﬁpﬁ&ﬁﬁ%NOFgﬂmDﬁW]ﬁé@g DNA is introduced into an
. ctor

expressi on vector e expression ve is introduced into a host,

and the hasf1] SrigefghdR ARLAEHCH mg)glg,ﬁﬁr@pt 1@t i body (see EP 239400
A and WO ggﬁOEng?. As fhgﬁFR &P th uman a t?body to be ligated

through CDR, ongig0f shtfkishala it rediRe beih oYl ehedtivh Rhivehat@iphp (SRCE a
good antigen-binging site is selected. requi red, an am no aci'd(s)
in the coBpidmpledtarily determ ning region can be substituted so that
the conplenentarity determ ning region of the reshaped human anti body
forns an appr op¥igal shoastei gluatiay) raghilta gf die el gegatation khrogtatagraphy GG
Res. (1993) 53, 851-856). [0024] Methods for obtaining a human

anti body EX&REdwn in the art. For exanple, a desired human anti body

havi ng a bi ndi activity t.o a desired aptige an be obtai ned by
sensitizing, in Vfﬁ@?“ﬁdﬂ&ﬁﬂF@WBWH@??%QP%ﬁﬁ#ﬁ?ﬁe desired antigen or
with the cells p | desi at i , j.ha. th Lt]zed
| ynphocytes wit ﬁéhiﬁng)?s%gaelf]%% T%*‘Z‘:“F §Eth? (1)c§rn %)%gan Fg;ﬁﬂo[ﬁ%} ra%yg? ﬁsé\?) ahd

obtainingB%nggagibody fromthe cells (see JP 1-59878 B). The desired
human anti body can al so be obtained by inmunizing a transgenic ani ma

having all r epeFrg.oa iRwsLalisRReANE bPOE YordEoRMm %ﬁﬁuﬁm@agnggm@g if see
WO 93/ 12227, WO 92/03918, WD 94/ 02602, WO 94/ 25585, WD 96/34096 and
Example 2.
Fig. 7 shows evaluation results of the gel permeation chromatography (SEC) in

Example 3.



|
whi ch a high concentration of anti body was dissolved in a buffer
sol ution containing the am no acid arginine, the amunt of generated
dimer was snmaller than that in solutions to which arginine was not
added. Fromthese results, it was found that arginine is effective as
a stabilizer for inhibiting dinerization. Further, in solutions in
whi ch a high concentration of antibody was dissolved in a buffer
sol ution containing argini ne and net hi esi-ne, the inhibitory effect
agai nst dinerization was observed at a total concentration of
argi nine and ne f.
argi ni ne al one % egg% *ng?giﬁ?%gwﬁhglgg%%%?ﬁﬁ%ﬁltoriﬁé??gcéglﬁrom
these resgihgpleid was found that a synergistic effect is obtained by
the addition of argi ni ne and nethionine in conbination. Further, it
was found BRSAt MOSETFORIGARR VING 0t BTHEUNWENTIOBC Ul es is i nhibited by
the addition of arginine. These results are exenplified as test
resul t s oljp@iZhed@hé present saepion witmosi bei degeribedh indemdized anti -1 L-6
receptor antibody at a concentratlon of 180mAmM . [0033] Thus, by
addi ng ar ¢0Hi3he Irathe aresend lvientian, 'andibed apindaining ilb@dfommn‘amﬁm adaquidbe
provi ded, in whjich dipnerization of the_ antibody is reduced and
deami dat i éwntslﬂatton@%m%@wnﬁéodwé@& AEtEg compencat, gyhdch ig preppis S%Félgb%,ttlt

f th h d

ol Ut o, CHbEF P BIEHED ZAAMGH e S TheT N Ah | HEleEY BOdgeed b a

nol ecul esglosce§ %B{ﬁhﬁ aﬁygﬂﬁuﬂgﬁﬂt@ ng anti body-containing liquid
ccC

fornmul ati nt as a stable

ant | body - g@ilg! ?g@%dbb@yt&tmﬁlg%gafd'feﬁmg& ofNBAEHE I € frdsbh Elﬁ%hua& is

cont ai ns and argin In a er solTOtion

descri bed habiq\pﬁam?a@e@mu oA aa doataliNGar AMbay 4t ArHIRH @&nk&iraBbn, biich
present invention can additionally contain nethionine in the

sol uti on, pwifériblg hayaedngibedy eneéiftactbn benod fesothan b0 ah/hY, toe ppéfcrablgindt lRes
and nethionine I n conbination. Therefore, a second aspect of the
present i thaarif) org/mk, stilemere peaferably nbylessatiampOamgindi, ned potdharepiciavatilyizot
to a solution, whereby dinerization, in particular, of the antibody

nol ecul esldsg thanﬂﬁ%mgéah nlt sheald basngted that aliguidivapuletion eqntdinigs patiodyat a
ant | body- COHERFARAG! Py hel oF Rafe, %eﬁéfpéﬁwﬁéﬁéa%mwhm has gt bean
[0034] "ns HysEtRep S omeRidudsry R TREBRT iR allovs iy i oo
ar G111 e GOTpRUONTgSa FSmuiiod Eorn TR SR BK BkeARdpR! S

t hereof c e use I nine an ereof are pre Perred. As

the methi anj1Be pedflr, cﬁnilﬁ@m@rtﬁ’éﬁ%ufﬁdﬁ%ﬁ@ﬂr%ss mlﬁesﬁéfbﬁcéﬁﬁﬁmm ne

compoundper se, derivatives thereof and salts theréof can be used

L- met hi onaitodi th haligsiditeettafonakeording tethe gtbsent [10Q35In hay baspRalih ere
t he anti body-containing liquid formul ation accoerding to the present

i nventi on 36{&)m1gémhs)refcxgb}yi 256 naginhLchod snonoprefeoabl w200 metnti. orifheesfore ftbe
concentration of arginine is preferably 50 to 1500 mM nore

pr ef er abl potiwgdycentamog lvjd formylptigpyiceoigingrte theiprgsentdnyengory profasaly bas an

Che. pr o5 cARCHSHY GHSEBFPHal o SPRCCIP QDR FiEdt Lo sat i GH s (o 0P e/l

f
f SPCEQLL;‘;‘%@ PP S, 25 720 Fih R B oy el PRl B 50600

and the E%hﬂe concentration is 10 to 200 MM nore preferably,
t he arglnlne centration is 50 to 700 mM and t he net hi oni ne

concent r a{dB] | TheldhiibOdylSbettd ANEL Sredent VBRI BY Kt BRIt astiOMy as it binds
argi nine concentration’s 100 to 300 mM and the nethi oni ne

concent r atd Plesirsd Aflige® SOheMtibp0A@]be Ehgerawolyelonsiaintbodyoriasn@oeRasled

using a buffering agent which is a substance for naintaining a pH of
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



1
[0043] The term "substantially conposed of' herein neans that a
conponent other than the conponents usually added to fornulations is
not contai ned, the conponents usually added to formnul ati ons being the
optional additive conmponents described bel ow, such as suspendi ng
agents, solubilizing agents, isotonic agents, preservatives,
adsorption inhibitors, diluents, vehicles, pH adjusters, soothing
agents, sulfur-containing reduci ng agentgs and anti oxi dants. [0044]
The above-descri bed "B) argi nine and/ or methi oni ne, and addi ti onal

ot her am no i oeng. .1l n). . an optional additiona .
conponent ﬂnsﬂjns&fnga(l %e}gtélglot%h%c? rlﬁ%@%ﬁg‘g’g{]%egné%%esg th\#e][’“éna‘f]hlgmfs& W’?thﬁf”#ﬁﬁ rabbit,
contai ns - hi A8 e ( sl > £.QNLNes . -

ot hy o ey CopASEIcRb ey o AR, PRy kel tcBftiviARtarkodiks uch
i ncl ude t heciaAsAs M0AE Huhfinf6d Milbaly o Beificanabddy. CIRL AiMnddidbalin
am no acid(s). Preferred exanple of the other amno acid(s) is

t r ypt ophaplassAst théntibo§pisaphsticeayandfcat beaiy offhOfhRes @elaRiay MEGORCh &€,
derivatives thereof and salts thereof can be used. L-tryptophan and
sal ts thelgof, g6 Ip63 hed fetd, 1§04 IgBsind &gdi r Adiong ttesseassel, igs agelaM
sol ubilizing agent, isotonic agent, preservative, adsorption

i nhi bi t or aredir¢fgreet., vehicl e, pH adjuster, soothing agent,

sul fur-cont aini ng reduci ng agent, antioxidant and the |ike can be
added to {48} ngﬁﬂ“éltbP@hW b Gabawped &1 the aresend dwsptionipeladgsawt oplpodele

pol ¥ L?Eaﬁféﬂbﬁe&%_s’ﬁii-ﬁF@Q%@ﬂgﬁ’rﬁ%ﬁrﬁ?% %segﬁﬁéaﬁ,%é@,%@ﬁnﬂ%é%ﬁéréaolecufar
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solution is limted, so that the fornulation according to the presen
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, Borrebaeck, James, W. Larrick,

THERAPEUTIC MONOCLONAL ANTIBODIES, Published in the United Kingdom by



Ant i body Sanpl e The humani zed anti-IL-6 receptor antibody was
t he humani zed anti body prepared in accordance with the nethod
described in Reference Exanple 2 in JP 8-99902 A using the human
el'ongation factor la pronoter described in Exanple 10 in WO 92/19759.
This antibody will occasionally be referred to as "MRA" in the tables
i n Exanpl es. EXAMPLE 1 [0062] Stabilizing Effects by Conbination of
Argi ni ne and Met hi oni ne Li quid £pfmul ati ons cont ai ni ng
anti-1L-6 receptor humani zed anti body were evaluated for an influence
on stabi | | zaky ' obi Al ; i, pati on
of arginine aNr%glr{g? ﬁ%l%%ﬁﬁ?%g’%?ﬁ‘?o% t&@?@gﬁ@%ﬁ?gcg§§a€t}§§ %H%E%
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sanpl es nunbere to A9 were prepare Prescriptions for

eval uat i ofsimedielasc waiserigasel Olfl aINNA enO§rY the ¥ rkion of thaldkedreli-adlibody is

[ Prescriptions] Sanple No. Antibody nmg/nmL Arg nmM Met nM Pol ysor bate

80 ng/ nL dhitsihed]ihedDIBAfi$ then ijatgHoAl DNA encoding the constant region (C region) of a
desired antibody, and the resulting ligated DNA is introduced into an expression vector.
Alternatively, a DNA encoding the V region of the antibody can be incorporated into an
expression vector containing the DNA encoding the C region of the antibody. The DNA is
incorporated into the expression vector such that the DNA is expressed under the control of
an expression-controlling region such as enhancer or promoter. Host cells are then
transformed with the resulting expression vector, and the antibody can be expressed by the
host cells.
[0022] In the present invention, 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 known 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 (sec 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, WO 92/03918, WO
94/02602, WO 94725585, 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 hunian 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,W0 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 oocytes 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 include 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")2, 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 is constructed, and the gene is expressed in appropriate host cells
after introducing the gene into an expression vector (see, for example, Co, M. S. et al., 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
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eval uate stability of the liquid fornul 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 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 neat i on Chronat ography] The sanpl e wgs- used as the solution to be
neasured as it was. [0065] One microliter of the solution to be
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of the pe nmononer and TOw 1o |on
Pt LM paste s o s ittt
Anal yti calestailed inHhs art.
[0028] Examples of the antibody contained in the formulation according to the present
invention inclulde, 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
VIII-substituting antibodies, anti-CD3 antibodies, anti~-CD20 antibodies, anti-GPIIb/IIa
antibodies, anti-TNF 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) (sce
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 IgGlx 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



Col um: TSKgel G3000SW1 7. 8 mm 1. D. x 30 cm ( TOSOH) Mobi | e
Phase: phosphate buffer, pH 7.0 (50 m nol a. phosphate buffer, pH 7.0,
contai ning 300 mol /L of sodium chloride and 0. 05% sodi um azi de)
Amount of Injected Sanple: about 180 jug in ternms of humani zed
anti-1L-6 receptor anti body Flow Rate: 1 nli/mn Detection Wavel engt h:

280 nm [0067] [Fornmula 1] Cal cul ation Equation Total Area of
Al'l Peaks = Peak Area of Mononer + Peakl®rea of Diner + Peak Area of
Low Mol ecul ar Wi ght Degradati on Products (LMN Amount of Di ner
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A typi cal chromat ograpﬁy is showmn in Fig. 1. [0068] The eval uation
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in Table 1 and Figs. 2 and 3. As shown, the anount of dimer in the
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acceleration at 40C for 3 nonths and at 25C for 6 nonths,
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the sanpl es (Sanple Nos. A3 and A4) contal ning 150 mM of argi nine,
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the stabilizers; and the anount of dimer was about the sanme as in the
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These results are considered to indicate that a synergistic effect in
t he i nhi bracegor atibddnasra coacdangmtionsofdmiegmeld by conbi ni ng argi ni ne and

met hi oni ne. EOOGQ] | nf| uence of arginjne and nethioni ne on the anount
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[Table 1- Snlov;[igg,l il‘el w]hich4 11%%1%21?%?)}1 %? th%%l%l?org?z ?é[ r@ﬁuce?agg Eieag'l;)/i%ath)w/ovf glfé)antibody
is prevented. Therefore, a first aspect of the present invention is characterized 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 ir_1 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,
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derivatives thereof and salts thereof can be used.  L-arginine and salts thereof are preferred.
As the methionine used in the present invention, 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
preferably 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
methjonine 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
concenfration 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 nsed. 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 preferably 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 sorbitan
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 trioleate 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 giycol ether, polyoxyethylene polyoxypropylene propyl ether and



EXAMPLE 2

[0071] Inhibitory Effect by Arginine agai nst Deam dation

Liquid formul ati ons containing anti-l1L-6 receptor humani zed anti body
were evaluated for influence on the deam dation by arginine. [0072]
In this study, evaluation sanples nunbered A10 to Al5 and nunbered
Al6 to A18, - 21 - containing different amounts of arginine and
met hi oni ne, respectively, were prepared. Prescriptions for the

eval uation sanples were as follows: [00yf3] [ Table 2-1]

[ Prescriptions] Sanple No. Antibody nmg/nL Arg nM Met ni M Pol ysor bat e

80 ny, /L

pHy%%;ire%ﬁ&etbﬁ)Io%prg%lrlgn'é c'g‘tly?etiigr? polyoxyethylene alkyl phenyl ethers such as

~ polyoxyethylene nonylphenyl ether; polyoxyethylene hardened castor oils such as

polyoxyethylene castor oil and polyoxyethylene hardened cast()-r 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 Cyo-Cyg 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
C12-Cyg fatty acids.  These surfactants can be added to the formulation of the present
invention individually, or two or more of these surfacté.nts 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 ére
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-1L-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 ageni(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, snlfur-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 fryptophan. 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-contaming 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, macrogo! 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] Examples 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, thiosorbital, thiogiycolic acid and salts thereof,
sodium thiosulfate, glutathione and C,;-C; thipalkanes.

[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 st.earate, sodium hydrogen sulfite, sodium sulfite, triamyl
gallate, propyl gallate, and chelating agents such as disodium ethyl.enediaminctetraacctate
(EDTA), sodium pyrophosphate and sodium metaphosphate.

[0053] The antibody-containing liquid formulation accordiﬁg 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
pulmonary 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



180 - 30 0.5 20 6.0 A18 180 - 50 0.5 20 6.0 - To eval uate the
stability of the liquid fornul ati ons, each sanple was subjected to a
heat acceleration test (stored at 40C for 3 nonths and at 25C for 6
nont hs, respectively). The purities of the antibody before and after
t he heat acceleration test were eval uated by ion-exchange

chromat ography (1 EC). The anal ytical conditions were as foll ows:

[ on- exchange Chronat ogr aphy] TFd7each sanple, purified water
was added to adjust the anmount of the humani zed anti-IL-6 receptor
anti body pRsePaNbntlonBsthble %qﬁﬂd ffmullNRn TR SbraRBd it Gxﬁlcﬁ%ﬁHérﬁéaﬂ&l and
sanpl e was used as t he sanpl'e to be measured. [0074] Thirty

m crol i t edéntiflation ®f SRratiBodyaludhi hgwesn stofape e hall byl ddditiodo the formulation
chromat ography, and the peak areas of the peaks of MRA Pre, MRA Min,
MRA Sub- 1ardyRineSidne2or dviiAinR-atd mbQiddindyBAmedinife-aldxa. and ot her rel at ed
subst ances gor hers) were neasured by an - 22 - automatic anal ytical
met hod, alf#§57h eﬂk%\amthﬂ esmﬁeqf é@fpre%t ippendionca raethph sy indybiting deapudation in
per cent age net hod. [007 re indicates the total of the peaks of
t he subst %M@e@y é%‘h‘ﬂ’ég élﬂé’éi fawé%hogs isgretidsdy thermethodengnrisingapding thige
of the maj onent, and IaH%I urality of degradation products,

mai nly de P ?fgﬁfrt?oqi@tsé "Qfmani zed anti-1L-6 receptor antibody,

i bi 1 ofoRH! dBca PRk o B AP dh et Al R SRRy et
2-2] Anal é(iiajnﬁ%dy% ’A{?ﬁﬁdd?fb%nt%ﬁﬁmulf foﬂﬁ@lﬁtl%& ﬁl%vﬂie&, tﬁélglcm é&h%@
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 hurnanized 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-IL-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 Ia promoter described in Example 10 in WO 92/19759.  This
antibody will occasionally be referred to as "MRA" in the tables in Examples.

EXAMPILE 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,
evaluation samples numbered Al to A9 were prepared.  Prescriptions for the evaluation

samples were as follows:

[0064]



Mobi | e Phase: Solution A: 25 mmol /L MES buffer solution, pH 6.1

Mobi | e-Phase: Solution B: 25 mmol /L MES buffer solution, pH 6.1
(containing 250 nol /L of sodiumchloride) Anmount of |njected Sanpl e:
about 30 itg in ternms of humani zed anti-I1L-6 receptor antibody Fl ow
Rate: 0.5 nmL/mn Detection Wavel ength: 280 nm [0077] [Formula 2]

Cal cul ati on Equation Total Area of Al Peaks = Grand Total of
Total Area of MRA Pre Peaks + Peak Areal8of MRA Main + Peak Area of
MAR Sub-1 + Peak Area of MAR Sub-2 + Peak Area of MAR Sub-3 + Peak
Area of MARpRL1f Total Area of 1Q(H)-MRA Peaks + Total Area of
2Q(H) - MRA Peaks + Peak Area of Others Anmount of MRA Pre (% = (Total
Area of MPedriptibieaks/ Total Area of All Peaks) x 100 A typical

chromat ogFaphy 1§ shown 1 nf Fi g. 4. NVRA Pre indicatjes the totattof—the
- 23.. pealsampfe theAmibbdy anca appdetr i| nBolgsorbates0 t hHistithabuffér { he

mai n conponent. [|0078] EvaJ uatiaon results of 'the ijon-exchange pH
chronat ogr aghy. are sigowh i h filbl e i2Mand Finggml5 and 6. AM shown, the

anount of Pre pedakrs i1 e Sanpijes ( Sanpl € NoS. Al O ALd) to] Wi Ct
ar gi ni ne wasaadded, agover the accel-eration @ 40Cf or 3200nt hs} anglpat

25C for nont hs, [ Tespectivety, (Was smaifer than tnat—inm the sanpte
(Sanpl e No. A40) (to Wkl ch ar §bnijne -was not @fided; land a@@or di ngl y6.0

t he inhi q”ory efffect of arginifne against the gendgration ol Pre peaks
was confi{r med3 Id wad8@l sol cdfilrmed tthat thg anoynt of 20re peakso6.0as

reduced proporti¢nally to fan angunt of argi ni ne added. On the pther
hand, the andtint |of P& peak®lin t he sanpl €5 (Sanpl e No80 A16 to ®d8)

t o whi ch |[met hi onijne was added, dfter fhe accel eratlion at 40C fpr 3
nmont hs and af325C fold8% no respectivel% was |sinil 2P to the 6.0

ntH9,
sanpl e ( Sanpl . A to i.ch arginine not |added;, and
accordi ngly Agnlt\lﬁ ueni@ of t\r,ﬁ)oa diti om of \rﬁfhi oniine V\agonot 6.0

observed.{ [0079] |[ Ta 2-3],~kahl e Pre k (99 40 - 3nmong hs
25C- 6nontihs ‘g Q56 9%‘? 1002 1 s o 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 liguid 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 sarmple 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 thert?of (%) were determined.

[0066]



32.3 Al'l

51.3 30.3 Al 2 50.7 29.3 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 A18 55.3
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[Table 1-2]
Analytical Conditions

Column: TSKgel G3000SWx1 7. 8 mm 1. D. x 30 cm (TOSOH)

Mobile Phase: phosphate buffer, pH 7.0 (50 mmol/L phosphate buffer, pH 7.0,
containing 300 mmol/L of sodium chloride and 0.05% sodium azide)

Amount of Injected Sample: about 180 ug in terms of humanized anti-IL-6 receptor
antibody

Flow Rate: 1 mL/min

Detection Wavelength: 280 nm

[0067] [Formula 1]

Calculation Equation

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

Amount of Dimer (%)= (Peak Area of Dimer/Total 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 shown 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. Al) 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,



31.4 - 24 - [0080] Stabilizing Effects by Conbi nati on of Arginine
and Met hi oni ne (2) As in Example 1, liquid fornul ations
containing anti-1L-6 receptor humani zed anti body were eval uated for
i nfluence on stabilization of the fornul ati ons obtained by use of a
conbi nati on of arginine and nethionine. [0081] In this study, to
eval uate effects of the conbination of arginine and nethi oni ne,

eval uation sanpl es nunbered A19 to A27-%®re prepared. Prescriptions
for the evaluation sanples were as follows: [0082] [Table 3-1]

[F’r ESC“ p ﬁQ%Lue?%ﬁ%' t'\l?theﬁ%}aglﬁw Igbs AR nAM4Yebne Y EA'sH SRRt ©

Stidine but
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 1.41 0.47
A3 2.00 1.34 1.33 0.49
Ad 1.85 1.38 1.19 0.49
A5 1.62 1.37 1.09 0.49
Ab 1.53 1.46 099 0.50
A7 1.58 1.26 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 A1S5 and numbered A16 to A18,
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150 - 0.5 20
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containing different amounts 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
Al12 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-IL-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. |
[0074] 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, 2Q(H)-MRA and other related substances (Others) were measured by an



6.0 A23 180 200 - 0.5 20 6.0 A24 180l300 - 0.5 20 6.0 A25 180 100 10
0.5 20 6.0 A26 180
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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 cluted after a
retention time shorter thaﬁ that of the main component, and a plurality of degradation
products, mainly deamidation products of humanized anti-IL-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]

Analytical Conditions

Column: ProPac WCX-10 4 x 250 mm (DIONEX)
Mobile Phase: Solution A: 25 mmol/L. MES buifer 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 g in terms of humanized anti-1L~6
receptor antibody
Flow Rate: 0.5 mL/min

Detection Wavelength: 280 nm

{0077] [Formula 2]

Calculation Equation

Total Area of All Peaks = Grand Total of Total Arca 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 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



100 30 0.5 20 6.0 A27 180 100 50 0.5 20 6.0 To evaluate the
stability of the liquid fornul ati ons, 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 &a3d 2. [0083] The eval uation
results by the gel perneation chromatography (SEC) are shown in - 25

(sampl o NBEREREHS slbsyespBiling oo il e & bl colboblf 22T P, i
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Al9) to ich arginine was not added; and acco ngly,

ef fect of FRsQ MHde 20ahGWh, tHe ekt SAPIeQRaMAS tHARbIHPShmls NORA BI1§ A15)
confirmed that the amount of dinmer was reduced pr oport| onally to an
anount of toarigcinargmimddechdded) afttrehohdeeleradiian e, 40°Odordmionths afid &i25PE Forign
the sanples (Sanple Nos. A25 to A27) to which arginine (100 mM and

i net hi oni mentherespadilety, was srealler Hen|thay it the sareple (SampaNbestO)washidal | er
than that in the sanple (Sanple No. A22) containing 150 nmM of

ar gi ni ne, armr@rwr@m%Wﬂmnd@ﬁcmgglab@eﬂnmm@rmfﬁ@t arginenctagaiast the
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Chought 3% %ﬁv%spéoppﬁaqnaﬁygw SaRPE A DrdPs et tahe mRount
di mer i zat 45 LS00 Al nadBY sa%ggemml@&%?gﬂs A ﬁ&hi{an%%ge%&eg 084]
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Table 3 1,200, 0001ux + 200 W

the sample (Sample No. A10) to Wh]Ch 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
Al10 56.2 323
All 51.3 303
Al2 50.7 29.3
“Al13 49.0 28.7
Al4 478 28.5
Al5 47.0 27.9
Alb 55.7 31.2
Al7 55.0 31.2
Alg 553 314

EXAMPLE 3



I
Dnmer (% 1.11/44W (% Al19 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
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{0080] Stabilizing Effects by Combination of Arginine and Methignine (2)

As in Example 1, liquid formulations containing anti-IL-6 receptor humanized
antibody were evaluated for influence on stabilization of the formulations obtained by use of
a combination of arginine and methionine.

[0081] In this study, to evaluate effects of the combination of arginine and methionine,
evaluation samples numbered A19 to A27 were prepared.  Prescriptions for the evaluation

samples were as follows:

[0082] [Table 3-1]

{Prescriptions]
Sample | Antibody | Arg Met Polysorbate 80 | Histidine buffer
No. mg/mL mM | mM mg/mL mM PH
Al9 180 - - 0.5 20 6.0
A20 180 50 - 0.5 20 6.0
A21 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
encrgy: 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



4.05 0.17 A27 3.84 0.16 - 26 - Next, the evaluation results
by the ion exchange chromat ography (I EC) are shown in Table 4 and Fig
8. [0086] As shown, the anpunt of Pre peak in the sanples (Sanple
Nos. A20 to A24) .to which arginine 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
effect of arginine against formati on of24re peak was confirned.
Further, it was confirned that as the anmount of arginine increases,

other handeOf RaRRth A3 FoFalRe dpbER FARSE i Sone BRI o a2 Y
the sanpl g féavsmafafg@& mﬁ%&éﬁ AR )théﬁ “é‘ﬁ!r:]c%!kﬁﬂ@h*?és? Qﬁné’i’?e%ffaﬁ A §l

added to arginine was &mal | er T a e sa
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was about the sanme as the total concéntration of the sta ers; and

it was srahitftory éfeddt dfurkiiRie 24T @m DAL Rad\@BfirheB ANFaARE coBrh khat
argi ni ne concentrations of 200 mM and 300 mM respectively. These

resul ts arhe aimvomgiftdither wasdedieedpiopaitional3yto @n ginshitef efgiiad added.t hén the
inhibition of formation of Pre peak by the conbination of arginine
and net hi othenand] ib6 8npurjt T8 Pireer 4] the Pmeplpsa@am@%NoslAZ@m B0 toxwhich20fining
h/e A19 39.2 A20 -38.6 A21 36.7 A22 35.
(100 mM) and 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
1,200,000lux + 200 W *
h/m?

Dimer (%) | LMW (%)
Al19 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 413 0.18
A25 5.27 0.19
A26 4.05 0.17
A27 3.84 0.16




A23 34.9 A24 34.9 A25 36.8 A26 35.0 A27 33.8 - 27 - CLAIMS 1. A
stabl e anti body-containing liquid forrmulation, characterized by
conprising arginine and nethionine. 2. The fornmulation of claim1l
further conprising a histidine buffering agent. 3. The fornul ation
of claim1 or 2 further conprising a surfactant. 4. The fornul ation
according to any of clainms 1 to 3 containing the antibody in an
amount of at least 50 ng/m. 5. The fok6ml ati on according to any of
claims 1 to 3 containing the antibody in an anount of at |east 100

mg/m. 6. The hekiMHealhRKiAGEMEbPehelion Bhafde &k(ﬁﬁﬂ&r&pﬂy%éﬁ) are shown in
contai ning the antibody in an amobunt of at |east 120 The

for mul at i anbrocedding. to any of the preceding clains mhereln the

antibody is an anti-1L-6 receptor anti body.
[0086] As shown, the amount of Pre peak 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 formation of Pre peak was confirmed. Further, it was confirmed that as the
amount of arginine 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
concenfration was about the same as the total concentration of the stabilizers; and it was
smaller than in the sampies (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 (%)
1,200,0001ux
+ 200 W-

h/m?
Al9 39.2
A20 38.6
A21 36.7
A22 35.7
A23 349
A24 34.9
A25 36.8
A26 35.0
A27 33.8




8. A stable liquid formulation containing an anti-IL-6 receptor

anti body, characterized by conprising either arginine or nethionine.
9. The fornul ation according to any of the preceding clains wherein
the anti body is a humani zed anti body or human anti body. 10. The
formul ati on according to any of the preceding clains further
conprising tryptophane. 11. The fornul ation according to any of
clainms the preceding clains having the.pil in the range from4 to 8.
12. The fornulation according to any of the preceding clainms wherein
the arginine is present in an amount gfsf@m 50 to 1500mM  13. The
formul ati on according to any of the preceding clains having a
viscosity of from2 to 15 nPa.s. 14. The formulation according to
any of the preceding clains, which is stable at 22- 28C for at | east
6 nonths. L 28- - A stdble aitibodyeromainitg lopideformulationgehatctarigedddy comprisimg 1 t 0
13, characterized in that dinerization of antibody nolecules is

i nhi bi t ed, A@ningpnd PEhigting: j on according to any of clainms 1 to 13,

h t [ f ti bod i nhi bi ted.
17" The ofl at TBHOHBABHE T8 T heb oAb HECA e PR oE o f or
subcut aneous admiprfl SEEALE N bF clakf 1 of g&r{hglr%\dlﬁg#lggw” rding to any of

clains Ito 13 Wmch has not been subjecte T

)

I'zation during

preparati o, of t ke foafutdicidcfitding & myAf BRitiACo Bontaibisihd dnfiBody in an
deani dation of nolecules of an antibody in a liquid fornulation

cont ai ni ng atricantadad leasti§Q mempr i si ng adding arginine to the |iquid

formul ati on. . . . . s
5. The formulation according to any of ¢laims 1 to 3 containing the antibody in an

amount of at least 100 mg/ml,

6. The formulation according to any of claims 1 to 3 containing the antibody in an
amount of at least 120 mg/ml.

7. The formulation according to any of the preceding claims wherein the antibody is an
anti-TL-6 receptor antibody.

8. A stable liquid formulation containing an anti-[L-6 receptor antibody, characterized
by comprising either arginioe or methionine,

Q. The formulation according to any of the preceding claims wherein the antibody is a

humnanized antibody or human antibody,

10, The formulation according to any of the preceding claims further comprising
tryptophane,
11. The formulation according to any of claims the preceding claims having the pH in

the range from 4 to 8.
12. The formulation according to any of the preceding claims wherein the arginine is

present in an amount of from 50 to 1500mM.

13. The formulation according te any of the preceding claims having a viscosity of from
2to 15 mPa-s.
14, The formulation according to any of the preceding claims, which is stable at 22-

28°C for at least 6 months.



20. A nethod for inhibiting dbnerization of nolecules of an anti body
in a liquid formulation containing the antibody, conprising adding
arginine and nethionine to the liquid fornul ation.
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15. The formulation according to any of claims 1 to 13, characterized in that
dimerization of antibody molecules is inhibited,
16, The formniation according to any of claims 1 to 13, characterized in that

deamidation of antibody molecules is inhibited.

17. The formulation according to any of claims 1 to 13, which is for subcutaneous
administration.
18. The formulation according to any of claims 1 to 13 which has not been subjected to

lyophillization during preparation of the formulation.

19. A method for inhibiting deamidation of molecules of an antibody in a liquid
formulation containing the antibody, comprising adding arginine to the liquid formulation.
20. 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,



