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FORMULATI ON OF | GG ANTI BODI ES FI ELD OF THE | NVENTI ON The present i nvention
rel ates gweeBaBI45to the field of pharmaceutical fornul ati AET/EZE6093

anti bodi es. Specifically, the present invention relates to a stable, |iquid,
hi gh concentration antibody fornulation. This invention is exen‘gpl fied by a
st abi | i ze STABLEJLIQHIME EURCAL FRRMUELATIAN OBIGEANTEBOMESHody;

HAI L- 12, a humani zed anti-IL- 12 nonocl onal antibody; and HUEP5C7, a
humani zed anti-L sel ectin nmonocl onal anti body. 10 BACKGROUND COF THE

| NVENTI ON Many protein prepar JIgpIsOFTERNVENTION®EN use require
stabilizers to prevent denaturation, aggregation and other alternations to
the proteins prwarprcsﬁnt hyenten miatQSrwneq@llepraﬁutﬁqb@of mmaapﬁgtcabfonmulﬁtlps
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mai ntai n Ity, stability an oacti

| munogl olfgirhation of Padlizueisban ari-B.Y @Cspyor atidodsy I@AHSQB,S& mgnmhaardeamem stics
that tend to formaggregates and particulates in solution, and as such, may
require fil2menqclonadentihedy; end HeER e 7, iahumaniged watide. seleanmnanesdensl i nj ect i on.
The forna':?n?ﬁ é) protein aggregates and particul ates has |ong been a

probl em i 8% evel opnent of parenteral inmunogl obulin products,

especijgl |y when the i nmunogl obulins are fornulated at high concentrations.

Synagi s' (Medhnmune) is a humani zed nonoclonal 1gd antibody produced by
reconbi nant DNA t echnol ogyBAﬂiKGBﬂiﬂVD&ElTEEiINB@VTI\ONhe A antigenic site
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wat er for 1njection. Reconstituted SynagisTM i s to be adm ni stered by

i nt r amus c reparatigre CEhiomstabllity 1djpamfersmdon$ha fontation of ﬁymig/hms'BMbdmpm*aclas t he
foll owi_ng excipients: 47mM histidine, 3. ci pe, 6% 30 nanni tol, and
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di scl oses woth pepdin lsolnbilityyanadilito and baattiviedy fornul ation conpri si ng

Immunoglobuliné, in particular, are recognized as possessing characteristics that

tend to fonﬁ aggregates and particulates in solution, and as such, may require filtration

20  Dbefore use for intravenous or subcutaneous injection. The formation of protein aggregates
and particulates has long been a problem in the development of parenteral
immunoglobulin products, especially when the immunoglobulins are formulated at high
concentrations. Synagis™ (Medlimmune) is a humanized monoclonal IgG1 antibody
produced by recombinant DNA technology, directed to an epitope in the A antigenic site

25  ofthe T protein of respiratory syncytial virus (RSV). Synagis™ is a composite of human
(90%) and murine (10%) antibody sequences. Synagis™ is supplied as a sterile
lyophilized product for reconstruction with sterile water for injection. Reconstituted
Synagis™ is to be administered by intramuscular inj ectiqn only. Upon reconstitution,
Synagis™ contains the following excipients: 47mM histidine, 3.0 mM glycine, 5.6%

30  mannitol, and the active ingredient, IgG1 antibody, at a concentration of 100 milligrams
per vial. The reconstituted Synagis™ is to be administered within 6 hours of

reconstitution.



a lyophilized formulation of 1-25 ng/m 1gG nonocl onal anti body, 2-10%
mal t ose, and sodium acetate, phosphate, or citrate buffer havi ng2a1a¥2006
between 3.0 to 6.0. WD 97/45140 di scl oses an aqueous preparation of anti-CD4
anti body WOR&8Heated 5 to approximately 100 ng/ml in 100 REWEHABHHY
citrate, 0.05 nM EDTA, pH 6.0. The application discloses a slight rise in
turbidity after_concentration of the_antibody, which _|ikel )i reflects,

protei n aggr egd¥ P&Y/1 Réfsliscirpes ail¥orkifized gaanosionabaiibody frailatiasrFogtprising

mausous. b s B Elah bt LS HhiBR e ocioht Al PI68 SANBERE ©
serum al bggditm dcBtate, PRosPHaeh o6 silkateebuffet heving 2 H01 beteaw”liousncahl ori de, pH

6.8-7.4. U S Patent No. 6,171,586 discloses a stable aqueous pharnaceuti cal
fornul ati on coMPra7é4 4 0alischenes pr aquasss piepatation of wati-ARhantihedy sencentrpisddy

not supjected ta prior I LIization, .an acet byf f r t pH 4.8
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sucrose, and 0.01‘@p0| sorbate 20. U. S. Patent No. 5,744,132 discloses a
conposi t i Balyserdatei sterilodidtrafignad | L-12 20 antibody, 2% sucrose, 4.15%

mannitol, 10nmM ' cglhate. . t 0.02% .Tweeri 20. havi a pH of
abott 5. 6. U S At OGRS E B B AR R s m Ry B mEagBO R ol o

of 10y ny 1 6hIgNRDR. B35, (witv)2uridd denghiafbufein, H-80 M PAEspHitebugfee 70 0. 04 %
pol ysor ba{ﬂeg/rgo,. % 0.9 % benzyl al cohgl . 25 U S. Pat g’ﬁt Sﬁl\]ﬂg 6, 165, 467

di scl osesmMppduoschlpnde, pth68H7.4i ng a human nonocl onal  anti body composition

produced by hybr] I1_]i.n vi.ng ac si on nunper HB8307 j.ch
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0. 005- 0. 2lywphilizabbre anfacglayechutéerfiemm alppus pHINSE sa@bbbuttit) alsarfadtanaridoopylyoland an
anmount _of pH stabi]i zi phosphate salt to stabiljze the pH of said
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SUMVARY OF THE | NVENTION 5 This invention is directed to a stable liquid
phar maceuPHc&?, §omMsuarpess ard ol Vspeiysorbate 20.

U.S. Patent No. 5,744,132 discloses a composition comprising 1-1000 pg/mi IL-12

20  antibody, 2% sucrose, 4.15% mannitol, 10mM sodium succinate, and about 0.02%
Tween® 20, having a pH of about 5.6.

U.S. Patent No. 6,267,958 discloses a reconstituted formulation of 100 mg/ml
rhuMab E25, in 20 mM histidine, pH 6.0, 340 mM sucrose, 0.04 % polysorbate 20, and
0.9 % benzyl alcohol.

25 U.S. Patent No. 6,165,467 discloses a process for stabilizing a human monoclonal
antibody composition produced by hybridoma cell line having accession number HB8307,
which comprises dialyzing the human monoclonal antibody in a phosphate salt stabilized
buffer solution having a pH from 7.2 to 7.4, said solution comprising 1-20 mg of D-
mannitol per mg of said monoclonal antibody, 0.005-0.2 millimole of glycine per mg of

30 said monoclonal antibody, and an amount of pH stabilizing phosphate salt to stabilize the
pH of said solution.

There is a need for a stable liquid antibody preparation, wherein the antibody

concentration is 50 mg/ml or greater; such preparation is suitable for parenteral



a high concentration, e.g., greater than 50 ng/m, of an antibody in 20-60
nmM succinate buffer or 30-70 nM histidine buffer (pH from about pHMAY2000
about pH 6.5), a tonicity nodifier, and about 0.01- 0.1 % pol ysorbate. This
formul ation retains the physical, chem cal, and biol ogical stability of
anti body and prevents the inmunogl obulins intended 10 for adm nistration to
human subj ects from form ng aggregates and particulates in the final
product. Preferred antibodies of this invention include Daclizumab, a

humani zed anti-1L-2 receptor nonoclonal antibody, HAIL-12, a humani zed
anti-1L-12 nonocl onal antibody, and HUEP5C7, a humani zed anti-L selectin
monocl onal ant i ddwitistratiam dhcfuding wwirivenonsa injrangusculan irireficntontalaerisiboyfanspis i nt er f er on
nonocl onal anti.bogb/.t 1? The liquid, antibody fornmulation is stable at
refrigerated tERpEPHPBPE"™P2-8C) for at least | year and preferably 2 years.
This liquid fornulation is also stable at roomtenperature (23-27C) for at
| east six nmonths. This liquid forpulation is suitable for subcutaneous

i njection. 20 BRI EF DESCRI PTI WEW&UW | A shows the percent
clips formation, angfHaioRisafcblRUStabil SuRheRAReutica SHaBRE Ssmpristhg Var i ous pH
| evel s followi ng a four-week I ncubation of the sanple at 45C,_  as assessed
by SEC- HPLC. Fiagxéxheongengmmgt, preatqs thae &hmg/ok ofde antibeds ini 20160 et WEeimale at vari ous

pH levels as a g . ' - | ion of the
sanpl e at 45C. SOE?%E&@ 78@@9‘\/\%1&%%@8{0@%@#?& 0 pﬁiﬁyégﬁ%f%qg@%}for med at
vari ous pH | evehmifiersand almaslH e@ll Yypolydoebater Thissforanulation Quanstthelphysichlpl | owi ng a
four-week incubati.o f.the s | e.at, . 45C. Figure 4 s the, effect of
different buff éﬁ?‘%@@ﬁbl°ﬁ%’éa‘8‘?ﬁbq@69feaﬂ%‘&9d¥ 38$ P’B‘(RJ“%G ‘“‘é‘é‘“?#?’@%&i“i‘%??ﬁat 37C. 3 2
MAY 2006 WO1®3/f6+3@dkifbtrattéalth ina sudRedBom Rk alenCRirlilafeNn @ fifdiE | NVENTI ON
1. Definition As use’draher ein, t hge,[fg_ermm_" bﬁ%%‘gg%,enco asses, t hose agents

whi ch mai nt ai n PRt Reelersd patipodissiof this awnwe@bvwchzm%ggwemwﬂrm ude

succi nat e (sodirghtor mbhcfohdl fiGody: A5 R Rk Bized AQHL. W RAbIRALARBELM , Tris
(tris (hydroxynethyl) am nonet Izulane), di et hanol ami ne, and the'like. The
buffer of this Hg%ﬁhmzeémﬁi-L$ehctim1@n¢mgentfbﬂdmnéﬁmt9tizm@b,s to about 6.5;
and preferably phas: a B fimaR0 % onGoloclo gl{m#;s of buffers that will control
the pHin this range I ng ude succi nat eﬁ?suc ‘as sodi um succi nate),

gl uconat e, 1hi Jh lighid entibedytiormulatiop fisotepla stecfdgecited tehnparatve (G8°C)doratlest buf fers. 10

 Pharmaceut | cally, AFERRbIH1 s ® Tl RhANriuatol WS bk a B0HhpYgR: are those

(23-27°C) for at least six months. This liquid formulation is suitable for subcutaneous

injection.

20 BRIEF DESCRIPTION OF THE FIGURES

Figure 1A shows the percent clips formation, and Figure 1B shows the percent
aggregates, at various pH levels following a four-week incubation of the sample at 45°C,
as assessed by SEC-HPLC.

Figure 2 shows the percent of degradation obtained at various pH levels as assessed

25 by cIEF following a four-week incubation of the sample at 45°C,

Figure 3 shows the percent of iso-aspartic acid formed at various pH levels as
assessed by the Promega IsoQuant kit following a four-week incubation of the sample at
45°C,

Figure 4 shows the effect of different buffers over time on potency following

30  incubation at 37°C.



substances that can reasonably be adm nistered to a subject mammal and
provide an effective dose of the active ingredient enployed. TheskEMAY 2006
substances are added to a fornmulation to stabilize the physj m cal
and bi ol o¥i®% 328 ucture, of the antibody. The term al so ﬁé}giﬁ(ﬂng@?
additives that may be needed to attain an isotonic fornulation, 15 suitable
for the intended node _of adm ni i W tical

formul ation" refers té’%?éﬁ@@tﬁ@ﬁ&kﬁ&lﬁ@&ff f) as to permt the
bi ol ogi caly act ipylgnigh the active ingredients to be unequivocally

effective, and |c$1 contain no additional conponents which are toxic to the
subjects to whgiset herdigrtheiteani "boffer endorhpasaenthosesdgentsdvhiel) mairitsindhbe e
formulation is one in which the protein therein essentially retains its

physi cal $PhbionipH)in asrackeRiable sangsiand (RaY igplude pencteEpdigay; Risidingpon

t . Varj , | ytical hnj. f i ng. in stabilit
2vai | abi o FPRttEe P o st PHOES Oyt RN AR BRI & Ug' Dol {very,
247- 301, ViidiR&Mlarh@e, & the NRE CElle BIFF OF thid v entid¥eMAsUATK in N2 rihge FRRSboWt1991)

and Jones, A Adm. Drag Delivery Rev. 10:29 90 25 (1993). Stability can be
measur ed &t5 to ahoubéHpand prefaratly brsa pHrofabget GGt Edamples op bufiferd that avillst abl e”

liquid anti bo fo lation i.s a.liquid ti.body fornmulatiqon with no

i gni 1 o arserEnLg 86 by Bisratky Britge PeEaE UG PR PTAS S Lo at

| east 12 3 : . referably 3 years; or at
roomterrpem?&altd&?eéCﬁg%%ﬁ%&gﬂgeg%%ag%%%mﬁ%ﬁ?hs, preferably 6 nonths, and
mor e poef er abl y'Phameeutichily acedptable axdipientst édrhidlésy additivesy agesthésel ines.  No

nore than 10% preferably S(V% of antibody nononer is degraded as neasured
by SEC- HPisubstanges §f gan iasqnabbigepdnanistered toca ajedt ragmpyrond proypds e cent by

vi sual an LS.+ Th one £Eallon H lLal 4 formyl ation
have no rr%?%éﬁf%%%eﬁf ?}161?5:&)0%: h‘%‘é@?ﬂtﬁ&%@%’g ' ?EH‘%B? H"S&XW%L T%g@éi e%rt (g?er ably
80- 120% offorniigateitor sedbilidothé pRysyEel, dfeRficAlend BldISS4d 3tréthrd 510R¢ 2003y, mor e
than 10% preferably 5% of C|pl ppi ng (hydrolysis) is observed. No nore than

10% pr eflbedenny alBogesfersdg gddigacs bat ingy beneeded taattaintan iesdgnic fermailation; t s

hysi cal stahility:’ |1 har ti.cal formulation if it shows no
gl éni ??caﬁ?ﬁ%_ﬁf@ﬁg‘%“{%‘?@gﬁ%‘g& iagmlmﬁ?%tbqnpi tation and/or denaturation upon
visual 5 examTmipikon "PlarhatQRticANOhAGIaBbRY jekefs t rf%ﬁag%%%H al®inWch | ght

scattering, size exclusion chromatography (SEC dynam c |ight

scat t er i ndorni as toojekrmitcthe blodogicataetivity aftthé ectinet ingrediemtsitotbeainequivdcallyhe
changes of _protei n. conformation , be eval uated _hy fluqrescence.

spectr osc65§9t%iae W@&}bﬁom%gotaa&nﬁﬁ@tcem%mﬁ WM] @t Qi {5t e SUPIECIBIP FTI R
spectrosc i : ] Enﬁ%iﬂ {n secondary structure. 10 An

ant i body wg%%%sﬁﬁ%g%ﬁ%%ogﬁbita |[Sﬁ%r§d' in a pharmaceutical fornmul ation,
if it20shows naA $stapie't femnlatiohdsonain whick thedt protein Heesinh esdentidiBiretaiisyitscan be

assessed by detecti.ng . . . . . .
physical stability, chemical stability, and biological activity upon storage. 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., Marcel Dekker,
Inc., New York, N.Y., Pubs. (1991) and Jones, 4. Adv. Drug Delivery Rev. 10:29-90

25 (1993). Stability can be measured at a selected temperature for a selected time period.

A “stable” liquid antibody formulation is a liquid antibody formulation with no
significant changes observed at a refrigerated temperature (2-8 °C) for at least 12 months,
preferably 2 years, and more preferably 3 years; or at room temperature (23 -27 °C) for at
least 3 months, preferably 6 months, and more preferably 1 year. The criteria for stability

30  are as follows. No more than 10%, preferably 5%, of antibody monomer is degraded as
measured by SEC-HPLC. The solution is colorless, or clear to slightly opalescent by
visual analysis. The concentration, pH and osmolality of the formulation have no more

than +/- 10% change. Potency is within 70-130%, preferably 80-120% of the control. No



and quantifying chemcally altered forns of the protein. Degradation
processes that often alter the protein chem cal structure includeMAY 2006
hydrol ysis or. c|ipping (evaluated by nethods such as size iLon

chr omat og‘fygp%{f';‘éﬁg SDS- PAGE), oxi dation (eval uated by net h(g%é%%}g@% as by
peptide mapping in conjunction with mass spectroscopy or MALDI/TOF/ M5),

deam dati on (eval yated s such a on-exchan romat Qqr Y,

capt || ar yore BiR 4t PermbblAt SIe B rAIE R oosErss (o PIoE Banqo

measur ermﬂre} @1 doj § & h@gﬂf nheyal uated by msasurl ng the isoaspartic
acid contentera Adpg%p%ﬂhg gtc . An antibody "retains its biol ogical
activity" in aAmimnbna}eU‘btamhtsfm'smhlamatm " irff a plema2éutizabfoogulébnafat i vi ty of

t he antlbody at a given tinme is within a predeterm ned, range, of the
bi ol ogi cathoxwnasigYieaniinireasy o4 pegREAIN R CERE AR RIAEtoNgIRL VEUEbn was

P epared. o gkl QN5 AR i Yor L oB0oR0E DAY A RErlB! SLIL ARG O

exanp an-ant igen bin assay onrc” neans that
t he f or ml&lﬁbir@tbgeiph[yr(seceﬁ:PL@sn@&y:rﬁmw Hhhtyschtfdinga M addibiof SHEProfeiPr essure as
human bl ood. Isotonic fornmulations will generally have an osnotic pressure
f r om aboutordgonaRe isrmealtestd. gTheI ghahggsetf @mtem@@nfqm@tlpm easbe evaluptedly 269 and

sllghtlyg%‘g)ertomc noti c urelsﬁlra m Cbm)t iC re can
be. moas.r BUTPSROL R EPEOP GV HEE ACGRPIFS HiedeaameieB ey SaaEe sy 1 e
osnomnet er I\ adiehhak §th Stel\Q@eondPALERGG! i cal |y acceptabl e inert
substances ¢} t gg’ caﬁ beeaddgd t rt r?e fornmulation to provide an isotonity

of tHe® for rrul atAnamtibddwiretains itsahanficat stabiity’'t iakal ghatmacautica fonwedatiomif it ncl ude
salts and _am no aci MAY 2006 WD_03/ 0394%5 PCT/ US02/ 3

Anal yti cafh %%ﬂ%“l%ﬁ@tﬁéwm ltpration. drhegigalstabakify can he afsqss(?g@&d&&m@g a

stabl e ph I

cont ai ns %Ld@?@gghﬁ? %ﬁ%hlg’g%ge&é ngi'ég%}%eg{}ote{;ﬁ%egﬂffﬁ ﬁ{qfcg& h?or mul ati on
i s forml gteedhspobeil bBémichlstaioturd adyudedtydiolysid éIScliplp)h:‘g @@dlnated bgmeﬁ}aidsand

bi ol ogi cal activity. The forrmulation is ]greferabl stable for at least 1

year at Mhrasg@ra@e{el@suowbwt%réplma@cﬁ &E@A%Ehﬁﬁtdqgonﬁevlab@tﬁdﬂwp@tha wure

(23- 7C ds .for. eva uatln the

ol dde. <58 BB patid Peptins dac duptied Tk EaiePesmosaBinent HATITTOENRY e i ng
test (DLSieansiuﬁti&f ?@ﬁl‘u@ﬂed 3Rethéts sudl) a§ﬁ>|nfbrx'cﬁz§ig‘ércl’1r aphyp,Qa Cﬁﬂ
quantlflcatlon ency, at 340nm and UV spectroscopy. SE (J. Pharm
Sci en. 8130d16di510 i@@@m& Ew@e mﬂmmgmﬂ@s)artha_mdlafﬁasmy ahd iRiaenizati®n o.

Anal ., '15: 19 997% E& 33- 1140 1986) ) neasures
per cent (A O¢ATEIRg d&%asaﬂacamgnﬁems S BPBFEAAS anpunt - o

sol ubl e aggr eqalGRBRd "elakfiSts RSIbelcBNR Wity Ra% phathaddRicl iR et BRI e Ros.
9: 109 (1982)) gives information of ~15 prot ein denaturation tenperature and
gl as20t r aisldgicah attivifyesfthe rutibobly St & Aiven itinzenis bathin a predetermined range of the

biological activity exhibited at the time the pharmaceutical formulation was prepared. The
biological activity of an antibody can be determined, for example, by an antigen binding
ELISA assay.
The term "isotonic" means that the formulation of interest has essentially the same
25  osmotic pressure as human blood. Isotonic formulations will generally have an osmotic
pressure from about 270-328 mOsm. Slightly hypotonic osmotic pressure is 250-269 and
slightly hypertonic osmotic pressure is 328-350 mOsm. Osmotic pressuré can be
measured, for example, using a vapor pressure or ice-freezing type osmometer.
"Tonicity modifiers” are those pharmaceutically acceptable inert substances that
30 can be added to the formulation to provide an isotonity of the formulation. Tonicity

modifiers suitable for this invention include salts and amino acids.



Nov. (1991)) neasures nean diffusion coefficient, and gives information of
the amount of soluble and insol uble aggregates. UV at 340nm neasrMAY 2006
scattered |i intensity at 340nm and gives information about the anounts
of sol ubV\éoﬁﬁ%P‘)l”ﬁsol ubl e aggregates. W spectroscopy neasteEYS@EBPhance at
278nm and gi ves information of protein 20 concentration. The iso-Asp content
in the sanples is neasured using the Isoquant |soaspartate Detection kit
(Promega). The kit uses the enzynme Protein |soaspartyl Methyltransferase
(PI'MT) toyspe t the presence of isoaspartic acid residues in a
t ar get pﬁcl)t ei nAMl%F}mlgﬁ{q%yzes the transfer of a nmethyl group from
S-adenosyl - L- ”Hiehﬂoﬂﬂwlil% driteRd atedfpopant indeaclopingta stdtde phargacdicyl anpibsdy i on,
generatl S- adenos L- honocysteine (SAH) in the process. This is a

rel ati veI ynnwatwn rﬂi @@rmb@dyéw@ampru@péamypmagwtmléﬂa%matabkwesﬁqué& ed by
rever ase u5| the SAH, HP. rds ovided.in,the kit. The
pot ency gﬁ’ 58 Xfﬂr{";}‘ ]fonéﬁfoé'ﬂ' %Béf/ucil&ﬁgg tébgo&yégtaw %Stpgyszi%all’l ity to bind
to its aeir§&@land Bﬁl@?@ﬁ labfivity? | THE R8mBfatioh istefePady sﬁa@le‘fbﬁat%ﬁst gg Gan be
guantitated by any 30 nethod known to those skilled in the art or
exanpl e, refrigeraretheageemtured 2SICaandEb nSAuthy # pagnreep exiatnte (Bniﬁfﬁl)sor bant
assay). 6 2 MAY 2006 WO 03/039485 PCT/ USQ2/36093 111. Preparation of

Anti body The Jhaaanamwah@ﬁﬂnpﬁs fax|explugtingthg psedust étabzdf@éwbldpétwmwea

Cechni quedraaoBRBhECCHRISCr ARt sctf St it st Fen R ' 70

net hggs Qfaldﬁvﬁhé% (IeR6 dsp §ilartiFicaR6S, fdednel, IUvrhttsh@rmSardechspeaﬂas@@gx. i ons.
The anti body iTected agai nst an antigen of interest. Preferably, the

anti gen |S>E€1(J lfflzahuguﬁ'cuari% 1 oot 03h (1998)yNepti Res.ahlt48% (i3 1k Rbaron Bié. t he

T ot oy s ASTORE LY 1 BAEYE Rial tue, 3330 0 L i eSS el O °°
gl ycol i pi goRethé 98 e I%aﬁctldﬁ \Pe@tmfomauo"h G&%e &%%Ln@éﬁoﬁlb?@a%g@eéﬁ%taﬁ@pl at ed.

Where the antigen |s a pol ypeptl e, It my be a transnenb nol ecul e
(e.g. redipst DSC @haringBed, Kuz00 (519981) dthamt hRésa & 109, (1BR2))jives ynfarmatpans
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20  concentration.
The iso-Asp content in the samples is measured using the Isoquant Isoaspartate
Detection kit (Promega). The kit uses the enzyme Protein Isoaspartyl Methyltransferase
(PIMT) to specifically detect the presence of isoaspartic acid residues in a target protein.
PIMT catalyzes the transfer of a methyl group from S-adenosyl-L-methionine to
25  1isoaspartic acid at the a-carboxyl position, generating S-adenosyl-L-homocysteine (SAH)
in the process. This is a relatively small molecule, and can usually be isolated and
quantitated by reverse phase HPLC using the SAH HPLC standards provided in the kit.
The potency or bioactivity of an antibody can be measured by its ability to bind to
its antigen. The specific binding of an antibody to its antigen can be quantitated by any
30  method known to those skilled in the art, for example, an immunoassay, such as ELISA

(enzyme-linked immunosorbant assay).
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(ILs), e.g., IL-1 to IL-12;. receptors to interleukins IL-1 to |L-12;
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pr ot ei ns; rehinyiangowkdspinons, incdding hamas grovefyHoainony amd béwhe growth hoageriens such
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directly samiletigdhémiode! Sdcifteih;Uteinifing hémadiel BREYgdnS clot@eiae®rs such as
intracellularly, as a first step, the particulate debris, either host cells
or 1 ysed eior §/IICs fackusrRy Hesuc fetoreRedhpamoW tigbraeds fae pricatirapttiog factors such
ultrafiltration. Were the antd hody is secreted,15.into the nedi

super nat aff FoR G anehn i SRl eanEaR S QUAEratiS bt ent rat e
using a CexdRiriase @Jﬁlﬁlﬁl‘ﬁﬁﬁﬂ@&'tﬁsw-g?eFﬁsﬁi}i&g@ﬂfaﬁﬁxﬁdt&f‘(t-fPAl)E Bémbés@f; exanple, an
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as PNSF nthyombia; hemopmetic gnowdinfactdr; imer hesresgje fangorsalphaand>-betahi bi t
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human macrophage inflammatory protein (MIP-1-alpha); a serum albumin such as human

serum albumin; Muellerian-inhibiting substance; relaxin A-chain; relaxin B-chain;
prorelaxin; mouse gonadetropin-associated peptide; a microbial protein, such as beta-

25 lactamase; DNase; IgE; a cytotoxic T-lymphocyte associated antigen (CTLA), such as
CTLA-4; inhibin; activin; vascular endothelial growth factor (VEGF); receptors for
hormones or growth factors; protein A or D; rheumatoid factors; a neurotrophic factor
such as bone-derived neurotrophic factor (BDNF), neurotrophin-3, -4, -5, or -6 (NT-3,
NT4, NT-5, or NT-6), or a nerve growth factor such as NGF-f; platelet-derived growth

30 factor (PDGF); fibroblast growth factor such as aFGF and bFGF; epidermal growth factor
(EGF); transforming growth factor (TGF) such as TGF-o. and TGF-p, including TGF-B,
TGF-B2, TGF-B3, TGF-B4, or TGF-s; insulin-like growth factor-I and -1 (IGF-I and IGF-
1I); des(1-3)-IGF-I (brain IGF-I), insulin-like growth factor binding proteins; CD proteins
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chromatography, with affinity chromatography being the preferred purification technique.
The suitability of protein A as an affinity ligand depends on the species and isotype of any
immunoglobulin Fc domain that is present in the antibody. Protein A can be used to purify

25  antibodies that are based on human Y, Y5, or Y, heavy chains (Lindmark et al., J.
Immunol. Meth. 62:1-13 (1983)). Protein G is recommended for all mouse isotypes and for
human Y3 (Guss et al.,, EMBO J. 5:1567-1575 (1986)). The matrix to which the affinity
ligand 1s attached is most often agarose, but other matrices are available. Mechanically
stable matrices such as controlled pore glass or poly(styrenedivinyl)benzene allow for

30  faster flow rates and shorter processing times than can be achieved with agarose. Where
the antibody comprises a Cy; domain, the Bakerbond ABX™ resin (J. T. Baker,
Phillipsburg, N.J.) is useful for purification. Other techniques for protein purification such
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cytokine synthesized by antigen presenting cells. It is composed of two subunits (p35 and

p40), both must be present for functional activity. Functional IL-12 is also called IL-

25  12p70. This cytokine preferentially acts on T helper cell type 1 (Thl) lymphocytes and
natural killer cells by increasing their proliferative rate. One downstream effect is the
secretion of interferon gamma (IFNg) by Th1 cells. Both of these functions (proliferative
and IFNg production) can be easily assayed for and were used to detect IL-12 activity in
samples. Certain antibodies to IL-12 have been shown to “neutralize” the above activities.

30  Since Thl cells have been implicated in playing a pivotal role in a variety of diseases, an
antibody with neutralizing characteristics would have potential therapeutic value. 16G2
(Hoffman La Roche) is a murine antibody raised against IL-12p70. 16G2 has been shown

to act in near stoichiometric amounts to IL-12 in a functional assay-the inhibition of



(Th2) cells. Aberrations in the Thl/Th2 ratio have been inplicated in a

vari ety of 25 autoi nunune conditions. |IV. Preparation of the FornuMAY 2006
After the antibody of interest is prepared as descri bed above, a

pharmaceuti cal fornulation conprising the antibody is prepared. The

formul ati on devel opnent approach 30 is as follows: selecting the optinum
solution pH, selecting buffer type and concentration, evaluating the effect
of various excipients of the liquid stability, and optim zing the
concentration of the screened excipients using an |-optimal experinental
design (Statisti 0] -1 :dagduction to
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of natural killer cells, activates macrophages, and modulates the immunoglobulin isotype

s

profile of the humoral response. As a lymphokine, IFN-g also enhances the development
of T helper cell type 1 (Thl), while suppressing the development of T helper cell type 2
(Th2) cells. Aberrations in the Th1/Th2 ratio have been implicated in a variety of

25  autoimmune conditions.

IV.  Preparation of the Formulation
After the antibody of interest is prepared as described above, a pharmaceutical
formulation comprising the antibody is prepared. The formulation development approach
30  isas follows: selecting the optimum solution pH, selecting buffer type and concentration,
evaluating the effect of various excipients of the liquid stability, and optimizing the

concentration of the screened excipients using an I-optimal experimental design (Statistics

10



from about 0.01%to about 0.1% nore preferably from about 0.01%to about
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6), about 0.01-Q. 1% pol ysorbate .. 20 or .80 S 5- 160 NaCl . This
f ormul ati on 1(raet g%ﬁ@”@ﬁé‘)ﬁw%e@ F’t“g}ﬁgf"“8‘|°6"r“8§°ug%§@glgw %?Z%faﬂt ? ﬁ“el@r\r/lnnocl onal
antibody, and pi@VRIRHREPSCT, i Nomaniogl aabL kdleatn dntitodydedifoftolizumals) rhumasizedat i on t o
human subj ects from physi cal, chem cal and bi ol ogical degradation in the
final product. ¥gannyinieeeraminibeddy formul ation of this invention is suitable

for parenteral = 20 adpiRbBiH 85691 sdGAhaSoipbitiodV RS of pHY.0-88usCUl ar
intraperitoneal, or subcutaneous injection; particularly suitable for

subcut aneous i njreferradoframplegof byffanthatspnirkihg pH ip s Tange Helpdpspsrate yehian e .
fol | owi ng e)i?npgoﬁiﬁm s%.lhzﬁé}, cgnagle(,)ﬁistfdﬁle Qﬁrate?@g%fxitéf qg%ﬁﬁer l)l‘f%ﬂlé defdQufrdne invention

in scope of the spec c ‘procedures descri in them 25 EXAVMPLES Exanple
1: Optim zat i onSuwéinaeHpRaS.03) isratprefepred brdferfprtsibeutanebesrinjedtion. | istiding (PKH97) ange and

to identify maj.o deqr adat i on..pat h o a pH. i | u nduct ed.
Sanpl e formul at'f %ﬁs reg%ﬁg%cﬁuéﬁ&“g ?‘BCCHV\@DXII toé”rﬂl? llzﬁn%;_’%{ﬂl}og eS§§ho°S‘}35‘¥¥§?%‘gb§y
(Dacl i zumab) i nreiaided tyfreplabingthe bialfHedisace oith Nyt adding an antioxidant. Citrate and

phosphate buffers are much less preferred because it causes a painful reaction when
20  injected subcutaneously. A preferred buffer contains about 20-60 mM sodium succinate.
Another preferred buffer is 30-70 mM histidine buffer overlaid with N,.

A surfactant is also added to the antibody formulation. Exemplary surfactants
include nonionic surfactants such as polysorbates (e.g. polysorbates 20, 80, such as
Tween® 20, Tween® 80) or poloxamers (e.g. poloxamer 188). The amount of surfactant

25  added is such that it reduces aggregation of the formulated antibody, and/or minimizes the
formation of particulates in the formulation and/or reduces adsorption. The surfactant may
be present in the formulation in an amount from about 0.005% to about 0.5%, preferably
from about 0.01% to about 0.1%, more preferably from about 0.01% to about 0.05%, and
most preferably from about 0.02% to about 0.04%.

30 A tonicity modifier, which contributes to the isotonicity of the formulations, is added to
the present composition. The tonicity modifier useful for the present invention includes
salts and amino acids. Salts that are pharmaceutically acceptable and suitable for this

invention include sodium chloride, sodium succinate, sodium sulfate, potassuim
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30 sodium acetate buffer at pH 4.0 or 5.0, 50 nM histidine at pH 5.5, 6.0,

or 6.5, or 50 "M sodi um phosphate buffer at pH 7.0 or 8. 5. | ndepemdanioos
fornmul ati ons were incubated at either 5C or 45 Cwth 100 RPM shaking for 4
weeks. Th¥QRISPB3l and chemical stability of each sanpl e RKUSEEEYSed at 0
and 4 weeks by anal ytical nethods including: 12 2 MAY 2006 WD 03/ 039485

PCT/ US02136093 pH and_ vi sual analysis, LTV spectroscopy at 340 nm_size

excl usi on chlerigremagrespiy cllegds, mpgnepiung sulisice sad peleivgpeltlpride cBrsferredywalisi ¢

i ght tteri S i i &l i I i .
| socuant G HebioRlare Sacl EFRaqh: MECT b o1 p T QRO
and non- r ggite@hlg tha PebtbinGRsth id¥irhitafis s e ASiTeRhed CEhdcafthtio o SRECHElaGowerst or med

on sanples after four weeks of incubation at 45C showed that clipping is a
maj or degrl&faMorA peférwed/cdnoenttdton afddpdl: ivatrmut dtI0OmMasAsimvwaridsthitigere |

et o oSG s P Mol P bt el BB oy
SEC were r, m p . of : i 2 shows
the por cemtEi Rl LRGHALABLELKRL ERD 1viine, o riuRine A jrefited 2 0

cl EF fol | aniingadd ffetthisvaedntionds bedlinen Aoprefdredsdnpértratibn 45 prolie iy thah 200

degradation was obtained at a pH value of about 5.5. Figure 3 shows the
percent ofM¥so-aspartic acid formed at various pH levels as assessed by the

Pronmega | soQua Wt . foll.omng a,four.- .4 ncubatio N le,.at 15
450 1o acpar (IR Ao iiaf YRy B HaE SR BRI EE BBl ues o
6 andjo 6. ncladd ihARé RRSADAED VA 2ds Détetrtide agbig, fn%? iHiBit tHeaRkthRESalyzed
experinment indicate that pH 5.5 to 6.5 and préferable pH 6.0 to 6.5, are

t he opti makidatiomiof tite swilfhidiyk groaps,i thusikeduesng tdaforatiomel digygfidelinkesh. 20
Exanpl e 2: timzation of Buffers In 1S .experinent, independent

for %I ati @8 e&?}ﬁ%a&%ﬁ{ég?%c Waﬁﬂépféﬁhz’bls)ééﬁfb'g%‘dy in 50 nM sodi um
succi nate, pH ; . | Sk o | 1 : 1

gassi ng. Sodi u?nix%n%ra eléghf gﬁﬁﬁsg%&iﬁ%?efncugﬁg SE%%Q%%EQO t“%g%?%‘%dﬂg 0%ai n
on  subcutgimb us greajeg,ctbioan20-60 enld svdiutnn widcjhaled@ELO); whowtt0.d1-00 Ydpolgseabaié t er
4, 8, and _12 weeks 25 of incubation at .37 C was neasured by ELI SA usi %

mi cr op? at @8 0& &9t 2l otk 73-de B muYietl Hundosmulatiog retams the eabity ¢f biological)
anti gen, . [ i : LQMI ef f ect
S i i R L

H ghest stahifibtiatici tothugnansubjeerdfrda piidiadl) chemiesd ané BitygehaltdegradaionSn weeks
wi th 50 mM sodi um succi nate buffer at pH 6.0. Forrulations in histidine
al one 30 theapnalipyoqucess than 8 weeks) |ost their potency as the buffer
hale . . 0
2;' \?vleéﬁg i Eotaiet rl?@b%%fﬁog&%ﬁ@% oh bf tﬂ?s'hqggnt n3g tsﬁ{abﬁeh%?pgr%{?e;ﬁr at | east
20  administration such as intravenous, intramuscular, intraperitoneal, or subcutaneous

injection; particularly suitable for subcutaneous injection.
The invention is illustrated further by the following examples, which are not to be

construed as limiting the invention in scope of the specific procedures described in them.

25 EXAMPLES

Example 1: Optimization of pH
To identify the optimum formulation for pH range and to identify major

degradation pathways, 2 pH profile study was conducted. Sample formulations contained
5.0 mg/ml anti-IL2 receptor antibody (Daclizumab) in one of three buffers: 50 mM

30  sodium acetate buffer at pH 4.0 or 5.0, 50 mM histidine at pH 5.5, 6.0, or 6.5, or 50 mM
sodium phosphate buffer at pH 7.0 or 8. 5. Independent formulations were incubated at
either 5°C or 45° C with 100 RPM shaking for 4 weeks. The physical and chemical

stability of each sample was assessed at 0 and 4 weeks by analytical methods including:

12



buffer or histidine buffer gassed with N2 to prevent oxidation. 13 Y
2006 WD O 3 /0 3948 5 PCT/ US02/ 36093 Exanpl e 3: Screening of Excizplglémo@o6
bj ect i veyyolgpsogsudy was conducted to screen vari ous exci pceflss2/bmns t he
formul ation of 5 Daclizumab anti body at 50 ng/ni. Fromthe pH optim zation
study conducted earlier (Exanple 1), the fornulation stability was
maxi m zed - f I i ticent s
ner e sor eBaaE e L e D B ot
pH 6. 0. THEPLEY)afhidredegnad spaotrodeoply, dyasnivdight scattdring) (D), differtntial ecamningor 3
weeks at 5C and 45 C wi.th shaking at, 100 RPM at, a _concentration_of 50 ng/ni.
10 The exé&nlpnewicy (RRGhiiemepnielyant Assay.rcapillant isoqleshae fooasine)clike Shwsen
20(r)), sal I / L:OX] t t hi oni ne), am no
S bR a0 ok bay, BRY KRNIl BT

acids (glyci ySine, "serine nts (glycerol and

ethanoj ). Vari Que-BPBCYetfoRhed 68 BRhARSStéoY Wheks of theubtida A1RASEC shbved s, and

C1EF) were used to characterize the excipient-containing fornulations. 15
Sanpl e Pr émhcligpingisBeajbadtgradatmn mittwadyody thedsjuidfoamélatioh) sctivemipRigephat e

formul ati gn i thout Tween(r) 80) at a copcentrat] f._6,6 /L. This
material 3@&%%@5%&@ p$ éﬁc)aﬁ%;a% a%t?mﬁapﬁﬂwfﬂs vih Sy Betyiihg CIERAOE i por e)
it, d i 50 mM
Sodi um phSTArERAHE Birkdy OTdbREy e ARG, oBkfintith by SECRERCeditbd 8l e (P T
nmL ani comidfahge giEvaluedbt bisporee).. During the third and final buffer exchange

step, the material was al so concentrated to a final concentration of -125
ng/ mL10 Fi nal | y Figura2 shews thepprasatof dagradation pbipbad at vRr®uspielekela avassessed | o) .

The post {il i.on.protein oncentrat i on was, d iped to . be . .

appr oxi maPF IR ok anpaush o B2 sHPPIEA 18 ol g SSFa0RRRL ¢ or
the succi %E@bmet-l%{a?ﬁmlﬁeo%oﬁhgs_t arget concentration of the excipients
at which they were screened is shown in Table 1. The fornul ations were

prepared by ei Figare Svshais thg peheent efjso-agehrthovamid fornfed ahearias qitbleeels as di r ect | y |
into the vial . g |1 am no_acids). or by preparing concentrated stock
sol ut i onsaWSSPﬁgyetke%@?& .SOQH@ti%cfP’g?‘@thsa tor i eslimeNbR P he g e

A e A R L A R R A S

anti body sdl uﬁd@areiagbdtgmgqﬂpgfpmlsl@te buffer (-100 ny/nL) was added to
attain the tar rgret concentration of 50 ng/nL. This procedure was adopted to

prevent prot ei AheeeghlislFomothiscupenmenti indicateghattpdt$.5up 615 asipreferable pid 6.0

excipient %5 6.% ,4 a.rg th'\éAo%tl%Qﬁ %H which minimize antibody degradation and aggregation.

20 Example2: Optimization of Buffers
In this experiment, independent formulations contained 5.0 mg/ml Daclizumab
antibody in 50 mM sodium succinate, pH 6.0; and 50 mM histidine, pH 6.0, with and
without N; gassing. Sodium citrate buffer was not included because of reports of pain on
subcutaneous injection. The bioactivity (potency) at time 0, and after 4, 8, and 12 weeks
25  ofincubation at 37° C was measured by ELISA using microplates coated with recombinant
human IL2 alpha receptor (IL-2 sR¢) antigen, and goat anti-human IgG-HRP conjugate.
Figure 4 shows the effect of different buffers over time on potency following
incubation at 37°C. Highest stability of the antibody formulation was achieved through 8
weeks with 50 mM sodium succinate buffer at pH 6.0. Formulations in histidine alone
30  rapidly (less than 8 weeks) lost their potency as the buffer oxidized. Potency of the
formulation remained greater than 80% for at least 12 weeks in either sodium succinate

buffer or histidine buffer gassed with N, to prevent oxidation.

13



WO 031039485 PCTI US02/ 36093 The 1 nmL solution was split into two vials with
0.5 nL fill each. One vial was used for initial T=0 anal ysis and2tM&¥ 2006
stored at_2-8C for the 3 week tine point analysis at 2-8 C, r vial
was i ncub¥Pd/4+825C with shaking at 100 RPM for 3 weeks aﬁ&@@%@@g at
the end of that time period. 5 Table 1: List of excipients and their
concentrations as used in the study. #ExcipientTarget Cone. 1Tween 800. 05%
2EDTAQ. 05% 3NaC 150 nmM 4Met hi oni ne100 mM 5d yci ne200 mM 6Seri ne200 nvi
7Prol i ne2 ySi 00 mM 10Tween 200. 05% 11d ycerol 5.0%
11121Et haﬁg?@égomas?g |c%§%%§§as& each of the two tine points, the
sanpl es webgec@n@kyzed using various analytical 10 techniques. Solution
clarity was visually exam ned by holding the sanple vials up against a

bl ack backgr ourdtisstedsr way eanduefeé ta sareegtitariays exdipients|for the fopHationstfect ed f or

I nsol ubl e eci es d.co C S re.fecorded. Size exclusio

chro ogP&Msa“glg’Pfl% F‘#af (ilalg/t}ﬁ.g?ﬁam\é@ggﬁbp EZ ARG ﬁ?‘ﬁfyé %ﬁﬁte e?rﬂlerdi ode
array det ahﬁﬁ]e@}]@hé RPmhPRRARRDIIAP WaS Rt ARBNBCHRPH Angebi €8-6.3he sanpl es
were diluted approximately 5 fold Wth the corresponding 15 buffer to bring

t he conceTheraforei this stindyy texdipiontsmzerancreditdd ih twb bulferss &0rpiM phasphiaty, pHt el
onto the columm. The sanpl e concentratio s neasured by . spect roscopy
usi ng t hean%ggﬂ\‘x sppcipate, RS ¥a The gaﬁgtgﬁfg{%’\{gg@hgpgmﬁedm estgﬁ?ﬁ?“é § rom

t he 3-wee i Qj, R¢ apal.yzed, | el | C lyng on
tho Bi ORADCEVFMQEScs RA 8507 SaEHEPE ATT0) KRl Ko PARRGEMAGroDREMRYE 20
0. 25 1®/ mMen¥ekdipepis@kamtbdandlnded ishifidt s (Tveeed g@r@h_ﬁ%aﬁ@@ RhPINAf] 0. 125
mg/ mL) was nmade with the pharmal yte solution containing TE If) and two

i nternal id Me®er syticgidantsED T and mEthdoning)i ihenoyacidsdglywines, bysing GePngiand

neutral Cgr%tlilngg agx gg-léo vents (gl?rcgrg] zlm%neq}t]arl]l’ol). é'griglgg ::lln[;.?A}'ftical techniques (clarity, pH,

SEC-HPLC, UV-Vis, and cIFF) were used to characterize the excipient-containing

formulations.

15 Sample Preparation
The Daclizumab antibody was in a 67 mM sodium phosphate formulation (without
Tween® 80) at a concentration of 6.6 mg/mL. This material was concentrated to about 30
mg/mL in the Pellicon IT (Millipore) unit, and subsequently, buffer exchanged into two
selected buffers (50 mM sodium phosphate pH 6.5, and 50 mM sodium succinate pH 6.0)

20  using the 50 mL amicon stir cell (Millipore). During the third and final buffer exchange
step, the material was also concentrated to a final concentration of ~125 mg/mL. Finally,
the antibody was filtered through 0.8 pm membrane (Uniﬂé). The post filtration protein
concentration was determined to be approximately 100 mg/mL for the phosphate buffer
sample and 97 mg/mL for the succinate buffer sample.

25 The target concentration of the excipients at which they were screened is shown in
Table 1. The formulations were prepared by either weighing the required amount of the
excipients directly into the vial (e.g. all amino acids) or by preparing concentrated stock
solutions of the excipients. The excipients were added to 0.5 mL of the appropriate buffer
solution and the pH adjusted to the desired value with either IN HCI or 10% NaOH.

30  Subsequently, 0.5 mL of the concentrated antibody solution in the appropriate buffer (~100
mg/mlL) was added to attain the target concentration of 50 mg/mL. This procedure was

adopted to prevent protein degradation due to direct contact with concentrated excipients.
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15 2 MAY 2006 WO 03/039485 PCT/ US02/ 36093 The potency of sanples fornul ated
in the succinate buffer with the excipients, Tween-80, EDTA, NaC2MAY 200612
was tested after 3 weeks of incubation at 5 and 45C. It | prassay

i nvol vi ngWRlof/-(’é)z'g‘? K6 cells. 5 Results There were 24 sanpl ?gﬁsﬁlﬁ’gﬁgoi nt
T=0 as 12 different excipients were nonitored in two different buffers. At

he 3 i i her.e . 48 sanpl oq i ff
exci pi ent 1% 13 Sl pige S e ass S8 Rl nl Eadl Ok RR el e
concentr ahﬁ%ﬂ 18) Sl RndRelPNortdy aVh SeC b thQBa\X/éetk%_imegEg}g{'ﬂa sisMi9-EbEF. 10

(a) Sanple arity Sanple appearance is indicated in le 2. Al sanples
wer e cl earrht btHeevial Wag indabtte his4 32 C wiile shaltirig 211 00 IRFM doi hitvedksand.andllyzédhe 3
week time point, all sanples in the 15 phosphate buffer except the one

cont ai ni ngt thgsheef thet bmelperipd-at 5C. In the sane buffer, at 45C, the sanples
cont aiiﬁi ng am no acids (glycine, serine, proline and |ysine) appeared clear
but h sone thread like floaties in the vials. The sanple with MyCl2 had

clear cryghil £ 158t 6ﬂh§‘égh€ht§ 'aﬁdtaﬁéi}eah&htmﬁnfy ia@'us?d fh ﬁiggtﬁ%ci nate buffer,

al | sanpl es except t mno acid containing fornulati were cl ear
after three weeks of i ncuﬁ ajijon xdhientThe (santaggetwi th proline and |ysine
were the nost turbid. At 45C,| all sanples iin sucgicnat ej buffer were clear at
the 3 week tinme point. 12 WY 2006 WO 03-1) ?WP@"/ US02/ 36093 Tabl e 2:
Sample clarity deferm’ ned bif Ao i !ig.{‘:;f—)‘uu ®+=0{ and T=4 weeks at 5
and 45C in the Na-succinatleZ(lpH 6 BPTAnd Ng- phdbte [pH 6.5) buffers.
Phosphat e Phosphat e PhosplaBg SuccMNa@lle Sudci nHilemBlcc|nate Sanpl eT=0 T= 3
WK's 4 Methionine 100 mM

5 Glycine 200 mM

6 Serine 200 mM

7 Proline 200 mM

8 Lysine 200 mM

9 MgCl, 100 mM

10 Tween 20 0.05%

11 Glycerol 5.0%

12 Ethanol 5.0%

Analytical Methods

At each of the two time points, the samples were analyzed using various analytical
10  techniques. Solution clarity was visually examined by holding the sample vials up against
a black background under fluorescent lighting. The solution was inspected for insoluble
species and color changes were recorded. Size exclusion chromatography was performed
using a Perkin Elmer HPLC unit with diode array detection and two Tosohaas columns
connected in series. The samples were diluted approximately 5 fold with the corresponding
15  buffer to bring the concentration to about 1 mg/mL and 100 pL of the sample was injected
onto the column. The sample concentration was measured by UV spectroscopy using the
Perkin Elmer Lambda Bio 40 spectrophotometer.
The samples from the 3-week time point were analyzed by Capillary Isoelectric
Focusing on the BioRAD CE (BioFocus 3000) System. All the samples were diluted to
20 0.25 mg/mL with water and a 1:1 dilution (to a final concentration of 0.125 mg/mL) was
made with the pharmalyte solution containing TEMED and two internal pI markers, 8.4
and 10.1. The capillary used was an eCAP with neutral coating (Beckmann, 56 cm length,
50 um ID).

15



T= 3 wks T=0 T= 3 wks T= 3 wks CarityCari , 5CCari , 45CCarityCarity,
5Cd arity, 45C Tween-80C ear eard ear C ear C ear d ear 2 MAY 2006
DTAC ear C ear Cl ear Cl ear Cl ear Cl ear ad Cl ear d eard ear d ear r

et hi oni ne‘@é’é’r"ﬁﬂ‘@%r Cl ear C ear Tur bi dd ear CLEWU%ZE}%O%

G yci neCl ear d ear C ear Cl ear Tur bi dCl ear BrineC ear Cl ear d ear d ear Tur bi dd ear

Prol i ned ear d ear O ear O ear Tyr b dd ear, . . . iy
Lysi ned ear Tur Br8ePERFEPEsmRlFblomen il inges Berinaiechily SiBLPersdPiESar o ear

ween- 20C r r I r rc ear
£ hanol Of 9 el 80 PP & Sty SAICH At Sl o Bt of RRLGIRR ST HIE TR C ore
t abul at edItiwasTabibessdyAndlvinpdbITe2 BAKbndllsat es the % nononer for all sanples
being investigated in this study. The % nononer at T=0 for all 10 sanples
was ?99% At the three weeks tine point, no significant change was observed
in the % nomer for the 5C sanples in both buffers. However, at 45C, all
sanpl ess El'i'ésat ed a slight drop in the % nononmer (<5% . For sanples

formul ated in tingreRPGEPAALAPIER Y fifk poldt =1 AXONANBErePEL Sl ehts B Ofholfored
(methionine) to 97.29 (proline), while for the sanples formulated in the

succi nat eirbiwd éiffersnhbuffersoAother3 weeki tede poimtntBére 86rd 88 armples tmbenalalyized 97. 55
(Tween-80)._ |l.n. both the buffers, the nethignine _and glycipe ont aj ni ng
formul at | @r?sdlgﬁ%‘ﬁﬂéaxqm@n%% tegipgmfweéé@tbttf?eébﬁ“ﬁ)-%ﬁ%ﬁﬁfé%m Bgler ease i n
% nononer AT i . 3 i e % aggregate
formati onceﬁ?\&g cgsdaar%%@n%}gqnﬁﬂ Wvgggﬁgh?%grg?ﬁt(ﬁ@dﬂagg?mﬂ is clear from

theselgesults that the increase in aggregate formation during the 3- 20 week
duration is mininmal for all sanples at 5Cin both buffers. After 3 weeks of
i ncubation at 45C, sanples in the phosphate buffer showed an increase in %
aggregat e, \rangi ng,fom.0. 40% (EDTA) to 2.40% (gl ycine). In the succinate
buffer, t ag§P8‘3’A‘i éﬂ‘ff 2 MAY 2006 WO 03/ 039485 PCTI US02/ 36093

Sample appearance is indicated in Table 2. All samples were clear in both the

buffers at the initial time point T = 0. At the 3 week time point, all samples in the

15  phosphate buffer except the one containing lysine were clear at 5°C. In the same buffer, at

45°C, the samples containing amino acids (glycine, serine, proline and lysine) appeared

clear but had some thread like floaties in the vials. The sample with MgCl, had clear
crystals settled in the bottom of the vial.

In the succinate buffer, all samples except the amino acid containing formulations

20  were clear after three weeks of incubation at 5°C. The samples with proline and lysine

were the most turbid. At 45°C, all samples in succinate buffer were clear at the 3 week

time point.
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formati on was slightly | ower;
(glycine) after
supports these results is that
it maybe ¥PIMPHFdwn in the succinate buffer due

i f

properties of the succinate buffer.

al |

to

t he

LR

ranging fromO0.7 % (nmethionine) to 1.09%
the 3 week incubation period. One of the hypot he2dAY R6A6
aggregate formation is

tlng

dat i on,

5 Table 3C lists the %clip formation in

sanpl es being investigated in this study.

the %clipping ranged from-0.2-0.4 %in all

i ncubat ed

peri od.

Kiblzcts sih

1AAGE
I gni

i

&Aefnindd

I"cant 1 ncr

21

e

At the initial

sanpl es.

For all

sanpl es

ti me point,

| fRforé@enkd ﬁbﬂtndtf’l‘%d L wdeli@aBs week

seinthe rate of clip formation was

obser ved. aﬁﬂSS@miJklﬁSNa-fsﬁédiﬂhtat(pH 6.0) 4lENplpiapphate (pHF 6.8y bufférs. % cl i ppi ng

varied from4.74 (methionine) to 1.5 % 10 (proline,
while in the succinate buffer,

gl ycer ol

and et hanol),
t he range was 1.48 %{Tween- 80) to 3.44

(rrethl oni F‘re) A et u.l, nj ;II‘.,T =t e O WaS STl 1N
the amfo acid cdhiosPhatey PhosRRAtE | ghQSPlFﬂ}Ft $8ch?‘ﬁea$‘éﬁcé“ P L) 'ifcf‘@tr—fﬁa i on
appears t{@apwplehi ghel=0n h'Ef-éHblS%)hat'Ef‘ Bufkser | s me¥=1Pewks t i Butedks of t he
pH di f f erlence of t h€laxity s([]lacnty,afé} ﬁhai'ltj@%?fds ﬁ)l:atm' bGlaritys5S 1O € 18rity, #58CH. 5,
r espect | Vel gdn 3001 Q@ki0| Datleald CRT ALY%EA NYACRYS| S @ledtl NP L el | MhrY
reason fa p r T on Taph e 3A T % TeT [etErm oy SE =0
and 3 We"?“D‘IJf‘f* Ej%truv i.iﬁl%rge s@é\"}?nal aé[?r. 616) (ﬂﬁu Na phTel hate (pH
6.5) buf fNAS] phodpHaed PhosGlsAle Phos Sl e licEle Tnat b SYotfnate
Sanpl eT=QMpthignipgs 1Elem wks TderrT= 3 whdear= 3| wikleans, Mondwbitho, | oabdear on
Mono%vbndGlydno, |5@e6E5CiH5CClesen- 8099 C3699. 48961ead 90. 4B@didb19)7. 5% 1ear
EDTA99. 3718G:1f6296. 4399e29D. 589dar51 [aCl@%ead /99| 4@ Rar 8H99TdIP. 5B97 .dar

iProline Clear Clear Clear Clear Turbid Clear

ysine Clear Turbid Clear Clear Turbid Clear

MgCl, Clear Clear Clear Clear Clear Clear

Tween-20 Clear Clear Clear Clear Clear Clear

Glycerol Clear Clear Clear Clear Clear Clear

[Ethanol Clear Clear Clear Clear Clear Clear

5
() SEC-HPLC

10

15

20

Results of SEC-HPLC are tabulated in Table 3(A-C). Table 34 indicates the %

monomer for all samples being investigated in this study. The % monomer at T=0 for all

samples was =99%. At the three weeks time point, no significant change was observed in

the % monomer for the 5°C samples in both buffers. However, at 45°C, all samples

indicated a slight drop in the % monomer (<5%). For samples formulated in the phosphate

buffer, the % monomer varied from 94.08 (methionine) to 97.29 (proline), while for the

samples formulated in the succinate buffer, the % monomer varied from 95.86

(methionine) to 97.55 (Tween-80). In both the buffers, the methionine and glycine

containing formulations showed the most significant drop in % monomer. The decrease in

% monomer was mostly due to clip formation.

Table 3B lists the % aggregate formation in all samples being investigated in this

study. Itis clear from these results that the increase in aggregate formation during the 3-

week duration is minimal for all samples at 5°C in both buffers. After 3 weeks of

incubation at 45°C, samples in the phosphate buffer showed an increase in % aggregate

ranging from 0.40% (EDTA) to 2.40% (glycine). In the succinate buffer, the aggregate
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At the initial time point, the % clipping ranged from ~0.2—0.4 % in all samples. For all
samples incubated at 5°C, the % increase in clips was insignificant over the 3-week period.
At 45°C, a significant increase in the rate of clip formation was observed. For samples
formulated in the phosphate buffer, the % clipping varied from 4.74 (methionine) to 1.5 %

10 (proline, glycerol and ethanol), while in the succinate buffer, the range was 1.48 %(Tween-
80) to 3.44 (methionine). In general, an increase in the clip formation was observed in the
amino acid containing formulations. Further, the rate of clip formation appears to be
higher in the phosphate buffer. This may be attributed to the pH difference of the Na-
succinate and Na-phosphate buffers (pH 6.0 and 6.5, respectively), indicating base
15 catalyzed hydrolysis as being the primary reason for clip formation

Table 3A: % Monomer as determined by SEC at T=0 and 3 weeks at 5°C and 45°C
in the Na-succinate (pH 6.0) and Na-phosphate (pH 6.5) buffers.

20

Phosphatel Phosphate | Phosphate |Succinate| Succinate Succinate

Sample =0 T=3 wks T=3 wks T=0 T=3 wks T=3 wks

% Meno, % Mono, % Mono, %Mono,
% Mono 5°C 45°C % Mone 5°C 45°C
Tween-80 99.36 99.48 96.71 99.43 99.51 97.55
EDTA 99.37 99.42 96.43 99.42 99.53 97.51
NaCl 99.37 99.41 96.84 99.42 99.53 97.31
Methionine 99.42 99.42 94.08 99.47 99.53 95.86
Glycine 99.41 99.42 95.90 99.46 99.53 96.46
Serine 99.41 99.45 96.15 99.45 99.53 97.29
Proline 99.40 99.43 97.29 99.45 99.52 97.06
Lysine 99.34 99.62 95.45 99.45 99.57 96.28
MgCl, 99.37 99.44 97.12 99.47 99.53 96.62
Tween-20 99.17 99.53 96.33 99.44 99.53 97.27
Glycerol 99.41 99.59 96.32 99.43 99.48 97.46
thanol 99.41 99.42 97.24 99.31 99.19 97.42
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“Aycerol 4. 230. 011. 540. 220. 201. 61 Et hane} Qg2 20| 141. 510|. 410. 401.|67%dApe,

Capi |l ary, |55 1\oh ALBSSFAIMP! £ F O N\ 5 Sl dyeWeid angbgzeq by

capillary . 00 1.61 0.36 0.36 0.96
EDTA 0.39 0.43 0.40 0.35 0.35 0.96
NaCl 0.40 0.43 1.23 0.33 0.34 0.85
Methionine 0.36 0.41 1.18 0.32 0.34 0.70
Glycine 0.38 0.42 2.40 0.33 0.35 1.09
Serine 0.38 0.40 2.15 0.32 0.33 0.91
Proline 0.38 0.41 1.14 0.35 0.34 0.86
Lysine 0.39 0.36 1.50 0.32 0.30 0.64
MgCl, 0.38 0.42 0.60 0.32 0.34 0.82
Tween-20 0.40 0.44 1.55 0.34 0.34 1.00
Glycerol 0.37 0.40 2.13 0.35 0.32 0.94

thanol 0.37 0.43 1.26 0.28 0.38 0.91

5  Table 3C: % Clipping as determined by SEC at T=0 and 3 weeks at 5°C and 45°C in
the Na-succinate (pH 6.0) and Na-phosphate (pH 6.5) buffers.

Phosphate Phosphate | Phosphate |Succinate| Succinate | Succinate
Sample T=0 T=3 wks | T=3 wks T=0 T=3 wks | T=3 wks
%Clip, % Clip,

% Clip [%Clip, 5°C| 45°C % Clip |%Clip, 5°C|  45°C
Tween-80 0.21 0.52 1.67 0.22 0.11 1.48
EDTA 0.22 0.15 2.00 0.22 0.12 1.53
NaCl 0.24 0.16 1.93 0.21 0.12 1.85
Methionine 0.21 0.16 4.74 0.21 0.13 3.44
Glycine 0.20 0.15 1.70 0.21 0.12 241
Serine 0.21 0.14 1.69 0.23 0.12 1.81
Proline 0.22 0.16 1.58 0.21 0.13 2.08
L ysine 0.24 0.02 3.05 0.23 0.12 3.09
MgCl, 0.21 0.14 2.28 0.21 0.13 2.55
Tween-20 0.44 0.03 2.12 0.22 0.11 1.73
Glycerol 0.23 0.01 1.54 0.22 0.20 1.61
thanol 0.22 0.14 1.51 0.41 0.40 1.67

(c) Capillary Electrophoresis
All the samples from this study were analyzed by capillary electrophoresis (cIEF)
10  onthe BioRAD system. A typical cIEF profile of Daclizumab shows four peaks.
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(d) Potency
15 Based on the results of this study, the Na-succinate buffer appears to be more
promising than the Na-phosphate buffer. Thus, potency assessments were done for the
most stabilizing excipients in the Na-succinate buffer only. This included the formulations
containing Tween-80, EDTA, NaCl and MgCl,, subject to three weeks of incubation at 5
and 45°C. Results (Table 4) showed that the potency of all formulations was within
20  specifications, indicating that the underlying chemical and physical degradation processes

are not significantly altering the protein activity.

Table 4: Potency results of selected formulations in succinate buffer at T=3 weeks at

5 and 45°C.

Sample pH % Potency
Tween-80, 5°C 6.0 105
Tween-80, 45°C 6.0 80
EDTA, 5°C 6.0 103
EDTA, 45°C 6.0 74
Na(Cl, 5°C 6.0 105
NaCl, 45°C 6.0 98
MgC(Cl,, 5°C 6.0 112
MgCl,, 45°C 6.0 56

25
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20  the excipients (MgClz, Tween-80, NaCl, and EDTA) was further examined on the protein
stability. The results indicate that to formulate an antibody at 100 mg/mL with 100 mM
NaCl, the optimal concentration of Tween 80 falls in the range of 0.02-0.03%. Results

also indicate that increasing the salt concentration (100-150 mM) could further stabilize

the formulation. Thus, the concentration of NaCl should be maximized while maintaining
25  the tonicity requirements. The results also indicate that the stability of the Tween 80 and

NaCl containing formulation could be enhanced by adding EDTA in the concentration

range of 0.35-0.5%. The addition of MgCl; in the concentration range of 0-50 mM also

could have a favorable effect. The results also indicate that the excipient concentrations

for the most stable formulation are: 150 mM NacCl, 0.05% Tween 80, 0.03-0.04% EDTA
30 and 60-70 mM MgCl,, however, these conditions are not practical because they do not

provide isotonic conditions.
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Buf fer Formulations 1 and 2 were prepared according to Exanple 3.
Formulation 1: 100 ng/m Daclizumab anti body, 30 nmM sodi um succi natvAyYRboe 5
6.0) 100 nM Nad ~and 0.03% Tween(r)-80. Fornulation 2: samg _as Formuil ation
1, plus OVBIHBHPA. The stability results of Formul ations PCAHPOY3YP3 1= 0, 2
weeks, 4 weeks, 8 weeks, and 12 weeks are shown as follows at 5, 25, and
37C (Tabl e 5). Tabl e, 5 .Stabili results of For at.i ons and 2. T=
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F1- 37CA ear 97. Fotmelatio69Nand-2 WeRprepared a0@ddiag 0o E3hifple 3.

R B L R S
F2. 2500 eord IO ai e b0 B R 9001 601 8780 T8 veeks
Sanpl ed ari t y%runihiafitm A9 ginedad Berddtnay plus 0.05% EDTA.

The stability results of Formulations 1 and 2 at T= 0, 2 weeks, 4 weeks, 8 weeks,
and 12 weeks are shown as follows at 5, 25, and 37°C (Table 5).

Table 5: Stability results of Formulations 1 and 2.

T=0
Sample Clarity % % Clip | % Aggregate |% Potency
Monomer
F1 Clear 98.27 0.77 0.96 100
F2 Clear 98.27 0.77 0.96 90
10
T=2 Weeks
Sample Clarity % % Clip | % Aggregate { % Potency
Monomer
F1-5C Clear 98.31 0.73 0.95 NA
F1-25C Clear 98.03 0.82 1.14 NA
F1-37C Clear 97.11 1.21 1.69 NA
F2-5C Clear 98.20 0.92 0.90 NA
F2-25C Clear 97.90 1.09 1.06 NA
T=4 Weeks
Sample Clarity % % Clip | % Aggregate | % Potency
Monomer
F1-5C Clear 98.30 0.74 0.96 93
F1-25C Clear 97.80 0.92 1.28 88
F1-37C Clear 96.20 1.77 2.03 84
F2-5C Clear 98.30 0.77 0.93 94
F2-25C Clear 97.85 0.95 1.20 92
F2-37C Clear 96.30 1.83 1.87 80
T=8 Weeks
Sample Clarity % % Clip | % Aggregate | % Potency
Monomer
F1-5C Clear 98.24 0.73 0.95 96
F1-25C Clear 97.51 0.82 1.14 96
F1-37C Clear 94.76 1.21 1.69 90
F2-5C Clear 98.34 0.78 0.88 950
F2-25C Clear 97.42 1.20 1.38 90
F2-37C Clear 94.63 3.06 2.31 85
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Example 5:

Formulations 3 and 4 are prepared according to Example 3.
Formulation 3: 100 mg/ml Daclizumab antibody, 50 mM histidine (pH 6.0), 115
mM NaCl, 0.03% Tween®-80, purged with nitrogen.

Formulation 4: same as Formulation 3, plus 0.05% EDTA.

Stability Data of Two Daclizumab Formulations in Histidine Buffer

The stability results of Formulations 3 and 4 at T= 0, 2 weeks, 4 weeks, 8 weeks,

and 12 weeks are shown as follows at 5, 25, and 37°C (Table 6).

Table 6: Stability results of Formulations 3 and 4.

T=0
Sample Clarity % % Clip | % Aggregate |% Potency
: Monomer
F3 Clear 99.24 0.43 0.33 79
F4 Clear 99.01 0.68 0.32 89
T=2 Weeks
Sample Clarity % % Clip | % Aggregate |% Potency
Monomer
F3-5C Clear 99.24 0.38 0.38 ND
F3-25C Clear 99.09 0.47 0.44 ND
F3-37C Clear 98.32 1.01 0.67 ND
F4-5C Clear 99.19 0.44 0.37 ND
F4-25C Clear 99.11 0.47 0.42 ND
F4-37C Clear 98.41 0.93 0.66 ND
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% Cl i p% Aggr egat e% Pot ency Mononer

F3- 25CC ear 99. 090. 470. 44ND F3- 37CCl ear 98. 321. 010. 67ND
F4-5CC ear 99. 190. 440. 37ND F4-25CC ear 99. 110. 470. 42ND

F4- 37CC 4P 8HOPIY 930. 66ND 23 2 MAY 2006 WO 03/ 039485 T=4 HetK¥

F3-5CC ear 99. 240. 380. 38ND
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PCT/ US02/ 36093 SanpleC arity% % C i p% Aggr egat e% Pot ency Mononer
F3- 5CC ear 99. 260. 370. 3591 F3-25Cd ear 98. 990. 560. 4576
F3-37Cd ear 97. 961. 420. 6283 F4-5Cd ear 99. 280. 380. 3481

093

H 6.0

F4- 25CO ear 99. 000, 560. 4485 F4-37CCl ear 97. 941. 440. 6379 T=8 Weks H 6.0
Sanpl e api T4 1 no at e% Potencv M r
F3- 50 eaf 99. 28ampB0. 3886CHBIFSCA e 98. T Clipg. Budggregate |% Potency
F3- 37CC epr 96. 872. 370. 76[75 F4- 5CBleso@&. 230. 39(0. 3897
174- 25CCl ear 98.5314: 750. 54921ehd-137G8% e@r 96. 832. 340. 7686 T=12 Wagks |
F3-25C Clear 98.99 0.56 0.45 76
F3-37C Clear 97.96 1.42 0.62 83
F4-5C Clear 99.28 0.38 0.34 81
F4-25C Clear 99.00 0.56 0.44 85
F4-37C Clear 97.94 1.44 0.63 79
T=8 Weeks pH 6.0
Sample Clarity % % Clip | % Aggregate |% Potency
Monomer
F3-5C Clear 99.24 0.38 0.38 86
F3-25C Clear 98.74 0.72 0.54 82
F3-37C Clear 96.87 2.37 0.76 75
F4-5C Clear 99.23 0.39 0.38 97
F4-25C Clear 98.71 0.75 0.54 92
F4-37C Clear 96.90 2.34 0.76 86
T=12 Weeks pH 6.0
Sample Clarity % % Clip | % Aggregate % Potency
Monomer
F3-5C Clear 98.89 0.63 0.49 99
F3-25C Clear 98.04 1.21 0.75 96
F3-37C Clear 94.79 4.06 1.17 90
F4-5C Clear 98.92 0.60 0.48 91
F4-25C Clear 98.06 1.23 0.72 87
F4-37C Clear 95.02 3.83 1.15 78
5 Example 6. Stability Data of Daclizumab Formulation at Room Temperature for
One Year
A liquid antibody formulation of 100 mg/m] Daclizumab in 30 mM sodium
succinate, pH 6, 100 mM NaCl, and 0.03% Tween® 80 was tested for stability after one
year storage at 25°C. The stability results indicate that the formulation is stable for at least
10  one year at 25°C (Table 7).
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03/039485 PCT/US02/ 36093 Tahle 7. Stabillity Results of Daclizunmab
formul afi on & +6r One| Y&learStlor ag®.2qt 25 @77 Sgnpl e@O4ri t yPo Monkd¥er % ¢ i p%
6

Aggr ega e(%} Pctenc\l T—’Y‘|Laru 270 770 08100 - T=11 voaarCloarD4 222 1492 38 5
S

‘_y T v e U T T U O UT T _ _y\/ul O O o, J4o [ Sy ~gre
Exanpl e| 7. Brdpyearty Dalczeaéf Dacl**24mab |Fot Ml ati on?8f 5C for 1§6ant K A

i qui d amtTbodyformuatTomrof —100 g/t Dact rzumab—T 30— mvt—sodium-
succinate, pH 6, 100 nM NaCl, and 0.03% Tween(r) 80 was incubated at 5C
(2-8C) and tested for stability at different time points. The stability
results indicate that the fornulation is stable for at |east 18 nonths at
r ef r iSger Bxanipleefpe Stghility Datau{d Sjizumab Rdyine8tiosatsiC foryl Fonths of

Dacl i.zumab ‘at ,5C. .Ti nt h) % Mon r % egate 099, ON.A 399. 10. 2%
699. 10. 2% 998@61%%1%%@%&011 ofo 1% mog/ﬁ‘%%ac%zumab n 3(9 mM SO(%um °
succinate, pH 6, 100 mM NacCl, and 0.03% Tween® 80 was incubated at 5°C (2-8°C) and

tested for stability at different time points. The stability results indicate that the

formulation is stable for at least 18 months at refrigerated temperature (Table 8).

10
Table 8. Stability Results of Daclizumab at 5°C.
Time (Month) % Monomer % Aggregate
0 99.0 N/A
3 99.1 0.2%
6 99.1 0.2%
9 98.8 0.2%
12 98.9 0.2%
18 98.6 0.2%

Example 8. Stability data of HAIL-12 (histidine buffer)

15 HAIL-12 (anti-JL12 antibody, 50 mg/mL) was formulated in 50 mM Histidine
buffer, 120 mM sodium chloride, 0.03% Tween 80, pH 6.0. The on-going stability testing
indicates that the formulation is stable at 5°C for at least 9 months (Table 9).
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1898. 60. 2% Exanple 8. Stability data of HAIL-12 (histidine buffer)M
HAI L-12 (anti-1L12 antibody, 50 ng/nL) was formulated in 50 nM Hi sti
buffer, W0 osmMavgerdi um chl ori de, 0.03% Tween 80, pH 6.0. ThECUhJS@;m(»ﬁ?@
stability testing indicates that the fornmulation is stable at 5C for at
| east 9 nonths (Table 9). 25 2 MAY 2006 WD 03/03948.5 Table 9. Stability
Results of HAIL-12 at 5 C. PCT/ US02/ 36093 Sarrpl eCI arity% % % Aggr egat e%

ront s eAABE bobieBiy il Hﬁ@ﬁ?ﬁo e T 100 T= 9

nmont hs- - f - F-- erple a1 fy te TAd-Beten
(succinate bu?égr HAl L- fZ‘af 0/ np/ E{ s/?%% t%c |(jrit5 40erﬁ\}/I’

Na- succi pate—buf fﬁr 100l !\Laf" u..u - lﬁﬂve A-—-80—pH-6-10—Fhe—oengel ng
stability tes?l‘n‘b i ndj cat £ hat |t h&2 41‘orr 10248 on isoé%bl e at 9\1525 and
37C for I 12 eks (Tableg 10 and 11). 10| Table 10 <tab| || ty Results

of HAI L- 12 (50 maptid ) pt v&i¢apus tjenP8O8t ured.65 TEO SN e arity%e-2% A i p%

Aggr egat p%PRotency—Mporer—5C0-ea+99-270- 2704799 =12 Weekg—SarpleCar t y%
% d i p% Ag&r‘eéé‘t%%ﬁ%t encyNbnomgr 5001 ear] 99000} 340.67109 100
25CC ear P8I0 2250470 37CCEar 937§84,25% 9075 [T=6 Nomthis—ganpteCtartty | %

5 Example 9. Stability data of HAIL-12 (succinate buffer)
HAIL-12 (50 and 100 mg/m1) was formulated in 40 mM Na-succinate buffer, 100
mM NaCl, and 0.03% Tween-80, pH 6.0. The ongoing stability testing indicates that the
formulation is stable at 5, 25, and 37°C for at least 12 weeks (Tables 10 and 11).

10  Table 10. Stability Results of HAIL-12 (50 mg/mL)at various temperatures.

T=0
Sample Clarity % % Clip | % Aggregate |% Potency
Monomer
5°C Clear 99.27 0.27 0.47 99
T=12 Weeks
Sample Clarity % % Clip | % Aggregate |% Potency
Monomer
5°C Clear 99.00 0.34 0.67 109
25°C Clear 98.05 0.92 1.04 76
37°C Clear 93.86 4.25 1.90 75
T=6 Months
Sample Clarity % % Clip | % Aggregate |% Potency
Monomer
5°C Clear 98.63 0.61 0.76 97
25°C Clear 97.1 1.67 1.22 78

15

26



% Cl i p% Aggr egat e% Pot ency Mnoner 5CC ear 98. 630. 610. 7697

25CC ear 97.11.671. 2278 15 26 2 MAY 2006 WO 03/ 039485 PCT/ US02/ 3609 MAY RO
11. Stability Results of HAIL-12 (100 ng/m ) at various tenperatures. T=0
- Sanpl eCl ¥Q ¥R 485C1 i p% Aggr egat e Mononer 5CO ear 99. 20. 310.%’@??“{/@%3
Sampl e arity% % C i p% Aggr egate Mononmer 5Cd ear 98. 90. 310. 78

[T oEpocr. Tl Pty Resulr AT Ao el s empefity et '

formul ated in 5S¢ nM _ hi sti di ne buffer, _125 vl jsodi um chl oride, 0.01% Tween

80, pH 6. /0Tt =—gOoT 1TQ tab Tty tesStTIu~L:NuTLales. tat] t he fornul ation
Is stable for EQS nont: hgﬁéﬁyESC aﬁ’d 45CA’ 9{8 fd’rAggrel‘P%ast 9 nonths at 5C.
The resullts of the 9-month staliMOReMEeLct i ng atl 5Cis 10.shown in Table | 2.
The resullts of $%& 3-nont Klerscel er 8%-2d st abilitdy te@fPng ik shown in Table
| 3. Table 12. Stability Results of HUEP5C7 at 5C. 50 ng/nL Sanpl e% % O i p%
Aggr egat e% I?]g)tlezn&y Monomer T=098. 540. 301.1783 T = 9 nont hs99. 0800. 9199

= ee :

Sanpl e% ks
Sample Clarity Y% % Clip | % Aggregate
Monomer
5°C Clear 98.9 0.31 0.78
25°C Clear 97.67 0.95 1.38
37°C Clear 93.26 4,14 2.6

5 Example 11. Stability data of HuEP5C7.

HuEPS5C?7 (anti-L selectin antibody, 50 and 100 mg/mL) was formulated in 50 mM
histidine buffer, 125 mM sodium chloride, 0.01% Tween 80, pH 6.0. The on-going
stability testing indicates that the formulation is stable for three months at 25°C and 45°C
and for at least 9 months at 5°C. The resuits of the 9-month stability testing at 5°C is

10  shown in Tablel2. The results of the 3-month accelerated stability testing is shown in

Tablel3.

Table 12. Stability Results of HUEP5C7 at 5°C.

50 mg/mL
Sample % % Clip | % Aggregate |% Potency
Monomer
T=0 98.54 0.30 1.17 83
T = 9 months 99.08 0 0.91 99
100 mg/mL
Sample % % Clip | % Aggregate |% Potency
Monomer :
T=0 98.56 0.23 1.21 79
T =9 months 98.05 0.03 1.47 90

15



% Cl i p% Aggr egat e% Pot ency Monomer T=098.560.231.2179 T = 9

mont hs98. 050. 031. 4790 15 100 m/nlL 27 2 MAY 2006 WO 03/039185 Talb? MAN32006
Stability Results of HUEP5C7 at various tenperatures. T=3

PCT/ US02W3b03B3npl e% % O i p% Aggr egat e% Pot ency Mononer l’%ﬂh?@@@%

5C99. 480. 140. 39121 50 ng/mL - 25C98. 810. 310.8872 50 mnL - 45

C98. 260. 990. 76107 100 ny/nL - 5C99. 0300.9793 100 ng/nL - 25C98. 560. 401. 0678
100 ng/ mL - 45C97.880.921.2091 5 The invention, and the manner and process
of maki ngrase 18siSability Reqdts'sVAuERSCT abeskiois ewsperhtilres. cl ear, concise and
exact ternms as to enable any person skilled in the art to which it

pertains, to nake and use the sane. It is to be understood that the
foregoin désTmiohdss preferred enbodi nents of the present invention and that
nodi fications gagpiPe nhde tehger ei M WCHEHPYL ABRasdte NY Pofdicyhe scope of the
present invention as set {@hbkelN the 1P claims. Tq particujarly point out
and di st it FarpgAhe sy ect et ter T reygigled—as—Twernt] on, the
fol |l ow ng ;Qﬁg@ﬂté‘%ﬂ bt 9.!4? splect LJc oA 282 !v."\\.’f 2606{ What is clained
is: 1. AlsPmeAnli-gird phadfd¥deut chBl f hrmil%h88 an donprd?Zsing:  20-60 nM
succi nat ¢ huffganLhadPOg | pHI8f26pH |5. %92 o| pH .5  0.]02 Da7- 0} 04% pol ysor bat e,
75-150 iV saEingymehlseci de, 9amd a |dach i zumab gz i body, ekerel n said anti body
has a concRRLEgHIOMHC U BEISET  OTodPT e 1.06 78

100 mg/mL - 45°C 97.88 0.92 1.20 91

The invention, and the manner and process of making and using it, are now
described in such full, clear, concise and exact terms as to enable any person skilled in the
art to which it pertains, to make and use the same. It is to be understood that the foregoing
describes preferred embodiments of the present invention and that modifications may be
made therein without departing from the scope of the present invention as set forth in the
10 claims. To particularly point out and distinctly claim the subject matter regarded as

invention, the following claims conclude this specification.
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2. The stable liquid pharmaceutical fornulation according to claima1,
wherein said antibody has a concentration of 100 ng/m or nore. 3MAVR006
stable liquid pharmaceutical fornulation according to claim1, wherein the
succinate buffer is 30-60 MM 4. The stable Iiquid pharnmaceuti cal
formul ation according to claim11, which is for parenteral admnistration.
5. The st abWVhatlis daiimdd har maceut i cal fornul ati on according to claim1, which
is for subcutaneous adm nistration. 29
1. A stable liquid pharmaceutical formulation comprising:

20-60 mM succinate buffer having pH of pH 5.5 to pH 6.5,

0.02 % - 0.04% polysorbate,

75-150 mM sodium chloride, and

a daclizumab antibody, wherein said antibody has a concentration of 50 mg/ml

or more.

2. The stable liquid pharmaceutical formulation according to claim 1, wherein

said antibody has a concentration of 100 mg/ml or more.

3. The stable liquid pharmaceutical formulation according to claim 1, wherein

the succinate buffer is 30-60 mM.

4. The stable liquid pharmaceutical formulation according to claim 1, which is

for parenteral administration.

5. The stable liquid pharmaceutical formulation according to claim 1, which is

for subcutaneous administration.
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