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WO 2004/071439 PCTJUS2004/003873 IMMUNOGLOBULIN
FORMULATION AND METHOD OF 5 PREPARATION THEREOF FIELD
OF THE INVENTION The invention is directed to stable, concentrated
wiprmletiens of proteins or antibodies, such as natalizumat® GAREASIH/H4és73
activity of the antibody is retained and also can 10 be administered in a
small volume and can be administered to a subject of variable weight in
need thereof. BACKGROUND OF THE INVENTION Antibody and protein
formulations are known in the art. However, preparing protein 15

formulations, such as antibody formulations, which arepf?%iﬂﬁ%"é nd
biological}3EBNO G A ons

R it Tged: |
which are also not only F: ARALFOM AHERE S mall volume (i.e.,

allowing for a small volume injection) even with an increased
FIFON @ pt@ipRivpRteinéuch as antibody, also is problematic. The need

for such formulations exist. For. example, concent tein
i R e e O S
antipatiprlsehvariakisaveightwiceiristrationtp b fhrantd pdtisme BRchrbso can

eights may, for e mOEIL%} VE-Aadversa feachion DeMRIoRMemE weight in
be %%Héﬂnfgo%ﬁrﬁ{?léi[%% )igg ee?]h%lnaered %y the proteins or tﬁg antibodies

neethégrsefves, which have a high tendency to aggregate and precipitate. 25
SUMMARY OF THE INVENTION Therefore, notwithstanding what has
previously been reported in the literature, there exists a need for

BAGKIRETNBRTHS BESMYRBHE Proteins and/or antibodies. There is also
a neegionstakliefamulationsvithlape.cenceny atioisoofant]pochatng protein
protein, where the activity of the antib dé/ or §)r tein izﬁ regggﬁg oAl§911 stable
forpalicta A TRV 38?%}?%}1@9% rSted T ﬁro%‘e’mw ich maintain
arcaii et valume hpplicapis aiscidsarhéstimsteltild: gomipositionswible ancan
- be further ytilized to prepare antibody formulat . i : -
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ysicians in treating subjécts of variable wiiéghts_. In one embodiment

alstherblisvproide s @ertableberslisin soprbionacd ItiERPia MR o dmimstration of

fluids to patients of variable weights may, for example, have an adverse reaction.
Development of such formulations has been hindered by the proteins or the antibodies

themselves, which have a high tendency to aggregate and precipitate.

SUMMARY OF THE INVENTION

Therefore, notwithstanding what has previously been reported in the literature, there
exists a need for improved methods of formulating proteins and/or antibodies. There is also a
need for stable formulations with large concentrations of antibody or protein, whers the
activity of the antibody or protein is retained. Also needed are stable formulations of
concentrated protein which maintain a fixed volume. Applicants disclose herein stable
compositions which can be further utilized to prepare antibody formulations, especially
formulations with high concentrations of antibody which do not precipitate out and are stable
when stored at the recommended temperatures. The highly concentrated and stable antibody

formulations will greatly aid physicians in treating subjects of variable weights.



comprising an immunoglobulin (or other protein), a phosphate buffer, a
polysorbate, and sodium chloride. Preferably the polysorbate is

PSSRl ANdeietally e AngHot Qﬁu%Bﬂéjﬁ%Qfﬁ%%%@aﬁﬁhnulaﬁon

2.0% (w/v). Most preferably the polysorbate is present’in the amoun

comprisig@oift GroPuH9aleRIdiRetE NI rREYE e InRHOFRETSLUNANYE Gtheg!protese. and
sodium dBIBFRRE %Eﬁeﬁﬂﬁlrsfcm@ Blalen hRBNAAKBHY AROULR L RGMbI {0 ARRUAmount of
e

200 mg/mL. Preferably the formulation is buffered to a pH between about
about 0.0054rR ABUCT0°dTt] ot BrefElai s B SArEY 8 %!S Thes R datighount of
about (.02 referablylisotaniedidedorin lationumogiofutthescomhpripeotuiticingesent in the

formulatie Eﬂﬁ rably, e histiding i, L hisadine 'qi? onsyasRek ingie s provided 8. ation
staple™aglieods pharmaceutical formutation compriding an
is bufferggh munpld bbiegreaphospliatednlffer, apaldsodsatecindspditrpoohiofide).5. The

formulat¥RGEERFAILLIMTNAgIoRlif (5 NRtAlZUmADe D %@lﬁgﬁ%%ﬁﬁﬁlﬁ@ﬁﬁ'&%mbiy,

~_Immunoglobulin of the above formulation is’an anti-alpha-4 integrin
the histidipgiboliyristigias natalizumab or another humanized antibody or
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or in a concentrated amount, e.g., about 15 mg/mL or.more, Preferahly,
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immunodloBuliginhatkiistabces wherein the formulation is present in a

concentration of about 15 mg/mL. or more, this formuylation is maintained i
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This ani®3A9THAR OB AlRerANe WG ARELAL AL A TMURQEIoRLINCOMPHS %%i’e about 15

administering a formulation as described above and herein, wherein
mg/mL omgitorn Teiehtsdthy natirsahts PEFEHE oA GIREEAT 9aeRihadP me/mL to

about 1585R€6hHPf thenfivgntionHhatihr.canditionbe epe sthatisamesiaieddh of about 13

alpha-4 integrin, and.in such conditions the innnunoglobulin is one which
mg/mL %86%%2@5%’&“6' LR SIPHAREE YN ST 8 WAt AN G Rirfgrt 125

ml.. embodiment, there is provided a composition comprising a sodium

hosphate, a,palysorbate, a protein and NaCl with .of 6.0f0.5, . .
R I RN R B P B g oo
weight feried ofnidrern erk aspactatesieisyprovidedfa eomipusitiorgeomiprisiegprising

administ&ﬁ%d;&ufgrﬁmmﬁ%' @QSQHB@%@{% &l r@&j&a@é}l&{; Itl%i%ﬁd?gi)ﬁfi@tpegted by

0.5, wherein said protein is an immunoglobulin, and wherein sai -
administgiiag ﬁé@h’@b@ﬁ@‘i@@ﬁﬂalﬁ%@a@ﬁhﬁr aspect of the invention that the condition be one

that is mediated by alpha-4 integrin, and in such conditions the immunoglobulin is one which
recognizes and binds to alpha-4 integrin, such as natalizumab,

In a further embodiment, there is provided a composition comprising a sodium
phosphate, a polysorbate, a protein and NaCl with a pH of 6.0+0.5, wherein the composition is
stable when stored at 5°C to 8°C for a long period of time.

In one aspect, there 1s provided a composition comprising a sodium phosphate, a
polysorbate, a protein and NaCl with a pH of 6.0 + 0.5, wherein said protein is an
immunoglobulin, and wherein said immunoglobulin is natalizumab.

In another embodiment, there is provided a method of preparing a stable protein
containing formulation comprising admixing sodium phosphate, sodium chloride, a polysorbate
and a protein and adjusting the pH of the mixture with phosphoric acid to about pH 6.0 = 0.5.

In one aspect, there is provided a method of preparing a stable protein containing
formulation comprising admixing sodium phosphate, sodium chloride, a polysorbate and a
protein and adjusting the pH of the mixture with phosphoric acid to pH 6.0 + 0.5, wherein said
protein is an immunoglobulin, and wherein said immunoglobulin is natalizumab.
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In another embodiment, there is provided a method of preparing a stable
protein containing formulation comprising admixing sodium phosphate,

odium chloride, a polysarbate ,and a protein and adjusting the pH of the
TR Bl S SRS AT Aotk AP SA5%. ah e B, PEsghen. The
polysorbgeoni ged @ahibtipedysd repRiRgaestai e pioteicontdintng: foldUaton), and the
.. COMPIISI mixing.sodium phosphate, sadium chloride, a.pelysorbate
protein B A B S SR e o
Prtealoyotbe vilre ipieaids @Y@:@ﬁhi@%ﬁlimmnﬁgmbmriahtgyﬁh@m&mﬁéjdine, 20
mg/mL {REBUICAIPRIEDYS paializimats@ khe protginmavke yorhlized it themab at a

formulation of the present invention. The polysorbate’is preferably
concentrifigu el HATEBME--present in an amount of about 0.02% (w/v), and the

IiProteiAtSrPeateralycnatalizkimiabyrbhRriéarn atigs dely AN EOM RIS rising a

_.__histidine,, Preferahly, the the protein is lyophilized in a solution comprising
containes T T 20 TR GG EL ATV G A S bnbate 30 at & pH 6,
Ireme: memiothbjrdsimmmmabjat@npﬁmﬁ@maﬁm’mhffaﬁmgkmh.a]mchﬁned above,
Ir{c %Q%?@QBS'HHE&HB‘?{%% I3 r%rr%\ﬁgeegj aa%%%ffﬂglc? ]?)fr %gﬁ%{gg%i%@%et'e with variable

. comprls!n_g a conta_lr!er Q| i gt e st ormulatlon e_ % ! apbove )
weight {arrochedéioniromeraspecinbbrads sy viteenuddtiedymshigingithmgtablhe patient a

therapeud@AMUlaRaRAS definsdabayver In anotherembadiment thereisRioYidethaand a

method for treating a patient with variable weight for a condition,
compoundihRiFEiRy sfTaHERa8HES Gresidéiftially administering to the patient a
Itherapeidicalhbetfiestive enmbination afad fagnuatian deserbedaanoveraidations

. ein gnd a compound or therapy effective against the condition. Jn.a .
deserived b T e anR HEFet DOV GSe b a1 BFHHBeBleh condien whrein
the medifarmulatioriScdescribecdiesaih fondhenprefaraticdiofmaedicametiidfordheprise a

second ¢ &Sﬁgmﬁ% 1‘ofﬂg rgrﬁyggigg a\(v@l rgglrll d.ttigg medicament is effective to treat said
condition. 1I IS medicament may frther comprise a second compound or

Inieaeagspeettidarahe montladmd mred dupeeblthbranslgiovigedetiredsbofe for the
preparatidi®PiRRlEfemulaton @3 definedAbeNsRRINB.RIERAKREGN PhRient wherein said

_ medicament for the treatment of inflammatory diSease in a patient wherein

inflammadony digarriResydrsk Sean e ety SRR g ol B eBmBRiing Grits. multiple

sclerosis HhguIretaid Brtletis, multiple sclerosis and Crohn's Disease. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS OF

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF
THE INVENTION
1. Definitiens

By "protein” is meant to include but is not limited to immunoglobulins, enzymes,
receptor, and fragments thereof. Although discussion of the formulation is provided mainly in
reference to an antibody or immunoglobulin, other proteins are contemplated as interchangeable
in the formulations disclosed.

By "immunoglobulin™ is meant to include but is not limited to an antibody and antibody
fragment (such as scFv, Fab, Fc, F(ab'),), and other genetically engineered portions of
antibodies. Depending on the amino acid sequence of the constant domain of their heavy chains,
immunoglobulins can be assigned to different classes. There are five major classes of
immunoglobulins: IgA, IgD, Igk, 1gG and IgM. Several of these may be further divided into
subclasses (isotypes), e.g., 1gGl, 1gG2, 1gG3, and [gG4; [gAl and 1gA2. The heavy chain
constant domains that correspond to the different classes of immunoglobuling are called alpha

(), delta (), epsilon (&), gamma (y), and mu (), respectively. The subunit structures and
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THE INVENTION 1. Definitions By "protein” is meant to include but is not
limited to immunoglobulins, enzymes, receptor, and fragments thereof.
Although discussion of the formulation is provided mainly in reference to
wanw@mstibedy or immunoglobulin, other proteins are contemplat&d$g04/003873
interchangeable in the formulations disclosed. By "immunoglobulin” is

reDEANL IR INsIude-but is not kmiked-fo An.antibodyand AnTRAY. L 3emeRbwn.
Tsuc )

as sckv, Fab, Fe, F(ab)2), and other genetically engineered

Prefouhionboiranisies ipeseraig sritie drifitPagid SEgE¥hce of the
conglant,domain afhainheaehsibsicimansaalphidinscean he-assignedional

to different classes. There are five majgr classes of immunoglobulins;,
entipg o B RRET NSRS B PRLE md DO RFEPARAEEIHED
pol)%fb%_l_h r&f@%g@c(ri?@;typ@ﬁi ,aﬁtgnocjlg@aggﬁ% (g@3Fandrigy; sgivt amtligiAdy long as
e heavy chain_constant domains, carrespond to the diff
e FAUARE Y AR ST STE el . Cy e A et
amigam]m@omﬁhmt(momspmmgmafla,etwm;tks;mm@@pﬁmmﬁzed@’
ans{QAALOTI430 PCTINS2004/0038 3, Unres:imensianal configurations of
HfeTent clasees O |mmLPnog‘ilo ulins adze well kKnown. Preferalaly, the 15
imribeogiobulimretomzsdadd bindstdapnacimtegthe papfained from a
pOpL%EQ‘Pny culSsHeRdiD 06, Dreadest-sense and Speeificalneevartvodies

monoclonal antibodies (including agonist and antagonist antibodies), .
compRSP L DA BLIABAS AR BBl IPIC SPRERIR SR TAHY AR M ations that
ma%r @@ﬁ?@g&éﬁ 1(|1? 1ﬁinﬁﬁﬁ?gﬁﬁ@:)§&&§@dlo@@ﬁaﬁﬁﬁoa&é@w aghiheyeeithifibihe directed

desired biological activity, "Antibody" is meant to includ lyclonal .
cgo gt SEE FHONIOHE SHDBETEEe T A TDSERL R s el antbody
prepiibodiosntimatizat(heaniintdiesmadibiieadithoeiespretddemia

genetic engineering. The term "monogclonal antibody" as use i -
CorSERRRETS R U OO ST O8It 57 L AR erminant
the honpegeheaiditantibootlisssieeifidityi fatividuat lymib eafibe s srisingithigeous in

ulation are identi 0 ible nat | j ,
B A o
uncspieifiosibéinyafhedrmuagaipResingie FATGehiE's oGt hiHRo dips to be
nseBORUARLIRLANVRRONEILRANEIRNENARED 8d e xpreparatans v tscribed by

typically include different antibodies directed against differe }
Behboodi, et al. (2002) Transgenic cloned goats and the production of therapeutic proteins.

In Principles of Cloning. Elsevier Science (USA); and Meade et al. (1999). Expression of
recombinant proteins in the milk of iransgenic animals in Gene expression systems:
using nature for the art of expression. J. M. Fernandez and J. P. Hoeffler
ed., Academic Press. The modifier "monoclonal” indicates the character of the antibody as
being obtained from a substantially homogeneous population of antibodies, and is not to be
construed as requiring production of the antibody by any particular method. For example, the
monoclonal antibodies to be used in accordance with the present invention may be made by
the methods described by Shepherd ef al., Monoclonal Antibodies: A Practical Approach
(Oxford University Press, 2000).

The term "monoclonal antibodies" also includes "chimeric" antibodies
(immunoglobulins) in which a portion of the heavy and/or light chain is identical with or

homologous to corresponding sequences in antibodies derived from a particular species or
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15 _determinants (epitopes), each monoclonal antibody is directed against
a single determinant on the antigen. In addition to their specificity, the
monoclonal antibodies are advantageous in that they are synthesized by
Wehaiialigh cell expression systems or transgenic technoloByT/US2004/003873
unc_onta_lminated by oth_er immunoglobulins. For example, the monoclonal
belcEEHRA 2 408 SRIMPCEAIANGRMD RIRTERIOkIHERIONIBRYARS) i
~ expressed In goats, as descri ed by 20 Behboodi, et al. (2002)
idertirahsifrichsioeiesgents EFARIGFOBIERTIGA-F IRETITAGHE Soters o another
Speéégérbgl Bé?&gfn% lningiElsevist STRBes: (d5Ads g Meadaefak b ITPhch

_Expression of recombinant teins_in the milk qof i in...
e e e T S e e Al By

bind @I NRALAZ,A88 4. PrlogieicashalAadbefiis Riegalsbie insdifiéfrom phage

"mongclonal” indicates the character of the antibod 25 bei i
antifeyhy @%ﬁétﬁﬂﬂéﬁ?%@éﬁb’é‘ﬁ%gaffsc’ﬁ% u%%’ii%}ﬁ S ."e%?ﬁﬁ%gf@ﬂ????@“m”e
352062 £6DS e WAk sequitirni Prodittiobiof tHe2anlibe@y biFamyapiaeit ulegms of non-

method. For example, the. mo 0 fi i i Lo
e R U e LA OB Ry B T e s himeri
imnieswitiediy Shepisidwiial cheionoclorarmitifsares (M braThital ab, Fab’, F(ab)2
or SRR %%3%11_{&) B{Q SHMErSHY-EreS51BOH0Y IhThe darih managles@lence

antibodies™ also includes "chimeric” antibodies (|mmunog!obulins%ig_
deriwrdhom peribriemyiRRBRRRIbRdo r TgHEE RAfs Rl HRAR it B bodies are
hungg{r%gg&&g&ggﬁ%ei O'gﬁagﬁggﬁemmemmmmﬁmmm
ticular species or )0 CT[US2004/003573 .belongi
et RR e B0 B B B AC A e AT LR ST L hom-

nusRaine) s (deentiaaliwith)cutiomelogey stoc citbiponiingisemrntesemficity,

antibodies derived from another ies or helongin tibod
SEEhEE N R e TS e
imﬂfhb _;@g @xh{:m the dpkiced hiclogisabadtivitprFomesarapibich & aBhRyers

ind tq alphasz4 integrin. The " tibodies:.: - i :

) O o B e od
norim@ta icsoriet GRRLOGatee: SERCBZA-CH eI B T rgYie Jo further
refid Oiéﬁ '@J‘mﬁ'&g nfoey berAHAANZ Ed JOIRS, ShaRNm AMERANAEDAyRAlINRmprise

rabbit, bovine, equine, porcine, and the like) antibodies are chimeri
Suﬁ#ﬂ@i&ﬁib’@ﬁ@lﬁlﬁ%‘?ﬁ?ﬁﬁﬂ?u%YWﬁHy%n%F?}SWWt%FQB%ﬁﬁCWas

subshnfiaipy HRbBE tRéaR I enotieranigen-hindingsulisequendesmhoglobulin

antibodies), which contain_minimal . .
and all or subsfantialiy all of the Frﬂ rergnlgng gl%%ﬁcr)]&?eeof a human immunoglobuiin consensus

sequence. The humanized antibody optimally aiso will comprise at least a portion of an
immunoglobulin constant region (Fc), typically that of a human tmmuno globulin,

The expression "linear antibodies” are also included by the general term "antibody"
and are a pair of tandem Fd segments (VH-CHI-VH -CH1), which form a pair of antigen
binding regions. Linear antibodies can be bispecific or monospecific.

A "variant antibody" (also included by the generic term "antibody") is a molecule
which differs in amino acid sequence from a "parent” antibody's amino acid sequence by
virtue of addition, deletion and/or substitution of one or more amino acid residue(s) in the
parent antibody sequence. In the preferred embodiment, the variant comprises one or more

amino acid substitution(s) in one or more hypervariable region(s) of the parent antibody. For
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derived from non-human immunoglobulin. For the most part, humanized
antibodies are human immunoglobulins (recipient antibody) in which
residues from a complementary determining region (CDR) of the recipient
wWardepladd by residues from a CDR of a non- human spe&fed {13873
antibody) such as mouse, rat or rabbit having the desired specificity, 15

exa:%gi%i%@ O%%ﬁ&%ﬁ}%okﬁp%%@& stpncesuisuframewerkigsidyas ehdhe about ten,

an immunoglobulin are replaced by corresponding non-human

and sfdubly FaptRNHORED APRIFISEE HhHBOOY A BEIFSHEE SRR of e
puégff‘ﬁ%%n%@ygogﬁﬂxﬁ%&rmﬁﬁﬂ@@m%@f@m@@ﬂm Bt isstherntapariag &DMRst

. amework sequences, These modifications d t fi
75 /aa@@@ﬁm&@a‘ﬁmﬁ&sa@eatéwo‘?wﬁﬂ%?é?ﬁﬁ?l&é’ﬁ%‘é’&?f@é%ﬁatﬁ%% LN
aon:{jxshll SeqRkLRS, %Q)ﬁdlﬁll%&%fﬁiﬂﬂ)at&&ﬂf abdeandoneeimablypicatiyt thidsvadeble

omains, in which all,or substantially all of the C '

DreiFBR 81 e IS ST 20t Sl o e T i tpec
to tRRsEqgaRs Ard:fhedd et hathapdmeniagogiobuile coitseasings g’@éﬁpew@gidate

The humanized antibody autimally also ik caRpLiseat dagsi-a BRrigelces and
obu

sequence that are 1 :
an immunoglobulin constant region (Fe), typically that of a human,

intrimmmEogoBUivERGThE ARbiessIoh RN BB RTBS NS TBFRcS MG ddgpe of

the ?\{-tg?%ﬁ%ﬂ %@éﬁﬁﬁﬂﬁ?ﬂpﬁ@%ﬁ @Q@ﬁ[@l@, peiteftandemdrithsegmemtsantibody
H-CHI-VH -CHI), which form a pair of antigen, binding regions. Linear
sequpitiscHREEhn sE HephesdEr S ABEFECH ?ﬂ“%%%ﬁ&?ﬁ dy" (also

includegh ﬁg@@ﬁf;}fﬁ@éﬁndﬁﬁﬁ@@&bﬁ;ﬁ@ml@aﬂﬂmhfdh@ﬁéasﬁtp a Fab
amino acid sequence fro "parent” antibody's amino agi
o BRI BB EHE b 2Rt o8 Ghoe o marah e Y e
parel %ﬂ%@wﬁf@) dnahplparient inhiitiedy Seqdeheehmftmegrefdreeantibody impacts
.. embodiment, the varjant.comprises on ami oo PSS
s RO B O T e o (o of ok angboody of
pardintibotyeferisoiy & 200 41672438 ReTAISEA04003B7Erablprastigout 20

folgas[li?c{'t B} i(r%%%@@f& %L‘?%EEE{% SURSWHLIQR. Rt iH BB IBLRNE 209 when

a’oou_t en, “and preferably from gbout two to about five, in one or more :
comppsivtritibipared eRELSEineT Wl areARARGEY SOIIS TR thes vRNAATGI &n ammo
aci%%¥ ; t@ﬂc@?ﬁ%@@ﬂﬂéﬁwﬁ%ﬁ%@ﬁ@mﬁmsm%tﬂm ine peiehsenpileniyehas a

identity wi e parent antibody heavy or light chain variable. 5 domai
husmag ErRSETHBHE B et HEhy PSSR B9, STy st oS Habs, 2
pafdrgeieabibatiaastA0% andunost prtterably at least 95%. Identity

or homol_o%y wjth respect . e

An "isolated antibody" 1s one which has been identified and separated and/or

recovered from a component of its natural environment. Contaminant components of its
natural environment are materials which would interfere with diagnostic or therapeutic uses
for the antibody, and may include enzymes, hormones, and other proteinacecus or
nonproteinaceous solutes. In preferred embodiments, the antibody will be purified (1) to
greater than 95% by weight of antibody as determined by the Lowry method, and most
preferably more than 99% by weight, (2) to a degree sufficient to obtain at least 15 residues
of N-terminal or internal amino acid sequence by use of a spinning cup sequenator, or (3) to
homogeneity by SDS-PAGE under reducing or non-reducing conditions using Coomassie
blue or, preferably, silver stain. Isolated antibody includes the antibody in situ within

recombinant cells since at least one component of the antibody's natural environment will not
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to this sequence is defined herein as the percentage of amino acid
residues in the candidate sequence that are identical with the parent
antibody residues, after aligning the sequences and introducing gaps, if
WAGeeERHASto achieve the maximum percent sequence ideM§ty/ iNiHd/ ¢ps73
10 the N-terminal, C-terminal, or internal extensions, deletions, or
b iRSEHIOR dRIR- ARy sserdeRassovld berepakied asafiestiag
sequence identity or homology. To analyze such properties, one should
purdiseipy &' Fab form of the variant to a Fab form of the parent antibody or

a full AenBthformatihe Matipntda poftibiesioth foeet aftthedpayertaititodytisen
. for example, since it been found that.the format.of t nti .
bmﬁ‘\’?ﬁéﬁgaﬁ%}% ’ﬁ@h%ﬁr}?ﬁﬁﬁfgtﬁ?é%%%% ictivity {segef))%s Jﬁé}g@éég e%gfﬁl pelude
Fab] Besvariany,aniibbdfragnpantipdiarodite; dstes enidbaditsh dispragieat wtbedy
bout 10 fold,,preferably at least fald: fex Alohain Fv"
mo%%\ %it%é%%%%?leﬁﬁ r%ﬁgggﬁ%ngﬁgﬁo%&c%ﬁéﬁrﬁn%%ﬁcorgglagrled I%gm Y
or 'ty panshodnfibguyniFirerpaseritedAd0d Mk Sriaaifieh Ny dad B fhese
a@%@%%@&%%%%&és&agwp@@eE@aﬁr@@mﬁmym yRepfarahlyther
the parent antibody has a 20 human framework region and has human
corapiitrsaypebmstiiterbigionbsTer BearibrdiE! 6%%%%@%% fie §Fv o
forBUMANIZed Q-adRHERR Antadyadnyisolated antibody" is one which has

been identified and separated and/]i)r r cov%ed from a. og;‘pon%me g_tgltgd.n
natuFBE &R ARERAI C BT SE L GRS ARESITRE Rath e Vironment &

sit?[@v%ﬁ&i%@&gﬁkﬂ @hmmw@l-_aim@g@ r&aWﬂh&dia@:mﬁﬁiﬁam ¢ﬁéf}:jpemmm@e@ PBght

or the antibody, may include enzymes, hor. s : .
ot e T DR AT g i
is theshntibodyowilb e ibifeddl o rgreateritiicn 3595y WRIht BY SpEIEmATe
for%éc'dw?ét% a%?w dby c;[g%gl'lgf%}ﬁ thod.: andrmost PEGIREARlY Qe HanS ek

y toa ree sufficient to obtain at least 15 residues '
binghgeitpinAlsrrintsrbkaifhndy admiEHIRATS ByAse GFATRRMiGRgRods and are
wePBAHRNA DL %%E@_uﬁ@, @&{E%ﬂﬁﬂﬁl}&ﬁ%@&%ﬁ@ﬁnﬁﬁﬁﬁﬁf@@ﬁm or
~non-reducing conditions using Coomassie blue, or, preferably, silver stain. ;
mtr@@mf@aeahtm@wqﬁ@%}dé%fﬂwm%Wfﬁ?%‘i‘é&%ﬁﬂﬁ?f?%&%n%)i/ e Toutes,
or BincRalleasiions spmpenantehihe antiposly sindtinat@hsiriment iy infision

not 6 WO ,2004/0?1,;%39 PCT/US2004/003873 be Qr%‘scﬁr‘ut.ar Cgr ia[l%ﬁ'%m 2
or Ry ReVE AIEERAL o RS TARSHY S e Pr &R S By St Aat one. purification

coBt@Rer having a sterile access post, for example, an intravenous solution bag or vial having

a stopper pierceable by a hypodermic injection needle. "Pharmaceutically acceptable”
excipients (e.g., vehicles, additives) are those which can reasonably be administered to a
subject mammal to provide an effective dose of the active ingredient employed. A "stable"
formulation is one in which the protein therein essentially retains its physical stability and/or
chemical stability and/or biological activity upon storage. By “stable” is also meant a
formulation which exhibits little or no signs of instability, including aggregation and/or
deamidation. For example, the formulations provided by the present invention may remain
stable for at least two years ,;when stored as indicated at a temperature of 5-8°C.

Various analytical techniques for measuring protein stability are available in the art
and are reviewed in Peptide and Protein Drug Delivery, 247-301 (Vincent Lee ed., New
York, N.Y., 1991) and Jones, 1993 Adv. Drug Delivery Rev. 10: 29-90, for examples.
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"Antibody fragments" comprise a portion of an intact antibody, generally
the antigen binding or variable region of the intact antibody. Examples of
antibody fragments include 5 Fab, Fab', F(ab")2, and Fv fragments;
weizisedids3%inear antibodies; single-chain antibody moleculBST4rig004/003873
multispecific antibodies formed from antibody fragments. "Single-chain Fv"

staflfitf i antikady drRgmentsicamprRe the Yot andedemaipe:piantixedipified
wheérein these domains are present in a single palypeptide chai 6 ths
oy (mpieTalgs O o R BHIETANE OB RBL ARE BB i 6 momts
moR§inesiibe Mb-and b damdinsrwhich enehies, thelshortpidddatry the 2 or
desired structure for antigen binding. The term "diabodies" refers to small
morgRtby fragments with two antigen-binding sites, which fragments ‘
compsasnhetyashaimyibndple dograint Uetpediirtgred tpayighal shadity” m 2
variable domain (VL) i same. pol i i (MH =W SiRd B
PR A AL o0 Aaar e SPhE SR Kt B USBAdAon
andéamenchaiticthepdorvising cxaris it e w Pardmrclpdtrom pionmemss) by UV
. i f [ in: tigen- binding sites. The route
hghg?s%%gn(gyogg%i& shal 318891&5%9&%§¥KBI§“

anti / Inistration is in accord with known methods and are W%Eg

knodprelsth ialEmcitiaderaicah AR e RBA BRTARISRI B HER e oS,

chirapsHtaneal inracerehral dniramy scuiRbHiniReoulad el anstaliatadt its
intralesional routes, _or by sustained release ?Szé%ms, The gntibod can

biolRgisalrARERT e HREBRHEAL TR L M RIS 26 Dby B STRG AT R e
chehhempalticanibads eampasitiothgeneialicatopacgdinty e stentaididication
having.a sterjle access port, for.example, an intravenous soluti C
(e SiRAITRY WEORBep pRAMAR B & R SHesp e THR, S Acs
and’Bhaimracessicallyaocéptabieh excipimsitecen-fopit iwes heititivesictre
t | reasonab| inister G skbiect manmabiQree
M rov%ﬁ@rcl%ﬁigﬁegxégﬁgg t%?eh %a%%%%% %%Ii;gntalempm)%d. A "stablﬁgggZS

altdorinulétipndsconiniay hksiuihe foreratidariensin Bobe R Teamedray lon-

exc@l"el){%écawﬁ?ﬂ'!i@fa?ﬁsi! 95 chemical stabilifoandierhio oinslReivintBaen in o
storage. By "stable"is also meant a formulation which exhibits little or no . b
phasigiaecstinabaBMHALiFRIHtRG ARG FAEHAGH AR Db Y RRIA . 5P e 15 witbin
ab&NATRew el erauations iy evaetbikis foesenbitventiomiticyi renhaitime the
stable for at least two years Wher%lstofsed asﬁ{gglcated a
e

3 fa t%m erature.o
Phayrags e e Y SRR RS TR n.bi

SRrREadbAng protein s et th/saaSF’e o
exaygitable in the art and are reviewed in Peptide and Protein Drug

oo PGS S Ot S
osmotic pressure as human blood. Isotonic formulations will generally have an osmotic
pressure from about 250 to 350 mOsm. Isotonicity can be measured using a vapor pressure
or ice-freezing type osmometer, for example.

As used herein, "buffer” refers to a buffered solution that resists changes in pH by the
action of its acid-base conjugate components. The buffer of this invention has a pH in the
range from about 3.0 to about 7.5; preferably from about pH 4.0 to about 7.0; more preferably
from: about pH 5.0 to about &.5; and most preferably has a pH of about 6.0::0.5. A pH of any
point in between the above ranges is also contemplated.

In a pharmacological sense, in the context of the present invention, a "therapeutically

effective amount” of an antibody refers to an amount effective in the prevention or treatment
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7 WO 2004/071439 PCT/US2004/003873 Stability can be measured at a
selected temperature for a selected time period as exemplified by the
provided examples. Storage of stable formulations if preferably for at least
W@ migrithig3smore preferably 12 months, more preferably 12-B@HHEHIH}03873
and more preferably for 2 or more years. 5 A protein, such as an antibody
of al -55%%5@_‘%‘5}% areqfn e @insmiis Ry sicabaiphillyedna, phasmgerHtiGahy
formulation if it shows no signs of aggregggon,, precipitation, deamidatio

congitigho b Frat FtRss fiEmmy EeRmeR AP AT TGO PLTA G e iy 187 Ba°s
chrSREASH ey it dight SeRUEIHDhERBM S iER RXsluEINECh 0PIIOgIRRTICA

protein "retains its chemigal stability” in a pharmaceutical formulation, if
pregifpospthp ErEars Aty SPEGIVR AYHIE s such that the protein is
consigesegda sidfaetaindts thiplpgical inetivity: Gheprighlysiatility wandnéative
assessed by detecting and quantifying. chemically altered forn t
et CHE A A R T NG e Saae N i  Cupiecs i s thore
in wihithieadidoedey aluatedbusingesize exclusion chromatography, SDS-PAGE
and/pr, matrix-assisted laser lon.jonizatispsims-glfHghtmass «
spec réﬁ?@%ﬁ ?Mi%ﬁ%%gggl%ﬁ%gg éggm%es. Other t?/p'es of chemCEcaI
essaiterdyionlinelbesarhdrgtionemsiionives Gaoditaing b asodvetiom offe multi-use

rorGiRIRIdatian). Which eanheevasiadibyiassexshandesyomatography,

or example. An antibody “retains its biological activity” in a ,
octpshrasidisetivdprerhABMERIR (B0 BREAMAY B HE MR BoRRF HOE ™
chI SR JIMBAISWENINABUE L0 e Witimibe e orsoplithdaasiy) bRyl groups are
biological activity exhibjted a{ the time the 20§atﬁarrtnaceu .Caésfa%@#\!*g‘ti?nn e
101%@%%&%%%@8&&%‘?%&%%} AP E i Ty HRERS B

say, 10r example. by
aronieMlOAIESHsIMNRan kihaising, tanyiuiatibanofInferkst, hiisybssebtnlyutieasansdyl or

osmotic pressure as human plood. Isotonic.for o il rally
P mli?g%aé Bt 8%‘§ré%%°ﬁ Fénf’rg M cgg%% ag'g% %6% éé%%%@fﬁ%so%ﬁ i%ity can
be rigeureattisintpebiapons pressiireingBidy doy-Feezing tHp EEEHGM e,

p focgsgxggk?égt‘ﬁ'fé% used her %{'  aiieCieterS 0% Rt SRIMURN B@tnot imited
SISts ¢ angestfn pH by thé action of its acid-base conjugate

to ponmpendrssThend Hen erihRS AR TIRA RRES PHP§h INE 3 AR rhioes, horses,
2R3 D, 50iabaLs. %5:pralsrahbuirermabeuuRtA.0 to about 7.0; more
preferaQXn o _ _

By "Antegren®" and is meant to include the antibody aiso known as AN100226
(antibody code number) or natalizumab (USAN name). Natalizumab is a recombinant,
humanized anti-alpha-4 integrin antibody. Preferably the disease or condition being treated
in the mammal is one which is modulated when a therapeutically effective dose of
natalizumab is administered.

By “stable” is meant a formulation which exhibits litile or no signs of instability,
including aggregation and/or deamidation. In addition, “stable” may also refer to a

formulation which does not exhibit any signs of instability for greater than or equal to two

years ,when stored as indicated at

2. General Description

In the discussion below and the examples to follow, formulations for stable antibody

formulations are disclosed. Certain stable formulations disclosed have high concentrations of
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from about pH 5.0 to about 6.5; and most preferably has a pH of about
6.00.5. A pH of any 30 point in between the above ranges is also
contemplated. In a pharmacological sense, in the context of the present
W ERHoH 32 "therapeutically effective amount" of an antiboB¢ FaFEAYHEERS
amount effective in the prevention or treatment 8 WO 2004/071439

antigf%? MPA00440038434 b aurlisarderfantbardratment eleshiohiR@sniaaeytable

Is effective. A "disorder"” is any condition that would bergefit from reag[thnélﬁnt

and\/‘}iﬂﬂﬁ@"&iﬁi%ﬁ@? TIESTRIRITTPHG 9 SRIBY ChASRTESINY ACTTE M SSIde e or
anﬁ@&ﬁ@ssﬁ?tm%}@g@ﬁ%ﬁﬁ%@mﬁ&gw@Qwﬁimm@Mspose the
mammal to the disordey in guestion. 5 "Treatment” refers t :
horA BT TN ESRRUTEER B DA LA bt L hopgtzaion o
aboﬁ!ﬁ: needoftitatabaitinoine/thbsd/aireagyonlith thélidsedenssiwenngsntration
thase .in whic disorder.is t A iva" i
B R B e
conbetetiahactiondbizedit, bhadranitieEn dthepioduegoroTa Mifideet 1¢)
m 6%(: (lﬁjrlagyeo e@fﬁ}%ﬁ%@ﬁ'@@ﬁfﬁ;qfﬁ%m% RIERSHatMATIRBRIAR0 to about

ecyldimet enzyl ammonium chloride, hexamethagnium_chloride,

50 bagrehike arasiaiEts R R Bl gL FE) HRSSE ARG SRR

gr;'r?ﬁt‘?ﬁ]éqﬁb@@ﬁﬂﬁgl@elgﬁ'rﬁﬁé?%@%@f%rﬂﬁ%&t@&rmmmﬁlﬂﬂdséd@lﬁdrea’fment

) zethonium chloride. Other types of preseryatives include aromatic

B AT SBR ARG By BRI SICLNOT BT A AbeRs Lug e e

notgiﬁﬁi‘éﬂ & iihﬁ@tj@ﬁﬂs%fﬁi@@ﬂnaﬁ&tﬁﬁﬁmbdmmpmen over a period
3-pentanol, and m-cresol. By "patient” or "subject’:i inglude. any,

of Wéﬂﬁﬁnﬁﬁﬂwﬁ?y I%%%%%S%ls %?etrroe%a{to ezﬁt%l’re e?ég% %%‘31 animal tax,

intelassifiat] asraimedmal, inpluding bbshootimitses. thhupfarne sohréments, the
nd farm animals, and.z | S

o B B T G
"AntElrenpyaitidorreant thamenivia HE ApriRdeoaREIRGW ke condition to be

mé@b}ﬁ}% ARPHRE Y, £ ASr U BDEHRLNRHRIEMBRN SN Bafmie)stered for
Natalizmnab IS a recombinant, humanized anti-alpha-4 integrjn aptibod :
‘.‘%ﬁir%lﬁ

PrePFEfsiR P RERTSE AR A EOIURTEM DI Fe S8 HTthE ig'ond
resptichiisiRadulatednhan aftheiepeukaaliicefiective diosedhaatalizimabysician.
Tlllesp?gtg}g] i?tseuri%gﬁly administered to the patient at one time or over a series of treatments
and may be administered to the patient at any time from diagnosis onwards. The protein may
be administered as the sole treatment or in conjunction with other drugs or therapies useful in
treating the condition in question. As used herein, two (or more) agents are said to be
sdministered in combination when the two agents are administered simultaneously or are
administered independently in a fashion such that the agents will act contemporansously.

In practicing the methods of this invention, the compounds of this invention may be
used alone or in combination, or in combination with other therapeutic agents. In certain
preferred embodiments, the compounds of this invention may be co-administered along with
other compounds typically prescribed for these conditions according to generally accepted
medical practice. For example, the formulations of this invention can be administered in
combination with other therapeutic-agents or physical therapies for the treatment of

rheumatoid arthritis, multiple schlerosis and Crohn’s Disease.
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25 By "stable" is meant a formulation which exhibits little or no signs of
instability, including aggregation and/or deamidation. In addition, "stable"
may also refer to a formulation which does not exhibit any signs of
WihtedsiTigIor greater than or equal to two years when store®f-&8' i3eé&tes’s
at 30 2. General Description In the discussion below and the examples to

follgw, forgulatians faugiablerniinagyaloraisatians:are disclosed.

Certain st ormulations disclosed have high concentrations of 9WO11

20010 PIoF3ss PO EIE ENRHA 8 TE D RRBEEY HHE T WE?&&%%‘T&%%,Y
wolknerein theantibedissiniesefarmulatiopsiarensiapleuiaticthe antitogyell

does not precipitate out of sqlution or.aggregate, Proteins other, than
e IRGARESAT8 SE CEHBEAL T N O oA AL To b A ng
inodvtibodiesreatypiaaliy admitlistatkddditoaabjeatitegps & mamssayat a

concentration of, 5 about Q.01 mg/mL. to 0. . i
oG ORIEG TR AGU ) GG TS oo Gt iy b ke R aibic oy
contRgimingtbweatar | inkthiinespenisywinddilratosr Edisebhitrdtidnardigermediate

required to be administer ian QU200
ﬁlﬁrzﬁgfh Oﬂ%‘%%%% rg%ler}aig{lﬁ ﬁ%ﬁﬁc’gﬁg} r% ﬁﬁt}(%riogg?r#ét/ﬁﬁ%% prefe?gbly,
chraneoeRY ) uEvBO NRiIHAD, At ARSSOSreTeRR RGN ECR ARpSVes 2
wedRITIEORIYANG e MrRER. JuThe antbodiomulaiion mabey o

ministered to a mammal in need of treatment with th? protein, | h
congeriorteRidifRIRTW mERRGAEIPPAESE PABEIGAL AT W&Lﬁgaiérl%&a%%? arose
Fas!@i?idw@'@%% E}J&ﬁxﬁ%g;ufm@ m&gi%maﬁ@@eaﬁ)aﬁw lt_iﬁlﬁtpkbalfcﬁﬁaftir}ﬂmnsthis point,
infusion over a period of time, by intramuscular, intraperitoneal, .
the PR BRI SO BB P SRR T FR Ly neing Sephacr
sadotRibeca) getdlitenieadhamiahataibn) mutes, inherelie thedembe diniintsed is
the 15 antibody formulation is administered. i QLS
ph%?&ﬂ?ﬁﬁ@?ggo r%"r ﬁgq;abﬁgyocﬁ i g?én&gé?gal & %%S[ﬁgl g%%t%%n Wi %lé)g%%é@f%%e )
highxampterainiternonditon togh@ treated, sheee)éfisy deriredurde anifhady
ondition, whether 1 ratein. | ipistar. AUVEIREed by addi
oo B e e e oy ading
0.0834 forsertdytvebatofin, Thie typweiiva frnaeedy armiing GisaiiolrbeRd-2 ~m
f1AlERAINg ﬂ%hé’iég‘é&&dzﬂ Fhe Bratain iscauitahly Adminisisad o thp petiemhe

at one time or over a series of treatments_and may he a 'nis}ere to the
anifhadrir AT Bt HER PR RISHBEEERIERIZ el Pr6teihhhgy Toicased:

The above can be done, for example for natalizumab, as diagramed below:

200L Material (5.0 mg/mL) 2000L Material (5.0, 20 mg/mE)
Amgoule from Wuorking Cell Bank Ampoule from Working Cell Bank

l y

Inoculum Preparation Inoculum Preparation
Fermentation Fermentation

(Additional Media Feed)

Harvest/Clarification by filtration: Harvest/Clarification by centrifugation
Concentration 10x by spiral wound & filiration:
filtration Concentration 10x by spiral would

11



be administered as the sole treatment or in conjunction with other drugs or

therapies useful in treating the condition in question. As used herein, two

(or more) agents are said to be administered in combination when the two
WG GHE 74+ administered simultaneously or are 25 administ&fedlS2004/003873

independently in a fashion such that the agents will act

e T M R L e
combination with other therapeutic agents. In ¢ i?lticBIreferred ’

embodiments, the compounds of this invention mayj,be co-administered
alpna.nih athhsamaouRss ypically prescriba-stsheseirandiions
according to generally accepted 30 medical practicg. For example, the
formulations ofithis invention can be administered i combination with
othefittibrapentiy Reugeis dr physical therBBreBorRSiomasfastrRat of
rifephisesid ast e s CrodifipIe  schlerosiS BRSO EREEAE T VO
2004/0 4SO ATIIRIB2004/003873 2.1 MetﬁB’éP@PRﬂ%%“ﬁ‘ e Antibody
Formul Fev eEB#BESs can be altered as WOTHEBEHRHERM to the skilled

artisan, but generally would follow a procedure such as the following.
Obtair%ﬁrb_ M yle from a working cell ba@k{\gmmﬁ@gamzcells which
make the antibpdy or protein of interest. Prepare thg 5 inoculum. Culture -
or ferment the ¢ells with additional feedings as is netessary.
Harvest/clarify the cells by centrifugation and/ AR his can be
done for example by concentrating the cells 10 fold{by spiral wound
filtration. Filter Am intermediate fijiratien rification
by g??) em %a%ep %%ggreﬁ@st Flow(r) (i.e?ggﬁnity tft;g rorr?g%%g%?ghy) and
reverse eIutionl,The antibody containing compositiof then receives a 10

i atment mt PH/AS Sphaibee Faiktur@ehénatéue e A AP ARPEIRSH 25t
follovigslisy Ancoriceriteagon/diafiltration sfapwPhAEemBPERIBESCan then
belpunifiedtpHE S Sefhuicse Fastirpwi®aERbnN SYeHiNgEYClss step
can be performﬁd multiple times, From this point, thf composition is then
further cogcegén%t%i followed by a purification sigp diging.rephacryl
S300HR(r 0(lll.e. ge Titration chromatography) system, wherein the
running buffer Llsed Is 15 phosphate/NaC1. The ant$ody containing
pofResEiobyCspheful SE0ER T entr&tedifortitebhigprbenzb haRIRdR®
fqEeuEitionR tehofOimghpitybr more)(Fed tleshien Chivenmeisaghy)
cRitairtingBedfapdsitidmENREh furthe(Buttdradafsibesiessiration
adjusted by adﬂing \L

- (Additional concentration for 20
mg/mL)

l

Buffer & Concentration Adjustment Buffer & Concentration Adjustment
Phosphate/NaCl, 0.02% (w/v) (add 0.02% (w/v) polysorbate 80)
polysorbate 80

!

0.2 pm Final Filtration and Dispensing 0.2 um Final Filtration and Dispensing
(100 mL- 1 L polypropylene bottles) (100 mL - 10L polypropylene bottles)

QC Testing and QA Release of Bulk QC Testing and QA Release of Bulk
Purified AN100226 Purified AN100226

12
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0.02% (w/v) polysorbate 80. This composition then receives a final

filtration using a 0.2 Jim filter and can be dispensed at this point into 100

mL to 10 L polypropylene bottles. The 20 antibody or immunoglobulin so
wWolmiHEd43an then be QC tested and QA released. The abRe& EHANGE 003873

done, for example for natalizumab, as diagramed below: 200L Material

(5. (ik[}\g/mﬁl QG MatepiahiRRip0 ma/mL) Ampoule from Working Cell

rom Working Cell Bank Ingculum Preparatlon

mo@mm oPEpir I PR RENALBIIERRAERTOR SRR Wesgigations of
abofie4) s Haruest(s @rﬁ!ﬁ@t@ﬁobsél@rWQMUQﬁg@ariﬁqmmmMpdlm phosphate,
centrifugation’ Concentration 1 Ox d &flltratlc%g léragggum dto
140G RHHTER Tk By NP e DE I AL e B
6.0 PG K32 7&1@200L Material (5.0 mg/mL) 2000L Material (5.0, 20

mg/mL) filtration O 2 m Intermediate Filtration 0.2 m intermediate Filtration
Purification by Protein A Purification by Protein A Sepharose Fast Flow(r)

(Affinity SepharasempbasiFievwi(fjgediniymGiionasclsajpliy below.
o ARy RS PRk Bt dhron

treatment [tration
Concentratlon/DlaflItratlon Concentration/Diafiltration Purification by

|_ qc || fose frcation AEI—\I: oepi@ﬁmse Fast HigM(I)
(A npgxcﬁange F|OW&8 H(b nion %ge Chremaiegraphy) xeHaaies
Cycle) Chromatography) (Mul |pl?ngq}§§)) I C(()p&eﬂ;fgtio N GpeeaRtration
1.7 mg/mL | 5.0 mg/mL | 20 mg/mbL

Active Ingredient:
Anti-g4 integrin Active 1.7mg 5.0 mg 20 mg
humanized
monoclonal antibody
Other Ingredients:
Sodium Phosphate, | Bufferand | 1.4mg 1.4 mg 14mg
sk tonicity
Sodium chloride, Bufferand | 82 mg 8.2 mg 8.2 mg
UUSP tonicity
phosphoric acid, NF | AdjustpH | QS QS Qs
o 6.0 &
0.5
Polysorbate 80, NF | Inhibit 0.2 mg 0.2 mg - 1 02mg
protein
aggregatio
n
Water for Injection, { Diluent QStolmL [ QStolmbL |QStolmL
UsP

Any of the above formulations are optimally vialed in an aseptic vial. These vials can
be, for example, Type I EP neuiral glass vials (e.g., 5.0 or 20 mL fill vials) with Helvoet
Pharma V9145/FM 157/1 gray butyl rubber stoppers with aluminum seals. However other
suitable aseptic vials are aiso contemplated. For example, the formulations can be bottled as

follows:
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Purification by Sephacryl S300HR(r) Purification by Sephacryl S300HR(r)

(Gel Filtration Chromatography) (Gel Filtration Chromatography)

(Running Buffer: histidine/NaCl) (Running Buffer: phosphate/NaC1)
wORdHGEI9concentration for 20 mg/mL) Buffer & ConcentfiHS2004/003873

Adjustment Buffer & Concentratlon Adjustment Phosphate/NaCI 0.02%

I_Illd.l

nnnnn I’Inl'\ | e

wﬁé&%&i&&%& d-Dispens
I pﬁlyppopymttf@ﬂntw}lél@@ﬁhwﬁ qtigrpﬁﬁw&uwt@ﬁ%%btﬂé@ Bpscded
Testing and QA Release of Bulk QC Testing and QA Release of Bulk
Purified AN itﬁyé@etmgnﬁ"éualﬁt\ﬁtmw’z@l@% DefbREratagment
PCT/US2004/003873 2.2 The Antibod y Formulati n InQ e as é #IQ ;;tg/mL

DiliRateh, P&ﬁﬁ?ﬁﬂ%‘tﬁ%ﬁt’é’bﬁhﬁ%ﬁﬁ%ﬁ% B P GHES A
5.0, 10.0, 15.0, 20.0, 25.0, 30.0 .0 mg/mL in 10 mM sodlum
phosphate, 140 mM NaCl(pH(gtO .0.5) and 0.02% polysorbate 80. If
necessary, the pH is adjusted t ngnh phosphoric acid. One
example of the different formulations i d0 91 QUANTITATIVE
COMPOSITION: PHO@K#@&% &qﬁggﬁuﬁ,&%\é\éN Component
Function Unit Unit Unit Formula Forfiula %ormula (per mL) (per mL) (per

mL) 1.7 mg/mL 5.0 mg/mL 20 rﬁ@féﬁé—e f&%% Ingredient: Anti-a4 |ntegr|n

-—unu....a'--——-----——-......-um—‘—_--.-—-"--nup----—.-.--—-..--..-«nu---;—.-—-- e o B W W Y 22—

Ingredients:
More specifically, natalizumab obtained for example by the procedures discussed

above, can be bottled as follows. Natalizumab 200 L and 2000 L drug product can be filled

cs?“’

on a fully automated filling line equipped with a vial washing, sterilization and
depyrogenation tunnel. Stoppers, seals and filling equipment are washed and sterilized prior
to use. This process allows for large scale tilling operations consistent with the volumes
produced from the 2000 L fermentation.

When necessary, the formulation buffer, about 10 mM phosphats, about 140 mM
NaCl, pH 6.0 = 0.5, about 0.02% polysorbate 80, can be compounded in a Class 10,000 suite
and used to dilute the bulk drug product to the final concentration. In-process specifications
of concentration, pH and density are preferably reached prior to filtration.

The formulated natalizumab or other immunoglobulin can be sterile filtered through a
0.2 um Millipak filter into & stainless steel surge tank inside the sterile core. Filling,
stoppering and capping of natalizumab is fully antomated. In-process samples for bulk
sterility are collected; fill weight and headspace testing is conducted throughout the filling
operation. Filled drug product is stored under refrigeration at about 2-8 °C.

Filling occurs within a fully validated Class 100 sterile core. The filling line is
validated to provide fill volumes within expected tolerances for the 5.0 mL and 20 mL £l
volumes. Comprehensive environmental monitoring is conducted throughout the filling
operation and reviewed to verify continual compliance with this standard. Media fills are

conducted on a quarterly basis to support aseptic filling operations.
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Sodium Phosphate, Buffer and. 1.4 mg 1.4 mg 1.4 mg USP tonicity
Sodium chloride, Buffer and 8.2 mg 8.2 mg 8.2 mg USP tonicity
phosphoric acid, NF Adjust pH QS QS QS to 6.0 0.5 Polysorbate 80, NF
WenHIBi0!23ng 0.2 mg 0.2 mg protein aggregatio n Water L HJECHBHI03873
Diluent QSto 1 mL QS to 1 nil, QSto 1 mL USP 10 Any of the above

formulations.aremepiimaluvialeddnar asentis yieluthesenialsaed pexstant to
example, Type | EP neutral glass vials (e.g., 5.0 or 20 mL fill vi le) with
the ARG PHTERRIE VG ASTERMABH rd)  PAB St (e e propered

and %&H@i@é&{pﬁ@g@ wElOVERVEscpilen Inutiablecddeptic vigislare Alsostoppers are then
contemplated. For example, the formulations can be bottled as 15
sterfinedi a4 F3B904/071439 PCT/US2004/003873 BOTTLING

Co ﬁ@%ﬁ%ﬁiﬂ@;@ﬁ@@@ﬁjﬂ@teﬁsﬂﬁMmmi@ﬁdéﬂﬁﬂﬂmbﬂéﬁwmﬁ filing line,
T R e AR T e D R
subdequonG@ppiygripeaiorq &‘h'@d}&@ﬁ@ﬁﬁmr@t@\@ﬁp@m mq@c]éﬁaale operations.

sto pﬁl%rﬁgalot;ﬁﬂ?ls%luﬁon is then sterile filtered through a 0.2 wm Millipak filter into a
sterile glass receiving vessel within a Class 100 enviromment. Regular calibration and in-
process checks ensure that the filling tolerance remains within = 2%. Vials are stoppered and
capped immediately. Filled drug product is preferably stored refrigerated at 2-8°C.

The glass receiving vessel can be any number of vials, but can for example bea 5.0 or
20 mL neutral glass viai Type I (EP) supplied by, for example, Epsom Glass or AMIL.CO or
a 5.0 mL or 20 mL USP Type I borosilicate glass vial, supplied by, for exampie Kimble or
Wheaton. These vials can use any means of closure suitable. Vial closures include, but are
not limited to a 13 mm Helvoet Pharma V9145/FM 157/1 grey butyl rubber stopper or a 13
mm and 20 mm Helvoet Pharma V9145/FM 157/1 grey butyl rubber stopper or a 13 mm or
20 mm West 4432/50 gray butyl rubber stopper. The rubber-stoppered bottled is then sealed
most typically using an aluminum seal, such as that manufactured by West.

Although the present invention has been described in detail with reference to

examples below, it is understood that various modifications can be made without departing

from the spirit of the invention, and would be readily known to the skilled artisan.

EXAMPLES

Example 1
Selection of Polvserbate 80

The typical method of administering natalizumab is intravenous. Intravenous
administration requires the final formulation to be isotonic. A formulation of AN100226
(natalizumab), 5 mg/ml in 50 mM L-histidine, 150 mM NaCl, pH 6.0 was initially chosen
(Formulation #1). During a Phase Il study, protein precipitation of the antibody was
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Capping 1 Release Testing More specifically, natalizrunab obtained for
example by the procedures discussed above, can be bottled as follows.
Natalizumab 200 L and 2000 L drug product can be filled on a fully
wauntowatadfilling line equipped with a vial washing, sterilizafiohBrdB/003873
depyrogenation tunnel. Stoppers, seals and filling equipment are washed

obsear(‘rgds&&{iﬁg%ﬂepﬂﬁ%ﬁ UeemTHIR.PEOSeIS AW oS Jargmscala dillingsing

operations consistent with the volumes produced from the 2000

L
apphervertalionrYRGA FEeauseRych e RRTATBAIBIMES FBBLEAR R) to Tesotve

) , ca _ unded in a Class 10, suite n d tq dil h
m‘f‘iﬁﬁwﬁdﬁ}@‘ﬁFadiﬁ’ﬁ‘i’f@?héefidﬁl%%?ﬁ%@ﬁ@éﬁ%ﬁ?ﬂ%r’c%%”é@?g usqﬁ?ég“’t%r?g?otf’{e

me_fl‘i%aof@nt@j(lmt pH and density are preferably reached prior to filtration.

e formulated natalizumab or other immunoglohulin can be.sterie. fil

oL EnPo g B AR TG D B LA S L B L 0226

antisteljlereate prilings sfoppetinglaniisiappinglofmbdalizumatibngitigair-liquid

it T LG5, ABIR IR I BN AR LollahiRta Whubricated
eight-and headspace testing i1s conducted throughout the filling

polypreratiom. Filegbe ryippodudtisiramacdneherivgerations aBBdr giener the
sitidlIn 318 GUFsMdthin a:fulyavalidated Class) B starilssorer dienfitiog 4inespon

Is validated to provide fill volumes within expected tolerances for the 5

genfi a&HRERD AL MPRGRPABECOIBAERe L @REHRARITAITE ‘rﬂPo?%’ﬁ‘gng’Sﬁqumt

preCpRAGIecineughRybibeing 120 Hparmtio mantdetavibechinaarfy discermable

continual li vith thi dard. Media fil :
PR PGPS BEOR SUB G LT ATH 1 T S DAL

ns.’1

preRFTALR 20041003873 1 Witernativadyithe OB lysinbgtsBbstancensatetieh of

0 Oﬁgéo%% d can be bottled pursuant to the following example. Vials, filling
“hée , the filtration assembly and tubing are prepared and sterilized

prioFtorusieti ta{pérs:canipaprepatetd by th dsuppidinetreCtioppaidiaie
e B AR ot vR b e oo
during product shipping and bandling in the clinical setting.

The addition of polysorbate 80 to the formulation also overcomes the problem of
precipitating or aggregating antibody when preparing formulations with higher protein
content. Initial work focused on agitation-induced aggregation at high protein
concentrations, including 50 mg/mL. By subjecting the material to agitation using a vortex-
type mixer, aggregated species were detected by size exclusion-high performance liquid
chromatography (SEC-HPLC). This model identified polysorbate 80 as an effective inhibitor
of aggregation, while sucrose and other buffering components had little beneficial effect.

The effectiveness of the addition of 0.02% (w/v) polysorbate 80 in preventing
agitation-induced pfecipitation at a protein concentration of 5 mg/mL was assessed following
addition of 10 uL of a 10% polysorbate 80 solution to vials of natalizamab (Lot No.
AN100226-0003). The vials were shaken on their sides along with several vials of

natalizumab in Formulation #1 at 150 rotations per minute in a horizontal plane. Within 3

hours of this treatment at room temperature, the vials of Formulation #1 were laden with
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with batch preparation of components, automated filling, immediate
stoppering, and a subsequent capping operation. This operation is
appropriate for small batch scale operations. The final bulls solution is
WEhatere filtered through a 0.2 pm Millipalc filter into a  StBRSUSRI§S/003873
receiving vessel within a Class 100 environment. Regular calibration and

Wéoagﬁoiﬁéﬁzgﬁﬁﬁ%?d%ﬁﬁ'é%‘é‘%@%ﬂ'@%i%m SRRINSVEthimRYed clear

|as are stoppered and capped immediately drug product i |s
and firesfefatsljidiRsred refrigerated at 2-8'C. The glass receiving vessel can be

a”>|’r1ﬂ!e’ %@{E%F%\Q %Mx 9.%5‘;%%s%@m%'%&ﬁi@s&i%?[ha@l%iﬁi@f@ﬁ@ as
via ype supplie or example ass or
vials qypaleitp 6 AL W@PPWZSQ%%% ?&‘tﬁggf ST peator
exte%lﬁ@@wﬁdﬁ%gll%%\ﬂrﬁh\&{ﬁ@aﬁ@ﬂibﬁﬁhﬁa&mafsmwwéeﬁﬂymm of

closure suitable e not li d.t

iR PR SR To oy BT meAe Ot A B B bteim
predpita 20nuniIHelubBY Rhwﬂnwwgaf%i@dmemm@mybdtymmﬁbéf BeepereP (Lot
No. A%}ﬂ S O 0&) mm W 1(1# sodt t?’ozé%%‘%r RE-SIORRB ARG into a

Opper IS then seal mos typically usmg an alumlnum
conseal;isiphrasithit manméﬁbwbyo&vemp@@wwegﬁ thiegredail was allowed

to SIS Bl dJéJ},@ﬁ been describaohindetall withsefatsagaiaaxamnalashatow,

It IS understood that various modifications can be made without d garg?f% .5

predipitine SpifceRtHBEENVORTBHCRAd Wothen i trasrily e o e Lk
mL 3SR iFSOME %ﬁ@f&éﬁ@%@ﬁ)ht@ﬁﬁ@“%ﬁﬁ@iﬁ&ﬁb&?ﬁr&éﬁhﬁ days while
typical method of administering natalizu is i trav
“aﬁﬂ?ﬁﬁgﬁ%ﬁ&fwm&ﬁgﬁl%ﬁﬁﬁgﬁ?ﬁ 8 |so€§{]r&u LEl)rmul o\rﬁveg
12dANEA0R26:86. (natalizumab), 5 mg/mL in 50 mM L-histidine, 150 mM
NaCl, pH 6.0 was initially chosen (Formulation #1). During a Phase Il

study, protein precipitation of the antibody was 15 WO 2004/071439
PCT/US2004/003873 observed dizingatee dilution and introduction of

natalizumab into the clinical.dosing aRpalaliis.Falyggroate 80 was

introduced into the for nm?a‘rrun‘é:b‘r% 10 resolve the observed

protBisripessisistitatiprefckatiirite BRrsBRIaRR RRIES Wik thie fidugsiPate 80).
new trace impurities were detected. These impurities arose from degradation of polysorbate
80, apparently through an oxidation reaction involving metal ions and histidine. For active
natalizumab drug product, these trace impurities have been detected only after storage at
elevated temperatures {(e.g., 25°C and 40°C). Thus, the decision was made to modify the
placebo and use phosphate to replace histidine in the buffer. The lot of histidine used in the
product placebo was different than that used for the active natalizumab drug product lots
AN100226-004 and AN100226-005. The impact of the source of histidine on polysorbate 80
degradation is discussed in greater detail infta.

During testing of the placebo, trace impurities were detected in the

histidine/NaCl/0.02% (w/v) polysorbate 80 placebo (Formulation #2). These impurities were -
detected by their absorbency in the low wavelength ultraviolet region. The absorbency

profiles from 200 to 400 nm for placebo stored at 5°C, 25°C, and 40°C for one month were
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invention is low in peroxide, i.e., polysorbate from Sigma, Product number
P6479, Lot 5 Number 0711,7283. The two factors that have been shown
to accelerate the precipitation of the AN100226 antibody are the
WERMSRTE BT trace levels of silicone oil and denaturation at tREHIFSRB{AHO3873
interface. The silicone oil was introduced into the product upon use of

dettARAArdriyg Qﬂg%tﬂ%?{@{ﬁ’ﬁ)fi%ﬂ%l?ﬁﬁﬁ&e%@ﬁwﬁéﬂﬁﬁgﬂdﬂhmw

rubber stoppers. The introduction of the 10 silicone oil is sufficient to
tempgidE ¢liscernible antibody precipitation in Formulation # 1 upon gentle

agitation anskFoesemper albie strage. liheiag aidbadipag gegumidation modified

.and subsequent precipitation caused by denaturation at the air-ligui i
© A TS DO TS o A O ot e B
fol SRiPedilo andrkectnicat sitesplBdtinddutes oherdiein! (pfebiplthtieh Aawddition,

been.resolved by .the addition t angentationse ; tes.
the&.%% oe?ﬂvl)s. lfg%%r%ourﬁadti%%r? é@%ﬁ?},ﬁ%ﬁ%ﬁ%@%&%@%ﬁw tothe Hopurites
ThénstidirbpNadidommabitor alFoethaatmsanee P tkasp Foes epitetda Pafiyplacebo

' DG, Hity;:Odng:RrReduekshipping and
amﬁif?l% |§t@g%%egﬁ%ﬁ%§%ﬁ%§%§%%%ﬁ%ﬂ% polyso_r(tj)é;?e180 to the

fornilitasionzaid sasviirenreintd i BIeft S LBt didipTg o ons #1 and #2
weAMAGAING aNtIRedyWIRM:REQRA RG:IoFBaLIBEeNS AVl Big BEhpsikeibo in
content. Initial work focused on agitatriﬁ #Ftlc cig'ggre%tiog ug%%tao t0
Forgplatian &0 rbdrat Bh S e 8 ds g} E.E& ftting the matenar to
chrogiialienusinytas\wiex-tigasvniberbaggred atdgssieticROest detemddddiyin the
size exclusion-high performance liquid, chromato =C-HP
SDSERRE PSR TG Ry e 6 2 AL s e dolysorbate
80 aggieateakwhilpsosivseBrith herbufesngiohwohenshdadimd salt. The

. benefici ffecti iti _ o
BRI 58t g lbclaness Sbue AMAN A1 0270 NNk: 5 for oo

in‘preventing agitation-induced precipitation at a protein _
mondncdniationaoksingiasaiathe e skeinfonelnyhisadmslicstes@eivsprpate 80 m

thedPHRNS 8@%@&%91%&9” Hoyaizefnataligymab fLakies disappeared,

N100226-0003). The vials were shaken on their sides along with several

indjsatiratize hapnzerBB S EBrRARIOSALE 150 rotations per minute in a

horizogiabphange \ithindxhesssoisthis RatpsriahegmstenpaaifeC in
the vials of Formulation #1 were laden with 16 WO 3006/85%469 . .
Foppwisipgstonnogaglyged after spiking with polysorbate 80 to 0.02% (w/v) just prior 1o

chromatography. The antibody elutes at 16-18 minutes using these overload conditions. The
remainder of the profile resembles the placebo with polysorbate 80 spike. The two-month
stability samples for natalizumab lot #AN100226-0004 were also analyzed by this method.
The elution profile for the 5°C natalizumab sample indicates the absence of any additional
peaks and comparable levels of the histidine/salt peaks at 26-27 minutes. The trace
impurities are detected at two months for the 25°C sample, and elevated levels are present for
the two month 40°C sample. Thus, these impurities have not been detected in the clinical
supplies, which are stored at 5°C. The appearance of these trace impurities is occwrring
much more rapidly in placebo than in natalizumab.

To avoid the formation of these impurities in the placebo, histidine was replaced with

inorganic buffering components in the placebo formulation. The placebo product for the
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particles and appeared turbid while the vials with 0.02% (w/v) polysorbate
80 remained clear and free of particles. The observed aggregation is
presumed to be caused by the air-surface interface, as vials completely
WEHRSOHETHIH3AN 100226 in the absence of polysorbate 80 were”SRakemi 3§73
extended periods of time without additional particle formation being

chmc% 58 1@55@@'&'&3 tﬁﬁ&ﬁ@{g%@f&%&lﬁ%ﬁ)m@m@@vﬁg #3lysorbate

it the protein precipitation facilitated by trace levels of silicone was

TR e T e I R e

recdfC A4t 05%199&!5&@@%@&@@@@6% mm@pnmmrummlab% (wiv)
lubricated 60 mL polyprogylene syrln%e The, mater ial.w £ 260
polieibaitctOsaloashp FTRY AR P8 SRS EHISERARYS &Y %usﬁglﬁec ioR r(’:ﬂcc)}m‘lPrrneeda

nm Wh DO RECIRIAHO BAWAS @SBUITIET: crrmmmmgmsaaemﬂme RaLCHREBLGHprofile

0.2 .xm filter into a 5- to 0

o5 G R BB B oS RO B S R0, 029 ()

pozwwtmmmmamﬁemmmmeﬁ@t@cﬂhnmamwﬁgarwwls of trace
laden t

un%ﬁﬁsg\{\%g}e%a’cr ‘%ﬁ(fl'ne o é%&lﬁ tiom, offhe 8&9%%@&@%{& the

658 cebo (containing 0.02% w/v

nozmmm@téegfa)danmmgezfmqgumm@w@@w@@&e@wm%nﬁmm@gsphm in

the DO or%ly ql?aq{&gatlon of polysorbate 20 80, apparently through an
SXidation reaction involving metal ions and histidine. For active

natalizumab drug product, these trace impurities have been detected only

after storage at elevated temper@%_rﬁqg@ 25'C and 40 C). Thus, the
decision was made to mod|fy the placebo and use p )
histidas? prmwlation with Balvsorbate 80 and

d'ﬁel‘ﬁélkﬁ&ﬁﬁﬂ{b@t ug»edlfaﬁ ﬂa@@@w@m@mﬂmm qimgmds. aﬂumg@s be through
AN100226- nd AN100226.005 act o
a mgta LRl E?b% UGG PORPES oﬂ‘séece@gg% i gereaterg?&uéﬁ%? 7&? %i%%gr}lggal
Sczbaaan@mmezsna@bnbmmmmmm weosidetiootdukinghiorage ocours for

difl FS%L ne/Naﬁ? s(,)ozrl%/%t é ﬁ&jggﬁ[ﬁg r%?bs EP%&FM&!H}@&'%H%M lons also

we re

enc in the |
1mpuawmm1gdlatWHaﬁméW®g¢énl 1‘11%7%%?@@@@9%@9 gﬁﬂ@%%@%}i’@@ﬁ&%ﬁm
poi%gl‘{)%%cﬁp Qeamf&gfﬁ} afz T&:@@lﬁ@%f&@@i QF QEEATIRAY WESe Ajinomoto 1s the

single histidine source used for formulation. However significant differences in the rate of

reaction between lots supplied by the Ajinomoto have been observed.

- An additional factor that plays a role in accelerating the reaction is the presence of
metal. This was demonstrated by running a reaction at 60°C for five days in glass vessel
with 50 mM histidine (Lot No. RO16A008) and 2% (w/v) polysorbate 80. Under these
conditions, minimal levels of the trace impurities are produced for this histidine lot. The
reaction was then split info three vessels: (1) the first vessel remained as the control; (2) a
gray butyl container closure (stopper) was added to the second vessel; and (3) a stainless steel
needle was addsd to the third vessel. These reactions were then run for four days at 60°C
and analyzed by a UV scan from 200 to 400 nm. The reaction progressed further over this

time period in the presence of the needle.
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17 WO 2004/071439 PCT/US2004/003873 determined. These data
indicate that the impurities are increasing as a function of temperature.
The size exclusion HPLC method used to monitor antibody aggregation

WQAHHIGHIRED to increase sensitivity for detection of the tra&& THpaiassy?
increasing the column load 5 5 fold to 100 L, and the sample is applied
undiluted rather than 10-fold dilutg_g%wgiition, the absorbency is
monitored at 260 am to reflect thé absorbency maximum of the impurities.
The method&y bapyitigarhlouse Single-Dasedamil Lost

iy igsim Single-Tlase ke
impgritiss:inhoth plasesonmandnrRduet westhematiiddy emesgei gitdhse limit
earlier in the elution profile. Placebo and n taIiZLin%ab ggajmq_rﬁgdpmda%r six
tsti RSP AR FE R B L PR AR ef By T
weePEGaRRLG methed Wescsibes abhovedatialysisesf thepiaoétiw impurities. There
Formulation #1, spiked with polysarbate 80.t0.0.02% (w! I; .
e R g T
clirRelysarhate B80¢ kidtidisgo@and salt in the absence of the trace impurities.

Theiogg peal f IS ITInER 5 AsARcialad Wihlisatbale B0 e

pea approxim ute's are attributed to histidine and salt.,
dosEhienitGdststicinéAtaBinglo T (eieh pemboasars: 3o FEeebo R imsalsed i h

pol#zt}rga% &8 i $o ILIVE, MOTHRS ShOWS RBdskachneaaseitidbenste0 minutes.
gfutlng peaks which implicates polysorbate 80 in the produ “Oiﬂ ofithesqgat 20

Thirpplvidesngeh 3t meHtesevar o Er 1BhIM Gle BiianpR ?‘é@?" FRatRg ™

ad%?ﬁ’;htgﬁ%lq%é‘z‘éf&&%@@eﬁﬁdﬂ %ﬁ&%t&{p%ggba@%d SQ[NSé%@@ﬁ%ﬁtm&?ﬁﬁaEﬂMhe placebo

~ drug substance for approximately 5 months at.5'C in ormylatio

in GaEeAHe ERESH SpIRInG W B OTSENGL B8 STV GO e

areﬁnﬁﬁlf&atg%%ﬁ%@%ﬁ&_sh@ ﬁfmﬂﬁdﬁ @im@@c?iﬁtﬁ%]iﬂa etulitesnabingthese Formulation
overload conditions. The remainder of t rofile resembles th

42 BB LS 80 SPIRETRE RS TR S a‘%‘?ﬁfﬁ%‘&r%%|§;ﬁ?o$§a%§%%9ﬁmfs

i alakzmmab et 10022600040ie teeatsmanahgied dpp thisttrstiwerlladen with
The elution profil%(éor the 5'C natalizumab sample indicates the absence

de@ﬁﬁ?@p&éﬁ?&% peaks and comparable levels of the histidine/salt

peaks at 26-27 minutes. The trace impurities are detected at two months

for the 25 C sample, and elevatedﬂ&\éﬂkilgrg present for the two month
40C sample. Thus, these impuriti€S have not been detected in the clinical

supplies, which are stdistaldisgins TREMENRSRESANOREse trace

impri&igscsgésqg;Bg{:{mgy degraded polysorbate 80 is still capable of preventing antibody

Al A

R Aed aitHaPiy

ageregation, Formulation #2 was heated to 60°C for 3 days in the presence of a needle to
convert all the polysorbate 80 to the maximum levels of impurities. The reaction was
confirmed to have degraded all the polysorbate 80 by both SEC and reverse phase HPLC.
This material was diluted one-to-one with a 10 mg/mL solution of AN100226 in Formulation
#2 resulting in a solution containing 0.01% (w/v) polysorbaie 80 and 50% of the maximum
level of degraded polysorbate 80. These antibody solutions were exposed to both shaking
and siliconized syringes for several hours; aggregation of the antibody was prevented. The
control samples exposed to the same conditions but without polysorbate 80 showed

significant precipitation.

20



10

13

20

25

30

much more rapidly in placebo than in natalizumab. 30 To avoid the
formation of these impurities in the placebo, histidine was replaced with
inorganic buffering components in the placebo formulation. The placebo
WOt fvthe 18 WO 2004/071439 PCT/US2004/003873 RHieUHAE S
a sterile isotonic phosphate buffered solution with 0.02% (w/v) polysorbate

30 f4P E!)gcglg-gﬁ%§ﬂlbcﬁ§§%ﬂ afbistidine.with pBasphatefyarcent of the

emonstrated to significantly reduce the rate of polysorbate 80
voldegreiddiion Semrdebi BRI AR RIEI O RIS P BT SETBRE B Preve

amigj%%%{g%mg}@tion was analyzed by size exclusion HPLC monitored at
260 51im

oth at time zero and after 3 days at 60C. Little ch |
i AR BP0 A T PAP AL B EAR ThS SR L ot
moxfﬂlfﬁ?ﬂl@_gf% E@?emsﬁi% DS QIR Ypa(wiv)is polys oy batdi 80 fapttitimtigmulation is
ollowing.anly two at 60C shows.signific | i ities o
ot QRS HEGATAR o o O St B TGS Sard et Fonts
25 O?%H@QWWSMQQTMW ittignificanBytintbedé6 Bydrépiachagples are
istidine with phosphate in_ 10 {k HF!!?E{QE‘ E apple
COW&’E%{}L}%% (??]rﬁu‘fgt?gaﬁl%f#i gﬁ/ﬁ@%ﬁggn é%rand Iistidlnée Comtﬁ%g}éarge ofthe
profehe mﬁsh&?&mﬂmm%éwkﬁﬁd@ AT e sty Eppri B AL thistgyproduct i
.to.he through 1% : idati
R e

desisetsthah aursHidatin RMNGRSHE YT CEATR A AE P B 2nd e
peONSOHRAIR e cngbiserhaie.A0) dlshiriempesaluresing ofeiatiais

also Impact autoxidation. Donbrow et al. (1978). | i
ot s SRS SRR o s

wiﬁﬁf9%€§ﬁefm é&lgfa_iﬂﬁamd@@wﬁmmgams HheSRQ sinptevhistigivesblice. The
used for formulation. However, signifi diffe es, in the r ‘
oS o el e s e ey
spiRgiditinnal dagionthpbplaystatote imdecsierating $HE FdBEGONTBaREC profiles
presence of }rr?%‘%)al. This was demonstrated by running a reaction at 60'C

WeRS PR AERht §TEE vessel with 50 mM histidine (Lot No. RO16A008) and
2% (T}t s tiaiteddotivmetsiet et PBithatidasoHiRRHanrBY alsrRe

B T e
ratio of degraded polysorbate 80. This plot indicates that an area of less than 5 mﬂ%cm
pVeseconds represents about a 50% loss of polysorbate 80 to degradation products. There is
a direct relationship between the amount of oxidized polysorbate 80 added and the peak area
for the peaks eluting late in the chromatogram.

A preliminary limit for these trace impurities in natalizumab has been established
based on the mouse single-dose limit test, the antibody solubility data with 50% degraded
polysorbate 80, and estimates of the extent of the polysorbate 80 degradation. The method
has been included in the ongoing stability program and a limit has been established. If
additional lots are manufactured with histidine buffer, these Iimits will be applied at time of
release as well.

Limit: total area under the peaks after approximately 24 minuies is not to exceed 4 x
106 pVeseconds.
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gray butyl container closure (stopper) was added to the second vessel;
and (3) a stainless steel needle was added to the third vessel. These
reactions were then nm for four days at 60C and analyzed by a UV scan
WHaI20048 400 nm. The reaction progressed further over thist/BEPHp#803873
period in the presence of the needle. 19 WO 2004/071439
PCT/US2004/003873 Example 4giyglugtign of Impurities - Mouse
Single-Dose Limit Test The potential toxicity of these impurities was
evaluated in a mouse-<ifitfidilosd HRRLRAN LR Stacebo and
natalizumaj;sagRigslirumasmulation #2 stored at 40C for six 5 weeks
were used because these sample vide the largest amount of the
impurities. ThEte SQEPPRIY %0 Xicity due to the impurities.
Preliminarg datg gediprovidedda WEPnon- clinical section of the
submission. The ?E[C Pa Céé)r%ff]es for 100 L injections of samples used
in the mou ‘ggﬁ%glg-y 9SE firit test were determined. The natalizumab
sample in Formulation #1 spiked with 10 polysorbate 80 prior to analysis

Adﬂ}%ﬁ%%%t%@g%% %@S%B&%H&%ee[é%,q@{'r@§{5ef gﬁ.”WHﬁeﬁ*eflﬁgdpﬁ&lége at 5-

: : 1k K k
NAH 23 St U4 e ’ R AL

u 4 minutes was tound In this lot of natalizumab without
8°@olysorbate 80 addition and therefore does not indicate polysorbate 80
degradation. By contrast, the placebo in Formulation #2 stored at 40'C for
six weeks, showed complete degradation, as the total area under the
curve was 12.8 million Vseconds. EzaiHMslizumab sample in Formulation
15 #2 and stored at 48 G fermsix vmaksdiash ass eempeie degradation.
The analysis confirms that the samples stored at 40'C and tested in the
mouse sinél@-Ht&sT@aﬁ?Hﬁ%Pare laden with degraded polysorbate 80.
Example 5 20 fagtedishingdsppatdty JSpecifications To assess if partially
degraded po%%qﬁ[lga e 80 j sti&l C le of preventing antibody
aggregatioﬁ; ﬁéﬁ%lnc’% Was heéated to 60C for 3 days in the presence
of a needleltd mpiulrtcatathehdfiSorbate 80 to the maximum levels of
impurities. The reaction was confirmed to have degraded all the
polysorbate 80 by both SEC and reverse phase HPLC. 25 This material
Adjrss Hluee@lon é-forohephatnlorio avig/miE sGlater BEANYBbPsEsHed storage at 5-

SoEormulation

Example 8
20 me/mL, Natalizeumab Formulation

20.0 mg Natalizumab

1.4 mg Sodium phosphate, USP
8.2 mg Sodium chloride, USP
0.2 mg Polysorbate 80, NF

Adjust pH to 6.0 0.5 with phosphoric acid, NF. QS to 1 mL. With preferred storage at 5-
g°C.
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#2 resulting in a solution containing 0.01% (w/v) polysorbate 80 and 50%
of the maximum level of degraded polysorbate 80. These antibody
solutions were exposed to both shaking and siliconized syringes for
w8l iélirs; aggregation of the antibody was prevented. ThEUSSHHEf3873
samples exposed to the same conditions but without polysorbate 80
showed 30 significant precipitatiom;xag,)W£»2004/071439
PCT/US2004/003573 It is con this work that as long as no
more than fifty percest: ory SEHIGIEE £ gradea, this material can
provide thes@pprgviatgiamyvionment to prevent antibody aggregation.
Although very little polysorbate de ation is occurring in the active drug
product, 5‘F dﬂ%t?ﬁ%ﬂj%gﬁg%&ggtﬁi ocusing (IEF) pattern is done to
confirm that thisefBodiutattblviglendiSFompromising the antibody. IEF
profiles for ge Si e ility time points for 5 C, 25'C and 40'C
storage cor(%' |f|Ic1)$1)is)\({)\\/i\?eséé}§ et%bﬁwm. Both the 5'C and 25'C samples are
comparable to the reference standard, with no evidence of any change in
AdVE R fharoe o5hanMnigiR. IS AN KSamPIR Shawedthesbitiieiamape at 5-
acidic species typical of this product in 10 a liquid formulation either in the
8°Bresence or absence of polysorbate 80. To establish a relationship
between the extent of polysorbate 80 degradation and the peak area from
the SEC-HPLC, a dilution series for six concentrations of degraded
polysorbate 80 from 0 to 50% waEEREdY Formulation #2 was heated
to 60C for 3 days with.@neeslicrendicantiinnedimbRAOO% degraded by
SEC and rg\zl(grseﬁﬂase HPLC. The 15 reaction mixture was then diluted
with AN10 %15 iBg iﬁ%’?ﬁq:ormulation #1, freshly spiked with 0.02%
(w/v) polysodtaté/BRid analyzed by SEC-HPLC. The SEC profiles were
monitored at un. Thed this dilution series were plotted by
the total peﬁdl(sﬁ%gr)gg{sﬁstgg%%egﬁag - Seconds) for the absorbency profile
after approxihmahélse@ummigsedaie a function of the 20 ratio of degraded
ad\/3rBake: 800 Sl piatdusioRios 1nabanaies Ablessdianmmiliaiiu: 5+C o
seconds represents about a 50% loss of polysorbate 80 to degradation
abpibdlifets. There is a direct relationship between the amount of oxidized
polysorbate 80 added and the peals area for the peaks eluting late in the
chromatogram.

Example 11
10 mg/mi. Natalizamab Formulation

10.0 mg Natalizumab

1.4 mg Sodium phosphate, USP
8.2 mg Sedium chloride, USP
0.2 mg Polysorbate 80, NF

Adjust pH to 6.0 ¢ 0.5 with phosphoric acid, NF. QS to 1 mL. With preferred storage at 5-
g8°C.
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A preliminary limit for these trace impurities in natalizumab has been
established 25 based on the mouse single-dose limit test, the antibody
solubility data with 50% degraded polysorbate 80, and estimates of the

WeRieHPofie polysorbate 80 degradation. The method hasHeeRTHEMHE 3
in the ongoing stability program and a limit has been established. If
additional lots are manufactured jth higtigine buffer, these limits will be
applied at time of release as well imit: total area under the peaks
after approximately 240ma(dshatadizpmab-Egmlatiols \\\/seconds. 21
WO 2004/07 $438 04t 24004/003873 Example 6 1.7 mg/mL
Natalizumab Formulation_ 1.7 mg Natalizumab 1.4 mg Sodium phosphate,
USP 5 8.2 hi&oaitdheiie®s? 0.2 mg Polysorbate 80, NF Adjust
pH to 6.0 §bmdthoahasrhtsiciadBINF. QS to 1 mL. With preferred
storage at 5- 8C. 10 Ex 7.5.0 mg/mL Natalizumab Formulation 5.0
mg Nataliz%?‘rfgﬁ %’iyﬁﬁ’é%ggg%n%hosphate, USP 15 8.2 mg Sodium
chloride, USP 0.2 mg Polysorbate 80, NF Adjust pH to 6.0 0.5 with

Adﬁg’gﬁ‘nﬁlﬁg " C0a+%j.5 waf&%ﬁo%%h%mag\ﬁllwragrt@ f Lﬁﬁg,ra\mt%fégd%%mge at 5-

X e mL Na

ple 820 mg talizumab Formulation
g°C.

Example 13

20 mg/ml, Natalizumab Formulation
20.0 mg/mL Natalizumab
140 mM NaCl
(.02% Polysorbate 80 (w/v)
10 mM sodium phosphate

Adjust pH to 6.0 = 0.5 with phosphoric acid and bring volume to 125 ml. Optimally store

formulation at about 5°C to about 8°C.

Example 15
[ vopholized Natalizumab Formulation

Additional liquid formulations of antibody at high concentration, from 20 —200
mg/mL may consist of phosphate or other suitable buffer (such as histidine, cifrate, acetate or
sﬁccinate) in the concentration range of 2 to 50 mM, to provide buffering in the pH range of
3.0to 7.0. Most preferably, the pH is 6.0, +/- 0.5. The addition of polyols (such as sorbitol
and mannitol), disaccharides (such as sucrose or trehalose} and amino acids (such as glycine)
may be added in varying amounts with sodium chloride to maintain stability and provide an
isotonic solution. The use of surfactants, such but not limited to the polysorbates, add

stability when used in the range of 0.001 to 2%. To prepare a liquid formulation,
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20.0 mg Natalizumab 1.4 mg Sodium phosphate, USP 25 8.2 mg Sodium

chloride, USP 0.2 mg Polysorbate 80, NF Adjust pH to 6.0 0.5 with

phosphoric acid, NF. QS to 1 mL. With preferred storage at 5- 8C. 22 WO
WOUM4T4%39 PCT/US2004/003873 Example 9 50.0 m&/mt TR

Formulation 50.0 mg Natalizumab 1.4 mg Sodium phosphate, USP 5 8.2

natGRediWm chiRdde: Bk B2 amaPrlysamhatednNfhégiust pH taBDsodium

0.5 with phosphoric acid, NF. QS to | mL. With d .8C.
SRR N b R

opdlRiHiz wmalitha0: mvi et 15H2. 0266 1P clysairiveter0ciwhen 19 frvpnomer with
w EBERS A RS0 R D it g

Natailiztabialbybpiiistdtignrntocoug Netaliztnalhs P viteE odRgase phosphate
bui@rg'os gggtgés%sp% %%E@d%ﬁ%‘%e%ﬂgf ey rlxégggsary to replace the phosphate with a
different buffer. This buffer may be comprised of histidine, citrate or succinate,with the
ability io buffer effectively in the pH range of 3.0 to 7.0, most preferably in the range of 6.0
+/-0.5.

The use of polyols (such as mannitol) and sugars (such as sucrose) are necessary to
provide cryo- and Iyo-protection. These polyols may be used alone or in a combination to
provide for stability and adjustment of the tonicity. Additionally, the use of amino acids (such
as glycine), at levels of 10-1000 mM may used to prevent aggregation.

Surfactants, such as polysorbates or poloxamers, may be used at levels from 0.001%
to 2.0% to provide for stability before lyophilization and after reconstitution and to provide
for more rapid reconstitution times.

The protein, following the final purification step, may be formulated using
ulirafiltration for concentration and diafiltration for buffer exchange. The protein may also
be formulated using column chromatography for buffer exchange. Some combination of
these techniques may also be used.

Tn addition, the final desired protein concentration may be obtained by filling at a
protein and excipient concentration lower than desired and reconstitution at a smaller volume.
For example, a 2.5 mL fill volume of a 40 mg/mL solution may be used, followed by
reconstitution with 1 mL to obtain a 100 mg/mL solofion.

For example, natalizumab, at a concentration of 20 mg/ml., was Iyophilized in a
solution containing 5 mM histidine, 20 mg/mL sucrose aud 0.02% polysorbate 80, pH 6. The
solution was filled at SmL per vial into 10 mL borosilicate glass vials and fitted with gray
butyl rubber lyophilization stoppers. Lyophilization was done using a Virtis Gensis model
tyophilizer. The product was frozen at a shelf temperature of -60° C for 10 hours and then

the shelf temperature was raised to -40°, Primary drying was performed at a shelf

temperature of -10° C and a chamber pressure of 100 mTorr for 20 hours. Secondary drying
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10

25 0.2 mg Polysorbate 80, NF Adjust pH to 6.0 0.5 with phosphoric acid,
NF. QS to | mL. With preferred storage at 5- 8C 23 WO 2004/071439
PCT/US2004/003873 Example 12 10 ma/mL Natalizumab Formulation
WaGWO¥AG Natalizumab 1.4 mg Sodium phosphate, USP 5 8ECHG &W4iHF73
chloride, USP 0.1 mg Polysorbate 80, NF Adjust pH to 6.0 0.5 with

waPBasRRQf & aGith NEm %?a%@ré- SpbsWithprefered storagerabbi 6Cm G for 10

Example 13 20 mg/mL Natalizumab Formulation 20.0 mg/mL
hopgatAIBAINEH A0 FIPPRIEE 14D 9% P olysorbate 80 (w/v) 10 mM

sodig phesrbate,Adiuehiite:-6 6ifkS withqrhasphaviElacigiend fornglation

volume to 125 mL. Optimall e for ulatlon at t5Ct u
con R e Sy B i SR C AR SR e
chfplﬁmzd&ti@ Iﬁﬁchif&il'ﬂb@tdy @ftdﬁmgtgemmdmgrqﬁuhzérbfnrﬁﬂat%@% gtk cases
recgﬁéttggng tof Q\bos?hate o Ot résrgclatoan% eu} Jfgoh(ﬁfé%g {2 Q'g’ltégﬂ%d colorless

%e]ane or succma e |n e concentration range o 2 to 5 to

w1¢rwmladmuﬁef ingrilvithgepthieringe Bic 3a0nmdey @W@@%Wﬁtﬁ%"@ BRggomer
by? % %D -ﬁ? %@&%M%@MPL% b a5 SARDIRH e@lﬂgr%m‘gpemes After 2

isaécharides {such as sucrose or trefialose) and amino acids (such as
weglipcitrayge at 40 deg, the sample showed 94% potency relative to reference (specification

80-125%).

All cited patents and publications referred to in this application are herein

incorporated by reference in their entirety for all purposes.
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may be added in varying amounts with sodium chloride to maintain
stability and provide an 30 isotonic solution. The use of surfactants, such
but not limited to the polysorbates, add stability when used in the range of
0.001 to 2%. To prepare a liquid formulation, 24 WO 2004/071439
PCT/US2004/003873 natalizumab was concentrated to 65 mg/mL in 10
mlvl sodium phosphate, 140 mM sodium chloride, pH 6, with about 0.06%
polysorbate 80. The resulting solution was slightly opalescent but without

~—E%E#-’ificulates. The sample contained greater than 99% monomer with no
high Wolqé:%ar weight aggregate or low molecular weight species by SEC.
5 A stable |yc')philized pharmaceutical formulation is provided. Because

1. phospBaigebad{RIUB GREIRRS AR GBARASHBHIRCLERSRING I SSHSERM.
5 tg rrﬁé?.!atce tqf rphos(ﬁhat% ith a ddiff%rent t%f,er. T his buffer éna be .
R RIE & SFHISHBME CCRAARe B R R RHRE " By RS BTiFRgRogiobulin is
naggfligemably in the pH range of 3.0 to 7.0, most preferably in the range of 6.0
+1-0.5, 10 The use of polyols (such as mannitol) and sugars (such as
sucrgse).are necessary to provide cryo- and lyo-protection. These polyols
2y DS REH TR P Lorelibe o retias P 5 ey
adjustment of the tonicity. Additionally, the use of amino acids (such as

3. g'y(}hﬂﬁé.fain‘ﬁﬂ’ﬁlﬁrﬂﬁﬂ@aWQQSHM%&M&F@@S@&H@V@FS%Q%QQ?W |
ur ) (o) rbates or poloxamers, may be use at levels
amSHeS oA 2N

rom ‘provide for stability before lyophilization and
after reconstitution and to provide for more rapid reconstitution times. The

4. protefne foliewinwihe fiamh pUificatianeiopiamyde doraplatest Using
uItre}fiI ioq 65’9%0? tration and diafiltration for buffer exchange. The
amount O aDoUT U, WiV, .
protein may alsé be fofmulated using column chromatography for buffer
exchange. Some combination of 20 these techniques may also be used.

5. In addiienthrifirabOesined PreseimeReGRRIGANGIR BURY iDerabiainsd Ry

fiIIing at pro}ei’p a% XCI ie[lt concentration lower than desired and
amount’o ?%m mi {6 ﬁmé?ni\ . .
reconstitutionmat a smaller voluime. For example, a 2.5 mL fill volume of a

40 mg/mL solution may be used, followed by reconstitution with | mL to
6. obtairha fbeaurReom bi M @) whe epr tBEARAIRCARIBIFV R R sRhin the

amcoqm?%pgg(gi&q _gf F%(g)}f rrrr}]_g/mL, was lyophilized in a

7. The formulation of claim 5, wherein the immunoglobulin is present in the
amount of about 5 mg/mL.

8. The formulation of claim 5, wherein the immunoglobulin is present in the
amount of about 20 mg/mL.

9. The formulation of any one of claims 1 to 8, wherein the formulation has a pH
of 3.0to 7.0.

10. The formulation of claim 9, wherein the pHis 5.5to 6.5.

11, The formulation of claim 10, wherein the pH is 6.0+0.5.
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solution containing 5 mM histidine, 20 mg/mL sucrose and 0.02%
polysorbate 80, pH 6. The solution was filled at 5mL per vial into 10 mL
borosilicate glass vials and fitted with gray butyl rubber lyophilization
stoppers. Lyophilization was done using a Virtis Gensis model lyophilizer.
The product was frozen at a shelf temperature of -60 C for 10 hours and
then 30 the shelf temperature was raised to -40. Primary-drying was
performed at a shelf temperature of -10 C and a chamber pressure of 100

12. MTQHI0E A0 RAUSHREFAAAK AN AR LR L33sent in the amount
PCT1US2004/003873 was achieved at a shelf temperature of 25C with a

of BoRY S BBSsure of 100 mTorr for 10 hours. The vials were stoppered
under vacuum. The vials were then reconstituted using 1 mL of sterile WFI

13.to giMeeddonwatstion’ deimainingre® ring/miospitatiz dnfédy. Fhe pENGles.5, the

poly¥8reRe Ay e diaialy rfteesMapkiizationape-aler &owks @),
storage in the lyophilized form at 40 deg. In both cases reconstitution
times were immediate. The reconstituted solutions were clear and

14. colofhessomithedinnabkelate dBpaviiesinteatalizuiabbT sergaseplels contirmut of

20 Sigrietdhan BRfmmonomer by SEC, with no high molecular weight
aggregate, or low molecular weight species. After 2 weeks storage at 40
deg, the sample showed 94% potency relative to reference (specification

15.10 Stha fgowyialiircitedayatériudansih o fieatidatarfefsetbticin this
application are herein incorporated by reference in their entirety for all

16.PHIBGS AR ARG BIESinVS QAL ASIRRBHBGUBAKS RNALNAEN UAbmount of
formulation comprising an immunoglobulin, a’phosphate buffer, a

1 MsEysdppkre M#Hsodium chloride, wherein said immunoglobulin is '
natalizumab. 2. The formulation of claim 1, wherein the polysorbate is

17 POly$RIAIE 804 53 el e %@9&@fk@%n}?/@8&5ﬁiﬂ tae,RAYSAPatEAbunt

is present in an’ amount of 0.001% to 2,0% (w/V). 4. The formulation of
of biamyahWPe?RiN B polysorbate 80 is present in the
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amount of about 0.02% (w/v). 5. The formulation of claim 1, wherein the
immunoglobulin is present in the amount of 0.1 mg/mL to 200 mg/mL. 6.
The formulation of claim 5, wherein the immunoglobulin is present in the
amount of about 1.7 mg/mL. 7. The formulation of claim 5, wherein the
immunoglobulin is present in the amount of about 5 mg/mL. 8. The
formulation of claim 5, wherein the immunoglobulin is present in the
amount of about 20 mg/mL. 9. The formulation of any one of claims 1 to 8,

18. whahsfameufaliatuRtRHM&s Whers b e (G e YR ESTBTRIENI B Agramount

of 1§|ﬁ1§}h% wiszreig/thie pH is 5.5 to 6.5. 11. The formulation of claim 10,
wherein the pH is 6.0+0.5. 27 12. The formulation of claim 1, wherein the

lob n IS sen]i unt of

forﬁ'ﬁ%ﬁ?rﬁ"% FRm 1A erelanetrﬁ('enp ofsoprﬂqaﬂ ?b ?er IS ag[:/m pégs(% (;E Eg?ﬁnee

polysorbate is polysorbate 80 and is present in an amount of about 0.02%

20. Wirhdldrhbedersrbainmerl aaiiii3navbaigimatalizsnabrisfresent in

an amount of 20 mg/mL to 150 mg/mL. 15. The formulation of claim 1,
wherein the formulation is |soton|%H16 The for ulatlon of

lai rein
21 1o RGBT EERRESLA: TP RO Gt G 180 R o
NaCll iffree derof 6latiod. S wheineibs st ereieintie am imunawiolobifnsapeewBatain said

imnih TSR b ediRPARY. or SO mg/mL. 28 18. The formulation of claim 5,
wherein the immunoglobulin is present in the amount of 15 mg/mL to 50
mg/mL. 19. The formulation of claim 1, wherein the formulation further

22, corﬁmsmsammepmaiﬁhéﬁowhenamw@muwwpvw@réyﬁcmte 80 and is

ore RO RPERAR LMY SURHELED.0% (wiv).

23. The composition of claim 21, wherein the protein is present in an amount of
0.01 mg/ml. to 200 mg/mL.

24, The composition of claim 21, wherein the polysorbate is polyso_rba’ce 80 and is
present in the amount of about 0.02% (w/v), the NaCl is present in the amount of 150
mM, the phosphate buffer is present in the amount of 10 mM, and natalizumab is
present in the amount of 1.7 mg/mL, 5 mgith, 20 mg/mL or 50 mg/mL.
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21. A composition comprising a sodium phosphate, a polysorbate, a
protein and NaCl with a pH of 6.0 0.5, wherein said protein is an
immunoglobulin, and wherein said immunoglobulin is natalizumab, 22.
The composition of claim 21, wherein the polysorbate is polysorbate 80
and is present in an amount of 0.001 % to 2.0% (w/v). 23. The
composition of claim 21, wherein the protein is present in an amount of

0.01, mg/mL to 200 mg/mL. 24. The composition of claim 21, wherein the
25. o AT WSS 0 SR SPRRRn ET B B BIALAR o gomBrsing
adnO 0296 ¢dit), phesizab: isqlesediionidee apudyaorodie S0dn M die gindsphiestng
the Ryffer ﬁdﬂﬁ&ﬁ%%ﬁh?ﬁ&@%&&é@ BM-and @%aiiz\wn&aﬂssm?%@ms an
. _thea 0L1nt of 1.7m .mL,ém /mL, lZ%m [mL tor,50m /mL. 29 25. A
'm”}HEﬂQE‘;é’%f'br%’é&‘ﬁRﬂ%{%?g é 98 CBHILRiRgAFHMion comprising

admixing sodium phosphate, sodium chloride, a polysorbate and a protein
26. andiadiyatingdthe RIS Midivie WthahesRRAIRAR AL & Batm 25,
[ﬁﬁm sai %roteln |%a%§ immunoglobulin, and wherein sai

IZu

d \
D GRBHITH REGRRIZ U B S56T Theh RIS S o pPBpYring A¥talhfe sodium
chigsidgetpeesealmray fanauti b abolit e, thépebisorhets delaiygonoaipiitend
is pledUesehBABAMPWRLOf eyt AAMM, the sodium chloride is present in
an amount of about 150 mM, the polysorbate is polysorbate 80 and is
present in an amount of about 0.02% (w/v). 27. The method of preparing a
27. stabileeprogtinc ohtaiapagiformstatin pbtsiim@Bainige feirmvatializomelbins 25,
whePERS BB ARAMOPRIEHZR BAUMbUIR OSREML 18808 AgyMethod of
preparing a stable protein containing formulation of claim 27, wherein
natalizumab is present in an amount of about 150 mg/mL. 29. The method
28. of pfépanathedstibieepesitednacstatzitinfomudatidringt Haimigmn wheteim 27,
whdRE-HRIRIAIS AR ilkzRdt I Kie JeEn i aHap Rk 6l8imdmi0. The method of
preparing a stable protein containing formulation of claim 29, wherein the
polysorbate is polysorbate 80 and is present in an amount of about 0.02%

28, (wwhhg meathedniéthbafing epatiaiicarstidle proteirng Mamiagdoraiution25,
wheERI W #8kein is tyophilized in the formulation of claim 1.

h whe
WNEHIR

30. The method of preparing a stable protein containing formulation of claim 29,
wherein the polysorbate is polysorbate 80 and is present in an amount of about 0.02%
(whv).

31. The method of preparing a stable protein containing formulation of claim 289,
wherein the formulation further comprises histidine.

32. The method of preparing a stable protein coniaining formulation of claim 25,
wherein the protein is lyophilized in a solution comprising 5 mM histidine, 20 mg/mL
sucrose and 0.02% polysorbate 80 at a pH 8, and wherein natalizumab is present at a

concentration of 20 mg/mL..

33. A kit comprising the stable formulation of any one of claims 1-21.
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wherein the formulation further comprises histidine. 32. The method of
preparing a stable protein containing formulation of claim 25, wherein the
protein is lyophilized in a solution comprising 5 mM histidine, 20 mg/mL
sucrose and 0.02% polysorbate 80 at a pH 6, and wherein natalizumab is
present at a concentration of 20 mg/mL. 33. A kit comprising the stable
formulation of any one of claims 1-21. 30 34. The use of the stable
formuylation of any one qf claims 1-18 for the preparation_ of a medicament
4 o1 (LR I SRR cHLEALTT & SR (R Eapiepaion of
a MFHeARRIbAPdi¥sa Featmpsib cle thfirmmaiery rdisgassmiprisimgtshthebensinigaid
infi@wthiatisy Bibiple sClespsitarbmrahn §riipeas®pading of rheumatoid arthritis,

multiple sclerosis and Crohn's Disease.
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