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WD 2004/ 071439 PCT/ US2004/ 003873 | MMUNOGLOBULI N

FORMULATI ON AND METHOD OF 5 PREPARATI ON THEREOF FI ELD
WOR0TME4BNVENTI ON The i nvention is directed toPGI/aki064/003873

concentrated fornulations of proteins or antibodies,

such as natalizumab, wherein the activity of the

anti body is retained and also can 10 be adm ni stered

in a small volunme and can be admi nistered to a subject

of variable weight in need thereof. BACKGROUND CF THE

I NVENTI.ON Ant i bod [n f i

in the wvﬁgéﬁm% ﬁ‘sg%ﬁ@ﬁf‘ﬁ%ﬁw“

fornul ati ons, such B i forn Flons, whi ch are

chemically and biologically stable, are fraught with

all epges. . K1g formul ati ons which are al so not

FIE% LN | a.lé“g@sqiél’n‘n mai ntain a small volune (i.e.,

al Iwiingntion iadisdtadd to ¥@blereorcshteatd Gmnuiatiens of prlotems or

I ncreased concentration of protein, suc s. ant i bqd
antibGs, Py OB ERRERG. IR ety o8 et poriar e g Ehd also can

Xlifibterdd t RIRIIND 51 fbi Bt SitBkiAbleRveight in
e 0 SR OGRS A AP 3 L i
nec®fReifal |y beneficial to patients of variable weight.
Adm ni stration of fluids to patients of variable
wei ghts may, for exanple, have an adverse reaction.
BA Y o P K¢t i ons has been hi ndered by
e proteins or the antibodies thenselves, which have )
a hglbotig adé poyeih domydatigataee Jenvavipingles pitt Howevasgpreparing protein
SUMVARY OF THE.| I .Therefore, .not.wi.t hstandj n
formlOtta1o 8 AR BRI B SR s FCHEA 1 T gEgally stable,
are ¥1’Q’§%§ lwi@f%}éﬂ&lg%s.n_ﬁf‘e%aﬁﬂé fdriml26aswRRhhessls@hot only stable but can
or

ating proteins and/or antibodies. There is also, .
maiataimesmall volustedbe.calloringfertd small velume izjeefton) even with an increased

congGRReGPE RS eh o] B oy SRR ek For gy

 forhBAGH ie, Fhablathpl Qo Alhed anRinB0f preian bdixed volume that is

protein which maintain a fixed volune. Appljcants . . )
alscdfitahd wouldrer esperigitabrnsficiebiopsbipts oh¥arghle Weighh faministration of

further uti.liz fo. e i bod o) Ie?%t
fluids, é’@-,%g‘fltﬁ gt V?%afbﬁwg ' %Snfg%??rﬁ&%%ng Ee’ )é%{lec%ﬂrﬁarvg%si ons of
DeRIBpnitel yf Weh Gbrmsldaticis hak Bedntiihddred bytheqnatemser sheaditibodies

when stored at the recommended tenperatures. The
thempedyisy whishdane p Aiahdendrac¥ indgsEesin MG PRHFnul ati ons

will greatly aid physicians in treating subjects of

vari abl e wei ghts. WD 2004/ 071439 PCT/ US2004/ 003873
SUMMARY O®t THE INWCENTION i on provides for a stable,

h [ [ : :

a4 uTeI?elégfoge, %Bt\nﬁ‘?hesy;nldicnagl wﬁa? g;'l llar"é‘%'oﬁély 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, where 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.
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conprising an i munogl obulin (or other protein), a

phosphate buffer, a polysorbate, and sodium chloride.
woe@herabd y t he pol ysorbate is pol ysorbate 80, P@ntis2004/003873

preferably in the amobunt of about 0.001%to about

2.0% (W v). Mst preferably the pol ysorbate is pres ?t .

1 QuiseeSERch BRI B BTV 69D SNCLSE Y PHaHB R HER ormulation

oo TR, LS o e RSBt
sodiz@chigidel Préfeebéy b pylystibetefio polybabate80] sndoutfeeabdy irt the amount
B AT B i 8, e e g
amoRh€S 3l %OQ%PtIﬁ’ Bh&ther b JdRhEM! Ak iRmhuRBYlobtlit B€6ther protein is

conprise histidine. Preferably, the histidine is
preskathin shd Sirmelation il m emouttef abepdct mgfmk keatiowy 80 megAmL. Preferably

he j mmunagl obul i n t he above .fornul at j is_an :

e PSR e Bh oA SRR LOARURL 2D sl affaregoo i
abo @26 0y 5. MeneR-AaHteRtd RERYatdy isofRRO Cli BimantibR e’y further

Thi's antibody can be present” in a standard anount or
comiprisahistdioenPrefitrely, thmbistitlinegs §-histalvauat 15 ny/ nlL or

nore. Preferabl t.he natalizumab i.s, present in o

bt At SR Bbthe Bt 5 R eeRbBEES T pbSvefmutation s an
antildlHat GRS HREBO Ay, khéh 4sG1afalzaiab Br hifotdra®@inizka ahfibaly or

concentrati on of ‘about 15 ing/nL or nore, this

morfogtomal antibody.i Ehisantlbedyrred b present ip agtandaid aveount gF in a concentrated

exanpl e, of.about- 125 m ., L ] : | f.
an S B SRR RS el o P EE AR ke amamoun
fronR @B 20 i/l to\edbiEIHoen WHTQ il ih&inoes eBebin therfominilatien is present
t herapeutic amount of an i mmunogl obul in conprisin

in 2 gangenitetien piaboxt 1 bmeimbior srwradhis deerlgoy iaBtALaag n  fixed
herej ' dition is treated 20 by
VOluan&lem%(r)}lFeth r ?%gﬁg%éd??%gﬂﬁbr mulation. It is a further
aseita fafthéhudjedbvethiciinventibato ploeideandethbdnf trisingreepatient with
that i s nediated by alpha-4 integrin, .and in such .. ..
variglp Aveigh er & FRAdItAR Gy P gmneﬁtl? &g of FRT RS BH%”% gymprising
| “sd ' i £idlthe boTRItiorfs treated
o P T QHE BEBEh b USRS RO s vt
by adatipiesitidnosf the fqymiukitiog. & is eduuimar agect pfthe égveation that the condition

pol ysor bat e prqtej n and Na with a.pH 6.00.5 .
ve O30 R e BB} DB N PGB Gcbutns o
whigl% %c%%ﬁ%és%ﬁi%mﬁ th A aREIntedfn Ofuch a§RatafIQhdNST aspect

Invention provides for a method of preparing a
st ablfierther etpeichof the ntvantivmiprofslesrfrir atdoppogidiop comiprging a sodium

oL SSBBLE S RLBS, B i
is stAbetiticd SWrbd 2P eSRIPIA for 8%k ARioaRPHime. PH 6.0 0.5. 2
WO 2004/ 071439 PCT/ US2004/ 003873 The protein may be

|y ofdthérzepledt of theenvVeptinu praviides forf a misthog of peapering a stable protein
con‘lcari}\l/iggrg1 oln%%lati-cl;?lecomprising 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.
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pol ysorbate is preferably pol ysorbate 80k, present in

an anount of about 0.02% (wWv), and the proteinis
wee@herabd y natal i zumab. The fornul ati on rmay fRET/082004/003873

conprise histidine. Preferably, the the protein is

Iyoghl lized in a solution conprising 5 nmM histidine,
20The piptein maydedgephikiepdgn @lz%oﬁall%e@ phibe Pirseniingeriiqng The

s AL Dol kR P ORES BRI, B, n
the fR61@MI i prédfBabBmatalizuglae. fFfle foanul soh ey fuctbeprongirisg hastidine.
container holding the s e fornmu] ati on descri_be

ab8ueferably, Rerths p,‘rotenAﬁdy g@tso 10{1H8m|pH§1é1g15 histidine, 20
I
o LA ( g o%@ﬁ%ﬁaa&ezaod%a g R
cmu&hﬂﬂhhﬂﬁﬁhhﬁ@@ﬂnr sequential ly adn1n|ster|ng to t he
ically effect.,v

Fohienaeds BSEH bRl K B RAE l

com ﬁsﬂ'l & omiet fl@lﬁfrﬂg\fﬁe g8k @@ﬁn&lﬁ%rﬁ@@%ﬁdd%ové bnd Berain.
er aspect of the invention to provide a use of

an)Amthet hepest atheinventiar providas for@es@h@cb@m Uﬁ‘é’?ﬂég apatagnt with

varigl WRiED e ks R Loty BE s BTN anRlisfring to
the patieR a BRtPe@RAdy bFBdtive Uahbiiidh oF aemnmionfdasmﬁmsrd above and

conprise a second conpound or therapy to treat the
heregoadi & qsconpOUDE'DAﬂLSEDYIﬁr%Gm’%a@Qt the op thREF ERRED

ENE%I@I\% '%?S}?%éﬂfgfgm EMn %}n‘é ltd%l s no .ﬂpé a@ﬁle formulations

desdribed el ofy o1 epRRTINES, medleﬁﬁeﬁtt @dr, the trdatﬁreagnm«tcmdmon wherein
t hereof. Although discussion of the formulation js
the mp@omj@rﬁ 1ﬁgﬁf¢qt1>ye tq feat spidcepdiEono This rasicaser sy further comprise a

seconﬁmgJ %1'18(?6‘1 Préap?trtlg]? atrl?l¥ o&o%d{lﬁtnar e contenpl ated as

angea or mu ions disclosed. 25 By
“i munogl obulin” is meant to include but is not

limted to an antibod and ant t
s PUTATRED PESGRIRHT @@%Mﬂﬁ&ﬁw
engi neered portions Hﬂ}lNU&NﬂQ Dependi ng on the

1 am 2 i d sequence of the constant domain of their
) he%&?——@%ﬁ ns, i mmunogl obulins can be assigned to

di fByergrotint |1§iﬁﬁaﬁ: to Tiivhurde ba & rfot Vienitedjt@ rmmhasgelsulufs enzymes
i mmunogl obul i ns

S
recepfor: sASEaREUDBeTR] (NERoghyl i o ¢ p08 0 BTN B8 Blovided mainly
in r%ﬂe%g&y t@ea%) tlﬁo% or. ihfdno ic@)%n Jt8&%roRAE alrégégﬂlteﬂlﬂﬁied%ﬁ‘ d

eavy chain onst ant domai ns that
1nteﬁ$hﬁ1ﬂ@blénﬁl tﬁwfotrhelaﬁoﬁsfchsoéasletedcl asses of inmunogl obul ins

(2 S etopil s et Gopudehy EBBAREA B pc PR anc

antlﬁ&gf éagment (such as scFv, Fab, Fe, 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, IgE, IgG and IgM. Several of these may be further divided into
subclasses (isotypes), e.g., [gG1, 1gG2, IgG3, and IgG4; IgAl and IgA2. The heavy chain
constant domains that correspond to the different classes of immunoglobulins are called alpha

(o), delta (3), epsilon (g), gamma (y), and mu (), respectively. The subunit structures and
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WD 2004/ 071439 PCT/ US2004/ 003873 t hree-di nensi onal
configurations of different classes of inmunogl obulins
wae@4/el4d9 known.  Preferably, the imunogl obul PET/US2004/003873
recogm zes and binds to alpha-4 integrin. The term
"antibody" is used in the broadest_sense

nd..
thressgiesingionall dopfigwatipns q&ﬁﬁff@neafrqulsse%%m%awé@bcl IH%PY&G’Y%‘HOWH-
t
Pref%r%lglbr t%e n%ﬂlqmgg%toﬁ'ﬁl%gfe%é?ﬁ%s a{ﬂﬁ%ﬁ&ﬁ)‘[o a '4k1

ions epi topi c spe ICIt and
antrhbmﬂm "fahAlgBN isudee igthe Hfadﬂ,esﬂ-'s(eah: grd, spsmﬁvalmvléxs)monoclonal

so long as they exhibit the dqe3| rﬁ EE%A i cal h
antlt&éltqs\ﬁnﬂ}ldlng%owba%d antagopish ARtRASIGSh R %S{%}?&F wi
poly%}%dp%@%ie@ﬁimtﬂoﬂﬂchﬁﬂééy ﬂg#xgaﬁg E)eef F:iB“F?&lTJ)% e@Fv and Fv), so long as

man ant1’bo rimatized
theyamhibitahé éesid dicdogieal aativityh dmm@opby'bld lm@dt ’&ol 1aclgé¢1mlwdonal

engi neering. .The ter noc) onal .anti body
e Worarl sk #TB0EH Shar Red PSS HS Bimatizede

| at.i BRY l%éﬁ ntibodi es,
antl%%z%é,aﬂpﬁg&rg%tlw du Q%dﬁte‘?lgoa%ég conpri gl ng the

po itk adrino hncaroelqndbmtiboéj/" ausepherbirrefrys to 45 antihady pbipingd from a

qQccurring mut ons that re ent
pop e NG RET SR 5 60yt Bor vl fibgdies
com ﬁblﬁ tfll Spalafidn aRiAbmedal &xcehol 90@%& ﬁﬁﬂta@lyf‘dobﬁnng ‘mutations that

ernore, in contrast to conventi onal g&?&c’) ycl onal )
maydntprwuyln 1pmep amavitendongglioad apybqnd;lgq grg by spesific, bemg directed

nt _.anti bodi irecte t
galagtaes[u?ﬁ?%g%q%em(ces&e fBlé[g Oééaicﬁ c%%ﬁagg ocnogjlvéﬁt %?g@gg}éllogal) antibody
prepdldtiBas %1&9@?[&11 «m&mcreghﬁe&ﬁt gtivodizptiredted hfnsadiffgent.
I'n addition heir s ecificity, the monocl onal
detegminahis dendtopas)ecashiviagnog b’fﬁﬂtlibﬁ y tsrfﬁfecfeﬁé‘ﬁalﬁﬁtea Smgle determinant on

the 3 %tﬁxg Sg{nlz i %'ot%y‘rﬁ ecﬁﬂzltgc he trr?t?ﬁ%ﬁi%ﬁ rﬁbécYn%%1 S8 dP4ntageous in

am nat e
that tHEVLERE Gyrkksided Dy n@ﬁm@b@ﬁbﬂl&zxpfdﬂﬁomy@ﬂhmmaﬂrans genic technology,

mc?r&%ﬁ}%te@%%,éﬁerg%@ﬁégggéﬂ%pac ?rgg%tqél% ggt A hﬁng %@931% to be
usecfll% a%gmg%) 'wﬂlﬂhe?reseﬁt%ﬂ@&)noﬂ l%e&dp?esgécpﬁiegd)a&o% Gesdiskd by

ction of therapeutic proterns. Principles
Behbéocﬁ; @ni. (P00 sensicenic Slined geats WEhYhe ;andudﬂ@ad:é il appdutic proteins.

EX f . . . .
In Brinpio a5/ GARH 86 I S oS (o Bt Mg €685 (1908} dFappssion of
rec ?Bzﬂagit%%tg{n'? JE e 751&’7@(;_]2”}1 ?ém@%ﬂfr%h%ne%xp%szon systems:

er nandez an er ed., Academ c Press. The
usingoaiire gr z'haurtoagf]emmjmon AdMc Hemgnddzend HaP ddeddflenf t he

nt i.bod 5 bej.pg ,obt ai " .
o, SITBITGERS: JOROR T o oaReth s GR AT B p agibocy o
beifeUbRdihsEFoRS §u§ﬁﬁht‘id1]3@10&i{dg@ﬂé‘duls @bp@thtidher Atibodiesyanlys not to be
any particul ar nmetho For exa the nonocl gnal

constriteidive déqueringproduaivachfithe séidbedyl m@y aiigulenmefhods &t example, the

UL e 1B Bk RR05 Gt By e s

the ARBI0ASEEsCribbX b BHepHRI V&S] MbnBEIeRs] Ardfyofes: BPrddtzat gpproach
‘nonocl onal anti bodi es" al so i ncludes "chineric"

(Oxford{Upuwireisy 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

4
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(i mmunogl obulins) in which a portion of the heavy
and/or light chain is identical with or honol ogous to
w@ororespandi ng sequences in anti bodi es deri vedrET/082084/003873
particul ar species or 4 WO 2004/071439
PCT/ US2004/ 003873 belonging to a_particul ar, anti bogdy. .
belouging to mpartioiel aEbodwaleseonsybclpemihHedie smapder ehike ﬁgéﬁl(s) is

| ca
ident G iR Eofoads B GrisBBRh AORUaplS: SOIIERAROANACEG fom another
speciE oPBEIBAGhE S Arbtidiahtiesdyeuliss oo sybatdsass vmﬂ s foagnacsys ofsch
as ragmsnts 0 SucC tl 0 €s, on
et ! n Qa; 1 Do t é eg ﬁlﬁ tgle%blhty to
antlb@xalmsmlonms ey mdélhlt BhedesgrE arologiqal ety EOF CERENSH
b1ndt.’c$r§1r?glg Aih g}énﬁoTﬁ Hoél&a"f‘ ﬂlﬂfbdfes" Ma9%ﬁ§o%e 11(‘}1§ted from phage

clon antl be i'solated from
antitldggi®rars uking dye ﬂec]hmquels e]ssanfbledl dort xemplecinilgeksen ez al., 1991 Nature

352,453 028 pad ks o @péy&vﬂ% 390y %189 91a61§\%aetd“%onns of nion-
humg'x%fe & ﬁqmﬁg Labbit WERRL Z& el ﬁér@ﬁleoin(ﬂﬁg likEar@ibodies gre,chlmenc

’bovi ne, equi ne, porcine, and the |i P) ' '
1mm&ﬁd5glbb1ﬂlrﬁsnmnmc@lnhrﬂmcbams mrfmgtgbmbmemqg (such as Fv, Fab, Fab', F(ab"),

oro%gpuno n% 1&F§%£§§%%62Tﬁ&%ﬁﬁéﬁﬂ%ﬁecm&mngﬁﬁl dﬂéquame

derivddOS&H E‘l@ﬂ 5o\ ﬁmﬁﬁmﬁﬂfn’o@féﬁhl% ) Forvhé alosesiit, aihanized Bﬁibodles are
sequence erived from non- human i nmunogl obul i n. For

humth ﬂnnmsbglpbmlms (rrsipaerit zutibagy) ibwhichgesiduss Trga gomplementary

i mmunogl obul | reci Jen ant | ' I i .
deterrpipm H‘Bk@?@ réf él}eyre g Gk A rﬁl?lg(ge%?@ggﬁeﬁd&%&%sl ql?lbﬂ%?% non
humaf Qb&h&r(ﬂmﬂfr%nﬁs@dﬁ ¢&sh HYm68s| Auesrabbio man DR dekired specificity,

non- human speci es_(donor _anti body) such ag wgp r at
affiroty andisbpacityavi ﬁ@m@ nstanees, Fe dramsatark reidugs o e lpman; ¢ y

d t
e A

hunfa8iz6€ aResdiyigayneiniiseassidues wdhidsare Furidheitiverie the r601p1ent antibody
humani zed anti body may conpri se g;ldueg whi ch de to furth
nor frofbp impeiteHePR) o1 fraseevrask sesIueREes adPEEJRYIIRR DS ﬁ‘r‘? Wé © to Turther

! od S dy will
e PR PR Mg ARG Y R0 S GRS c oty il compri
sub@ditiallodyl omat h‘east rma cand timicagbntswoa b aridbeddroamsiin @dnch all or
ant | bod nprise 20 substantially al.l .at .
subsiayetly il aaDRyBEcat peFrashend aRrssit el Bmpmogtobuin
and Wof Quiitdnt dlgfly aft yb ?&e"ﬂ{ feldn¥ afd tho&f oft hMurkdARniiB@dPISbulin consensus
correspon hose of a non-human i mmunogl obulin and
sequidnke. o'lt‘hshnhﬁammd aaitibydyabptlmally #leo WRL ¢@g])1@wsat dqast & pygien of an
imnﬁ{;wg]fﬂ%gl Do mmgecémb tcb ﬁﬁﬁ’?@ily c'ilr\‘?al? mﬂ Cﬁiog?cﬁ)%lm

u

asfﬁe &pRRLibh Ofndk aﬁt%odhéym&ogéoqhalhuéu Bt @Atral RghYANtibody”
$p| cally that of a human i nmmunogl obulin. 25

The
andelxepat pais bHrandém hidsegments b\?SHr(élél V3 CHIL b ovhiele f%@e’f’dpaéﬁ/Of antigen

bingi g%(ﬁgr taLg %a%wt&_c“ nt I gg“b spgé\;\iﬂ %fﬁdfo l:lﬁcgf rt gpdem

antA Ye4anP biteHoAg" (AP mﬁﬁlded_bﬁﬂﬁrgeﬁ:Eﬁd hﬁﬂl"mmbbdy")be a molecule
bi specific or inonospecific.
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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A "variant antibody" (also included by the generic
term"antibody") is a nolecule which differs in am no
wa@eiodozgauence froma "parent” anti body's am nRPCHUSZH04/003873

sequence by 30 virtue of addition, deletion and/or
substitution of one or nore am noQ aC|d residu (32 in

examle, tpawmm muc@msg algest eue sUbSIIHEN# &1 EP one to about ten,

|
and SRR o ¢LE e ) AR BAERA b BB pelaliR RO of the
parch€itiBode) Oefindrtle, thawemdnt sillhavslyn arfimo ackl sé@uence having at least

2004/ 071439 PCT/ US2004/003873 the v nt bl
75%rpayine opig SFauenge 1deatiyt Wigh hedgrrat F%tﬂ%q Mﬁwa‘@/ G lig e}‘rt % vanable
dom?gxosléé e‘}][%g% &@or@Bfélféraﬁ Srbt lea@¥bOR 68 ﬁébf}ir Q'R'a@pg?&'% bk

or nore hypervari abl e regi ons of
prefétably apwaeuﬂowmdmm preferdblyat 1e|ayc 95tk eId@atﬂhya?ﬂithOmollfng with respect
have an am no id se nce having at |east ..75% an no
to thseugEa ST BE 5 BPERRES BaEhe SR THONS TR didate
f A8 @ it SRR ED rSRAME HERS ali the se uences and
Sequ%c ehg{%?y ahg?l\e@st 8 b nor e p?éf erably at %mﬁ%t 85
mtrdmbmg gapsfitmaabisgryato hcélwte trOstpxianun posentseeycaca roptitn "None of

the ]gé%%tgﬁglgé tgllnggft-t hlé%lt%é?lg?({?lggg%l ﬁlg e h d, eSF %&Iélog% 81’(6 H‘le antlbody
seq@ébedsﬂoﬁﬁi %Sﬂr{ﬂed Donrfenal Mhalcei@ﬁiﬂ@ﬁ 619hdrﬁ<ﬂb gyir e

entical with the parent anti body residues,
al ngmnabfzc mechsmqpestien onasipuld earapria aifal fopapel thP v ariant to a Fab

hi
oo SERERRGH R T4 O TS g ot
parenf Eﬁcﬂﬁ)@gf BX bRngple ¥ncedEhAtbeomn foundthdt Misefolmats’ the tutittodg impacts

anti b K sequence shoul d be construed as affectlgg
its ag@vjipeimghe bxg»éqglqqu 9ct@f1tyrﬂ§ﬁws Sepplosqdhergiay yihe varjant antibody of

partffg%? glﬁt?rle?t(s}s 88?2%%1%%0&{; }%%ﬂ?%gteab&n’: APl :p?%f&%bfm least about 20 |

F oM of arent an y or a
foldf hﬂd mb&gérabor anledst bt \Salfcbld,nﬁtnhhﬁx:emeﬁmiﬂ blbblggjahadtxyntmwhen
of the parent antjbaody, for exa since.it ha

comipetsHl 1 LARRIRATRALY. 1 GIerREeBY SEHBOE OB HP gD SEeded gy an amino
acid dslteg%c%%é lgéé(%fé; 'glﬂe r#'rgﬁ?ah?ﬂi&} FIhERriRE! Pfé!féré(bl?stﬁéiéﬁent antibody has a

e variant antibody o articul ar
huniaftfemesiork seginieanthasihudiaaphtipedyatonseaegmnt Feoefapipde, the
preferably at |east about 20 folg and nost

parepflrt aptdhosyimayzhe 3 BERNIZHEHRN> BEPAYO M hancenent i n
A.Ig glé&lﬁied %ﬁﬁbcyd 'Ys YheRhich AEPEERdddrlifed @nd 8éRidted and/or

ant rent” antibody is one which s
recce/leﬁadtfemin Ia}compoamtrmﬁ its agfuchl seyjtamesat.uSedtamigant pemponents of its

N TN  EE A R

for ﬁfétahﬁggdﬁf ﬁl@@ﬁfa? RACLiRKRHNSS, hohAbnes Xﬁfﬂmtﬂer ﬁrbtemabémﬁ ok
anti1 body may be a humani zed or a human anti bo

nonpicteihateeus soittes obypreforred gubagimsntsy e agEhedy Wéh%/"? pglied (1) to

ted d/ [ RCAV 0
t

gre:i%?rsth ?g‘% y ‘gﬂ?ﬁ OéoﬁHER? c{ee%egl%ﬂnegn tg% %%W?Ppﬂlt%ﬁ{od gnd mos

prefeadbly AlorEihth DO BNveidht (T @rdegles siffictdnt vobtain at least 15 remdues

interfere with diagnostic or therapeutic uses

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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25 for the antibody, and may include enzynes,

hor nones, and ot her protei naceous or nonprotei naceous
waoluneR39 I n preferred enbodi ments, the anti borlgT/vib1004/003873

be purified (1) to greater than 95% by wei ght of

anti body as determ ned by the Lomﬁy nmet hod, . and. nost
be ppseite [QBINgTIRG ReVerRnisoBtdptiRedhp il by BpPatsd By gblspeione

- i ckent to obtain at |east 15 residues of
punﬁ#%%#ﬂ#ﬁgl or internal am no acid sequence by use of a

s pi"matibedyciipemensienatprise aport{dd)oftan id@ctrephibgdy gengraBy the antigen

IS P, SRS FBEFAL BgRpensmcuc
Fab) 84 %{?@2 iﬁpﬁé(grhaﬁé;k&%%dfe@ﬂi@af hlamdiick Nsigd1b hiintaatiBody
recdnbi nant cel I

s since at |east one conponent of the _
molantlésh ety s ltispeaifia bntédrodies domest frow lantibesty feagnents. "Single-chain Fv"

4/ Q71439 PCT/ US2004/ Q03 t. di LV,
or "SR, BoFT AR 500 o 10 D SRR L gl Whenkin these
donlaBfSHe PR8ent RYA kinbRAIJI RitpEESEhain. ABELRANY (e REPBINpEptide further

conprise a portion of ‘an intact antibody, generally
comphisesepalgeaptidb linki¢rhgtweenthe Vabing YH loseinst whigh enaflggcthe sFv to
anti bod EX l.es of antibody fragnents include 5
3bﬂ%§5?ﬁﬁg%i##E§§Eﬁ¥fP%§ﬂb gnﬁragnents; di abodi es;
|| MRt @ diRRi&S refoishtd kenll Aaiitodyiidatays with bee ahitgen-binding
and mnul tispecific antibodies forned from anti body )
sites, véyetefisgmentsporgpasechizany Fyain vgable d@;nalgr{yﬂj&eynected to a light
fragnents ¢ IS V (s -7 2t RaYa 1
ol PR BrRE 3R ST all, SO 08 B 085) 0800 e

is tqeashyRep hilee peitighetianahatwy dorhiias & theshypehbingdthe domains are

further _conprises a polypeptide |inker betyween the VH
forcgd o RAY Wahéh%%omﬂP@ﬁnféWa%r%@n% Hengher £lapin Gn‘x\e gheatetve anE'gen-

o 345 AR P T 58 ot
well Wiovan tah@ eraylinsidde) or esdatop, injbﬁti@h of n€gsremby idmavpnotse
e bl SPIeLD (AT Cennect P, .8 ot v,

or %hytaﬁl@& b dEasE Qﬁ Biné. rhe MiabodBratisd fnidiskdrBk 8dntinidhisly b§ infusion

oo short to allow pairing between the two donmai ns on
or Wyttehsdnjectidrai Theragestidontiialy camposiofogenetillyarpplageduntha

Con%a%gepr gxﬁ{ltlﬁlé gﬁ_erll@? %qvﬂe?f&)nogi, trtl 3 Se%faqqﬁ e(,) %alg ﬁ{trg%%l}aoiug ﬁ?fl?lgig i )‘i/a?@&e vial having
a st@ﬂﬁr Bie%eraﬁfeit@rhdﬁﬁ)oﬂéknﬁ6 &QEHionirebdll N oM ireEdueid slI Pt eptaBle”
we and ‘ma

known, 1y include, for exanple, injection or
excipidnis(eqg, topidless addidveshiere thesetwhiplbean igawapbly be administered to a
intracerebral ..intr cul ar, ~i.ntraocul ar:. " "
sl FASREEPY G ARG pe el gpoioves. A

forifiialigh Refheif WeRGEhs pEdteiiBherdin@ssentiAlboftyainsits Bieysical stability and/or
adm ni stered continuously. by infusion_20 or bol us

. K . . (14 ’b’y
cheprigad stabiify ariier kiplogtcrbackivity MoeR) slotigo St BBRLS derler Aioayt 2
fon%ﬁl%{igrll ?f%?c% e'xﬂ}b?’ﬁs Fittl E QUL AR o BN IS 'n%hﬁfﬂ%% §81% and/or
port, for example, an intravenous sofution vi al

dealiaditid@. 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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a stopper pierceable by a hypoderm c injection needle.
"Pharmaceutically acceptable"” excipients (e.qg.,
wQedwore3y additives) are those which can reasPtEHDE200H@3873
adm nistered to a subject mamual to provide an
effective dose of the active ingredient enpl oy
Stabﬂstv&am be mpasuredt ah A selqctd tPRDSFBIS FPrteelest Hléﬂf‘pl??d‘t@u % i exemplified
[
by tlée n%xr vis Id8d %%ac'n teé atjii!o %%#@'taﬂﬁ fblg‘lfsl% 2 Ofgtlelfec?a b af!():llt éltﬁ?as‘gl 6 months,
moriﬁfdﬁer‘ébl@ﬂ&gﬁontﬁsg m(ﬁb @kﬂfﬁrab]lysl 2al &monﬁa,rmldanorqurfﬁtabiy fon2 or
ich exhibits little or no signs of instability,
mOTP Bf%"}rﬁrdi ng aggregati on and/ or deanidation. For
ofein,!1Eh E@ﬁMtﬁntoHQ B fr%tﬁé!ﬁt(ﬁ‘é%e% nleRen BB cal stability” in a
|nv tion may remain for at [east two years
phannkueautidabfarohuesion iffit s]anvesjncasugm Qfaggmga’mm eresipiBlig degmidation

and QAR GTEPEA e BEATEFYEH Sheodir A An i oH e oF 8 Meaed by UV
11ghf &aﬁ@rﬁﬁg ﬁeoyasni% &rcﬁisﬁinrbhgrﬁﬁo hyery, 247-301 (Vincent

1) and Jones, 1993 Adv.
Dr u’gp@@ém \}mtayns%&/chemcal mbgmy" iharphexamgshaeal fcrrnwtlon if the

2004/ PCT/ 82004/ a
B I TN —
biol8 &M%ua@ e@{ié'ﬂgilchlf slftﬁﬁhtylkb)é;? b @sd@ésf.féd lb@Qlf@teeﬁg%Tmhch@uanntfymg
orage of stable fornmilations i refera or. a
chem@aﬁy aEerné fiarms, of thanpretept. e€b¢rall§ﬁ1;ﬁltfgatwar¥@%¥sln¥% f &ize modification
fer bl 2- r
%p%} ay&éfn hiza %S:Tg”l‘iell'e}t%d u%ﬂg SR e§calﬁ§1§f;x] ?B@E{d&( %Q;Shf SPR-PAGE

and/fof AN hssidaY 188 desdrpli@i mﬁlzhtl@n/ﬁimyajf{ihghtsh&ds Isbedn)pfndtny
har maceutical formulation if_ it shows po sig

ARl NS, Torsaeimins Aheryba L sheraich ioraidy BpIias cbrge
P AAARPAE, Moo SR L SR o
exclsdnge cexotlatsdraghye forexamplpr ahhg)ntledp Fietadnsits' rietogicab aottvsty" ina

chem cal stabi]it r naceut.i.cal nmul at.i o
phamscppgel fomapaisreineafefh geNIty Of fis At bR & &M@ iR is within
abo% g\!{;ffmﬁrt R Gkdks 'o? th%%@ %ﬁi 8t @d bﬁcﬁoﬁi&zﬂl aetili$ é‘)t}ﬁbﬂtédsat the time the
i ol'ogi cal activit stability can b
phaas®esised fdnmmmtoaowasqgemazﬂ m@tﬂmﬁmdﬁg an@h@mndandl}lg assay, for
altered forns of the protein. Chem cal alteration may
CXamR/Pol ve size nodification (e.g., clipping), which can

be @quaﬁ@dlstfﬁéaﬁg tHnk 2R BXEUIHSIOE 1ﬁfé¥&ﬂﬁ:§50@§c§ﬂ11ﬁﬂy the same
SDS-"P. and/or matri x-assisted | aser desorptio

osmiotin Ipmsurc aé tinmen boofl] Isptanierismuintions Wdhﬁ@rwyal aVe an osmotic

MALDI / T , .
progiedrIR PO e de BIETGeeoRpictly 4 b gy ugHER AR prossure
orlc%sfréezﬁlﬂgsﬂybéo%oﬂ@@mfﬂla&)iaﬁ@)le whi ch can be eval uat ed by

I on- exchange chromat ography, for exanmple. An anti body

" r ehainsed hierein,Bbwffer |r@fﬁrs ta@tbiu@ﬁeteﬁ sOjyHlog thaé ﬁ%ﬁl%e}&%%lé'l {DH by the
actlglﬁ Pfﬁl 2t & %Fse co&gl%géuee «{%n%)%%‘ng a&?ﬁﬁﬁffé@ J¥ni€ nvelfon 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 6.5; 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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about 10% (within the errors of the assay) of the

bi ol ogi cal activity exhibited at the tinme the 20
w@basorasut i cal fornmul ati on was prepared as deP€r/Db1084003873

in an antigen binding assay, for exanple. By

"isotonic” is nmeant that the formul g on gg"i nterest
of adigordss Seirfhe Fratjpenhel whigh th%%ﬂﬁ%?@}él%? SUYR et adis nis any
. . VvV : S
coniffhat LY OTREnL AOTHALLARNbIY: pAREEY L ploRY At Suclude
chrdn$®ir@indcnid disarders be disesssinethditg thgseapattapogicycesditiors whh
Qr ice-freezing %lyg_e osnpneter, for exanple. As used
predignoge the mypmakiothe disgdst WAUSSERTF f er ed sol ution t hat

r eSSl SmENBRIES tb Botﬁ'ﬁh&%%&fﬂi% tre@hér® An@proph$ladsd S feéhtative
conj ugate conponents. The buffer of this invention has
meaaunell Thodehir neechofitecatmenrhiadiadet thescalteadpbithithg digorder as well as those
) r,‘g;tgrgbl f rom about J[oH 4.0 to about 7.0; nore
m"‘g‘:‘ £ ABPiAeT 15 I8N AEDFAH 5. 0 to about 6.5; and nost
pr ef epabliYatlRS i RhfundReiEh &nthd iBeludedil tBé f@fnladddn to
point”in between the above ranges is also _ _
essentinllpraduee batteriah actiquithencine 8us daailitating heeprodustion of a multi-use
cqontext. of th esent invent. pn y tically
forrG R ot gt i o vy shBSERER' L0

octibE @ﬁﬁéﬂ?lbéhz hamRbaNENENIORdE) het dre@hsraiti chfbride, benzalkonium
2004/ 071439 PCT/ US2004/ 003873 of a disorder for_ t

h
chlarideds mixturee! alkylbenzytiemaihylapragnips chiqries i which the allyl groups are

"di sorder” is,an G 1] ' .
ong A8 oS eGP g YL R E LA i
aroi8 i ©Alc6hAN shich al perth] sartyleind berizyd akehsleslkihedratsing guch as methyl or
t hose pat hol ogi cal conditjons which predi spose the
proprd paEAbeR.ratgeBOlg s Bl qYHIOB(E’é%*PLéri?enﬁmgraE ferssol.
refers b hhera; L Ci ot rap i
8 SRk SR Y iy AP ok
purpareb ufigedtineniereftrs eaalyy aiimbl ¢lhwiftidssradeamasl, wellidiag but not limited
those _in which the disorder is tg be Qreveted. A h
to humag§é1,oq;r§§’qlq,@qd fagnéu%&g dOOSPENLS: OF Rt ﬁ}lﬁ‘g&s flﬂgs, orses,
al i - e bacteri al
catstég(?\f’%%hm@tg%eg,rpr%%ﬁag%gzc| F‘%%ﬂ%@ production of a
mul By ! Asegreh®" fund iswherint toripclivde thexatipddy, algxiampiress HN100226

ot enti_ al eservatj.ves i e . . .
(anBoadycrods PeithER kg el st Y Gameh tpliggmab is 2 recombinant,
hurb AL RO D i RES BT dréiBod P EPefdr D ki Wisealbed OF daidit{oh being treated

m xture of" al kyl benzyl di net hyl ai nnoni um chl ori des in
in thdringmma és eneloyhiclyisoupdulateé whien adhesprguticalbheffretize flosefd

kienze honi u]glhsghl(gri de. OQther types of preservatives
natalizumagds 2 FPE al cohol s such as phenol, butyl and

bengy ksiah160 iheanth KthmPaicabeRiSh sKabitabtlest Ay lsighs ol Mmstability,
ropyl paraben, catechol, resorcinol, cyclohexanol,
inclRdingraggraghtiomandl/on depmidation. 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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By "patient” or "subject” is neant to include any

mamal . A "manmmal ," for purposes of treatnent, refers
wa o00aiy14ani mal cl assified as a manmal , i ncl udi POI/D81004/003873

not limted to humans, donmestic and farm ani mals, and

Z00, sports, et a I h h
ettt GRSy i S, By herie 85 AP pcick Helhgth PR eons are stable

e

antibatditsedry alsd coatemplared maﬂle(lhﬁﬁd}bmalmte@tlonl‘ﬂanmdllaumsn ab is a

;ﬁ%)rgb@lﬁafaeg pretp’@p%] | e%és%%% %%aqc%%gg g}rnlalan)oaélar?&ncentratlon of

aboﬁtr(?ﬁlt fﬁg/mL@o Bﬁlﬁl’c mi.S ML W ifi' hrk 1%'&@4 @t Rdn \WBEdtntration

erapeutically effective dose o natalizumab is

fronadimdut i0slt mpéal. t&boBY 1 3G mghhk: Hosvemntstaacctsmxmilvxéhen@ieater
exhibits [ nst b| I

congS LRI HOUTERIA FRTSRGr CRPRNe o P L PpH200

mg/mit ar€p re@@db@'a%@utn%frﬁg/rﬁptoalso‘lﬁF@ﬁL 3hdre Profiably 408520 to about
not exhibit any signs of instabi for greater than

50 mg/rrEIq wad ntost prweerable abwt@ﬂ@ng/mlomoanasnﬁegﬁu @hteea bgtwezo.

é‘g?@%%ﬁl E)ll’l ]IOI%,I}/:P% atg?a%élgtlefc’ef%gg %ln? Vi%e'fé‘tg gf &Qﬁment
Wltﬁ ﬂ’l% I@Shﬁkﬁt@f‘n' ﬁi’&c@ﬂd@n@ with ReS mietoldal Theske a;bétﬁods may lnclude but are

formul ati ons di scl osed have hi gh concentrations .of 9
not {ADited A inYrAYABYS a@wnﬂ@e&me@s&e or Ri cPpgpup rfusion over a period
ta n |
o o, B Mg B Py b B SRR B o

intri¥ho ke GitRitHeaktle oRUttogitalsed ithilatorofoutg g Elegmf@redFBmiiotdummts the
other than antjbodies are al so c ntenpl ated far. t he

antihp@hfosprtadan isadmgRistardioltag MgREnal Ry intryanes aggnistration.
t ypﬂféaa{gh%/orp?lg{'g JYs2dd e(ffgﬂe 1%té"ln Olg%lfl( for8xam h&ﬁrﬁf%)coﬁ&tlon to be

a conc I'on O out m to about
treated/ the.sehaite ahd/ poursd dfithe easrtdiﬂixmj wéstheatigerotein is admlmstered for

pryRghHE Of gtg PURGEReedo B A iEr ULy tniéal bistory and
resp%ﬁﬂzcﬁrﬂxé ﬁltdté?ﬂ Sth@f}@) ro??fﬁt&ﬁ@lséd) P& t1RANERétRIeS R He ht@ering physician.
pat 1 ent ut to about 200 g/, nor e

Thegrretfeﬂr ia lsmyatﬂdo adrhiniSemg tatbe potidB @t pwegfime or prvara series of treatments

and oy 5 S EROLD BopHrRe. Ay O gr e gaNgi e protein may

be aﬂﬁ{ﬂﬁ%ﬁad 250hd ffte BBAthRAY: ihRbAfheddroRithBheP@rugs or therapies useful in
adm nistered to a manmal in need of treatnent with

treatihg theraondition in qu@f@@@r Aanees hdrein, ferrolen mese)agasts arhwidgto be

adn}lpllﬁ{éée{;lselﬁ ocaﬁlbgglﬁ]o e{) gl% ! tgv%r %gnt@ %% :%1 ﬂﬁs?eq%& ﬁmultfmeouslg or are

adrﬂlﬁifst@éd)iﬁdéi)éﬁﬂelﬁlyﬂﬁ fal faghiorDduch itiae ,thd)agenfstwmmas catlt@nporaneously.
i ntraperitoneal, intracerobrospinal, subcutaneous
| ntmaarch;rtgljhgmethods 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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i ntrasynovial, intrathecal, oral, topical, or

i nhal ation routes. In preferred enbodi nents, the 15
w@niothoodyo f ormul ation is admini stered to the nmeemEb2004003873

i ntravenous adm ni stration. The appropri ate dosage of

the proteln mn}l depend f%r exanple Qn the condition

C o;l'% %; oc%Ss é’ﬁgeoterﬁ'ereﬁlﬁ V\Wu?& 6l Endv%l ﬁ'JC{HE thﬁE@ [u%i‘gaﬂ ut generally

I'VE Or therapeutic purposes, previous thérapy,

Woulchfbllbﬁ’ta |otedire J;uchlae dhe ﬂtbillstvﬁ’rgy Qb‘tehn anemnmmhaefrd)m atwerking cell
protein, the type. of scret on

0
bam@whtchéoa&at@ﬁellwhmw% i té antiggd ’mé P{ﬂi%ﬂl 8? inteteSts Prensy {he
1nocﬁﬂﬂﬁ ”Cﬁfnfr% of tdihehf e RES \ﬁﬁﬁ a@dltl&'ﬂﬁ f@éd’[f?gs%% 1§1Ye%€ss§ry
of treatnents and be adm nistered to t
Harmt/clenfy tht celiybit ¢ama~1ﬂ1ga1mrmmgmfﬂir@tmm wWelriglean brrdone for example by

protei n_may ered etre ment
B L R L A U
ﬁltrétfo%a%llgge& B¢ peefditoh (1’)2 Ip‘r&eﬂl“& SthRRoscARstBIRAeNEE e hffinity
rmre agents e said to be admnistered in
chromoatdiragityi) and wéversetehsionwd ha gtehbcsﬂyaﬂoatmm? apmpegiden then receives a

si mul t 0 r are 5 adm ni ster t
trafumemaat R b 72 0 O ithiiee (R gt & Vi frafipe R by
conGRARLESDALANERWE s¥ep. The cBAP6Sitish Bsh theRbEPLRREEHLYDEAR Sepharose

I nvention, the compounds of this invention may be used

Fastelilow® (aion exahengs)ndhisctep ein berpeforbpdiaitivhe times Biogethis point,

e EEASERR RSB B LY SRR T vy

S3O@HR@QZ Wi E4) fi1Qhmer clﬁ&ﬁ@t@gﬁgﬁy)t Piefi Wh)éremﬁ graankieg biffer used is
hese condi tions according to general I%euacce pted 30

phos;dxateéle{aCIp rﬁman@bodmntemeﬁp@powﬁen pat Brifusthporpncetrated for the
entd can e Jaat
hlg]}l\?(llﬁelg)tf% Iﬁléliﬂgt Qns (e | H]n]ir#/t;ﬁogrﬁ%%ﬂeglf s6Q her glflégtgtlbody
confafing B&nﬁds@tﬁiﬂﬁ@ lﬂﬁenq{lrthérlwlﬂfwddcarﬂ thé tdﬂcleﬁﬂresuonmdj Ltstqnll ey adding
schl erosis and Crohn's D sease, 10 WO 20Q4/071439
0.09€ w33 PobsrBEER This qompaskiny Ben 1sRIVAY? ftRd DiHpHeRERne 2 0.2 pm
Far
ek TR e 185 530 520,08 g kLBl b, 1
antlB@dl}} VWnanfogteddin 8o shitained sah Henfoel Q(b\m'stegi an@ Aireleasad.
npoul e froma working cel| banli nt ai ngbclel s
VW]I’EW abaKe cahe dafe; 108 @yampledpiorats 1‘17““81@ i ?Ft pegaped below:
Prepare the 5 inoculum Culture or fernent the cells
with additional feedings as is necessary.

¢ - 20D Mathrfal G0 msmfp PTTS DY 2660Y. MAHAI (sU) 201Hg/A1L)

3

o

Aowposletiram WierkingeCdbBrEk 10 T HNPOBlE %%nﬁ&?ﬂ%ﬁ%%ﬂ Bank
filtration. fJ‘Ellter by a 0.2 ,uminternedi ate
filtration | 1 owed by purlflcatlon rotelnA

Seph 3R REDAAONY r) (i.e., aff ?ﬁ Freparation
chromat ogr aghy) and rever se el ution. Thi ant i body

cont ai ni ng o osition then recei ve r8 treat ment at

pH 3. 6- FeTMEMHONn; xt ure then recei
filtration followed by a gd ditiona Me$1aFeed)

l

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

11



concentration/diafiltration step. The conposition can
then be purified by DEAE Sepharose Fast Fl ow@ (ani on
weehangs) . This step can be perforned nmul ti pl BCT/US®84/003873
Fromthis point, the conposition is then further
concentrated fol | oued hy ;q;%u fi

SeROR MV teriab@)0 it/ i) (| . e. , PFHOLf Mater&ili(5.0, 20 mg/mL)
¢ erer i te 1 tlllé Lllg UUI I el
used i s 15 phosphate/NaCl. The antib ont ai ni ng

conpositi onf can be further concentrat ed for the high
centrati Iat|ons(e ) if
B2 Em e PR Bhay " conPd tp BB ke RingREE)

then furthef buffered and the concentrali on adj usted

0@;@% (R 22 O @f@g; ey o
ﬁtP gé Xn be d| 3 tHlowd(

i nt o L pol ypropyl enzﬂﬁ apﬁ*ﬁe 20

ant i bé%%rw igRbgl obul i n so obt a(Rﬁ‘éedS‘?: tipRkbn be QC

tested and rel eased. The above can %e done, for

exanp nat al i zumab, as dlagr 0 ooL

I\/aterptﬂgi‘ f7(358 HEERL) 2000L Mat er P ? ke Y Hﬁ/ L)

Ampoul e fro ip Wir ki ng Cell Bank Anpoul e 1r om Wor ki ng
Cell Bank I | nocul um Pr epar ati on le filtration

| nocul um Preparation | Ferment at’i on Ferment ati on
(Addi ti onal Medi a Feed) y y Har vestlc%gl fication by

CoseRt S wgﬂaéf‘ﬁ%iﬁﬁé? pi ral wioR e F R aRoA on

f||trat|on ncentrat|on | Ox by spwal\vaouId 11 WO
03 as
c% %@%ﬁ% %\%bﬁc%%ﬁ{}%_ EXE ?{ gﬁgna%%éé FO. t2

P
@hr?ma&og{m Iilglqngg?]]t tgn b;) ng%@%ﬁolgraxﬁa(:l\@l iple, Cl}é)crlFS

Protein A S%phar ose Fast Flowo (Affi n|t Sephar ose

Fast Fl Affinity Chromatogr
Chr ormt@\é\ég lﬂ (Forward El ution) &é\?leltrr%%ona ution)

Purification by Sephacryl S300HR® Purification by Sephacryl S300HR®
(Gel Filtration Chromatography) (Gel Filtration Chromatography)
(Running Buffer: histidine/NaCl) (Running Buffer: phosphate/NaCl)

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

l

QC Testing and QA Release of Bulk QC Testing and QA Release of Bulk
Purified AN100226 Purified AN100226
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pH 3.7-3.8 treatnent pH 3.6-3.7 treatnent -- Viral
filtration Concentration/Di afiltration

w@ovgemi4sat i on/ Di afiltration Purificati on by DEAFUS2004/003873
Sepharose Fast Purification by DEAE Sepharose Fast
FI ow@ ( Ani on Exchange Fl ow@ ( Ani on Exchange
ChRémat ddieaHibodydiorgndation: | e) Chr omat ogr aphy)
Pllj/lﬂl él&éo AS 6(96@\2 éVél’ﬁ[ Cﬁ‘me 8 (!ﬂRﬂ‘m q?ft@& in%ncénnlatlons of

icatron by o Purification

aboube phawy, 0. OSBﬂO,I-RDO (1560 3EJO|, 0. ﬁtOIr 0. O(ﬂlﬂnﬂaﬂn@mbﬁy@dlﬁrﬁ@ﬂlosphate

Filtration Chrormto

g :
140 PN N P ) PRORATLED Bl AORVEtT SHoLgHs SFia eyt i adfusted to
tration for 20 ng/mL) Buffer &
604(6%3@#&%@88@ @st ment Buffer & Concentration
Adj ust nent Phosphat e/ NaCl, 0.02% (w v) (add 0.02%
(wv) polysorbate

Filtrati Qﬁe 5%@?@?)3}?&1&?'6 HFHIt ﬁﬂ%ols gf {arr{']gﬂ’glﬂ Wand

Di spe
P RS A58 R RKPRXL RSP Fbael (108
Rel ease of BuI k QC Testing and QA Rel ease of Bul k

Purified -AN10Q226 Purified—ANLOO226—12 \AO-2004/-071439

\'p =4
PEpmpRgDls/ 0opslwnction [The Uit | bogly F | at) on Piiton one
aspect of thelinventior, Barmwauneg/loyommila s Formua
fornmul ated in|concentrgti@esnd) abdper mly, 5. (ergolp,
15.0, 20.0, 25.0, 30.0, 40.@gbnL50). aomglmu h 200mgimL
d&asphate, 140 MM NaCl (pH 6.0 0.5)| and 0. 02%

ate 8Pkl e NecEdssapy the|glmg ad) uspeehd 0 5
5 with pr?c;s%hori c ag?gd. One exargrpl e of thegt

AcEiod
Anfi*

h ! . :
nlol it L2 s SRR DO o arven
Other Ingredients:
Sodium Phosphate, | Buffer and | 1.4mg 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 | AdjustpH | QS QS QS
t0 6.0 =
0.5
Polysorbate 80, NF | Inhibit 0.2 mg 0.2 mg 0.2 mg
protein
aggregatio

n
Water for Injection, | Diluent QStolmL |QStolmL |QStolmL

USP

Any of the above formulations are optimally vialed in an aseptic vial. These vials can
be, for example, Type I EP neutral 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 also contemplated. For example, the formulations can be bottled as

follows:
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Component Function Unit Unit Unit Formula Fornmul a
Formula (per nmL) (per nmL) (per nmb) 1.7 nmg/nmL 5.0 m
WO pdo4A048y/ ML Active Ingredient: Anti-a4 intePCi/NS2004/003873

Active 1.7 nmg 5.0 ng 20 ng humani zed nonocl onal
antibody Qther lngredients: '

and 1.4 ng 1.4 ng 1.4 ng BOBPLINGI city Sodium

t on &Py PRhai o ﬁﬁkg‘]d}é@f’g’ﬁ%b% & U%r, if peeded

6.0 0.5 Polysorbate 80, NFYinhibit 0.2 my Q.2 ng 0.2
ng prot etteriligghiee ghvials, stapRegs apd Wufﬁ‘?ﬂ”é’égg%‘ﬁl?mﬁ%g uent
QStolnm Stoln Stodnl USP 10 Any of the
DilalooweitH mmphaefsmﬁsmaﬁl@rbbfﬁoﬂmbfbﬁtﬁ\ﬁ?Qalbllaf&fianfé@ﬂ}af@elp? peS0 mg/mL,
vial. These vials can beasfagpirekanpl e, Type | EP
neutral glass vials (e.g., 5.0 or 20 nL fill vials)
wi th Hel voet Pharma VO9I454kMid&aionl gray butyl rubber
stoppers with alum num seal s.; However other suitable

. \ |
aseptic vials ar Oc: : %Hﬁg Lffq,q xampl e, the
fornmul ati ons can Sgg)tgcoiin?lﬁg g.gléoﬁ}% ol'| o%g: 13 WO
2004/ 071439 PCT/ US2004/ 003 %E) PBOTTLI NG

Release Testing

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
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 phosphate, 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 a stainless steel surge tank inside the sterile core. Filling,
stoppering and capping of natalizumab is fully automated. 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 fill
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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Compoundi ng of phosphat e/ sodi um chl ori de/ pol ysor bat e

80 buffer, if needed | Sterilization of vials,
wWGee@pper39 and manuf acturi ng equi prent | Di | ut PORUSZ0041003873

phosphate/sodiun1ch|oride/po|ysorbate 80 buffer

antibody to 1.7 or 50 ng/nL, as required | Ster

fi Iiematigelyaheg0P & dme sibripnan malsrsp pedpagl om B ‘%ﬂtféed pursuant to

el e
e 20 AR R A0 bl g ae e
and ﬁbﬁﬁz@i&&fbr ta ey Stogens &@ Heqirépaeet By thbahipalies. The stoppers are then
Nat al i zurmb 200 L and 2000 L drug product can be
SteﬂfliZ‘PqI@'éPrt%lﬁ gyl | y automated filling |ine equipped
t) &A%séyo t OF B%ref tofdh isoﬁ‘lléi‘l"% @semi- automat1c filling line,
depyrogena e} unn eI pers, seals and filling
‘Wﬂﬂﬁ?ﬂﬂﬁﬁ%&ﬁﬁdﬁbﬂmwﬂ&ﬂﬂﬁadmkmﬁﬂﬁlﬁﬂE@ pmnthBwUmmsen&anda
Thi s process al | ows_for e scale.till ratl
subsEGHEH GHBHRS OPH QT ORI G BORE TG B o0 e operations
f eﬁ'ﬁ@@ﬁl@f HiaR sol\é\hgﬁ‘ iNBEE SRl Yiltehddahiduigial (2t hﬁMﬂgﬁl@ﬂlter into a
about 10 mM phosphate, about 140 MM Nad , pH 6. )
sterile glassabeaiving vO2eh wﬁhmsacﬁllam 1é)08mv1r@amelnie gelifeatiomand in-
a Cass 10, 00 used to. t
brocgpy Pl oy b Tiner el Bon KRS i < 2% Glsdty Soppered and
capp?eaqgﬁé %ft‘él&o !Fﬁle%fdr&gﬁ%%ﬁ&tr@bfe@&ablplsltoa&ﬂre@eg@aﬁe& af28°C.,

prefe y'reached prior to filtration. The formul ated
natTiei giasmenmng)vetsecﬂ camrbre Aoghwhbdriof visds bokcan fer pxample be a 5.0 or

|t d. th 2 M. | k f
20 rgfr gplﬁ{az §gas§{rvot&ygqaﬂ gg’)tsg}?rﬁglefllpglr 3 ef(%rgp]tft %Pﬁo'n%%lass or AMILCO or
a 5.6t 6B M1 WP PHd NebrasiHc L PREEaD b }Tﬁﬂfed IbiyZEs@Rarhple Kimble or

fully automated. |n-process sanples bul k 15
Whestar. | Thesg vislsecanaist ey agansiof] qlosm ghteblgn ¥ ifledemipudaclude, but are

o BT BRGNS 185, L0 s sopperora 1

mm/a8f R0 Gerh 3 dl et ?halﬁthOVD 1 4’57’1&\4@ 57Hi gey bgtyd ebbes stmj)liidilion ad3 mm or
fully validated Cass 100 sterile core. The fil

20 rinrWest<t433/30igent iy robbar slapger ihq mb‘é?rtﬁ%%@ewdthﬂtﬁlfidgis then sealed
I
mosﬁé&) atllg(élmag r‘?‘g: gﬁé‘ﬁﬁmf 641 tsl!ﬂ:% a% tlQat 'Htlaallllﬁ%t&gd 'g? Vf7és|t |

nsSI've énvi ronnen nonirtoring is
conduaiugh thdyrestghiventidichdsibetn depcdBedipatetdil with aeference to

revi ewed t f t
examplen §elow, 1tﬁ% \ég(rgiqutgtp %gg}llagﬂ)%ls moan(!altlggsF ceanvge macie wﬁhout departing

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

EXAMPLES

Example 1
Selection of Polysorbate 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 II study, protein precipitation of the antibody was
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conducted on a quarterly basis to support aseptic
filling operations. 14 WO 2004/ 071439

wWEMANB2804/ 003873 Alternatively, the 200 L dpamyus2004/003873
substance material produced can be bottled pursuant to

the foll ow ng@exan’pl e. Vials, filling_ need]es,
obsetyed; duainig dhe didEomAnd intretuction pfpatalizupiebaiodhs Cléfﬁaal ‘Gosing

appatr%tgsr | 1361%?0%85 I8?."'\)Vats ??ti‘loscﬁmedsﬁl%)@l%r ﬁl‘é‘lﬁlﬁ&l&ﬁ@?}lﬁ RALEH #?yto resolve

ers are t ste d prior
the dRerfved bioi€in peciyitadibhz Bfﬁhabﬂlyu’@le pobdorbatecior Oiehmth the present

protein is filled on sem - t|Cf|II|n
mveml@rhls&awen PROERr af-i RIMYSIOHS Hlngla (st BE479, Lot
Nunﬁﬂekb‘]ﬁ@? smedi ate stoppering, and a subsequent
ppi ng operat| on. This operation is appropriate for

s nﬁlhb tWatfators ¢hadt hamimeatshmus to ﬂdwelefatm‘dlle poedipitationef itlenAN100226
is then sterile |It

antlgq s theroRee SBEp N ep SURP G T o gt fffis i iguia
inte S Thb Qﬁﬁ:%ﬁé’ bil %%Modu@&ghhlt@me?%dlﬁf apdrOisedfdtahBard Qubricated

process checks ensure that the t ol erance
polylpmwilams swiibgs rq:qm@%:d viith|sgicanieed ndvﬂopleﬂepp@am dTheigppéertion of the

1
s1hcpléq ?1? {feﬁ”%“éﬁntg‘lf c%sg érc%%hkgr gli(ljl ogy Ipé I1%\:’;81’(1 n 1r€ igé L ellhgttioq’ld# 1 upon

gentheeag'iﬁﬁoﬁ‘ HAPRJonPlemplefdtsre s’@iﬂﬂi%ec alfhefa(ggr &t@dﬁ) |dea1hﬁ1aﬁ015 afil subsequent
20 nmL neutral "glass via pe uppl i ed by

preoﬁp;tatlen ampsied by Bprasviatipn gikthe naermuch@th oo a-sbqyom_e ra?rezi@scemable

rofbp TP dp REERATE Gy B3Rt s ey

preciyiatioR ARve BdenGERMbID SHE haditien oMpdlsotb2s 80 asa Cclsnblenltdmon of
but are not limted to a 13 nm Hel voet Pharna
0.0208 fwfy).FM 157/ 1 grey butyl rubber stopper or a 13 nin

an q*"o%%u Ilf@b Hﬂ%ls gcl?l?épﬁr&lé/ %ﬁ’%@: Y e 5@%&% A AAYbdhulation

r ubber opper st 4 2/50 gray
(Foiufiytionr #lb 2 B11 §fcm¢lﬂ eharad'thﬁzatmhkmesays,t\ml}ntfepredldh[g intedsadsstability
then seal ed., nost typical an al um num seal ,

dungg erpdast E’t}?’lﬁ?tm%rﬁtfﬂﬁaé]@ 1§ Bt hﬁﬁﬁ’sﬂlégltse 1B18- Al t hough t he
%%%Hditﬁﬁ%@&)b&g S@GCS @h%ﬁﬁﬁlaﬁ@ﬁ als® o9&kainks VMetp'ﬂoblem of
ref'erence to anpl es

below, 1t I's understood that
preai;atatmg r a@gfegatmgtamubtsd}c‘aherbprepad@ fairthletionsdeitla highegyprotein
Spl it of the j.nventi o and .wou readi |
coni@%vimltfagnoﬂé e A E R FEE ﬁéhléﬁ FFE 1 ’

con&‘glltﬁﬁ{)ﬁso theRfaifoby ﬁl%yﬂ%@t By%QbJ-Et?@ng $hR neaéridled bglﬁhn@ﬁ using a vortex-

m ni S ering natali zumab i s i ntravenous. |ntravenous
typeantisen aggregricd rqu:oeqsuwre detepted biymme emlmmnémglopprfm@ce liquid

chrome&g grgllalcl:y (S%é-w).a is moéel olysorbate 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 précipitation at a protein concentration of 5 mg/mL was assessed following
addition of 10 pL of a 10% polysorbate 80 solution to vials of natalizumab (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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30 (natalizumab), 5 mg/nL in 50 nM L-histidine, 150 nM
NaCl, pH 6.0 was initially chosen (Formul ation #1).

wOenoisig439 Phase |1 study, protein precipitati oPCDUS1006003873
anti body was 15 WD 2004/071439 PCT/ US2004/ 003873

observed during the dilution and introduction of .
partiplgs and mma@ditw%& whide thejvigle with §d¥ /ﬂéwgfgﬁﬁiiﬂs%ba@. 80 remained clear
and%ol %fsoaﬁl?cﬁése 80 was introduced into the formulation

For it at ion #2) to resolve the observed protein

pr €&é phdettddaiperdgagdreisaiptsymetihe bp cdussd b Hiemif-surfagsenterface, as

wth the present _invention is low jn, peroxigde, i.e.
vialsRorpply AT DA GHAZ0 it enoR IR SpEbFy frote iten for

i i P}%rf? 3 RkioR BB cBEGR g hoWN
extept ?@8@%@?@%‘?@?&@%% A S NP |
anintedipatsreof the apility eNe.62%f(wi'y)godysoehatd 80 tef inkibiit thepeoten

oo BB 85 e S Ut g 35 o
No. %n@bm%@t) LRraidfRteado omlyy@wepyél?ggbﬁy 80 AEEFrawn into a

equi pped wth siliconized rubber s pers. The )
comiretadbuotilaviediibtitetedl 0 sill natymepdete sysingef The makarial was allowed

capse disgerni ble anti bod recipitation. in
to st RESSHFTORSR SN BT AP LAI TR RSP Gaed that no
prec&ﬁﬁﬁ@ﬁ Ay bEBiRE. aUR miREaPESH BeatilteRd thieagh daid on fArdinto a 5-
ubsequent precipitation caused by denaturation at

mL viabaral inspeictpdiandifonnsy tb desubsiantisly Sive ofpriéicles aEey sexprabdays, while
. .problematic with the dru i ' -
vialffe il G i gt 9B PR SRABEE sORnEM Bation 1) were
ladeR M (eGdled. €S0l ved by the addition of polysorbate 80
at a concentration of 15 0.02% (w' v). Fornul ati on #2
shows conparable stability to the histidine/ NaCl
formul ati on (Fornul ation yyall protein
characteri zati on assays, Movi di ng i ncreased
stability duri ngSdkctidnalf Thei Ripisplate®hffeandl i ng i n the
clinical setting. The additio f polysorb 80, to
t hOwigereleat eiing of dhcgpelidiprpecind ot figr 0% W/g polysorbate 80),
newhfaé 'ilf‘igtﬁr?ﬁés RerQl t@%.g&.egﬂ&e %Pﬁl‘?ﬁésbé‘?géé Y418 Qe BRI dTPolysorbate
For mil At ons Wt h I gher protein content. Tnitial .
80, appatentlg cusegh amoziditiat ieactidnidvdengaygaldgag inghhistiding. gkor active
rotein concentrations, including 50 /..
nate g Ao oS RGP IS DAY oem GETRG L n i s gtorage at

elevh%e%exﬂﬁ)e%gtpﬁsgﬁgr ~egagedqap 9@1 epnudeihe dd&ties ad nadeb B Aify the

exclusio performance 1iquid chromatography )
placeBEGHReGhospiatestorreplete ligkading in the bpfiery Shetat of lagidine wged in the

L

AN§60‘2961004 DDA 00861088 N T8 irBpact BEth ikt BPhiefidide 08 Yolysorbate 80
W v) polysorbate 80 in preventing agitation-induced

degpdetiomis iscissad at guzater deteil mftroncent ration of 5 nmy/ i
WaSDu%’lSnSgetgs?‘uendg Jf %!16! 191\5,“06%%, 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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addition of 10 L of a 10% pol ysorbate 80 solution to

vials of natalizumab (Lot No. AN100226-0003). The
woe@kl®7Mer e shaken on their sides along wth sSPUBEDS1004/003873

vials of 30 natalizumab in Fornulation #1 at 150

rotations per mnpute in a horjzontal plane. Wthi.n
detetypined. dhesetfa ndicaterfbaftthampusisies fEnpEratYy 8 a fipnetign Sf s
tem@{ Eggmﬂ ation #1 were laden with 16 WO 2004/ 071439

2004/ 003873 particles and appeared turbid while
t heTheisddesxdiukion GTHIAYadediod)uspdtoyaonibataatiBOlyr egpacgatidn was modified

to inegeap SEHBHYIE: e RD OGS HEPTHT o P Ca T TG g Load 5-
foldacgé :;Stg,l %?&:ﬁ@@&ﬁfg)l%lﬁ ﬁeﬂl eh%ﬂdﬂﬁt@@reﬁ'ﬁ@@%ﬁ) fd1d theted. In addltlon

pol ysorbat'e 80 were shaken for 5 extended
the morb@dsy Bfmaonitoeedrit266 mim taucmﬂeqt mabspﬂnenmcm@xmmf therimpurities.

The(rwt érg?fijﬂgggis%qpl\go B ltlag % mr%%epce[ %gth%s‘%g{ Ig% %m tles il goth placebo
and RFSP it &l .ﬁﬂb& érhéx?@é 2 yarhéﬁﬁehé EvebS p@fﬁl@l l'i cone
s conduct ed VI a natal i zumab (Lot

AN]H]E@BG 200 0@ plimesatefijal Srugproducs fommlitod vy qu@wajm#ﬂ énd #2
L el g T e R

Fon\ﬁﬁﬁltl@h owBitted QithGobysarishtd S toSRYZEN, /W) qu:)eﬂbrmabmst prior to
enperature. Visual inspection confirned that

chICpmé@grpphBat Thin sheyss bedl¥ alpwgbenw o Relyirhaie Saistfap and salt in the
absefnﬁg ng}e tcgﬁ]rg htle% Q’h% bnaad sd %ﬁ%tainéﬁng]‘%s aggoci\%e"i‘ll Wﬁpgolysorbate

und to

80 mué the lpesksak hpé;sroﬁmvmlg I26dzaMﬁmum |afeeattnhuaddstoﬂnsemmm1ndrsalt The
the same manner in the absence of pol ysorbat

hlst(dmm/mfﬂlé@ 03% Grty) méys(@rbqt%%nlawhor(Felawlmrég 2) Sifsfed at 5°C for two
moffSFRAE Fnl 1540 AL FRSAEBEs A B pinsorsce s

the Qro@ﬂ&ﬁdﬁf of théde)iﬁlpﬁbﬁéﬁ IBQYiditionghe tludiag at l‘fbnmmttemsaweaed,
detected. These inmpurities arose from degradation of

mdlﬁﬂ%*@?‘ﬁh@ golyserbafs 80&’&55? 9giadefly ough an oxi dat i on
r e?&N | 5’@2{6% yaby bp%ulgta(ﬂg ﬁceaiﬁij réil'ngdtélﬁ 5 thMths at 5°C in

ive natalizunma uct’, ese trace
Foriniipition tl @&sh&ﬂl@z&ba‘[ﬁrdpikﬁ[g weith pm]lyyorhﬁtb &0 ts Ddﬁ@{g Ev/a just prior to

el evat ed t enper re e. 25 C and 4
chrepaatpgiaghy-while gﬁi@@ﬁy gfqg%cﬁt 39 18 H}élnums 2}6185 ghe)ﬁﬁ qv icgld congltlons The
remQ ﬂﬁlpg'ﬂhg 416 RREABRS tﬂﬁesﬁlhcg:'bﬂ Svithpdl r‘tpéﬂé 8@Epikd h®ehé BFo-month
|st|d ne used in th product” pl acebo was
stahﬂhﬂyfsempfes forheataliznatab ustelﬁm 102266084 wev@almmlyzpdrbe(bhls method.

W M S
peaﬁ@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 occurring
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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degradation is discussed in greater detail infra.

During testing of the placebo, trace inpurities were
waledosota i n the histidine/NaC/0.02% (W v) PCT/US2004/003873

pol ysorbate 80 placebo (Fornul ati on #2). These

clnic okt éﬁéféﬁsmpﬁgkﬁg%%gw%@ﬁ% 0 L OB By biplysorbate
80 ag%ﬁé' 0. efhdg %%ﬁgn Bf)hfs}@&ng gd}ﬁ’?ee\pé’s SniReaRl t@s@uﬁcanﬂy
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nm Dot a{ | e Pl[ a%ﬁ 99 95 o ¢ o? Wﬂ‘ge TRkl @ekentif tﬂe@E@-@ﬁELC profile

SEensi etec trace inpurities by
as a Iréh@[teﬁmm glctlbﬁlcmo I TherSHGERPLE frofitd for the Hlﬂi'ﬂilliLQ/Naﬁblo 0B% (W/v)

le is appl.ied undiluted rather
poly@qug‘{ee‘ﬁ) forraulgen fqlléwmg ?rhlg t\gB aysoaér@t@ OWB ﬁ]igP%}cé’at ngels of trace

11np31§t9esrr'e etd% rtl?él_(?]egﬁdah ¥ df’%ﬁg&}?ﬁzﬁg %0 ”ﬁ‘ﬁéé@ﬂﬁé)&elﬁ&ﬁtrate that the

vides a tool to evaluate
polytshldbaw&ﬁmgmianﬁn ishebgafitantly émpedudrtiyt ieplacing hmldmem/@]@ phesphate in
and _product, as the anti body energes nmuch earlier in
the Elﬁ@bélf%’i“&}ﬁ“% ofile. Placebo and natalizumab fi nal
drug product fornulated in Formulations #1 and #2 10
wer e anal yzed by the SEC- HPLC net hod descri bed above.
Anal ysis of the placebo i Exampleid| ati on #1 sp| ked with

poI 3£§or bat e 8t 0

po |’J}h%%$&ﬁ§is§l%y \bhl%h h@s@ﬁaceﬁﬁﬁ)uﬁﬁbi arle rpréchﬁed &hﬁelﬁ)glﬁ t@be through
the trace inpurities. The broad peak at 16 mnutes is

a metgkwtalyeddxidation 96 pyls/mrb@tp éseedpuiEeW 6! alhd 98 dkBhagynaceutical

s PR BAATE 0S5 ISR R o oy o

dlff&@h ?ﬁéstlﬁtp%l}%@ruﬂeﬁ(‘é@ Golysertmy 20)i oight2mpenneds aid metdl ions also
nmont hs shows a narked increase . in _the

1mpe¢twuthgc}q§1@ak Dophiogher; af|LP ey dshasdiega serHimeddhet; bﬁ‘{fh fugfidine and
r C [
R L R
sindlBispdiny sourbatieddor foasulation Hegfleaei‘esdgmﬂm ﬁﬁ%ersle& rretiie rate of
as bul k drug substance for approxi patel nths at 5
reaqtiop pevieendetisyrilicd pyshe Mgo’f&ﬂ’gl haye e %Pf?‘é?@ﬁnk. ng with
" pol %o ( h f
R L G OITE S A i T
metuls iTigs tvaesenmonwemteday rammidg birexsion The) °G fgxm”llvn dleys infglasseressel

witks oy Pk orS RO GAGES Pt JodBrimealpipes Ko, Dnder these
con@ﬁfoﬁé IIﬁlﬂEﬁ% l!i\%lsh#ﬁhg- HOSA B RP RS éﬁ%rp%(ﬁic%@ f&ﬁﬁﬂsﬂs@ﬂlr@’lot The

e elutionprofile " for the
reactimhavdsaberadplis arptieeé nasdsit €9 thdwﬁrsab@eﬁcreln@lﬁleé ﬂ§/the control; (2) a

gra}{;l gtly{ contallner closure (stopper) was added to the second vessel; and (3) a stainless steel

needle was added 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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25 peaks and conparable |l evels of the histidine/salt

peaks at 26-27 mnutes. The trace inpurities are
waledoaota at two nonths for the 25 C sanpl e, aPdI/us2004/003873

el evated levels are present for the two nonth 40'C

sanpl e. Thus, these inpurities have not been detected

in the clinical suppliesExamplédare stored at 5' C.

e AP AR oG ACRiduTR Sl Bhel BoARCHEE 0
To T QotbntilEokRtBE tHeBe Ripurfties &ab bpaluited asa inousdwngle-dose limit
pl acebo, histidine was replaced with inorganic o .
tost D id o piacsb PO BHEL AR HEIDHSde S BBTYIBHAL T AP, ot FREC for six
| acebo_product .. f : s
e 5S8R L8 iV, MRS o1 s o, o
weré 86ki20E 6f PRISEHHAL €0 thefifnpueitess drelimarydth afd. [8@04 ¢dinsthe non-
_ polysorbate 80 at pH 6.0. The substitution of
clinjgpktecdomef the sBb1BKSSPhat e was denpnstrated to
Si gmj 1 rs ; : ingle-
e TSI IR DAL ALECRS AR B poye oo
dos®hhytaedt hake d86rmpihad: eBioe favalivulmbisempleds Farmhiatien #bypiked with

poly.;lgyzhegtegg)f{gll)rg?rittg gng;)ég&}'gsn ][jgi{lg %rég %na%sgﬁgsgﬂgﬂglgélgﬁé@%% minutes.
The:ﬂ%aﬁ Eﬁtiﬁ%%f ﬁ%&%@s‘é&zéé BSun@h ®Ris 16664 atMzufab ithout polysorbate 80

ncubat | HPLC profile for the
addhiostainditireeé iNeCloed no it {calevpolyspdiayesdl degredagions Byreentiastahe placebo

fol I owi Iy, two.days.at 60' C sh L ani.fi
LA e S P A T A e o
area d}gi’hﬁé%%%%g% %QS mileR ViR nde MRSt Afz8niab3hmpleEn Formulation

pol'ysorbat e egradation is significantly inpeded by
#2 drdpkared ag0RiICsTor dixneedis hid Jehosphpitte degradadon. HEhqunabysiscontirms

formul ati on. Exa e Nat al |, zunmab For ation With .
thatyshe sesenlpmitered @t é";gé W‘i?ﬁfﬁé A theIRsh é’&lgi}gﬁiosﬁé%ﬁgﬁ%%e gflen with
de#gaieggopg&%gtetgroace inmpurities are produced is thought

0

rough 15 a netal catal yzed oxi dati on- of
pol ysorbate (see Donbrow et al., 1978 J Pharnmaceuti cal

Sci ences, 67(12): 28). Dorggr OW!dSSC” bes t hat

aut oxi dati on during stor aé s for different

types of polysor @:@Ezﬁ)li@ﬁm%{mﬁ-lﬁ_—hgﬂe@mcﬁﬁa@. Li ght,
tenperatures and metal rons also_ I npact autoxidation.
DorfBo essesstif partially 67g3ded polysasbatehisstiHfcrpahiel of prayemiipgntibody

hi st.i dine a | ysor ba e ,r ir '
oseReatioh Grs Ao Fct et 8o B T 29 i B hbndelid nosdlo to
conlvert bl18heAfb1§donete 80 kS th GhAEmEMUECSs oiSi@thutities. The reaction was
fornmul ati on. However significant differences in t

h
confiamned tsf haviealagraidohalh 8t orhstes8 Qb pethed (pgnd 1egerse phase HPLC.
Al t b . i<t . .
T8 R U S ALttty i

# REGIEAP &L Sbluti et tainihiai 050 Ma $wolg polysbibateed dnd 300hof thg neaximum

reactron at 60'C for five dags I n_glass vessel .
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.
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with 50 nmM histidine (Lot No. RO16A008) and 2% (w v)
pol ysorbate 80. Under these 25 conditions, m ninal

WO ewahsi4ef the trace inpurities are produced fRCT/UBI084/003873
histidine lot. The reaction was then split into three
vessels: (1) the first vessel renmmined as the contro
(2it 1acmg11@@edﬁmry thig wietkathakss len®aLReMEL 58 %é?t)‘/ Rigeent 0 the

polyﬁ%r atle o t hegcgeglg ﬁﬁgmt\éﬁe?ﬁf%a’n I_@Mdé e #p ﬁ%ﬁlaﬂ:‘ &S froftnlhl to prevent

vessel . e reactions

antivIy@ghbReghtisdn for four days at 60C and anal yzed by a
UV scan from 200 to 400 nm he reacti on ress

f uAltenglbveD 1t BolETPHAECHBLIEN if RORHRNpEE AL g product

monlsit>< ﬁﬁ% ﬁ'n%qgc?el]:_ec]n]? YA@uﬁQQ gféi@‘? %‘p Rdnd%8 Q040381 t?ms formulat1on is

uat i on urities - Muse Single-Do
not édnﬁprbm’fﬁﬁg thehatipatye riEFqiroiﬁlex faritheysinfveek e@bllltyr’pmm mn@s for 5°C,

25° @.ag@ ﬁéf‘éggﬁg‘;@l@gﬁs%ﬁ% (e e G id237C samples are
comBS LBHA féfé%%l}]c%ts%ﬁgrdafvltﬂ%o%fd%ﬁcééf"an? DREKSInWRERII charge of the

because ese sanp rovide the”l argest anount
protéih. tThe 40fQsampleshowed dreeshlﬁ\/mr emore widjnspesfestippicali afyhis product in

due to the inpurities. Preli nar r ded
a liquif foaulegan enﬁc?rﬁn&bﬂpr%et?? ?ﬂcter?é ng)/ﬁﬂ]i% nOVIThg

SE‘% Féplfaghgﬁ Qfdih tﬁﬁﬂ %rbgg\g&nl-thé Qit@ﬁtdfgeﬁlsgfbame%?adéﬁﬁﬁ and the

nouse wer e determ ned
peala'mea Iﬁmhaihie ﬂEﬁaHPmp lduiion Sevrestidrasiz omegirativnk efldegraded

L e
wnheé #ée{dﬁkgarﬁlt%):ﬁﬁ i:Hl?egl()(‘ﬁ@dé%at : E@ bid keers@fphase HPLC. The

I zuma out pol ysor addi ti on and
readubﬂ nekrewdotsn mldutedrvdth‘;ANé OWWEél’OGHGI@ Formulation #1, freshly

SRR S RBE whl BE USRSt

Werggr%ﬂg&ﬁlaggmﬁﬁlthe total area under the curve was
12.8 mllion V seconds. The natalizumab sanple in

ForPhel datd romibis#Plutionl sesics sl plpttabley thertote] Reakesrasingrggated

(uVJt- %zglg‘%%égé glfsg ! ag?%ox)g@%-r%%? ?rl'%tgfySZ rﬁﬂlfu'té’s% a thi@fon of the
rati® bf‘@ég@ad&izﬁﬁ)%l}l'sbf'ﬂafe gest 111§gl%t {rRigReswhdthn aﬁ@gffaé&dhan 5 million
pol ysor bate 80. Exanp 20 Establishing | npur

uV-Sp@cmdS rﬁpmsenﬁs ebTy aa%)é’/leiygs of pelasarbaif B tQjdegradaion products There is
t bl
a d1%‘§5¥ i% H be ereﬁﬁ %,IP%LHI ggmd?zeﬁ gagégr%?%tggaa%g@‘? %frl@gg}i)eak area

for ﬁ@)p%aksrbmmg RfS8eRCErBhamen@edl e to convert all the
po sorbate 80 to the maximum | evels of inpurities

pecdioninaty liyai 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 limits will be applied at time of
release as well.

Limit: total area under the peaks after approximately 24 minutes is not to exceed 4 x

106 pVeseconds.
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confirmed to have degraded all the polysorbate 80 by

both SEC and reverse phase HPLC. 25 This material was
walzdoyved3one-to-one with a 10 ng/ nL sol uti on OPCT/US2004/003873

AN100226 in Fornulation #2 resulting in a solution

containing 0.01% (w v) polysorbate 80 and 50% of the

maxi mum | evel of degrade@éﬂﬂﬂ&%ﬁrbate 80. These

antibody sol uti ons oL, REARS fhabTfkflaglieki ng and
siliconized syri ’ regation of
t he antihpdy Maslipmeatent ed. The control sanples
exposed to the sane_ condi tbggs but wi t hout pol ysorbate

80 showel? 3t 29dymnphesphetepei pit ati on. 20 WO

2004/ 071@%@1&%%%90@%3 It is concluded from

this worK tfat as long as no nore than fifty percent

of the pb?yspPdigdoebBO8D,INEegraded, this material can

provi de the appropriate environnent to prevent

ant i body aggregation. Although very little polysorbate

' Q0.5 i | ' S @S td VRIdr wahRyXdH6d storage at 5-
Adjg&%{)}%ﬁf%ﬁ)r%ﬁv ﬁgl%?lgglgel%og%taﬂaét\]?gc%%i ng (I EF) ggttern isg
8°Cone to confirmthat this fornulation is not

conprom sing the antibody. I EF profiles for the six

week stability tinme points for 5 C, 25 C and 40'C

storage conditions were dq_;;x%_,gﬁ'lqu. Both the 5' C and

25' C sanples are conparable he reference

standard, with nS0ewt/udn? b

Natahizuprab Formmgatiom over al |
charge of .th .otei.n. The 40C sanpl e showed the
shi ft tog'g%ewét%g@fna?bc speci es typical of this product
in 10 a | ko SodigPrbaiHa@)USPt her in the presence or
absence of polysorbate 80. To establish a relationship
bet ween 3.RengXediwm chiorjslsl Y8Br bat e 80 degradati on and
t he pea@ ar eﬁ 1fro\Enttelgg C-HPLC, a dilution series
for six 8?11&% YR PORS 0 degraded pol ysorbate 80
fromO to 50% was eval uated. Formul ati on #2 was heat ed
to 60C for 3 days wth a needle and confirmed to ge
AdinsioeH. 6P ad@d With rmephasie ackl s b bk &l-pVath prefsrred storage at 5-
g° eaction mxture was then diluted with AN100226
CEjuri fied bulk in Formulation #1, freshly spiked with
0.02% (W' v) pol ysorbate 80 and anal yzed by SEC-HPLC.
The SEC profiles were nonitored at 260 mm. The data
fromthis dilution series Example8otted by the total
peak ar ea |t egr 3h g bt NSEAONRD o SO beNCy
profile after ap matery 24 mnutes as a function
of the 2M0mhad Natabfurdegr aded pol ysorbate 80. This pl ot
i ndi cates that an area of |Less than 5 mllion
V- seconds4mappedim: thosphsi 0% | oss of pol ysorbate
80 to de ] ?(q.ﬁﬁt There is a direct
rel ati ong%?lgggg(?ﬁv\gg#t e’gjrsrgunt of oxidized
pol ysor baken@bolysatbate@00NFhe peak area

Adjust pH to 6.0 + 0.5 with phosphoric acid, NF. QS to 1 mL. With preferred storage at 5-
8°C.
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for the peaks eluting late in the chromatogram A

prelimnary imt for these trace inpurities in
wmaicalieaab has been established 25 based onpP€1©€S2004/003873

nouse single-dose limt test, the antibody solubility

data with 50% degraded pql ysor bate 80, and esti mates

of the extent of the pol yM@QSO degradati on. The

met hod has been OI@%HHE(NMQI’% %@_Ig%h ﬁ%tﬁ,glabi lity
programand a |i

addi t i on$0.0 hgt Natalimmmmgbnuf act ured wi th hi sti di ne

buf fer, ese |ljmts wll applied at tine of

rel ease Lg%$?dlul§0’?’ﬂﬁﬁhafe St al area under the peaks

af ter apppoxd §&ighehksdiddl ogpes is not to exceed 4 x

106 N-seconds. 21 WO 2004/071439 PCT/ US2004/ 003873

Exanpl e &2 mgPolygarbatbl80aANFzumab Fornul ation 1.7 ny

Nat al i zumab 1.4 ng Sodi um phosphate, USP 5 8.2 ngy

Sodi um chloride, USP 0.2 ng Pol ysorbate 80, NF Adjust
AdjRK 19156.0 + 65 Wit SHosPRRRARAT, NF. a0s € 1 Mf.. Wnt et%rrﬁ&-stora e at 5-

JWtﬁl-pprefelrred st%rage at 5- 80&::(9 10 Exanpl ep; 5. s
8°thg/ m_ Natal i zumab Fornulation 5.0 ny Natallzurrab 1.4

ng Sodi um phosphate, USP 15 8.2 ng Sodi um chl ori de,

USP 0.2 ng Polysorbate 80, NF Adjust pHto 6.0 0.5

wi t h phosphoric acid, NF. Eﬁéﬂp‘kﬂo m.. Wth preferred
storage at 5- 80C. 20 Exanpl € ng/ mL Nat al i zumab

"For mul ati on 5.0 mg/mlL Natalizumab Formulation

5.0 mg/mL natalizumab

140 mM NacCl

0.02% Polysorbate 80 (w/v)

10 mM sodium phosphate
Adjust pH to 6.0 = 0.5 with phosphoric acid. Optimally store formulation at about 5°C to
about §°C.

Example 11
10 mg/ml. Natalizumab Formulation

10.0 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-
8°C.
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20.0 ng Natalizumab 1.4 ng Sodi um phosphate, USP 25

8.2 ng Sodium chloride, USP 0.2 ng Pol ysorbate 80, NF
wopoust14pH to 6.0 0.5 with phosphoric acid, NCT/QR0040003873

1 m. Wth preferred storage at 5- 8C. 22 WO

2004/ 071439 PCT/ US2004/ 003873 Exanple 9 50.0 ng/nmL

Nat al i zumab Forrmul ati on Esampled2Nat al i zumab 1.4 ny

Sodi um phosphat e USP ori de, USP
0.2 ng Pol ysorb itgfizliHar fb' 0.5 with
phOSphOflIOq)ﬁh@INhtalMﬁma@ to 1 n.. Wth preferred

storage at 5- 8C. 10 Exanple 10 5.0 n2/nlL Natalizumab

For mul atli-bme @@Hﬁ@hﬁﬂ?hﬁf&tgﬁi’zun&b 140 nM Nad 15

0. 02% P p10 nmM sodi um phosphat e
Adj ust w@g%‘%‘ﬁn%ﬁ? V[%{ phosphoric acid. Optimally
store fadrmigRdlpsorizdte AANE 5 C to about 8C. 20

Exanpl e 11 10 ng/nlL Natalizumab Fornulation 10.0 ngy
Nat al i zumab 1.4 ng Sodi um phosphate, USP 8.2 ng

Adjtct‘&%iﬁjm 61,905 48 peEphofie aBid2NEFY GPlY SR DN Rh $Pefehd storage at 5-
8°C.

Example 13

20 mg/mlL Natalizumab Formulation
20.0 mg/mL Natalizumab
140 mM NaCl
0.02% 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
Lyopholized 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, citrate, acetate or
sﬁccinate) in the concentration range of 2 to 50 mM, to provide buffering in the pH range of
3.0 to 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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Adjust pHto 6.0 0.5 with phosphoric acid, NF. @S to

1 n. Wth preferred storage at 5- 8C. 23 WO
WQ2MMN0AIN39 PCT/ US2004/ 003873 Exanple 12 10 »@r/mk2004/003873

Nat al i zumab For nmul ation 10 O ng Natalizumab 1.4 ngy

Sodi um phosphat e, USP Sodi um chl ori de, USP
nat@lz_unwﬁ méwyg%ﬂnsfa’teé tgO> Hmﬁnﬁ(d}ld grgofging plpsphats, 140 M sodium

R oo Ny ERAAE O JULHMIGRIENESH v g

opalescent bat without %@ﬂ&ut@snﬂhhlaﬁmblemmm&fgﬂem A CP9%5monomer with
0. 02% Pol ysor bate 80

no high gl ecpslnlatrtw@t@gg@gste% QYV 5}%3%0 Mmségg gl?“%ﬁ%ﬂﬁ%% ﬁg
vol 4 %ﬁéély&]%lﬁh%@d ﬁl‘%ﬁl JRkiEM fﬁﬁl‘ﬂﬂ?ﬂoﬂc RIpRYiddd. %‘ec@ﬁse phosphate

about 20 Exanple 15 Lyopholi zed
buffamﬂerguwadopIEFohmgeaiMHUg frkazing,iibisalecdssayyita refpdﬁqwuhaphqsphate with a

aitgeriutiey i B oo e RmarLo DR ARG pggmate with the

abil9fth %ﬁfféﬁéi?é&tl@&%/hﬁ gl g RRge 6F B3r@HE7.0, 3665 @E&eﬁblby in the range of 6.0
stccinate) in the concent ration range of 2 to mvi

+/-08. pr ovi de buffering in the pH range of 3.0 to 7. O

I\/bs,t%%)r efog E)?B'{?X%(S‘E\ Fas? H%rﬁt(gﬁa%g ﬁﬁé%gsﬁlsl? 8%- %11101'0869 hre necessary to

pro¥ide %9}933 ahd qiﬁﬁp&%éﬁbn a$h§s@ oBREs MBhy bé ehl a@c&%)oraﬂ d cafbition to
aci ds (such as@g ycine) nmay be added in varyi
HUg

progiee lfﬂ‘t séahmywnd et bbiedenicidy. edditicialy sthavpe pf gmigcids (such
o BEHL 0880 SEYLROUERNE B BTt o ot oo,

addSurfactants, 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
ultrafiltration 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.

In 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 solution.

For example, natalizumab, at a concentration of 20 mg/mL, was lyophilized in a
solution containing 5 mM histidine, 20 mg/mL sucrose and 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
lyophilizer. 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

stability when used in the range of 0.001 to 2% To
prepare a liquid fornmulation, 24 WO 2004/071439
weEFOnAW82894/ 003873 natal i zunmab was concent r at BCI/US2068003873
ng/ mL in 10 mM sodi um phosphat e, 140 nM sodi um
chloride, pH 6, with about 0.06% sorbate 80. The
wag gebifvesl aba shellifemperajyas o523 Ghyith a cg g‘é@?@ﬁﬁﬂf eft100 m'Torr for 10

out. ﬁﬂgﬁle contalned greater
m“?% ?h %%%%%ébg%siﬁng- I'gh nol ecul ar wei ght
ag ng&gﬁhB vesre i@y recunettutedinusing gl cfpetileWhIo 8BE.a driulation
stable Iyophlllzed phar maceutical fornula %lon .S

conippe 480 massé Ntalizgmatp A Ae samplgs Yere anaeryBegediajsly after

I
o2 SRS sty U, SRRk B AL s
recmr[pmoaedn&sfwdrre shingdidne, Tﬁietreatmtitmtedsaohmomamrwmh andesolorless

Wltﬁbl l %y%c%:g%[?al%é :;tg Elgagq?rml ﬁ"ﬁ@ gaén}:ﬁgt ne %gec%gr@gter ‘%a@ %g 70 monomer
by %ECT fth 48 %i dé?{ mBR:EM% \%ei(#ﬁ Qékr@g%té'r%f‘ v ﬁfo)ecﬁﬁg WA Eﬁecws After 2

such as s ose) are necessary provi de cryo-
wetlisstqrage & d0idep, thd kesplepbdwyed %%mtdney tddivedb awfereaipe (supemﬁcatlon
80i gﬁﬂbination to provide for stability and adjustnment
-0f e tonicity. Additionally, the use of amno acids
(such as glycine), at levels of 10-1000 mM may used
to prevent aggregation. Surfactants, such as
poI zgsﬁ@ntbépetsnt@ an publmttenssl efermi thdn (risappdicationase Sefeitom
. B% 15.to0 Iﬁ Vi Lor s%ablllty bef ore
mc?’?8 i yzrgf‘?rslhcedﬂ eélf? e Vg RiPWon and to provide
for nore rapid reconstitution tinmes. The protein,
following the final purification step, may be
formul ated using wultrafiltration for concentration
and diafiltration for buffer exchange. The protein may
al so be fornul ated usi ng col um chr omat ogr aphy for
buf f er exchange. Sone conbi nation of 20 these
techni ques may al so be used. In addition, the -fina
desired protein concentration may be obtai ned by

filling at a protein and excipient concentration
| ower than desired and reconstitution at a smaller
volume. For exanple, a 2.5 nL fill volune of a 40

mg/ mL sol uti on nay be used, followed by

reconstitution with 1 nL to obtain a 100 ng/ nL
solution. 25 For exanple, natalizunmab, at a
concentration of 20 ng/nL, was |yophilized in a

sol ution containing 5 nmM histidine, 20 ng/nL sucrose
and 0. 02% pol ysorbate 80, pH 6. The solution was
filled at 5mL per vial into 10 nL borosilicate gl ass
vials and fitted with gray butyl rubber

| yophilizati on stoppers. Lyophilization was done using
a Virtis Gensis nodel
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| yophi li zer. The product was frozen at a shelf
tenperature of -60 C for 10 hours and then 30 the

W@ bh@uh7eper ature was raised to -40. Primary PRTUSH04/003873
was perfornmed at a shelf tenperature of -10 C and a

. chanber pressure of 100 mforr for 20 hours. Secondary

Claimgi yi ng 25 WO 2004/ 071439 PCT/ US2004/ 003873 was

achieved at a shelf tenperature of 25C with a chanber
pressure of 100 mTorr for 10 hours. The vials were
stWeplaired under vacuum The vials were then
reconstituted using 1 nL of sterile WI to give a
formul ation containing 100 ng/nL natalizumab. The

sgnpl e nhﬁ'&Eﬁﬁba?}tf@ﬂrﬂulﬁfdrﬁd oglobulin,
;}ophl %%?oﬁﬁg%ﬁgﬁ ter 2 wks of st orgggprllsﬁlngtallwnelmmun 5

a phokghatﬂbdffez,ajpdlmombae, and sodigm dhborisist h cases
reconstitution times were i medi ate. The reconstituted
solutions were clear and colorless w th an absence of

parti cuhRlBmiRLEsH & claikhE viigth @ glpotbaiets @lpatieite 80.
than 99% nononmer by SEC, with no high nol ecul ar

wei ght aggr egat e, or |low nol ecul ar wei ght speci es.

After t or : :
94?’% pot \gey} @P@?q c\)/f;lcgi 1Ionaére erréehgn?gkclee I%ﬁg ﬁ‘%ﬁg]&%l an

o800 a0 0.081% 16 bbGl B BREG. and publ | cations ref er r ed
to in this application are herein incorporated by

reference in their entirety for all purposes. 26 WO

29104/ 071%%%8&816&&8@%&99%?& 1n?1f1%rcg?saotrlly%e COEY n%?esel‘x_t irfthe

st'abl e,”"aqueous phar naceut | ca n conpri sing

amouﬁﬂoﬂ'amasuﬂ@gt%k(wwh a phosphate buffer, a polysorbate,
and sodiumchloride. 2. The formul ation of claima1,
wherei n the polysorbate is polysorbate 80. 3. The

f oy mul al‘ﬂe%nﬁﬁlaﬁé)@bf@lgl YRerE&LiR thdEnRelos i iiatie B&gg}g’cﬁn the

présent 1 n an anount ‘about 0. 001% t 0 about
amouhmbf/éhouﬂo.lmgnﬂouombbam(lﬁ)lmg’ﬁnlcI aim 3, wherein the
poI ysorbate 80 is present in the anount of about
02% (wv). 5. The fornulation of claim1, wherein

tl’l‘ﬁ | MEROgLRRMtibE of SaikRd ?Wrelhrﬂhé HemudBetllingk padeenttin the
0.1 ng/ml to about 200 ng/inL. 6. The fonnul atlon of

amourt af ahoBt 1.\Xheg/eiln t he i nmunogl obulin is present in the

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 about 3.0 to about 7.0.
10.  The formulation of claim 9, wherein the pH is about 5.5 to about 6.5.

11.  The formulation of claim 10, wherein the pH is about 6.0+0.5.
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anmount of about 1.7 nmg/nL. 7. The fornulation of claim
5, wherein the i mmunogl obulin is present in the
w@ewanti4ed about 5 ng/ L. 8. The fornul ati on oPCTIUSI003/003873
5, wherein the i nmmunoglobulin is present in the
ampunt of about .20 pg/ L, 9. The fornul ation, of .a
orle- of ThedprRuIgtiomoblaii by ghoicin e REFHAIR G Hadyqipme and
the in¥hnaARRUuI 8 phAcli W afndint SPabobigo byl at i on of
e“@%a. 9}1wﬁepei% thefﬁilis about S.gﬁ¥o about 6. 5.
11. The fornul ation of claim1l0, wherein the pHis
abqut 00.5. 27 WD.2004/071439 PCT/ US2004/,003873 :
THEFT or FiR iarnBRAGR Sbe i %, VHEREP SR ERE IR 4o s a4
; ha a fixed volunme and the i munogl obulin is present in
integtifl.
t he anbunt of about 50 ng/niL. 13. The fornul ati on of
claim 12, wherein the i mmunogl obulin binds al pha-4

i LD 5 S B e

claim1, wherein the phosphate buffer is at pH 6.00.5,
the polysorbate is polysorbate 80 and is_present |

anlSampubite formualgten ofclaipnd (Whergin thyghosphata heErois @t Pllﬁ%i-%i 0.5, the
ol A SRE |
polysQR s RRmaR a5 Biedoh 8F o, BB G P 01 5, B

immioFbulis is dfbalizikabf aidwhatinahe ffrmalaiomisiSiablefaes inperature of
natalizumab is present in_an amount of about 20 ng/nL

about By Giisobout HC fj/akdeastizmonthe f or mul ati on of claim 1,
wherein the formulation is isotonic. 18. The
formul ati on of any one of clains 1-14 or 17, wherein
t hies. i nMTofghablatiom of ¢1ain@ 1 Sromaetio mataliamhabsdyresehin dhtwenount of
formul ati on of claim 18, wherein the nonocl ona

abouty{t mgaRk to sbqyhd 8 mefhh.  20. The fornulation of claim
18-19, wherein the antibody is present in an anount
of about 0.1 ng/nL to about 200 ngy/nL. 21. The
f orfrul dfficoformblatbmbficidien 1 whsereinrih¢ fremaltutiobdslisoiogic.
present in an anmount of about 1 ng/nL to about 150
mg/ mL. 22. The formulation of claim2l, wherein the

anfgd bodyhd RrRHBAEN DS Ady A FTREAL 1914 or 17, wherein the immunoglobulin

is a monoclonal antibody.

19. The formulation of claim 18, wherein the monoclonal antibody is natalizumab.

20.  The formulation of claim 18-19, wherein the antibody is present in an amount

of about 0.1 mg/mL to about 200 mg/mL.

21.  The formulation of claim 19, wherein the antibody is present in an amount of

about 1 mg/mL to about 150 mg/mL.

22.  The formulation of claim 21, wherein the antibody is present in an amount of

about 1.7 mg/mL or about 50 mg/mL.
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about 1.7 ng/nL or about 50 ng/nL. 28 WO 2004/ 071439

PCT/ US2004/ 003873 23. The fornul ation of claim 18,
wob@rein3g he anti body is present in the anountP@f/US2004/003873

about 15 ng/nlL to about 50 ng/rTL 24. The formul ation

of claiml erein the ant S sent in th
arint L TmBlion6r Hgrind o, weeremiee fryfiody & peretofa the amountof
abouPiSah{Q&ﬁL RERI50 nflé')ﬁl for mul ation furt her conpri ses
histidine. 26. The fornulation of claim25, wherein
the poI ysorbate is polysorbate 80. 27. A nethod of

it Pg]?]a{ﬁgpﬂ glg ﬁd(élitalglblg,{\%v e?éiﬁ&ﬁ%%t%ﬂ)tpdggsrpr%sem in the amount of
aboutm@qgtpbul in conprising administering a formul ation

of claim1l to said patient wherein the condition is
treated by admnistration of the formulation. 28. The

nggl od ’Fhe f% 'u%%ﬂ Rf mﬁn ?I @Pérel% thm% tlo%%rltﬂ er &%m%nses

al i zuihab. nposItion conprising a’s
histidihsphat e, a pol ysor bate a protein and NaCd wth a
pH of 6.00.5, wherein the conposition is stable when
stored at about 5 Cto about 8C for greater than 6

m’{éys o e?fonlﬁﬁtﬂ%{? %P&%{g% ?gf\%}g&elﬁ éﬁ‘é é%@?orbéﬁ@ ] ;?dlgso%h“t‘e 80.

eis sor resent
anount of about O. OOl%to about 2. O%(vv/v) 31. The

co osition of claim?29, wherein the protein is an
nogfaRtihedhol ieqating aipatigpt @@%Yaqahlea\ﬁﬂ&%feha copditigpypith

sl BB S OBy B BB Doy o

to saidnmitiee wipres éint canditidnds aratahbdy efimatisivation .of #96 fowhwlation.
the NaCl is present in the anount of 150 mM the
phosphate buffer is present in the amount of 10 M

anpg t herpdwuined o bidlh Q7 ' x%her@fﬁttﬁé inﬁﬂﬁﬁ%@&ﬂm i3 n@ﬁaﬁ%ﬁﬁ&b
in the amount of 1.7

mg/ ni. 29 V\D 2004/ 071439 PCT/ U82004/ 003873 33 A

Gl o CORPRGER FEPISAGR ol R PG hefe ROLPRERS, @ rotein and

NaClIs#fh & 60(1541 018, wier 818 S @nhfisRioANs stab R e sforéd gk about 5°C to
adjusting the 'pH of the mixture with phosphoric acid

about & (afow greate tharpo nengis. 34. The nethod of preparing a
stable protein containing fornulation of claim 33,

30.  The composition of claim 29, wherein the polysorbate is polysorbate 80 and is

present in an amount of about 0.001% to about 2.0% (w/v).

31.  The composition of claim 29, wherein the protein is an immunoglobulin which

is present in an amount of about 0.01 mg/mL to about 200 mg/mL.

32.  The composition of claim 29, wherein the polysorbate is polysorbate 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 the immunoglobulin is

natalizumab and is present in the amount of 1.7 mg/mL, 5 mg/mL, 20 mg/mL or 50 mg/mL.
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wherei n the sodi um phosphate is present in an anount

of about 10 mMM the sodiumchloride is present in an
wa@ewunti4ed about 150 mM the pol ysorbate i s poPyEUSva/€3873

80 and is present in an anmount of about 0.02% (W V)

and the protein.is natalizymab. .35. The ngt hod of ..

o Shar AGREIhSY BEper s it bIE Bitsin PGS ARAA OR camprising
dmi%lr@l BUREh pho¥pBite] Bdfdt M1bAETRBolRoMaRSAta Bt I?c{'Rgﬁ‘ét' th
y 1ofn%lasbout I%O(yérﬁng/rrL to about 20 Onyglorrﬁ. 36. The nethod o
pH obthepnigpae iwntp rhosplaivicecist totabowt pdbhtdai AidSng f or nul ati on

of claim35, wherein natalizumab is present in an

anount of about 150 ng/nL. 37. The nethod of preparing

a %4 abl @h@h@i}@ur&fg%@hﬁh@ BEbfe Y rBdoneiinial fEidilModdof claim 33,

wherein the protein’is Tyophilized in the fornulation _
wherein th¢ a¢dinm phagphathie preseiian anmonefe{rabayt 1) wahesodium chloride

o B pEEPREREAPE: [ RLRD S b T rae RS B st i
an a6l OF aigfut 8y (v@/-vﬂ%% ﬂl‘é'/ﬁ)vateinélglﬂatbﬁﬁmﬁ)ibot einis

natal i zumab. 39. The nethod of preparing a stable

protein containing fornulation of claim37, wherein

t for ' [ . hi st di . Th :

s SH B0 SFUEERE: SRR RSB SR ol i 33,
whert@rmdliatingh iOpresdnaimaiBanounto € alsiub 20 e/l abeabout 200 mg/mL.

| yophilized in a solution conmprising 5 mm histidine,

20 ng/ nL  sucrose and 0.02% pol ysorbate 80 at a pH 6,

and: wh ' N i i; : : :

oot Vi Peliid oPh ik b SRRy BRihe Byrmnulation of claim 35,
wherpimmataAiztinae icoeymt 81 argamaowd of aboved Shalghinhg t he stabl e

fornul ati on of any one of clainms 1-29. 30 WD

2004/ 071439 PCT/ US2004/ 003873 42. A nethod for

treati Ny AnB@bl 8Rbrephlifl M@abﬁﬁ}r&emoﬂ%niﬁg Forfhulation of claim 33,

condi tion, conprising simultaneously or sequenti aI]] y
whergidithepten inlyoplulivdveinghe foemulagion b€clapedt i cal |y

effective conbination of a fornulation of any one of

clains 1-24 and a conpound or therapy effective

aggy. NSt Thd @B bicPhring s stalRPréted RBhtdilifg FrdtMRion of claim 37,

formul ation of any one of clainms 1-24 for the
wherpindpaipellysarhate af palysezbtite 8orand isfraesenthia anrasatume of atwiut 8.02% (wW/v)

ondition in.a tient with a variabl e wei ght

anddc%:%ﬂr&tetl?ésnnat%%@}l%lgh the medicanent is effective to

treat said condition. 44. The use of the stable

formul ati on of any one of clainms 1-24 for the . .

pri¥har athwmethed o Prepdilesasiablepeoteingaptainiag frmulasion) of clpim 37,

Wher&ﬂtdl@ﬁjtrm\Mattilan%uPﬂ?Jric@l@l&oﬁsé’ﬁﬁ&ﬁin&ondi tion, wherein the

40.  The method of preparing a stable protein containing formulation of claim 33,
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 the protein is natalizumab at a

concentration of 20 mg/mL.

41.  An article of manufacture comprising a container holding the stable

formulation of any one of claims 1-29.
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medi canment is a conbination of a fornulation of any

one of clains 1-24 and a conpound or therapy, and
wobedein3sai d nedi cament is effective to treatP€ES2004/003873

condition. 31

42. A method for treating a patient with variable weight for a condition,
comprising simultaneously or sequentially administering to the patient a therapeutically
effective combination of a formulation of any one of claims 1-24 and a compound or therapy

effective against the condition.

43.  The use of the stable formulation of any one of claims 1-24 for the preparation
of a medicament for the treatment of a condition in a patient with a variable weight condition

wherein the medicament is effective to treat said condition.

44.  The use of the stable formulation of any one of claims 1-24 for the preparation
of a medicament to treat a condition in a patient with a variable weight condition, wherein the
medicament is a combination of a formulation of any one of claims 1-24 and a compound or

therapy, and wherein said medicament is effective to treat the condition.
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