-1- SPECI FI CATI ON H 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 fornulation, 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 fornulations have been devel oped
and used in practice. Many such anti body fornul ations are used in

i ntravenous injection. However, due tolneeds of a clinical site, there is
an increasing demand for devel opnent of an antibody-containing fornulation
that can be adm nistered as a sel fgpppggtalj@nsubcut aneous injection.

[ 0003] In designing an anti body-containing formulation for subcutaneous

I nj ection, HI@H%@NC@@Q%&TIWMWYT@?NTMMNG%IO%IDOFDRWEA@??NWOUt
100 ng to 200 ng) and an anmpunt of an injection solution i1s generally
limted in subcutaneous injection, it is necessary to increase a
concentration of an antibody in a liquid to be admnistered. In view of
this, i nTRONESSEFIELDI gh concentration fornul ati ons are used, which are
prepared by the |yophilization-concentration technique, in which a

| yophi I'i :{@@mp Ol“m?ﬁﬁélﬁlih\ieﬁthemsi fotdat @EbO Ay -chBing T AIgtian, et WaRicamlyl er
than that before |yophilization. However, a strong demand exists for a
l'iquid fes AelableilRpuidvormblatios Somainingerhigh @ohenenagdn blidn aniboand whi ch is easy
to handle. Although an increase in a viscosity of a fornulation due to
addi ti on BACHGROUYNDrAR®ct i ve agent such as a sugar in the production
process of the Iyophilized formulation is not preferred for fornulations
for subc(i0@02¢ olis rdcapteyehispowaridus anSbadyr forraeldtidisliave been gevebipediand asdddinbe
avoided if the fornulation were a liquid fornul ati on. [0004] Sol utions

cont ai ni practichi gvavy suchrantibodyoformfilainnaareivsedlin intracenbus ingacnins.ol Hpowone:,
havi ng a high viscosity due to macronol ecul ar properties of proteins, and
due to t ldee td meeds pbh elinikalrsite rthencds o bwscasihg ientard foy defFelopient ofian cases where
a protein is stored in a form of a solution having a high concentrati on,

pr obl enatahbaiyegoatianing foromdation, thetidas e iadwiinistersdzas a self-injectable subcutaneous

injection.

[0003] In designing an antibody-containing formulation for subcutaneous injection, since a
dose of an antibody per administration is large (about 100 mg to 200 mg) and an amount of
an injection solution is generally limited in subcutaneous injection, it is necessary to increase
a concentration of an antibody in a liquid to be administered. In view of this, in many cases,
high concentration formulations are used, which are prepared by the
lyophilization-concentration technique, in which a lyophilized formulation is reconstituted in
water having a volume smaller than that before lyophilization. However, a strong demand
exists for a liquid formulation which does not require reconstitution, and which is easy to
handle. Although an increase in a viscosity of a formulation due to addition of a
cryoprotective agent such as a sugar in the production process of the lyophilized formulation
is not preferred for formulations for subcutaneous injection, it is surmised that this problem
could be avoided if the formulation were a liquid formulation.

[0004] Solutions containing a high concentration of an antibody tend to form solutions
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



-2- generation of insoluble and/or soluble aggregates; and it is necessary
to prevent such degradation. Especially, in antibody fornmul ations,
associations are likely to be formed and insoluble aggregates are likely to
be generated in a liquid state. In cases where a liquid fornulation is
stored for a long tinme, a problemexists in that a bioactivity of antibody
nol ecules is | ost due to deam dation of am no acid residues such as
aspar gi ne residues. [0005] There have been proposed various ideas for
providing a stabilized formulation, in which |oss of an active conponent is

smal | evRReafibRbf IR6lubRI MMl sbRBId sz flee8hnliQrf isthebQ84ty tHBEdvest QEnti me. Such
formul at1ions are produced by dissolving an active conponent and vari ous

addi ti vefgtdafio Uf Especialy,uh affibodyaoBi@atiodsQhssbéidtibih &roikdly 36 bORsinfe@RAhai nNi ng
a high concentration of an antibody, there does not yet exist a technol ogy

that is iﬁsﬁlﬁtblshge%]regat@s &€ ekeRtto beigehdraedlin 9 iqaiadtaeanindatdsahert @096 A need
to provide a high concentration anti body-containing formulation exists, in

whi ch diforhinlagén Brstaad fatedong tinepn pabldn gxikie g tHae ki BidteViRost atiBodyhi bi t ed,
and which is both stable and suitable for use in subcutaneous
adm ni stialeces is DbhsPALE REan{iHat ionfof lahd\ddi Dk sRREBE Y aEQ@s pirgin@lrddidhesY THE
| NVENTI ON [ 0007] An object of the present invention is to provide a high
concent r[@005jn Thend hdedyen prapased vagions gleadfdr providiagiacmbilized Ebinoatibmydn i zat i on
and deam dation during long-termstorage are inhibited, and which is stable
and sui twalbicke ldse of ars active cotmpontrnesual ewarfier gterfatmuaatioMsANSed-oR a3Ghg/| NG THE
PROBLEM [ 0008] The present inventors conducted intensive study with a view
t o att aipeiiod of imeabSueh fatmubations arecpraducad bg slissolving axastize edmporznt andt abl e
hi gh concentration antibody-containing liquid formulation can be Eyovided
by addi narians additivesae aduffar gilutiore dioveevenitor kiquad derinulations cortaimiing 4 igh, to
thereby conplete the present invention. [0009] That is, the present
i nvent i clenpendiatige of amantibeidy ifeisgloes ngt y&t existy Eckrnlogiotiot is swifigient foprevendi d
fornul ati on, characterized by conprising

dimerization and deamidation.

[0006] A need to provide a high concentration antibody-containing formulation exists, in

which dimerization and deamidation during long-term storage are inhibited, and which is

both stable and suitable for use in subcutaneous administration.

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0007] An object of the present invention is to provide a high concentration

antibody-containing liquid formulation, in which dimerization and deamidation during

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.
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arginine and nethionine. -3- (2) The fornmulation of (1) further conprising a
hi stidine buffering agent. (3) The fornmulation of (1) or (2) further
conprising a surfactant. (4) The fornulation according to (1) to (3)
containing the antibody in an amount of at least 50 nmg/m . (5) The

formul ation according to (1) to (3) containing the antibody in an anmount of
at least 100 ng/mm. (6) The formulation according to (1) to (3) containing
the anti body in an anmount of at | east 120 ng/m . (7) The fornul ation
according to (1) to (6) wherein the antibody is an anti-IL-6 receptor

antibody. (8) A2pTiRbioembiativh 6f {19FiRdhericoRPrisABaHiftidIgE RiFfedAkiagbht 6 recept or
anti body, characterized by conprising either arginine or nethionine. (9)

The formul ati Om3ﬁrl€d)fo(ﬂlhﬁﬁtib@ofg)) of 2)(f&thahehfirRinghesuefatiabody is a humani zed
anti body or human anti body. (10) The formul ation according to (1) to (9)

further conpri git)yTbhd foymulapbaaecordiid Yo {Iheo {(Ircovladtin®theaadbsdli Gt @ndub} of O
(10) having the pHin the range from4 to 8. (12) The fornul ati on accordi ng
to (1) tatlchdt)sOnhghdin the arginine is present in an anount of from50 to
1500mM (13) The fornulation according to (1) to (12) having a viscosity of
from2 to 15 rPeEhe foidhplafibe afcordng & (1910 E)contlimng the apfipodyoin(ahImounhdth i s
stable at 22-28C for at least 6 nonths. (15) The fornulation according to
(1) to (BBleastcldmag/tdri zed in that dinerization of antibody nolecules is
inhibited. (16) The fornul ation according to (1) to (13), characterized in
t hat deani dat i ¢6) Blfe foamulationgcaondiag to €9 té 3)icohiabiingthe antibody in an amount of
at least 120 mg/ml.
(7) The formulation according to (1) to (6) wherein the antibody is an anti-1L-6
receptor antibody.
(8) A stable liquid formulation containing an anti-IL-6 receptor antibody,
characterized by comprising either arginine or methionine.
(9) The formulation according to (1) to (8) wherein the antibody is a humanized
antibody or human antibody.
(10) The formulation according to (1) to (9) further comprising tryptophane.
(11) The formulation according to (1) to (10) having the pH in the range from 4 to 8.
(12) The formulation according to (1) to (11) wherein the arginine is present in an
amount of from 50 to 1500mM.
(13) The formulation according to (1) to (12) having a viscosity of from 2 to
15 mPa-s.
(14) The formulation according to (1) to (13), which is stable at 22-28°C for at least
6 months.
(15) The formulation according to (1) to (13), characterized in that dimerization of
antibody molecules is inhibited.
(16) The formulation according to (1) to (13), characterized in that deamidation of
antibody molecules is inhibited.

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

administration.



|

(17) The fornulation according to (1) to (13), which is for subcutaneous
adm nistration. -4- (18) The fornulation according to (1) to (13) which has
not been subjected to |yophillization during preparation of the fornulation.
(19) A nethod for inhibiting deam dation of nolecules of an antibody in a
liquid fornulation containing the antibody, conprising adding arginine to
the liquid fornmulation. (20) A nethod for inhibiting dinerization of

mol ecul es of an antibody in a liquid fordrul ati on containing the antibody,
conpri sing adding arginine and nmethionine to the liquid formnulation.

ADVANTAGES OF TH THYVEAThIEhod RQ4f1inSB0 @1&) ARESAh Ha8BNbdeARubRclel d8!i d

formul ati on containing a high concentration of an antibody i's provided,

Wit h whi gfpphafigtionl duking PrépardRaoE e RiheRtiby, | yophi lization is not
necessary, and hence does not require reconstitution. The

ant i body- cont ai19)ng netiidi for inhibifikg adantibataGCsimEbIBeu1ELoft AheanpibeSE it a liqent i on
can be stored in a liquid state for a long tinme. Since the

ant i body ferafiflation doatdinigy kit nvibody, abinprisiag addilRgeihne th ehediqudd formubiviont i on
can be produced by a process not including a |Iyophilization step, addition
of a sugar or (23 A nethadsfoninhibitimpddiceizhiioreofageltules ofiat amibods sind YiquiBRl EF
DESCRI PTI ON OF THE DRAW NGS [00111 Fig. 1 shows a typical chromatogram of
Exanpl e IornkilgtionZostainiag eheadntibd dy womesising sadding taginipe lang aretteiatine o the liquid
chromat ography (SEC) in Exanple 1. Fig. 3 shows evaluation results of the
gel per meamudatiomhr omrat ography (SEC) in Exanple 1. Fig. 4 shows a typical
chromat ogram of Exanple 2. Fig. 5 shows evaluation results of the ion
exchange ADWY ANASGES BHYTHEES)VENMITIO® anpl e 2. Fig. 6 shows evaluation results
of the ion exchange chronatography (IEQ) in
[0010] By the present invention, a liquid formulation containing a high concentration of an
antibody is provided, with which reformulation by concentration by lyophilization is not
necessary, and hence does not require reconstitution. The antibody-containing liquid
formulation according to the present invention can be stored in a liquid state for a long time.
Since the antibody-containing liquid formulation according to the present invention can be
produced by a process not including a lyophilization step, addition of a sugar or the like as a
cryoprotective agent is not necessary.
BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Fig. 1 shows a typical chromatogram of Example 1.
Fig. 2 shows evaluation results of the gel permeation chromatography (SEC) in
Example 1.
Fig. 3 shows evaluation results of the gel permeation chromatography (SEC) in
Example 1.
Fig. 4 shows a typical chromatogram of Example 2.
Fig. 5 shows evaluation results of the ion exchange chromatography (IEC) in
Example 2.
Fig. 6 shows evaluation results of the ion exchange chromatography (IEC) in
Example 2.

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

Example 3.



Example 2. Fig. 7 shows evaluation results of the gel perneation

chromat ography (SEC) in Exanple 3. -5- Fig. 8 shows evaluation results of

t he i on exchange chronmat ography (I EC) in Exanple 3. BEST MODE FOR CARRYI NG
OUT THE I NVENTI ON [0012] The present invention will now be described in
detail. [0013] In the present invention, "antibody-containing |liquid
formulation” nmeans a liquid fornulation containing an anti body as an active
conponent, which is prepared such that -iX- can be adnministered to an ani mal
such as human, and which is preferably produced by a process not including

a |yophilizati gy $t@Bws cOflsionBuIRYritROMY R ONHnBE Bhidthkd A (IRC ation

according to the present invention is a |iquid pharmaceuti c¢al fornul ation
cont ai ni maﬁﬁyleag]ti body at a high concentration, which preferably has an
anti body concentration of not less than 50 ng/nL, nore preferably not |ess

t han 100 BRYTMMODBE IFOR (ARR YING eAPTHE W VENSEONhan 120 ng/ L, and yet nore
preferably not |less than 150 ng/nL. It should be noted that a liquid

f or mul at ijoo12¢ orthaiphdseet iavéritidadyillatowebe deeBGiRdatin@kiadn of 120 ng/ L or hi gher,
or preferably 150 ng/nL or higher, has not been devel oped for conmerci al

use. Nangdyl3]t e therpeesznt invemiil I'aitibady-ovaindig lidigd forfulationMhehfs a Hgkidt 0 use
a liquid fornulation containing antibody at this high concentration. [0015]
Furt her, forandatiterdongiiing amantifoalytad ah agtivy anessient, hdidh igpephredaaciettiat at i on of
antibody in the liquid fornmulation according to the present invention may be
t ypi cal | yan BO@dmipistired po &f arialal suchH6 homani andrvwhiodo iseprpficedbéy pidoldycedsy arg/ .

Therefore, the antibody-containing liquid formulation according to the
present ipmcess nainghudifigp dgaiphiliratiomstepant i body concentration of from50 to
300 nmg/ M., nore preferably from 100 to 300 ng/m, still nore preferably
f r om 120 (@142 50 hegnhtibodyaeeatajeing hignisl formbletienagcofdingtolthe ptase®GOvengiontis a [ 0016]
The antibody to be used in the present invention is not restricted as |ong
as it bi miggid pharmaceutical formulation containing an antibody at a high concentration, which

preferably has an antibody concentration of not less than 50 mg/mL, more preferably not less

than 100 mg/mlL, still more preferably not less than 120 nig/mL, and yet more preferably not

less than 150 mg/mL. It should be noted that a liquid formulation containing antibody at a

concentration of 120 mg/mL or higher, or preferably 150 mg/mL or higher, has not been

developed for commercial use. Namely, the present invention allows for the first time to

put to use a liquid formulation containing antibody at this high concentration.

[0015] Further, considering the manufacturing process, the highest concentration of

antibody in the liquid formulation according to the present invention may be typically

300 mg/mL, preferably 250 mg/mL and more preferably 200 mg/mL. Therefore, the

antibody-containing liquid formulation according to the present invention preferably has an

antibody concentration of from 50 to 300 mg/mL, more preferably from 100 to 300 mg/mL,

still more preferably from 120 to 250 mg/mL, and yet more preferably from 150 to

200 mg/mL.

[0016] The antibody to be used in the present invention is not restricted as long as it binds

to a desired antigen. The antibody can be either a polyclonal antibody or a monoclonal

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



to a desired antigen. The anti body can be either a polyclonal antibody or a
nonocl’onal  anti body, al though a nonoclonal antibody is preferred because an
anti body having uniform properties can be produced stably. [0017] A

nonocl onal anti body which can be used in the present invention includes not
only -6- nonocl onal antibodies originated froman ani mal such as human,
nouse, rat, hanster, rabbit, sheep, canel or nonkey, but also includes
artificially nodified reconbinant antibddi es such as chimeric antibody,
humani zed anti body and bi specific anti body. The inmunogl obulin class of the
ant i body pjghoBehal’ &$ibbilieé §8ginAed fHANaPMiARY sikh A Remah 3256% fam,qia%'té}ﬁrabs@s
such as 1gG, 1g&, 1gG and 1g&, IgA 1gD, IgE and IgM Anpng these

cl asses, sh@p amsellodMonRER bk 816 inchdlies hARRIyThEdifed kdofhbivit shiteaiskecised
in the present invention includes not only whole antibodies, but also

ant i body a§ ¢lag¥EE aftiBed hamakved hitbodpdnd bRPcific amehddow TaE aftuabglovsight

anti bodi es such as single chain Fv (scFv, sc(Fv)2, diabodies suc% as sckv
dimer) lhys oxhe astisudynohet isateicicll] Midt dahe apk P dcadasoss iatlndingdgGheushadsi abl e
regions of an antibody through a linker such as a peptide linker. [0019]
The aboveés@EIgGRpRG:3admid IpGd] Bs\, WD clgEcad 1pd. ustdongthieheclpsses dpG andIgMt i on
can be prepared by nethods well known to those skilled in the art. [0020] A
hybr i domargypreféuedng a nonocl onal anti body can be prepared as fol |l ows
basically wutilizing a known technique. That is, the hybridoma can be

pr epar ed [@(4 8] nfhaianfibgl yamhiclanambd usedtih the pteseint mdertitin igelndesr nat @nlyswholpr essi ng
the desired antigen as a sensitizing antigen by a standard nethod; fusing

t he obt aan@ebdiesybmtcdsa andibady fragments spar asrftv, Feb hnd Biaby; ast mdmotécoker | - f usi on
met hod; and screeni ng a nonocl onal anti body-producing cell (hybridoma) by a
st andar d weight enfibtnylicsssubbbds siPgle whaiathvdackyf, se(Fuybdiabodies wugh abeckvadinieed out

by, for exanple, the nethod according to the method by Mlstein et a

( Kohl er . hayingpde oMniosg spiepificities, pvepdiediBy Bingyngothe varidda Yegiars of an@ntibady cases
where the i munogenicity of the antigen is |ow, the antigen can be bound to
an ant i gépeghabinksrshecad apentiidn liakeral bunin, and the resulting conjugate can

be used as an i mmunogen. o . . . .
[0019] The above-described antibodies which can be used in the present invention can be

prepared by methods well known to those skilled in the art.

[0020] A hybridoma producing a monoclonal antibody can be prepared as follows basically
utilizing a known technique. That is, the hybridoma can be prepared by immunizing an
animal with a desired antigen or cells expressing the desired antigen as a sensitizing antigen
by a standard method; fusing the obtained immunocytes with known parent cells by a
standard cell-fusion method; and screening a monoclonal antibody-producing cell
(hybridoma) by a standard screening method. Preparation of a hybridoma can be carried out
by, for example, the method according to the method by Milstein et al (Kohler. G. and
Milstein, C., Methods Enzymol. (1981) 73: 3-46). In cases where the immunogenicity of
the antigen is low, the antigen can be bound to an antigenic macromolecule such as albumin,
and the resulting conjugate can be used as an immunogen.

[0021] Recombinant antibodies can be employed, which are prepared by the genetic
recombination technique in which an antigen gene is cloned from a hybridoma, incorporating
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
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[[0021] Reconbi nant antibodi es can be enployed, which are prepared by the
genetic reconbination technique in which an antigen gene is cloned froma
hybri doma, incorporating the gene into an appropriate vector, introducing
the vector into a host, and naking the host produce the antibody (see, for
exanple, Carl, A K. Borrebaeck, Janmes, W Larrick, THERAPEUTI C MONOCLONAL
ANTI BODI ES, Published in the United Kingdom by -7- MACM LLAN PUBLI SHERS LTD,
1990). More specifically, a cDNA encodihhg the variable region (V region) in
the antibody is synthesized fromthe nRNA of a hybridoma using a reverse

transcri gLl ANPUBYISHIGNSLT9 1960)Y MGt Qfecficall)Ca EBRIA %oaﬁgitﬂé’d}’ I's
obtained, the DNA is then ligated to"a DNA encodi ng the constant region (C

regi on) wfriable relgidh (9 Hibh) iQQﬂé/ant%q%rEJ@n[ﬁiile@ Eaeh fhi GatRA Jhybsidbmhr oduced
into an expression vector. Alternatively, a DNA encoding the"V region of

the antigthya fRBrsb erahteiPEaROr AfQMDNAlcoding W@%@Bf e dediredcAbadisng t he
DNA encodi ng the C region of the antibody. The is incorporated into the

expr essi ghaived ey DEUCR thdielligatdtero ANANASene S @ing $ixeebndad feglodq Coreplonpbf #T  an
expression-controlling region such as enhancer or pronbter. Host cells are

then traREtdabddW 4nd thd eesuleipglighted DIXA LS Esiodncedaatodn exphidsioh&eadi.i body can
be expressed by the host cells. [0022] In the present invention,

r econmbi nghérmativel RaddNA. akbddibj cheal/ hygionof thie adtibaly dahdeftcarpsatedhtoragduci ng
the heteroantigenicity to human, such as chineric antibodi es and hunani zed
ant i bodi &gression lvectosashtaitingske DDUN Encedingrthé Hadgiea of die deibpdpdulieiDNA known
nmet hods. A chineric antibody is an anti body conprising variable regions in
t he heaviyicapaiaredand the ghyjressidraveaatadr suenthanthie DN ioéxpaessediomndelr that doatrol dian
human, such as nouse, and constant regions in the heavy chain and |ight
chai n i mmagxpasssiohadytrollinp uegion swhds ealmnser aiyramoted. bHostioghs armghen DNA
encoding the variable region in the nouse antibody with a DNA encoding the
const anttransfgined with théecshlimgrexpressibmwgcton, andthsantibodygcante expreasaddy thA i nt o
an expression vector, introducing the expression vector into a host, and
maki ng thost eadlst produce the antibody. [0023] Humani zed antibody is al so
cal |l ed reshaped human antibody, and is obtained by transplanting the CDR
( conpl ent®A2r i Inyheipressntiimication.aegosrbinatt antibndieseatificially modgipgdor 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



anti body to the conplenentarity determ ning region of a human anti body. A
standard genetic reconbination technique for preparing the hunmani zed

anti body is also known. Specifically, a DNA designed such that the CDR of

t he nouse anti body and the franework region (FR) of the human antibody are
ligated is synthesized by PCR nethod from several oligonucl eotides prepared
so as to have overlapping regions at their termnals. The obtained DNA is
ligated to a DNA encoding the constant région of a human antibody, and the
-8- resulting DNA is introduced into an expression vector. The expression

vect or isreismihgm&qs intf3lifced MO expRdsibh9ecdigst TR 'ﬁ?%sﬁ)ﬁ’v 1804 GRrddiRed
humani zed anti body (see EP 239400 A and WD 96/02576). As the FR of the

human ant jdaogYodtOarieht heatiemMalidiooMehu e hneniefd Miivelly (&e'BH £3R0D A hdd/
determning region forns a good antigen-binding site is selected. As

requi r ed, wam 98/ 5v6)aciAd(thd FRdf (e RAiPARINBAY & bd NoAa! @tdlghi CIOR! &g Grvigan be
substituted so that the conplenentarity determ ning region of the reshaped

human anti:(hﬂﬁlszeﬂtrarr? @lermafipg ogibREEmR Nt dodaAnBbddbingingisite if Bhicked. KAt al .,
Cancer Res. (1993) 53, 851-856). [0024] Methods for obtaining a human

anti body ggeirkd)@waniifio hdi@(siir the EompRx@siprey determi@sigl egioh R Be sitistiagely sdravi ng
a binding activity to a desired antigen can be obtained by sensitizing, in
vi tro, humanthecopiptegydnegitwidéterminénghegionaed thaickigped umah bfitiiddy foahd sn

expressing the desired antigen; fusing the sensitized |ynphocytes with
human ny ehppreprizet histigehdrinding sitgp(Sato, 2 @6aLt.eChiscer Resl (0983158 8l -85%). ant i body
fromthe cells (see JP 1-59878 B). The desired hunman anti body can al so be
obt ai ned P24 mietlxide doreobtaining gdmintansamtibvady fekinognah the arepdior exaraplepd hunan
anti body genes with the antigen (see WO 93/12227, WD 92/03918, WD 94/02602,
WO 94/ 255&sire\iuen 3diiiasl ydnsing® 86di3g 28H)ity tour ddsized artiger cambeobtaimgdblyi ch  a
human antibody is obtai ned by panning using a human antibody library is also
known. Fosensitiaing & vigoyamanlymphegyteswish the desirehaidigéy or withxhe eedisexkpiassinge
formof a single chain antibody (scFv) on the surface of a phage by use of
a phage dibsglesiyeduntigon fuging therrengiiagselymphpericow it fumen ryelaama ¢adlenforan be
sel ected. By anal zinﬂ t he %ene of the_sel ected phage, the DNA sequnce
codi ng f opxampdeJ&FG651le and gbtiniag theyativadnfromnthe selds (SHhIE FrSB88HIB) t ollthe
antigen can_be determ_ned. If the DNA sequence of the scFvy which binds to
the anti g@¢fired 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 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,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



|

determ ned, an appropriate expression vector containing the sequence is
constructed, and the humanized antibody can be obtained. These methods are
wel | known, and WO 92/01047, WD 92/20791, WD 93/06213, WD 93/11236, WD
93/19172, WD 95/01438 and WO 95/15388 can be referred to. [0025] In cases
where an anti body gene is once isolated, and the gene is introduced into an
appropriate host so as to prepare the anti body, appropriate conbi nations of
the host and expression vector can be-%sed. In cases where eukaryotic cells
are used as the host, animal -9- cells, plant cells and fungal cells can be

used. Knyw, pimiteells & fu%ﬁmr&hy 6 KeliseABMRBbARNikAllckBs inkRide @ XARRNfalisHO
CCs, nyel oma, BHK (baby hanster kidney), Hela and Vero; (2) ‘anphi bi an

cells, f&ﬂls,%ﬁ@ﬂn@le,@ﬂ@?@@@ﬁ%l@&a,M(&)olyihﬁﬁﬁf‘e& kjkﬁi'e%rﬁ Hei@inﬂ@rﬂpgﬁy sfo,
sf21 and Tn5. Known plant cell's include cells originated fromplants

bel ongi néﬁn}%lﬁbﬁaﬁ@emmﬁexaﬁiipw?bdeﬁﬂﬁhs doRyteS ¥dT(H) enscll Uik fan axdndflacnsrand t he
cells can be subjected to callus culture. Known fungal cells include the

cel I's orind T eKrowapligaztls induile celaomgiaated f@seplasls ®enBihg!to thd faugenus
Saccharonyces such as Saccharonyces cerevisiae; and fil anentous bacteri a,
for exaNiebggnd, xS able) Nidddignh mbabem et sty @inlbesabiued tasAaReuulel us
niger. In cases where prokaryotic cells are used, there are production

syst ens Kisowg flbsal @idlsahclodd ths cellnmiginatbhfroer yeabts cfot bsample,| theke Helongigitocel | s
and Bacillus subtilis cells. The antibody is obtained by introducing a

desi r ed thagethoducgememycdscuthastockinosiybss deravisdarand filangntewstbacteriayfor ng t he
transforned cells in vitro. [0026] Antibodies in the formof antibody

f r agment exampbeytimst delongingwe thghgenandizvogiilas suahcs Aspeligiliisdiigant | bodises can al so
be enpl oyed as the antibody in the present invention. Exanples of the

ant i bodywheragmiatytigredlls atw used, dbare are predupion spstebs Usiag bactetial dellabKnown
F(ab')2, Fv, and single chain Fv éscF.v, sc(Fv)2 and the |ike) having one or
nmor e spewctarial eqlisdncluds Bpenlicetllp ynd Baciflpngpbiibs i Thetantbedycis gbtai YL- chai n
t hrough an appropriate linker (Huston, J. S. et al., Proc. Natl. Acad. Sci.
U S. A (ingegycimsa dedrrd-agibaly geng dutp thesarcels byatsansfprmagionyandsultpieg 8¢ wi t h
papai n or pepsin to generate anti body fragnents, or a gene encoding these
ant i bodytransismeacells @ vésast ruct ed, and the gene is expressed in appropriate

host cel] s
[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'),, 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



after |ntrodu0| ng the gene into an expression vector (see., for exanple, Co,
M S ‘et al., T. |Imunol. (1994)152, 2968-2976; Better, M and Horwitz, A
H., Met hods Enzym)l. (1989) 178, 476-496; Pl uckt hun, A and Skerra, A,

Met hods Enzynol . (1989) 178, 497-515 ; Lanoyi, E., Methods Enzynol, (1986)
121, 652-663 ; Rousseaux, J. et al., Methods Enzynol. (1986)121, 663-669 ;
Bird, R E and Wal ker, B. W, Trends Biotechnol. (1991) 9, 132-137. [0027]
Ant i bodi es bound to various nol ecul es slt@h as pol yet hyl ene glycol (PEG can
al so be used as nodified anti bodies. The term "anti body"” used in the

present ERyERiiiie dloadriedlAibbaies Udesest B‘ﬁﬁi@fletlﬁ)b@i@S @;ﬂlt hdahged by hese

nodi fi ed anti bodi es can be obtained by chemcally nodifylng an obt ai ned

ant i body chMeicHR! s Ry ingan' otk 18edCathibb B¢ W&H&@%r'&ﬁﬁln@r&t tRShedkiciad at the

art. [0028] Exanples of the antibody contained in the formulation according
to the peagsiNhed iRk on 1 nclude, but not limted to, anti-tissue factor
anti bodies, anti-IL-6 receptor antibodies, anti-IL-6 antibodies, HM. 24

antigen ngoxsg! @Xﬁh{g%@b‘fﬁ%ﬂﬁﬁﬂd}%ﬁﬂtalﬁ@f ﬁltth&’f&hﬁlatmra@@d}ﬂnfgﬁb%&ﬁe%@t i de
anti bodies (anti-PTH P antibodies), anti-glypican-3 anti bodies,

ant i - gangiveatibsl tnc@d3, Buttnobhihites to, antiitisfiRAattee emitdicsArAPNNG $tcepttri bodi es,
factor VIII-substituting anti bodi es, anti-CD3 anti bodi es, anti-CD20

ant i bodi astibalids, aksHb/6l dnhBOdlesjﬁ-INZICDQﬂ%ﬁtlgﬁﬂﬁlbnﬂ"mﬁla@.ﬁﬁﬂlﬁlﬂﬁbsﬁﬁntl-pﬂﬁthym5
anti bodi es, anti-EGFR anti bodies, anti-Her2/neu antibodies, anti-RSV
anti bodi ésrmem-teldtEBRepaidt hidlshdixs, (amtivPITHcPa#t ilboties),cohitied ypiami-B -ahgbodies,
anti bodi es, anti-CDlla antibodies, anti-VEG- antibodies, anti-VLA4
ant i bodi asti-gangliosidélGMaraniibodies anti-dfRD soeptnr anftOHRNt aftitfdiesy fadtaaxanpl es of
t he reshaped human antibodies used in the present invention include
hurani zedTHrubstitntieg hetilodies( dnti-6P3raptibpdics, antGIBYHngbodieRNMnli-GPIIMIA (see WO
92-19759), hunmani zed anti-HM .24 anti %en nonocl onal anti bodi es (see WO
98- 14580)ant1bdd;|¢mniltz§aIFamtlib0@a$,amhy¢la2 afhodisscanteEGFBantibpdiesi antirldrBmdi es
(anti-PTH P anti bodi es g see WO 98-13388), humani zed anti-tissue factor
ant i bodi @stilfoskics, mi-B&Voantibgylics rrati-GR33 anfifngiesarntBCRIR@ntibedies, gdilgRnt i bodi es
(see PCT/ JP05/013103 The humani zed
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



anti bqdi es especially preferred in the present invention are hunani zed
anti-lL-6 receptor antibodies. [0030] As the human |1 gM anti bodi es,
anti-ganglioside GM8 reconbi nant hurman | gM anti bodies (see WD 05-05636) and
the like are preferred. [0031] As the | ow nol ecul ar wei ght anti bodi es,
anti-TPO receptor antagonist diabodies (see WD 02-33072), anti-CD47 agoni st
di abodi es (see WO 01-66737) and the like are preferred. [0032] To eval uate
the shelf stability of the high concentdhtion antibody-containing |iquid
formul ation, the present inventors studied the effects of various additives

by conduggyidia Hi%ﬁtcon&‘ﬁ%{i@ﬁ 8t Adiboll @ $aS dRSSIvEA Mb\ﬁ?\ﬁ%bﬁﬁiﬁhicgﬁafn@l% fhe As a
result, it was found that in solutions in -11- which a high concentration of

ant i body aWeso i aiMed thd aﬁo@xﬁf&fgén&%ﬂl dih& WaNnRlRY REn R in 86TufiGhsasi d
argi ni ne, the anmount of generated diner was snmaller than that in solutions

to whi chvhadtQirRinie Wasndatddar dgdomfthesdEduds Sit 71aS Bund, thattaryidme ioeenettibas
arginine is ef Fective as a stabilizer for inhibiti ng di nmerization. Further,
i n sol ut agabilizar fdriighibRinkgidieGuioaNt Faithedin sofutidat ibatichwitigldcsikehty/idbni N a
buffer solution containing arginine and nethionine, the i n%i bitory effect
agai nst @t agtiiodqtwasrdisselyed ixs & butfer salutiontcohaliniag meénihe aid @ethidniag, gheri ne and
nmet hi onine which is I ower than the concentrati on of arginine al one needed
for att aintibigory bfectsaainsi dihicbizativnywas dtsetved bt ptutillveaeentraton bBargidinewasl f ound
that a synergistic effect is obtained by the addition of arginine and

met hi oni meethioniae shicteisilower than the epncentratiers of agindnd dlane natdedria attamingothe t he
anti body nolecules is inhibited by the addition of arginine. These results
are exenphmé inhibitsy eHec¢t. r Fsuh these salthéidwisoiound gaplkeeargistiaeffidatdgs ebthinedini zed
anti-1L-6 receptor antibody at a concentration of 180ng/m . [0033] Thus, by
addi ng abyiti addlition ef asgiabicl and anethignise ab cembinatign dyFurthenut was found ghatbe

provi ded, in which dinerization of the antibody is reduced and deam dati on
of the adeuhbigdijon pisthp patieetyaroleqtes istinfibitedsby theaddisiop o mrgimine.heThesesent
invention is characterized by adding, arginine to a solution, whereb

di neri zat¢sghs atie egemplified potestoesulsodb thtgay s#fBple con@ininga hpmpniged @ﬁl'illﬁﬁt he
resulting anti body-containing |liquid formulation. Accordingly, an

embodi meAgceR®r antiosly|ab a sar¢epation o8O/ | i quid formulation is

characterjzed in that i
[00333j Thus, by add}ng arginine as a stabilizer, a stable antibody formulation can be

provided, in which dimerization of the antibody is reduced and deamidation of the 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 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,



contains an anti body and arginine in a buffer solution. Further, as

descri bed above, an antibody-containing liquid fornmulation of the present
invention can additionally contain nethionine in the solution, with a
synergistic effect being obtained by use of arginine and nethionine in
conbination. Therefore, a second aspect. of the present invention is
characterized by addi ng argi ni ne and net hionine to a solution, whereby

di merization, in particular, of the anft%body nolecules is inhibited in the
resulting antibody-containing liquid fornulation. Accordingly, an

embodi Medérivafiveéd thérdbt Mmdanalts RREBOT eAb@uEdNT ThArgiint anldRaIREd0PArd Sreferred.
characterized in that it contains an antibody, arginine and nethionine in a
buf fer sk tHeirdthion@234td Astht Peesartdhwinfion keFbfite mbMidiesesthpdundgel kQn, arty
of the arginine conpound per se, -12- derivatives thereof and salts thereof
can be udglatitesahreof 4@ sahsltieedof sart beuedf #rmeti@ifins ardcalts AgrdofiareTet hi oni ne
used in the present invention, any of the nethionine conpound per se,

deri vat ipreferteier eof and salts thereof can be used. L-nethionine and salts
thereof are preferred. [0035] In cases where the antibody-containing |iquid
f or mul at[l0085 Jaclnarasksnghdre thehatipodysemttaining gpuid fonmatatibaiaocordingito iheepresedt does
not contain nethionine, the concentration of arginine is preferably 50 to
1500 nmM invent®nmosfagrsapginintGdd tdoesl@@@ontyin meihlidnime the qpmeéraratioh pf 2niheis 700
mM I n cases where the antibody-containing liquid fornulation according to
the premeferablng@ s i3 mhmeirn prefergblyi 108 tad B00ret\j stiti mere fréferabdy 200 to
concentration of arginine and nethionine is preferably 50 to 1200 mM for
exanpl e, 748y mMer dblcpsestterathgiantibed yeamdaning diquahforiglation aecotdiog tofleand t he
met hi oni ne concentration is 10 to 200 M nore preferably, the arginine
concent rpieseshinventio eantaigargivingmand methipsine, theitplal eansertmtioataferginine 20dt o 100
mM and still nore preferably, the arginine concentration is 100 to 300 nM
and t he methigndre is @referghlyet todt208 m¥sfor @xamplsoprefaralil poBe premiae perceriratingl ut i on
is prepared using a buffering agent which is a substance for naintaining a
pH of t h& 484 GQQ@WM ppd ﬁlennﬁﬁloem@@mqnar@tl% isah} o298y Mp Hrosg prekRIably oflie d

o o S RARES R b % 105 RIS nd B SIS ne SR 2L 16 THh Ae™ 1

pr ef er ap}gmanG gpngen ;
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.



nore preferably 5.0 to 7.5, still nore preferably 5.5 to 7.2, and still nore
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 exanples thereof include inorganic salts such as
phosphoric acid salts (sodium or potassium and sodi um hydrogen carbonat e;
organic acid salts such as citric acidl8alts (sodiumor potassium, sodium
acetate and sodi um succi nate; and acids such as phosphoric acid, carbonic

act d. ol UicGoREhthoriSHB I APk iRkl dndit L 3000 T A rff S10 10ERRE!

Tris buffers, ers suc and tidine

hi stidi n%tlﬂ%r@i)‘?éf@fab AfloboSAM.) Iﬁrégseg|v0‘rfe'ré‘§hxﬁﬁﬂln@|b§f3fepﬁ WdEEGhe wférhe h gh
concentration nt 1 body-containing liquid formulation accordi'ng to

present iBuRdhicBRtaids st £ coficenaBbE bR eyerﬁﬂ;a I5sth eI, Qié)fré ?_x"efé?ﬁbl? '1&5% ne
buffer, and a histidine buffer is especially preferred. - he

concentr aig v of the buffer solution is generally 1 to 500 mv preferably 5
to 100 mM still nore preferably 10 to 20 nM In cases where a histidine

buf fer i 9003Hd Forlie RdbiEmigib@inethteNicaqmntiBy ccmuﬁhin@ nﬁm@fmﬁum@ﬁent ration
of preferably 5 to 25 nM nore preferably 10 to [ 0037] For the

"stabl e" Jtetingad ¢iRpredint Gvedtidr, BRpAViaNERINBE Rohok bﬁwrﬁladf@lié’ﬂJﬂt & dtéved at a
according to the present i nvention, significant change is not observed when

it is staeRipeddtion terhpdrafuge(2abigoq) fcﬁmp&raatnnﬁoﬁ iBs,tpRef8fably ok 2afcalscafit mded
nont hs, preferably for 2 years, and nore preferably for 3 years; or when it

i s st or echréferabbofor Bepst at when i 22stded ABfoonf RIMpRtath@32 t6328M) oM leagt Bf er abl y
6 nmonths, and nore preferably 1 year. For exanple, sum anmount of diners and
degr adat imenths, peifetablyl mbhthsf avdnmortprefierabhehyedr. | Foséxngde, auntdmdéunt o2 year s
is 5 .0%or lower, preferably 2% or | ower, and nore preferably 1.5% or

| ower ; ordimearsaadwlegtadatidn phodests inathe falegrda theit winm ipiscthred st 3 fon@ yiearsrizil at i on
when it is stored at 25C for 6 nonths is 5.0%or |ower, preferably 2% or

| ower, arfd0%wr dovpereprefeatbly 2% &otowier,|apdenare paI@8blyThe%fagdomeérani sm amoontdi ng
to the present invention can further contain a surfactant. @;00391 Typi cal
exanpl es dfdimens agd degradation fraducisiia the firowilationyyleadt imstazed 4535 €xand months

sorbitan fatty acid esters such as sorbitan nonocapryl ate, sorbitan
monol aur ds 8.-04ner siepiprefgrably 2% or lower, and more preferably 1.5% or Tower.

[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 glycol ether, polyoxyethylene polyoxypropylene propyl ether and



monopahni tate; glycerin fatty acid esters such as glycerol nonocapryl ate,

gl ycerol nononyristate and gl ycerol nonostearate; polyglycerol fatty acid
esters such as decagl yceryl nonostearate, decaglyceryl distearate and
decagl yceryl nonolinol eate; pol yoxyethylene sorbitan fatty acid esters such
as pol yoxyet hyl ene sorbitan nonol aurate, pol yoxyethylene sorbitan
nonool eat e, pol yoxyet hyl enesor bi tan nonost earate, pol yoxyethyl ene sorbitan
monopal mi tate, pol yoxyethyl ene sorbitanl4riol eate and pol yoxyet hyl ene
sorbitan tristearate; polyoxyethylene sorbitol fatty acid esters such as
pol yoxyebbwbﬁp&h?eﬁ@p&%x}Ip%maieev%fﬂwmaqﬂ,l d&%ﬁﬁ?}ai@tafkry{l FyP ehBistsQtn ALt T @
ol eate; pol'yoxyet hyl'ene dglycerin fatty acid eStefs suc s “pol yoxyet hyl ene
gl yceryl pgRAR$RAERL SonyRsHeM it divdrepslySxpeaifledettarderd cast®SdiRshcR YEN as
ponethyPene gl ycol disStearate; pol yoxyethyl ene al kyl ethers such as

pol yoxyepBKoep@hylane ¥stor@iINAH poB@ky&tyilehd iAdee:draki ) PPyt i Ideky| et hers
such as pol'yoxyet hyl ene pol yoxypropyl ene gl ycol ether, pol yoxyet hyl ene

pol yoxy pho@eitte dPER Y loil?;tﬂWOX?Etﬂ?f}eﬁébed@%%@d’dﬂaﬁ%m@h ROpYIPEYRAIBMMeENE
cetyl ether; polyoxyethylene alk phenyl ethers such as pol yoxyet hyl ene

nonyl phegyibitel Bk waRPpolpssetiYdrRendlar digivedvaaatp a%mly@xﬁ&@ne@Sanolin;
pol yoxyet hyl ene castor oil and pol yoxyet hyl ene hardened castor oi
( pol yoxy stiffydt@nshaviyg a0 g BadfositccEssueh aoipb)yoxpethyleny gittyydckiwnides Somerample,
derivatives such as pol yoxyethyl ene sorbitol bees wax; pol yoxyethyl ene
| anol i n @elyoxpdthylese setadecasanpidé;yamiondt hiyfaetemtd, foradxample, sikyf audfasendadts havingg an
HLB of 6 to 18 such as pol yoxyethylene fatty acid am des, for exanple,
pol yoxyetalh-€healbylt grdew,ananiscedivam cetyl ulfate, feditmiasry] fuifateaaigoidaim alekl |
sulfate salts having a Cl0-C18 al kyl group, such as sodiumcetyl sulfate,
sodi um | aulfate; mlydxycthybend abytiethen silietd salts in Which;thpaveyageymmiher efimokdsiof theet her
sulfate salts in which the average nunber of noles of the added ethyl ene
oxi de uniadded gthylencpoxddeineitsing todripd theotungkariod sarhpn ptones oftthe alkykgmougisolth i s
10 to 18, such as pol yoxyethyl ene sodiunllauréh sul fate; al kyl
sul f osuc¢d h&tsuckad palyeraiethvdeng scdinmgarryh pudfate; e sulfesuepinats salbghaying aley|
sul fosucci nate; natural surfactants such as |ecithin and o
gl ycer opkosthyl srpnm suchsassod Bop hysp suifosyceidatey prumal swhistaniorigh s ecithingnd
sucrose esters of Cl2-Cl18 fatty acids. These surfactants can be added to
the for mal¥eerophosphobipids;spengRPRosphRlimies Biehian aphipgRraYqlip; ardt suciRsesptckfe of
these suf 12&5?1?1&? agi?lg. b’Fhe%g gl?r acltar}ltsC garglbl;enaadtdleg ?d the formulation of the present

invention individually, or two or more of these surfactants 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 (PoloXamer 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);

0)) buffering agent(s); and



[0040] Preferred surfactants are pol yoxyethylene sorbitan fatty acid esters
and pol yoxyet hyl ene pol yoxypropyl ene al kyl ethers, and especially preferred
are pol ysorbates 20, 21, 40, 60, 65, 80, 81 and 85, and Pluronic type
surfactants, and nost preferred are polysorbates 20 and 80, and Pluronic

F- 68 (Pol oxanmer 188). [0041] The anount of the surfactant(s) to be added to
the anti body formul ation according to the present invention is generally
0.0001 to 10% (w v), preferably 0.001 t&55% nore preferably 0.005 to 3%
[0042] In another aspect of the present invention, the formulation according
to the p[gsentsuﬁmygﬂ@yon is preferably substantially conposed of the
foll ow ng conponents: A) anti-IL-6 receptor antibody; B) arginine and/or

et hi oni NE0433ndha et 'isﬁﬂsiimtﬁll? bmpobdi B aE@{rSthed - tHat.a dotydneRAROr thén thaN
optional additional conponent(s); C) buffering agent(s); and -15- D)

sur f act agbhmponentDikddlly dddedite fopniBativnk dhidtabhpinedhe e6kpohicnt eIl R addANs t hat
a conponent other than the conponents usually added to fornulations is not

cont ai nedorniuiatione Bpiageahd Sptivsidbaddytivdsbatponents idescribeabelons sl a3guspeadidgt i onal
addi ti ve conponents described bel ow, such as suspending agents,

sol ubi | i apdigs, agkibilizing sehrNisctoafeapests, pessedtivat,i adesrptiod inhilitorgiluedts,bi t or s,
di luents, vehicles, pH adjusters, soothing agents, sulfur-containing
r educi ng velgieles, pHaadjustets, sodthiag bgents, [s0fidiontdiringodieigemeniskaad anfByxidamgs.ni ne
and/ or met hi oni ne, and additional other amno acid(s) (e.g., tryptophan) as
an opt i of@N44dddhe nbosdesonipalin@)tagsipineiand foe arthioning ok wdditiohal otbasesnoher e
the formulation contains (b-1) arginine; Sb-Z) argi ni ne and net hi oni ne; and
(b-3) netid(sdke.getryptophan) ias vrbptiond additiomsl gomgenant(ay ds nieas(to)incladaitheur t her
include the cases where the fornulation additionally contains other am no
aci d( s) . caesfnherecttic Erambitiongontains (bt Harginmgi ho2)asgid{ns)and snathippingpangh(b-Bs t he
tryptophan, any of the tryptophan cqnpounﬂgfer se, derivatives thereof and
sal ts t hatedlgpninarrespecticdy, asiantamipe agiH addisive(sy and Surthes inchydedhe cagsg stherer ed.

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.



[[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 |ike can be
added to the formulation according to the present invention. [0046]
Exanpl es of the suspendi ng agent include nmethyl cellul ose, polysorbate 80,
hydr oxyet hyl cel | ul ose, gum arabi c, powdered tragacanth, sodium
car boxynet hyl cel | ul ose and pol yoxyet hyl@ne sorbitan nonol aurate. [0047]
Exanpl es of the solubilizing agent include, polyoxyethyl ene hydrogenated

castor o[h050] PPxYMPIRJE qle&Qsor?hs@mhﬁlﬁmr%mmiW@mﬂ lafienis A&t HiAN
nonol aur at e, “macrogol and castor oil fatty acid ethyl ester. [0048]

Exanpl es deftrdd) @thiy&(ﬂé@ﬂﬂ@-ggggr&le ioﬁrdettdpo@ﬁﬂ&,ufyued)dygfdﬁﬁ;eum@&@,&ﬁc%tugp cellhpsd, de

and calciumchloride. [ ] Exampl es of the preservative include

met hyl p- pyHogysthasaorydogaiatiylcastpr by diidpolbemyieat glycsior bi ¢ aci d, phenol,
cresol and ch?‘%rocresol. -16- [0050] Exanpl es of the adsorption inhibitor

i ncl ude NEOFD Etmmpleslob thei salful-eitaining, redwtdng agent inetudy ltenempal@dd hadig ene
oxi de copol yner, hydroxypropyl cellul ose, nethyl cellul ose, polyoxyethylene

hydr ogenailéisydedsiroup(s), buchred NpatetelchyttiaaeN-aestgbhomdHeteide, thiautiel aeil, of t he
sul fur-containing reduci ng agent include the conpounds having a sulfhydryl
gr oup( s) thisdiglycak tiibethatoldmins} thiogyceit] abatspibitoh mnoglyt elicasid hid exdtsitieerenti d,
t hi odi gl ycol , thioethanol am ne, thioglycerol, thiosorbitol, thioglycolic
aci d and ssedihtnsthioselfgefglutagwaiclamdt(hi- Gsthidalitases. gl ut at hi one and Cl. - C7
t hi oal kanes. [0052] Exanples of the antioxidant include erythorbic acid,
di but yI hy@¥5@}y Eshmples of theuanyibxident ihgludosnythorkiolacid, dibutydleysindreteliend, ocopher o
acetate, L-ascorbic acid and salts thereof, L-ascorbyl palmtate,
L- aseor bpntydatedhhydrexyasisele. artiagephsgd ntosepheralacetsisd Liasearbicfacideand sats thereof,
gal | ate, propyl gallate, and chelating agents such as di sodi um )
et hyl enedi-asepibel palmatatee Laaseorbylritpsyte, sOdHny kY drpeerpsidliishsqdium sulfie diiamyl
met aphosphate. [0053] The antjbody-containing liquid fornulation according
to the peabdntpropxleailateandschelating agents such as disodium ethylenediaminetetraacetate
(EDTA), sodium pyrophosphate and sodium metaphosphate.
[0053] The antibody-containing liquid formulation acc:ordihg 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



ysual |y adm ni stered through a parenteral route, for exanple, by injection
(subcut aneous, intravenous, intranuscular injections or the |ike),

per cut aneous, transnucosal, transnasal or pul nonary admnistration, but it
can also be adm nistered orally. In subcutaneous injection, the dose of
anti body per admnistration is large (about 100 to 200 ng) while the anount
of the injection solutionis limted, so that the formulation according to
the present invention is especially suited for subcutaneous injection.

[ 0054] The osnotic pressure ratio of the anti body-containing Iiquid

formul at pREAGRRAGHNY stdbfe fifRd BSfRENon dAX BR obAinddS iPWRICR IRRLYzaABRUhd 0- 5 tO
4, nore preferably about 0.7 to 2, and still nore preferably about 1.

[ 0055] ThamilgfrsifiiNe aftidoll§ danhs RRGY:HP HofigeiaRdsrhild tﬂgcadaﬁlrgrfy ki foRRuRGSRT di Ng
to the present invention is preferably about 2 to 15 nPas, nore preferably

about 4 #@inlkt 416128 or higiiho b dmeth@orifd, ©€ nietdbnihbalovkscosi ty described herein
is neasured by a rotation visconeter nmethod wusing a cone-plate type

Vi sconet [@057] nAaassthetarpect Of the plesest iMvatidal b YneDeddeforinhatiitifn déamideti@r ial Tests
, the Japanese Pharnacopoeia, 15th edition. [0056] As can be seen fromthe
resul ts aftibblig-cextainineliqule saiud@idnbéd rovidad,abe diettghdtcontphiging Addfigas ey
invention, a stable liquid fornul ati on can be obtained, in which

di mer i zaformolagioal argieiacotatalothemof.t he anti body during | ong-term storage are
smal |, by adding to the fornulation arginine alone, or arginine and

met hi oni [ROS58]r Asretilh anothereaspdod nEthe [pdéddt insntimod hethaalsfoeihitifing Bengpizesent
invention, a nethod for inhibiting deam dation in antibody-containing

l i qui d foffamibady onmtibedypcontainag liquid formutaidns srgovidedighaoidthod comprrikimg
formul ation arginine or a salt thereof. [0058] As still another aspect of

t he pr esahling tovtbafirow]ationmeginind ahdmethipiibet i ng di meri zation of antibody in
anti body-containing liquid fornulations is provided, the nethod conprising
addi ng tW06AE Ingherabescrdsscrabagl twiormecthods, thetantibadyis pr¢foabb)] an antiHe6 receptor
above-described two nethods, the antibody is preferably an anti-I1L-6

r ecept or antedy.Hulkigh isghhumnanizedantbadmeramamantyedy: or human anti body. [0060]
The present invention wll now be described in nore detail by way of the
exanpl es[0060] The present invention will now be described in more detail by way of the €xamples

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

samples were as follows:

[0064]



given_ bel ow. However, the scope of the present invention is not restricted
thereto. [0061] [Exanples] Antibody Sanple The hunmani zed anti-1L-6 receptor
anti body was the 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 WD 92/19759. This anti body
W Il occasionally be referred to as "MRA" in the tables in Exanples. EXAVPLE
1 [0062] Stabilizing Effects by Combinatdon of Ar ig nine and Met hionine
Liquid formul ati ons containing anti-1L-6 receptor humani zed anti body were
eval uat efrabgs1-ap i nfluence on stabilization of the formulations obtai ned by
use of a conbination of arginine and nethionine. [0063] In this study, to
eval uat e[}trb@,rigfifn@gt s by the conbination of arginine and net hi oni ne,

eval uat i pn—sanpt munbergd—A—toAS e prepared T Prescriptio for—the
Sampl o AnCERERy A g Mot PQT Yoot Hata 80 L1 oty o e bt For m R gt T
rzlcj)ma_ng/ Ag ____________ 18%%11:_ 0. 20_ iy A3 180 100 ¢ | g- 5
20 6.0 |A7 A?O 100 11%00. 520 6.0 _ 0.5 20 6.0

A2 180 50 - 0.5 20 6.0

A3 180 100 | - 0.5 20 6.0

A4 180 150 - 0.5 20 6.0

AS 180 200 - 0.5 20 6.0

Ab 180 300 - 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 thereof (%) were determined.

[0066]



A8 180 100 30 0.5 20 6.0 A9 180 100 50 0.5 20 6.0 To evaluate 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 chromatography (SEC). The anal ytical conditions
were as follows: [Gel Perneation Chromatography] The sanple was used as the
solution to be measured as it was. [006B)- One microliter of the solution to
be neasured was subjected to |iquid chromatography, and the peak areas of

t he peakpragfe doper, nononer and | ow ol ecul ar  wei ght degradation products
(LMN were neasured by an automatic anal ytical nethod, and the anounts

t her eof Ab@lywed €oiditRmel ned. [0066] -19- [Table 1-2] Analytical Conditions
Col um: TSKgel G3000SWk1 7. 8 nml. D. x 30 cm (TOSOH) Mbbil e Phase:
phosphat e buf f @sunaH TEKEe( E0008W% L7 phamphnad.& $0EhH€TOSPIH)7. 0,  cont ai ni ng
300 mmol /L of sodium chloride and 0. 05% sodi um azi de) Amount of Injected
Sanpl e: about WBBilt@hage: pessphate bulferpHi Ze SGiniol [ pHospletepifter, pAMo,body Fl ow
Rate: 1 mL/mn Detection Wavel ength: 280 nm [0067] [Formula 1] Cal cul ation
Equat i oncoediaingA00anmbl/Blof sddiatishiorideakd Alls& eddiddaneidey + Peak Area of D mer
+ Peak Area of Low Ml ecul ar Wei ght Degradation Products (LMAN Anmount of

Di mer (% = ( PeAknoAnesf InfectadrBamplatabbutARBa: goih téiints dfdmkimhized 20G-11-6 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. 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,



Amount of Low Mol ecul ar Wi ght Degradation Products (LMN (% = (Peak Area
of Low Mol ecul ar Wi ght Degradation Products/ Total Area of Al Peaks) x 100
A typical chromatography is shown in Fig. 1. [0068] The evaluation results
obtai ned by the gel perneation chromatography (SEC) are shown in Table 1
and Figs. 2 and 3. As shown, the anount of diner in the sanples (Sanple

Nos. A2 to A6) to which arginine was added, after the acceleration at 40C
for 3 nonths and at 25C for 6 nonths, -P@spectively, was snaller than that
in the sanple (Sanple No. Al) to which arginine was not added; and

accor di ngla¥ smbl1& thidinhi fnahy s@hpiestsaaipl@ngs Mp ﬁndiﬁa% 8stftainHgMBOIERE 40N wWas
confirnmed. It was also confirmed that the anpunt of di ner was reduced

proporti aRahiny, wkich BehcaiRatitn Wis 400t theShmk S tRASRMcodRn it nUMRE sthsiNgerst he
anount of dieter in the sanples (Sanple Nos. A7 to A9) to which arginine

(100 M) afdeheRidUNO6 Migheias ab@f dRdsanef 4sah thd@nite Baaiaé NoNAG) h4lhg hior 3
nont hs and at 25C for 6 nonths, respectively, -20- was snmaller than that in
t he sanphfsninSasidettrdas of AD0aAN. AdJheSOrtbalisird godsiderétModhdicateghdiiane, whi ch
concentration was about the sanme as the total concentration of the
st abi | i zeymergisaneffédnén thetntiibitioh of idimeéerization dshyiinédby S@fiBinéifg drpinideeandanpl e
(Sanmpl e No. A6) having an arginine concentration of 300 MM These results
are consmntgliiefinto i ndi cate that a synergistic effect in the inhibition of
di meri zation is obtai ned by conbining arginine and nethionine. [0069]
| nf | uenc §0@9] algfluenoeofardinivet dndoméeth®nie dohthe amounttofddwImolecddreeeiphtr wei ght
degradati on products was not observed. [0070] [Table 1-3] Table 1
40C 3npntlbgra@fonGroditcswaDnotmbs¢rdgd. LMV (%a) Diner (%9 LMV (% Al 2.70 1.25
1.88 0.48 A2 2.19 1.24 1.41 0.47 AS 2.00 1.34 1.33 0.49

[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
A4 1.85 1.38 1.19 0.49
A5 1.62 1.37 1.09 0.49
A6 1.53 1.46 0.99 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 A15 and numbered A16 to A18,



A4 1.85 1.38 1.19 0.49 AS 1.62 1.37 1.09 0.49 A6 1.53 1.46 0.99 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 agai nst Deam dation Liquid

formul ations containing anti-1L-6 receptor humani zed anti body were

eval uated for influence on the deam dation by arginine. [0072] In this
study, evaluation sanples nunbered Al0 é? Al5 and nunbered Al6 to Al8, -21-
containing different amounts of argininé*and nethionine, respectively, were
prepared. Prescriptions for the evaluation sanples were as follows: [0073]
[ Tabl e 2-coptainfiky disferdnphmonst of SaiphearhinethichindregspbetiveRg I\m@pﬂ&phled 80

Hi stidine buffer pH No. mg/mL MM M ng/ . M A10 180 - - 0.5 20 6.0 Al
180 50 - Poesbriptioms.fOr thakRalh8iorl @nplesOvére 20 f@lddvs: AL3 180 150 - 0.5 20 6.0 Al4
180 200 - 0.5 20 6.0 Al15 180 300 - 0.5 20 6.0 Al6 180 - 10 0.5 20 6.0 A17
180 - 30[00B]2¢T#1e2-1418 180 - 50 0.5 20 6.0

[Prescriptions]

Sample Antibody Arg Met Polysorbate 80 Histidine buffer :
No. mg/mL mM mM mg/mL mM -
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-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



To evaluate the stability of the liquid fornulations, 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 acceleration test were evaluated by ion-exchange
chromat ography (1 EC). The anal ytical conditions were as foll ows:
[l on- exchange Chronat ography] To each sanple, purified water was added to
adj ust the amount of the humani zed ant22tL-6 receptor antibody to about 1
ng in 1 nmL of the sanple, and the resulting sanple was used as the sanple
to be megsihfafic ahAQHA méMdd, ¥ndie st dub&ltherRbf “hPwSRMRlSmBRUWy MAhrdRS
subjected to i quid chromat ography, and the peak areas of the peaks of MRA
Pre, MRApMabmagdBéthadb- 1, MRA Sub-2, MRA R 1, 1Q(H)-MRA, 2Q(H)- MRA and ot her
rel ated substances (O hers) were nmeasured by an r -22- autonmatic anal yti cal
met hod, F@WSghmmﬂhﬁiiéalf@rtE@fotﬂ‘& thepeakslet e Rhbxeshcby A ehft€Paftdi@r cent age
met hod. [0075] MRA Pre indicates the total of the peaks of the substances
each el utr@ehtitintt@he shorfee HRRAthADS theMainofdpdherithaid 4 flatalidf of dugradtibn CONponent ,
and a plurality of degradation products, mainly deam dation products of
humani Ze?rcﬁlilt:is; mafly éeegtistionatbi byt hutdenizddnelkivdes rec¥renaititddpy wakict i on
anount of this Pre peak was small, inhibition of deamdation of the
ant i body incdudeddi $lieddhe pAEEHor amdine oRthd] PreAveak wiak emhkll Gahibitionosts Col um:
ProPac WCX-10 4 x 250 nm (DI ONEX) Mbobil e Phase: Solution A: 25 mmol /L MES
buf f er sdbathidation pfthé ailtibdalyiis endRiatesle: Sol ution B: 25 mmol /L MES buffer
solution, pH 6.1 (containing 250 mmol/L of sodium chloride) Anmount of
| nj ect ed [@¥6p| ETabdbdd2] 30 g in ternms of hunmani zed anti-IL-6 receptor
ant i body

Analytical 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 xg in terms of humanized anti-I1L-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 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 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



Flow Rate: 0.5 mjmin Detection Wavel ength: 280 nmm [00771 [Fornula 2]

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 1Q(H) -MRA Peaks + Total Area of 2Q(fi)-MRA Peaks + Peak Area of Ohers
Amount of MRA Pre (Total Area of MRA Pre Peaks/Total Area of Al Peaks) x
100 A typical chromatography is shown i28+Fig. 4. MRA Pre indicates the total
of the -23- peaks of the substances appearing earlier than that of the nmain
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of Pre peaks uced proportionally to an amount of arginine added

the ot heg,oR@Bdesge Qﬁvﬁ?’%ﬁsmﬂfer faf (PR 3K thel s'ﬁmﬁ])the(a PR RS, Aﬁ?%lvﬁu@ﬂps Al6 to
A18) to which nmethionihe was added, after cceleration at 40C for 3

mont hs  agdindde wndtAdd&Y; m&h&&fdlhglsypﬁﬁtmmiw hy iR otRet &l dindle dsBinst fh€ sanpl e
(Sanpl e N6. A10) to which argi niné was not added; and accordingly, influence

of the géifétatﬂoﬁr@f@ie g@kbu@@wﬁm&a NYtwARPAQS dfirmEQ Baf1he abddiing o2PRIpedRP| € 2
Pre peak (" 70) 40C-3nont hs 25C- 6nont hs

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
A10 56.2 32.3
All 51.3 30.3
A12 50.7 29.3
Al3 49.0 28.7
Al4 478 28.5
Al5 47.0 27.9
A16 55.7 31.2
A17 55.0 31.2
Al8 553 31.4

EXAMPLE 3



A10 56.2 32.3 Al 51.3 30.3 A12 50.7 29.3 Al13 49.0 28.7 Al4 47.8 28.5
Al5 47.0 27.9 Al16 55.7 31.2 Al7 55.0 31.2 A18 55.3 31.4 EXAMPLE 3 -24-

[ 0080] Stabilizing Effects by Combination of Arrg nine and Methionine (2) As
in Exanple 1, liquid formul ations containing anti-1L-6 receptor humani zed
anti body were evaluated for influence on stabilization of the formul ations
obt ai ned by use of a conbination of arginine and nethionine. [0081] In this
study, to evaluate effects of the conti i on of arginine and nethi oni ne,
eval uati on sanpl es nunbered A19 to A27 were prepared. Prescriptions for the

eval uat i @80T aSMabigisingafeechshy CbhbiMtiod SORZining akd Me3hidhine (Y escri pti ons]
Sanpl e Anti body Arg Met Pol ysorbate 80 Hi stidine buffer pH™ No. ng/nL nM nm

ng/ L mm A19 180in Exarfhl® 128q:fid GormfichS Qoftiningarfti-HO6 Ge @ ptofBdmifRed 00 - 0.5
20 6.0 A22 180 150 - 0.5 20 6.0 A23 180 200 - 0.5 20 6.0

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
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



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
fornul ati ons, each sanple was subjected to a I|ight acceleration test (total
illum nance 1,200,000 lux and total near-ultraviolet radiation energy: 200
Wi/ nR). The purities of the antibody before and after the |ight acceleration
test were eval uated by gel perneation chromatography (SEC) and ion exchange
chromat ography (1EC) as in Exanples 1 a2fd-2. [0083] The evaluation results
by the gel perneation chromatography (SEC) are shown in -25- Table 3 and Fig
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(100 mM and nethi oni ne were added, after the |ight acceleration test was
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argi nine, which concentration was about” the sane as the total concentration
of the spmbihindehs;anudt ShEmRABLIE s@hpRE (SmpIB NosSABS tEA2TBRvHieh hfggmisanpl es
(Sanpl e Nos. A23 and A24) having arginine concentrations of 200 and 300
MM r es p@OLin®) ¥ind fieefienine sidtd sided eafteh ehediht heceloraticietest whtaimatlesthagtigitst i ¢
effect in the inhibition of dinerization is obtained by conbining arginine
and net hincthe semple [(S4BHE No1fA22¢ nostaimingat i mvhef apiminee whidhrioneemntivh&aanount

of | ow nol ecul ar wei ght degradation products was not observed. [0085]

[ Tabl e 3aljut Tretdameds the, PED cOB@htration & tBOstdbilizers; 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




h/m Dinmer (%9 LIAW(% 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 4.05 0.17 A27
3.84 0.16 -26- Next, the evaluation results by the ion exchange
chromat ography (I1EC) are shown in Table 4 and Fig 8. [0086] As shown, the
anount of Pre peak in the sanples (Sanple Nos. A20 to A24) to which
argi ni ne was added, after the light acceleration test was smaller than that
in the sanple (Sanmple No. A19) to whi cBbarginine was not added; and
accordingly, the inhibitory effect of arginine against formation of Pre
peak was confi N&M th&Abion rédultdB$ tikaBh ickdRf et BRbonBod ishy (@IOYAE sRbwn in
argi ni ne i ncreases, the production” anount of Pre peak decreases
proporti anpteed nd Fi@8. t he ot her hand, the anount of diner after the |ight
acceleration test In the sanples (Sanple Nos. A25 to A27) to which
net hi oni 1g08&3s Aswhbal thadeRUnt 6f e peali mahé ledSansie NosBA 2Rl Rothat in
t he sarrplme 8(%arrpl e No. A22) contai %i ng 150%g$4a¥’g?ni ne, whi cl?]m
concent r atlicarghtnewadiiddet cafted iR 1oght bbldraia teStonaasmnialiet ihan tigh id R sample
stabilizers; and it was snaller than in the sanples (Sanple Nos. A23 and
A24) havi(8gmplediniA1®) cowhizhtargihine s aibt adtiRd; md aodrdddly, thé inhétsipey tifveloy .
These results are thought to indicate that a synergistic effect in the
i nhi bi ti anginie hgsinsttfonmtivh dPPee pakiwdsyconfiemednbiurdicr,dhwad canfigmed tieat anthe
met hi oni ne. [0087] [ Table 4]

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
concentration was about the same as the total concentration of the stabilizers; and it 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 formation of Pre peak by the combination of arginine and
methionine.

[0087] [Table 4]

Pre peak (%)
1,200,0001lux
+200 W-

h/m’
A19 39.2
A20 38.6
A21 36.7
A22 357
A23 349
A24 349
A25 36.8
A26 35.0
A27 338




Pre peak (% 1, 200,000lux + 200 W h/nm2 Al19 39.2 A20 38.6 Al 36.7 A22
35.7 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 formulation, characterized by conpri sing
arginine and nethionine. 2. The formulation of claim1 further conprising a
hi stidine buffering agent. 3. The formulation of claim1l or 2 further
conprising a surfactant. 4. The fornulation according to any of clains 1 to
3 containing the antibody in an anount2’of at |east 50 ng/m . 5. The
formul ati on according to any of clains 1 to 3 containing the antibody in an
anmount of at least 100 ng/m . 6. The i ati on according to any of clains
1 to 3 containing the antibody in an anpbunt of at |least 120 ng/m . 7. The
formul ati on according to any of the preceding clains wherein the antibody is
an anti-lL-6 receptor antibody. 8. A stable liquid fornulation containing

an anti-jL-6 r&GeBIOIntHOLY-BOEtNinifEd{AE EHiulfdn, characterized by comprising

arginine and methionine.

2. The formulation of claim 1 further comprising a histidine buffering agent.
3. - The formulation of claim 1 or 2 further comprising a surfactant.
4. The formulation according to any of claims 1 to 3 containing the antibody in an

amount of at least 50 mg/ml.

5. The formulation according to any of claims 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-IL-6 receptor antibody.

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

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

humanized 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 to any of the preceding claims having a viscosity of from
2 to 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.



Qy conprising either arginine or nmethionine. 9. The formnul ation according to
any of the preceding clains wherein the antibody is a humani zed anti body or
human anti body. 10. The fornul ati on according to any of the preceding clains
further conprising tryptophane. 11. The formnul ati on according to any of

clainms the preceding clains having the pHin the range from4 to 8. 12. The
formul ati on according to any of the preceding clains wherein the arginine is
present in an anmount of from50 to 150088 13. The fornul ati on according to
any of the preceding clains having a viscosity of from 2 to 15 nPas. 14.

The for mykati ohagseklhtich atc‘éoﬁ’iﬁ/gz@fanglﬂﬁc&'ir%?% 09 GhAlciBizedH @l i s stable at

22- 28C for at least 6 nonths formul at1i on according to any of

clains 1 dqrgeﬁgwoﬁla,%ﬁq:g(ﬂ?,lﬂ@gcdl& it hfdibit<l. meri zati on of anti body nolecules is
i nhibited. 16. The formulation according to any of clains 1 to 13,

charact erjigzed ihetthdhulatitRPECERIIAOR @D oRR1aIROUYo 18] @aHIcRSizE$id MR bited, 17.
The formul ation according to any of cClains 1 to 13, which is for

subcut ane]@gyﬁldagaﬂbﬂmﬁmoaymecul& is Tinebifedr mul ati on according to any of clains
1 to 13 which has not been subjected to Iyophillization during preparation

of the farnul atihedornhfatich #6ebIdath focmyiofidiahs il i 18leaNick af foP Butelitaedecul es of
an antibody in a liquid formulation cont ai ni ng the ant i body, conpri sing

addi ng araginiiseation. t he liquid formulation. 20. A nethod for inhibiting
di meri zation of nolecules of an antibody in a liquid fornulation containing
the anti lgdy, dhepoinsilagoreatdordingtogingiof elains 1 ne b wbidchiesthot béea subjguied to
formul ation.

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.





