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| GG ANTI BODI ES FI ELD OF THE | NVENTI ON The present invention rel ates

gener al | ywoostbesfi el d of pharmaceutical formulation 5 ofrcantSobseapes.
Specifically, the present invention relates to a stable, liquid, high
concentration antibody forrmulation. This invention is exenplified by a
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anti body; HAIL-12, a hunmanized anti-IL- 12 nonocl onal antibody; and
HUEP5C7, a humani zed anti-L selectin nonoclonal antibody. 10 BACKGROUND OF
THE | NVENTI ON Many protein pregarploRtTar iNeefadonr human use require
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| munogl olotiniistioni of elitimaad, an an@TE2 reeepignamdded ATS $2,3chunganized anti-IL-
characteristics }hat tend to_form aggregates, and partjculates in solution,
and as sudH mepgglonalantibady;iand HyEPSE7ophwamEzed antiel selectinmenarianglis or

subcut ane%ﬁb‘%{gj ection. The formation of protein aggregates and

particul ates S long been a problemin the devel opnment of parenteral

i mmunagl obul i n products, especially when the i munogl obulins are formul ated

at high concentrations. Synagi sSTM (Medl nmune) i s a humani zed nonocl onal
| gG1 anti body produced bﬁA@%@rﬂfPH it OBNEHE BN directed to an
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The reconstituted SynagisTMis to be admnistered within 6 hours of

reconst i t Getharoteizalayibypatglilipcmdlbberztisitn 93

Immunoglobulins, in particular, are recognized as possessing characteristics that

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

20  before 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™ (MedImmune) 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 ectign 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.



WD 89/ 11297 di scl oses a | yophilized nonocl onal antibody fornul ation
conprising a lyophilized formulation of 1-25 ng/m 19G nonocl onal anti body,
2- 10% malwodg/o3@ssl sodi um acet ate, phosphate, or citratePowftiSe?/3deayi ng a
pH between 3.0 to 6.0. WD 97/45140 di scl oses an aqueous preparation of
anti-CD4 anti body concentrated 5 to approximately 100 ng/m in 100 mM
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aqueous conpositions conpri'si ng about IgM 2.5-5 % (wW V)
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Applicatign Publicatiaon US 2001/ 0014326A1 di scl oses a pre- |yophilized
ant i body P@Wﬁﬁznba&e@@rané@% Altiggons ng/m anti-1gE anti body, 5 nM hi sti di ne,

pH 6.0, 85 mM %r%?ﬁWf‘ﬁgcl%s&jn{ egﬁ&]}é%gggo%ts%})@071%0%200@%%1%{}1’[ al ut , 744,132

di scl oses a composition conpri SI y, 2%

sucr os@, ﬁlghﬁ%mmm)s % wm)/hﬁmdn serumudininial &, S-20 N ph h@te%@fer Tmeen(r)
20, having_a pH of about U S. Patent No. 6,267,958 discloses a
reconst i tml\ééoqh@mhl%mdeeaH&rS 139 ng/m rhuMab E25, in 20 M hi sti di ne, pH

6.0, 340 nmM 4 % hol .
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U.S. Patent No. 5,744,132 discloses a composition comprising 1-1000 pg/ml 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



2 WD 03/039485 PCT/ US02/ 36093 adm ni stration, including intravenous,

i ntramuscul ar, intraperitoneal, or subcutaneous injection to a human.
SUMVARY QROTBIE3Y4BS/ENTI ON 5 This invention is directed to &C3tush?/a60p3 qui d
pharmaceutical fornulation conprising a high concentration, e.g., greater
than 50 ng/m, of an antibody in 20-60 nM succinate buffer or 30-70 nmM
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nodi fier, and about 0.01- 0.1 % pol ysorbate. This fornulation retains the
physi cal , I€HERLHRMUMER bi ol ogi cal stability of antibody and prevents the
|nnunoglobullns intended 10 for adm nistration to human subjects from
form ng aggregates and particulates in the final product. Preferred

anti bodies of this inventiQﬂmMDﬁARﬂBOEHBHEZBMHH&TH)NUnanized anti-1L-2
recept or nonocl onal anti body; a humani zed anti-IL-12 nonocl ona
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and FIint i ody. 15
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2 shows the percent of degradation obtained at various pH | evels as
assessed PrRgudly Ptqfall-'ed yitibodicn gf thisf ipuentivadrclidrilacizumabof hum@u@drqmlellaz 45C.

Figure 3 ho the f rtic.acid,.f d at va H | evel s
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of the sagp BuBks5C7AaGunfantéd Anth1 SR hitRosbhAGhtiBbd bﬁ& Fﬁﬁ’cﬁiurﬁéﬁ hers over
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PCT/ US02/ B8098zedpEiAganEn: DESGRIPToa 1R TREDIAMWENTI ON
15  The liquid antibody formulation is stable at refrigerated temperature (2-8°C) for at least 1

year and preferably 2 years. This liquid formulation is also stable at room temperature
(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.



1. Definition As used herein, the term"buffer" enconpasses those agents
which maintain the solution pHin an acceptable range and may i ncl ude
succi nat ewQ9003u48) , hi stidine, 5 phosphate, (sodium or poPa¥diSON$a093lri s
(tris (hydroxynethyl) am nonet hane), diethanol amne, and the |ike. The
buffer of this invention has a pHin the range fromabout 5.5 to about
6.5; and preferably NBETAIREDDESGRIPTAON OEXEHE IDRVEINTDON ers that w | |
cont rol t}l"le pHQIFF fhis range include succinate (such as sodi um succi nate),
gl uconatel- hi DEPBIYOR  citrate phospate and other organic acid buffers. 10
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f ormul at i 655"to aBé&ISS;tadd prefaablgthas n pHvdt abbuies.@. Exammpledof huffers that will per mi t
the biological activity of the active ingredients to be unequivocally
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t he subje : VY o)) r | adm ni stered. 20 A "stable"
formul ati gfﬁﬁglglg’ocﬁéggléﬁﬂaﬁ)?‘%he{lﬁaﬁg&gﬁﬁ%ﬁtag@n%(ﬁ%r gl n essentially retains its
physi t@l st abi 'Piaymacdueibalbedccsptatle kkdipiend tvdbicddspgd didvespareithdsk ¥naoon
storage. Various _analytical techniqgues for measuring protein stability are
avai | abl esybstappes thaticap epsemably begdraipistereditoregibj egbmamanabend piowiderang

Del i very, - .ee E . Mar cel kker.. .l nc,. York, N.Y.,
Pubs. (19 301131;%@%5%0;@6@:8 Blve e t'uegmh@‘éfeu%\'/e JeSpayPstanges e grtta) 21993) .
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period. A "stable" liquid antibody formulation is a_liquid antibody
f or mul at i $he {rmiplsegetiryiei additves thahmay bs nedsisd ity aitrinan isotafic fogonlation,

tenperature - Jor at least 12 nmpnths, preferably 2 years, and nore
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stability 30 are as follows. No nore than 10% preferably 5% of antibody
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20 A "stable" formulation is one in which the protein therein essentially retains its

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



WD 03/ 039485 PCT/ US02/ 36093 nore than 10% preferably 5% of clipping
(hydrolysis) is observed. No nore than 10% preferably 5% of aggregation

i s fornmedwoAn/ozIss body "retains its physical stability" i mca/yshasqezeuti cal
formulation if it shows no significant increase of aggregation,

preci pitation and/ or denaturation upon visual 5 exam nation of col or

and/ or clmpre thian bO%asrefratey 5o fufippig|(hyirolysishis bbsdrmgl. No merethen 18N

chr omat ogra%%%&rg{; PLC) and, (%%/na c light scattering. In addition the
protein RE ﬁgg§%ﬁﬁﬁlﬁ TG The changes of protein conformation
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pepti de mapping, .etc.). An antibody "retains its biological activity" in a
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bi ol ogi cajlteiid prbicih entibal 2thétaRANCIGANh RS OF Blighty (efv@lﬁat@d Qm&md@y an
antigen binding ELISA assay. The term"isotonic" nmeans that the
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&F‘f‘i 3&‘ Sl
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salts and am ngnaaiibsdy 'Betains its biological activity" in a pharmaceutical formulation, if the

20  biological activity of the antibody at a given time is within 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 pressure 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.



WD 03/ 039485 PCT/ US02/ 36093 Il Analytical Methods The followng criteria
are inportant in devel oping a stable pharnmaceutical antibody fornulation.
The anti bwoysfsmsul ati on cont ai ns pharmaceutical | y accept &blrasexsdops ents. 5
The antibody formulation is fornulated such that the antibody retains its
physical, chem cal and biological activity. The fornulation is preferably
stable for at |l east 1 year at refrigerated tenperature (2-8C) and 6 nonths

at roomt . The anal ytical nethods for evaluating the
product stabi | ?‘t“?{y?ﬁé@[fgh Sze exclusion chromatography (SEC HPLO),
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(DSC), iso-asp quanti f| cation ncy, Onm and UV spectroscopy.
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Lab. Nov. (1991)) measures nean diffusion coefficjient, and gives
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i So-Asp content in the sa es is neasured using the Isoquant |soaspartate
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of a met hﬁionﬁih@ﬂiﬁ thé prodctEha v inforBidd T Anbiht $Psd 18P aPHeEAtes Al d at
the (err)-car ox(g/(mgjosml on, generati % S- adenosyl - L- honocyst eine (SAH) in

t he procegkps. $ 7. Ret.at3: %0 (1998 Pharm | Resw 0d 09 412820 pgivessinirigtioreof

ol atgd an ant by .revers ase. HPLC us AH HP
st anet ds PR Ao fith Rnba e iRl Sl BN e mpRbet DES Gretrdit noay
can be rremw@ds)bymera&ue@mbaﬂ diffuSioRichekitRnt, hh gRBS indisthatiER 81 BR&H Jubfor
bi nding of an antiibody to its antigen can be qUantitated by any 30 net hod

known to sdloble ag& isplible arggtdgetear UV it340mmangiseres sqattereduigbhbmeayity stuch as
ELISA pEr AL & giI\(/ee:sd 1n|fc§nrrTnuartllgrslg out a‘?}%c?u?%Q of solu\gg a(l)nSc{mso%llbqg agpgggéal‘gesso 0093

spectroscopy measures absorbance at 278nm and gives information of protein

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 Methyliransferase
(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  isoaspartic acid at the o-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).



I11. Preparation of Antibody The invention herein relates to a stable
aqueous fornul ation conprising an antibody. The antibody in the

formul at iwo Be3EsEpar ed usi ng techni ques avail abl e i n t he PaTtUS01/36093
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protein (I\/I P- 15 : serum um ng suc al bum n;
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such as beta- 725 | actannse; DNase; a cytotoxic T-1ynphocyte associ at ed

antigen (&PwWA) hormonk r@lgasnmglﬁpton, para’shﬁrmddlorla@n@,\tlilmld\ﬁamtmg heridondiel i al

f VEGE t f wth f t A
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NT-5, or NT-6), or a nerve growh factor such f3; platelet-derived
growt h 30famedHC( fapEF X, tisshe &l@msqndgtou\WHlebmd@facmmﬁa@oﬁm@a@m ShebGF;

id I h fact EGF f wt h f t h
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des(1-3)-1G~-1 (brain |G- i nsulin-| growth factor binding proteins;

CD pr2ft ei thgombin; hemopoietic growth factor; tumor necrosm factor-alpha and -beta;

enkephalinase; RANTES (regulated on activation normally T-cell expressed and secreted);
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 gonadotropin-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-B; 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-a and TGF-B, including TGF-p;,
TGF-B2, TGF-B3, TGF-P4, or TGF-Bs; insulin-like growth factor-I and -II (IGF-I and IGF-
II); des(1-3)-IGF-I (brain IGF-I), insulin-like growth factor binding proteins; CD proteins



7 WD 03/039485 PCT/ US02/ 36093 such as CD3, CD4, CD8, CD19 and CD20;

eryt hropoi etin; osteoinductive factors; immunotoxins; a bone norphogenetic
protei n (\BOMPBO3ABS i nterferon such as interferon-a, - 3, &WA/USY2/3@83 ony
stinmulating factors (CSFs), e.g., MCSF, GMCSF, and G CSF; interleukins
(ILs), e.g., IL-1 to IL-12; receptors to interleukins IL-1to IL-12;
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pr ocessi nglghj % m&ﬁﬁ‘@@%ﬁﬁﬁgsﬂéﬂ%ﬁ@gnétcg\g%@ﬁ SE- Where the anti body

conpri ses err) domal n; r) resin (J. T. Baker,
20 The antibody composition prepared from the cells can be purified using, for

example, hydroxylapatite chromatography, gel electrophoresis, dialysis, and affinity
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 Y4 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 is attached is most often agarose, but other matrices are available. Mechanically
stable matrices such as conﬁolled 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 Cy3 domain, the Bakerbond ABX™ resin (J. T. Baker,
Phillipsburg, N.J.) is useful for purification. Other techniques for protein purification such



Phillipsburg, N.J.) is useful for purification. Oher techniques for
protein purification such 8 WO 03/039485 PCT/ US02/ 36093 as fractionation
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Another preferred antibody is anti-interleukin 12 (IL-12) antibody. IL-12isa

cytokine synthesized by antigen presenting cells. It is compdsed 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 2 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



anti body with neutralizing characteristics would have potential therapeutic
value. 16& (Hoffman La Roche) is a murine antibody rai sed agai nst
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fornul ati piyiciRweh 8RB oldR? r]!E@Cﬁinduces the expression of major histocompatibility
20  complex (MHC) class I and/or class I (HLA-DR) antigens, enhances the cytolytic activity

of natural killer cells, activates macrophages, and modulates the immunoglobulin isotype
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.

1V.  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  is as 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
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30 is as follows: selecting the opti num solution pH, selecting buffer type
and concentration, evaluating the effect of various excipients of the
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20  injected subcutaneously. A preferred buffer contains about 20-60 mM sodium succinate.

Another preferred buffer is 30-70 mM histidine buffer overlaid with Nj.

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

j 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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aspar ayi neharmagaigplly accaptable agfl gaitabde fos dis pwentignsinplude preding adarigs, he. A

preferred _amng acid for this invention is proline, A.oreferr

Poncent r atEnGasBffing & pUeh 2Rt Rblngerte g AR nBE AT disea 1o
st abi | i zea@indy Ricfo tHi® (Vh@ér BproliiRy AbeeerR@ codébniBfdbtléstolifle sMan 200
formul ati on. EDTA, as a chelating agent, may inhibit the netal -catal yzed
oxi dati onmM. t he sul fhydryl groups, thus reducing the formation of

di sul fi de-1i nk . . f . ration of EDTA |
0. 01-0. 20 Exo ROy T - sRb LB RGP PR RN bR dadon. Brelseing

anti bpely aichae@ut thbGOrmuTBridH. EDTA! 824 EHelatMBAYEnt 2B P hhieH ﬁe%&mlomg)%@at e
(pH 6), about 0.01-0.1% pol ysorbate 15 20 or 80, and about 75-150 nM Nad .

Thi s f or mokideiigmofrtbe sulftydr greppaithis redueing Biedboyationl of diguifide-linkedf t he
nmonocl onal anti bod nd prevents the._i N o) ins intended for

adni ni str 3%518%?50 %H@W%ﬁ&%ﬁ?ﬁ%ﬁﬁb%@l:&@%m cal and biol ogical
degradation i nE_xéﬁagmfy Hélid B6RPsSGEions ERE fdrindiiSn AR {8l Aldbelk fjo thi s
invention is suitable for parenteral 20 adm nistration such” as

i nt r avenomg/ml ortgraaters ebdu 20-G0nhVagpeiin smealate @H @udmot 810¢ 6t pohjsexbateon;
particul a itagble far sub S i.hjection. The inventiaqn.is.

T sy ar et Bt endabgy Brsiakt o Rot s bmGuion inien i of Bosgeica

const r ued @sitviofkid | Bk Odhdl dures
asar bad e A P B S e Gt 1

t he opti madminetratibate bumémnsubpddts o ehgsichlf cheimilenh tid Yiotomjicat degradation in
the final product.

The liquid antibody formulation of this invention is suitable for parenteral
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, épH 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:
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degradati on pat hways, a pH profile study was conducted. Sanple formulations
contained 5.0 ng/m anti-IL2 receptor antibody (Daclizumab) in one of

t hree bufweres/3@8 nM 30 sodi um acetate buffer at pH 4.0 oPCHFAUBP2/50937M
histidine at pH 5.5, 6.0, or 6.5, or 50 MM sodi um phosphate buffer at pH
7.0 or 8. 5. Independent fornulations were incubated at either 5C or 45 C
w th 100 fiﬁ’lhh@ hikalngalysis, Gvvepeditoscdpieat BAY ainG silze amius:dsleaﬁr@mlatogmphp'(m@y of
each sa was_assessed at 0 and 4 weeks by anal ytical nmet hods i ncl uding:
12 WO 03/ Eﬁb@kélm@sms@zp%@g@pm%mc gl seatteaing (P} diffspeniipd sapBigopy  at

340 S

apect r os B EEEH N E PROREIRARAP Al P Bt petip A ERETAEE, Sps-

cal ori nEtPAGmﬁﬁ)]ce(Pﬁmﬁﬂgﬁreﬂﬁ@l&lﬁﬂbmaﬁvigr m@bﬂnbﬁﬁYEL‘S@QI ectric focu5| ng
(clEF), SDS- PACGE (reduced and non-reduced), and bioactivity assessnents

(ELI SA . 5 SEGERiHPIHe prdomead magmhqslaé‘tgr foor éfleelfsmirmwéék@n @if45f’ﬁcsh@a@d on at

45C showe that clippi.n ma e i Q at hwa the I qui
formul at' it 1 ingiis abaine dedaePuoE bty i o RN, 3ok Eielf o
various pﬁ&'bg\fﬁ‘é Ser¥ér Bf Sl re@Rlefedt N fal@isGRNMevalt with SHE. Bﬂﬂﬁ thdFerB&lt ©ENt Of
aggregates (Figure 1B) determ ned by SEC were reduced at the " mdrange pH
val ues of c]ﬁzsanddlfﬁpﬁcenmf #gagegates ZF g )t deterpared diytSEST wdeegedutad imbiheobt ai ned

at various.pH le ssed by clEF followi ng a four-week incubation
of the sa'["?[bJ p‘i—ﬁg%u ﬁi&ggegr adation was obtained at a pH val ue of

about(d. 5. Fi gpfefred SRANSHE B@rc&ﬁro%@éra@itloh%@ta%?daaaft YhtoRGIEHeh A ABskslsed
various pH | evel's as assessed by the Pronega IsoQuant Kit follow ng a
f our - weekby ci&ltfatlowingef fouhe/'eslanphlﬁat@h of 1l s4ple dt6°@s Mhniniat degrhdhtionr mat i on
(deam dation) was_mininzed at. pH values of 6 and 6.5, and increased
sharply atapebtgingd atphpH vakigiof 8¢ 3 t hi s experinent indicate that pH 5.5 to

6.5 and prefer r

ant i body degraﬁg%&osgﬁlggjdsq B‘?ré’g‘%?’ifés?? a%g%ﬂég&ﬁtf{)fﬁ?é?ﬁg#gﬂ za[&/on of Buffers
In this expessedieynithe Progiepe labeiiant loik mlllloaﬁmgmﬁou@mmmﬁatﬁrﬁoﬂfgé simplesd | zunmab
anti body in 50 mM sodi um succinate, pH 6.0; and 50 mM hi stidine, pH 6.0,

wi th Bhd 430G H@@f@smztugm@ fqrglatlg@meamldatlpnhwas wirimiged wepH vetues pf GLddd
because o aelﬁorts ofd ﬁ glt% iHbCUt aneous injection. The bioactivity

(pot ency) REeRed AP @H &Y 8 and 12 weeks 25 of incubation at 37 C

was neasur ed byh&ekiifs fotBis BkpérRRbA IR AORLE WD o Saaihnabe pléan | L2
al pha receptor (l1L-2 sRa) antigen, and goat anti-human | gG HRP conj ugat e.

to 6.5, are the optimal pH 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.
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Figure 4 shows the effect of different buffers over tinme on potency

follow ng incubation at 37C. Highest stability of the antibody fornul ation
was achi evedssmetigh 8 weeks with 50 mM sodi um succi nat e PomfufSez/3ap3 pH 6. 0.
Forrmul ations in histidine alone 30 rapidly (less than 8 weeks) |lost their
potency as the buffer oxidized. Potency of the fornulation renmained greater
than 80% for at |least 12 weeks in either sodium succinate buffer or

hi stidi ne_buffer gassed with N2 to prevent oxidation. 13 WO 03/039485

PCT/ US02/ BE#gBle iy oneiegning ok ExgMentyy of Exci pi ents Objectives This study
was condu?tbi‘g:t%gs screen various excipients for the fornmulation of 5

Dacl i zuma nti body at 50 ng/nL. Fromthe pH optim zation study conducted
earlier (Exanphie sty waseohdiuciad tatsereen siridus lek dipiensSomhe ifoinadationroft he pH
range of Therefore in_this study, excipients were screened in two

6.0-6.5,
buf f ery; Baclipymshsapbedyet Spmgmd.. Frony thepHhaptanicatiopstady ¢nudpeted carker
tabilit i\b i Lared. | : f f ks at 5C
S LY R Lo Rl L B g PE ok 21

exci pi ent Shersforeé meatisi sty ebesipiests WefeCdotsehad IiweeufBEY, 6) naViphdvsar, A6 ) |

salts (NaCl . _and MyCl2), antioxidants (EDTA and nethi oni ne), am no_acids
(gl yci ne, and,3] mM sugsinalee PH0. Thestabriy of anftbody was masitored(ig (Rectaodiutiery

oa ol e Rk af R M AT MR IDMRER (00 als cBldcputlin P GetNar t ons.
15 Sanp! eThks eRdsiaits eRanlingd Rl ded Wi can (PREh Y6FSandTwedd 20MMsSIRAMNAD]

phosphate formil ation (w thout Tween(r) 80) at a concentration of 6.6

mg/ L. Thamsl MigCy,i aationidents §RDEAt andteethipping) emin@&idniglyeins, lysinaeseAot bidon | |
(MI1lipore).unit,. and subsequentl uf f.er., exchanged jnto.two  sel ecied
bu  er o (SN AR IHES CAREEER it hanoifVAee Rl e LB S, o
20 using $he-IeLOLURVEOhdSIEF) Wk lusédMol dhiRefeR)e (HWkLpEnt-BEnthiftidgd and fi nal
buf fer exchange 'step, the nmaterial was also concentrated to a fi nal
concent r afarpmlatibns. 125 ng/ nl. Finally, the antibody was filtered through
0.8 m nenbrane (Uniflo). The post filtration protein concentration was _
det er 1§ neSaimplé®repppitivnl mat el y 100 ng/ nL for the phosphate buffer sanple

and 97 nmg/mL for the succinate buffer sanple. 25 The target concentration
of the excipi ehhaDaglizgmaprantihedy wesria asﬁirl{;&}@dm@ phosphpteiformutatisng withogth e

Formul at i PR3 PL EBRIAHaRN &' ¢ 4 5! Bl AichilPwhe MLt BUBbu o t e
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 (Uniflo). 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 1N HCI or 10% NaOH.

30  Subsequently, 0.5 mL of the concentrated antibody solution in the appropriate buffer (~100
mg/mL) 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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excipients directly into the vial (e.g. all amno acids) or by preparing
concentrated stock solutions of the excipients. The excipients were added
to 0.5 mwofostwbmsappropriate buffer solution and the pH &dTusozskodd t he
desired value with either IN HCl or 10% NaOH 30 Subsequently, 0.5 niL of
the concentrated anti body solution in the appropriate buffer (-100 ng/nL)
was addedThe lanl solntiothwas spli@tto two veht wih DSrmbffilb&chyDmd vialfwasused daredur e

Concent r atBEFIT A REABEnd ThenRsTo8FOE AB AR %%@%ﬁe%&é%ﬁtav%@sqéi‘tﬁ@?é Ut on
ool T2°ahet Y8 bRl dsnC el rbingRF o RPRLSS S RS,

anal ysi s afthdefd 6% thaffi@e pbhied. vi al was incubated at 45C with shaking at 100

RPM for 3 weeks and anal yzed at the end of that time period. 5 Table 1:
Li st of excipients and their concentrations as used in the study. #

i pi .conc. 050 Q59 cd 150 mM 4
vt hi oni nd wBi5 i s pusmtE S0 ghet Foneulsp imts SR e i e 200 m o
20

Lysine 200 M 9 Myd 2 100 oY1 1G, [ 0. 09%.ed1 @© ycerol 5.0% 12
Et hanol 5.0% Analytical ﬁ/(at hods At “each of the, tijme points, the
sanpl es were anal yzed usi hg—yaretus—arabyteal——+8—teghni ques. Sol ution
clarity was visually exa 'ﬁlpr hyTWP”S g the s@fple vilal s up against a
bl ack background under flydtescenEDTAhting. TAE5%ol utli on was i nspected for
I nsol ubl e species and cold [changdsChere ecabflletM Sijze excl usion
chromat ogr aphy was per f or jred 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).
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using a Perkin Elmer HPLC unit wth diode array detection and two Tosohaas
colums connected in series. The sanples were diluted approximately 5 fold
wi th the worisespehdi ng 15 buffer to bring the concentrati eceTiuS0Ab®AE 1
ng/ mL and 100 L of the sanple was injected onto the columm. The sanple
concentration was nmeasured by W spectroscopy using the Perkin El nmer Lanbda
Bi 0 40 spect r ofhetpotenteof safiipdessfarmpiileted fim thesubenge watfir withrthepatipientser e

anal yzed by Capillary |soelectri Focusing on the BioRAD. CE (Bi gFqcus

3000) SystTy@fﬁen' ;ﬁpﬁé,%\&@@%i eV KeaTEo W?Q@@. MouRgfiqR at 0 Adeer and
a 1:1 dilwtd 4 C A . q{ﬁ% [% of 0.125 nmg/niL) was nade with the
phar mal yt Ztt‘g%huﬂbgaﬁ?a 6n?@iL'1r111%ng 83% “two internal pl markers, 8.4 and
10.1. The capillary used was an eCAP with neutral coating (Beckmann, 56 cm

| engt h 50 umID). 15 WD 03/039485 PCT/ US02/ 36093 The potency of sanples
f or mul at e®eSWL he succinate buffer with the excipients, Tween-80, EDTA

NaCl and Myd 2 [y o of, I i . : t was
a bi o-assay i nvo w&r’l%gklg%a%%fg%&(}gﬁ?%?TSBﬂkeggﬁﬁg&ﬁg)r(gbwmgtﬁ%ﬁﬁgé%&% e!eis at
time poi ntin krddidreh? baiférk CAEME 3axeek RintpEniMHeee WorRi43aae@lesitdbé dnlwielif er ent
buffers. At the 3 week tine POi nt, there were 48 sanples to be analyzed

(12 di f f edbhiifferet prapiestsx 2opwesares XigdefiRes= HRf Asyays perfgined seaduades

performed jncl ude e t el Aat.j o ~ Vi S, , Carity,

SEC- HPLC, chfihitfifon gﬁ%%%“%"{o é’r}bq?\ég%%’ap i’t@g%{é'ngﬁg%%/%’aar@n%@ﬁi s indicated in
Tabl e1@. Al sanples were clear in both the buffers at the initial tine
point T =0. At the 3 week tinme point, all sanples in the 15 phosphate

buf fer except the one containing lysine were clear at 5C. In the sane
buffer, at_45C, thq Ja,es contai ning am no acids (glycine, serine,
proline a %P Iygamﬁeﬁ &dred clear but had sone thread like floaties in
the vials. Thesaal?]sw BppatadcdBCIindidARd &l PaBle 207 XH Aliplsielbleeedr Mn ot Bt t om
of the vial. In the succinate buffer, all sanples except the am no acid
cont ai ni n§uffersnail theiiniigl tin®e peine Tc+dhr Adfther3 wieele dinvepdist, ofll samplemin tie at

campl 5% | AORinoaterhatier Bephfhe 87 corsHRite et Heres sk G ol ahg butter ét

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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16 WO 03/039485 PCT/ US02/ 36093 Table 2: Sanple clarity determ ned by
fluorescence light at T=0 and T=4 weeks at 5 and 45C in the Na-succinate
(pH 6. 0) wod3m4phosphate (pH 6.5) buffers. Phosphat e Phogphatsez/siesphat e
Succi nate Succinate Succinate Sanple T=0 T= 3 wks T= 3 wks T=0 T= 3 wks T=
3 ws Cdari Carity, 5Cdari , 45C Carity Carity, 5C darity, 45C
Tween- 80 Clear Cear d ear Clear Clear Clear DTA Cear Cear Cear dear

822: 3?‘“?&9 g é’é?“ }{F&gﬂggtﬁgé ?‘rerg&ﬁ?‘%l ?%@eg #ﬁ?l W o ggrﬁ Zear
A ;
‘?ﬁpblng 8gar4 y‘gﬁlg %g'rl | E@ é\qumﬁw@?ho? raltt)ﬁpﬁﬂ-gGggF)u ?erz Cleg;r =

Clear Clear Cear Cear Cear Tween-20 Cear Cear Cear CUear dear dear

d ycer ol ;%%gﬁ;g_%ar Clear Clear th r Clear Clear d ear
Clear Odar 5 (bJPhosphael Bhpsphate 3 BhosphateiSuccinate| t Shedinated | | Sudcimate
3(A-C). T®angpl8A | ndI'edt es T-hd vwks noAnEwkson al+0 samil=edwkei NgT=3 wks

investigdted in t1i@laiiit1ﬂd>Claﬂ'ibﬁ5@’C RA®) 452C| Clarike| Glhlity, 56C senpitp15mes
> 99% JE{’VQ&’ @r«a?d@&<s [l @feaPo' t, @]%aﬁlg 'le&a?n cr@lggte ,..-%)@Elrvem In

0 Wev aH
ggﬁpﬁeg" ) U A Tl - 1éa%“i;:,;g¢ar?i;m Mor dandtlgl
forimtat dfich o RSty & CISF Lot Blsang o/ ar ) Gleat 1 of o Io8r
(met hi oni|Msfhiewney. #egrprlol i Glpr whi | eClear t the Cleganpl e uflid nmul at edleam t e
succi nat Glyeideer , | t Hed¥ npno@ar varli edClemom 95 @B&rl% ( Metdidoni ne)Clesr 9755
(Tween- 80%eride’ both dieg buf felsar the nefeat oniineiand |9l yeidle  ¢ont@ely ng|
formul at i pRgngNOWed dBg MOST CRlPN! T[T Caffe, AT O a0 TON id_ e geELFase in

% MONOMer | was oSt )C]gaff L(:]Lﬁ BIH | QT ];QEI:A _ ldl,ﬁr lﬁ}ﬂ?}d e /U(SIIEH egat e
.fo A YAV ]

- I | o nyvyact o Qal

formatio a bet HAv-gSsH i HS H
fromt hes&@é&n! ts t.% the v feade | ]e%nr Flgglgarf Qr I’anj'lle%rn dlri r@le?ﬂhp B-

Tween-20 Clear Clear Clear Clear Clear Clear
Glycerol Clear Clear Clear Clear Clear Clear
Fthanol Clear Clear Clear Clear Clear Clear

() SEC-HPLC
Results of SEC-HPLC are tabulated in Table 3(A-C). Table 3A indicates the %
monomer for all samples being investigated in this study. The % monomer at T=0 for all
10 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
15  (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-
20  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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20 week duration is mninmal for all sanples at 5C in both buffers. After 3
weeks of incubation at 45C, sanples in the phosphate buffer showed an

i ncrease W0 0303y83 egate ranging from 0.40% (EDTA) to 2. 4@ea(ushysdopr). | n
t he succinate buffer, the aggregate 17 WO 03/039485 PCT/ US02/ 36093
formation was slightly lower; ranging fromO0.7 % (nethionine) to 1.09%

(gl yci ne) foaibeon wehdightlwdekert rangingtfiomm 0eXi(mdthi@nee)dd 110986 (plypmdefes t hat

supports these results is that if regate formation is due to_oxjdation,
it nmay b ehe gues agtmtpRDenR QRaafile o el PPerEs thige TRENES BREMat ng
propertie ANE ‘ ' A 9 | I on
PR s o et CEnRMRSL SR PN I Blon, R ol Beiotipd dFin BE UL frpl iRk T

poi nt, t hw the alctqd pheigtingpropeltits afithe Buc2ifatedbfter.n al | sanpl es. For all

sanpl es incubated at 5C, the % increase inh clips was insignificant over the

3-week® peri od. Tabie 3¢dists the 3b glip farpahien inpdk @ggaéesih@irtg}iqusgggeq,in s shudy.

f ti , : : t 86 b0 ok t ffer,
the 56 ol | SRR pink 3ho SETRORS bl BUALE2-D S JF A BRATANE: St D
and et hanginiplesititatddut SPE, the 0F indadage PUiHE was irlfeni fdagto W $hel3-4Belpdrivien-

80) to 3.44 (nethionine). In general, an increase in the clip formation was
observed Ah43%s a sigmifieanhizicreasointtbé rateof dliprfomhatianomas. oberved dioy sarhiles at e of

clip fornatio ppears to he i gher ipn the phosphate buffer.. Thi y be
St b bot oo RERT GhosPaate hedbroe o RS Wit Rt A GO HROB A 2
buf f ere  (Rebikhed Barkt cth&RDCHh] | ek SR afga, -
hydr ol ysi gkgs b%?ggot he egriﬁ%)F glhirlggis%%s?%%ﬁ%ﬂfé‘}%rh Eagiﬁlﬁgﬁ%'ls'gﬁggyw 5}0
Mononer a80)de Befdnimeddomye)SER genertl; On amdeBe wethlesliptforn@tian dvad DBserved intike

Na- succinate (pH 6.0) .and Na-phosphate (pH 6.5) buffers. Phosphate

Phosphat earﬁﬁﬁﬁﬁ‘ma"t‘)@t%’?}%?% tegs cFhes tgﬁ??&‘? ﬂé‘?l&’ OERRMMAPPEYS 1o ks T= 3
wks T=0 Tj T FMOPR;s 1Y : OMiI C % Mono
b6 ane TmghertiSheihostihe by MY Tts pilf 3R 0uriiRE % LM GedReee e BT U 0 43
99. 42 99. §8c@dteSthd NachhBPhBF b@ferd (pIP 6.08hd I, 4&5p8&iEEy) SindiRdtingbdst oni ne 99. 42
99.42 94.08 99.47 99.53 95.86 _dycine 99.41 99.42 95.90 99.46 99.53 96. 46
Seri ne 99‘?34‘11Y@‘-‘§ﬁw§f 1925 pgngthe ggmazy wasopgor ¢liy fogaben 40 99. 43 97. 29 99. 45
99. 52 97. 06

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

Phosphate, Phosphate | Phosphate |Succinate| Succinate Succinate

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

% Mono, %Mono, % Mono, %Mono,
% Mono 5°C 45°C % Mono 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
[Ethanol 99.41 99.42 97.24 99.31 99.19 97.42
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Lysi ne 99.34 99.62 95.45 99.45 99.57 96.28 2 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 dycerol 99.41
99. 59 96.\8D 0903985 99. 48 97.46 Et hanol 99.41 99.42 97.24 ®ETABOYKRLY 97. 42
20 18 WD 03/039485 PCT/ US02/ 36093 Table 3B: % Aggregate as determ ned by
SEC at T=0 and 3 weeks at 5C and 45C in the Na-succinate (pH 6.0) and

Na- phosphdiable Bt % Aeginghieas deteimibreddiyeSPE o Pl m_ll_(PB G?kgmﬁiﬂﬁ$ndgt5\f/’\s
Succi nat e, Syccj.nat e O T= = = s T= S
vAgg, YAgd® %&éga%wats@ﬁﬁ amﬁaﬂ’sh%d&%gg

k880 0.41 0.00 1.61

: TAp 0.40.0 23 7. 33
8 gg 8 gg g sjbl OKI ne E?‘iﬁ% § ?ful_céléla& 3 '16;12 tjez 40
0.33 0.35 S_L Ser . 38 OPIVHE D. &¥5111. 14
0.35 0. 34| 0.86 Lysi ne 0. 39]0.36 1. 50 Cl2 0. 38 O.o/ﬁgg . 60
0.32 0.34)0.82 Twepn, 20, 0. g %! zgl,g. 55 9, A58 Xeg o !ba,év D. 40
2. 13 0. 3593260 rtha - —1/0
C i ppi ng SVeﬂl.!nSEr mhed“Hy sec 4PVT1-q : : C &t 4a5C i 896 he
Na- succi n ADH 6 0) OatéH Na- phd3phat e 040 6.5) 083 f er s.0.Fhosphatdd6
PhosphateNaﬁ?bsphate Skl nat e Gddci nat el 38cci patde33 SAnplee34r=0] T=0R5wks| T= 3
wks T=0 TMethiokineT=| 3owes (%0 9.a1 %0 i p1.161 i p %gl3m, [SCERL % Qg0 | p,
5C 45C G0 0. P1 0 Bd2 (1. 6049 22 0. 3501 48 (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
Ethanol 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 2.41
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
Lysine 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
Ethanol 0.22 0.14 1.51 0.41 0.40 1.67
(¢) 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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EDTA 0.22 0.15 2.00 0.22 0.12 1.53 ad 0.24 0.16 1.93 0.21 0.12 1.85
ethionine 0.21 0.16 4.74 0.21 0.13 3.44 dycine 0.20 0.15 1.70 0.21 0. 12
2.41 Serwpe3032450.14 1.69 0.23 0.12 1.81 roline 0.22 0. PETAISEB3@921 0. 13
2.08 Lysine 0.24 0.02 3.05 0.23 0.12 3.09 C12 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 dycerol 0.23 0.01 1.54 0.22
0.20 1. 61 Typlalipbn 6ccelergted dgibg Biihigh uelnmaratareg, theareg of theapdin lisaform peak
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Potency 15 BaSed on the results of this study, the Na-succinate buffe
appears t cabpleswostaining fiveen§0f Aseen 26, ainehodpiratiee b thear eleéﬁupherogrmfsncy
assessnents were d st abi I@zel ng excipients in the

Na- succi nat®® B €8 aH§ﬁ‘iI1 é*"ﬁll’?ﬂfsrﬂ? iSeREshARes or mul ati ons  cont ai ni ng
Tween- 80, EDTA, Nad and Mydl 2, subject to three weeks of incubation at 5

(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
NaCl, 5°C 6.0 105
NaCl, 45°C 6.0 98
MgCl,, 5°C 6.0 112
MgCl,, 45°C 6.0 96
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and 45C. Results (Table 4) showed that the potency of all fornulations was
within 20 specifications, indicating that the underlying chem cal and

physi cal wegsasess on processes are not significantly alt@Cragor/@oprotein
activity. Table 4: Potency results of selected formulations in succinate
buffer at T=3 weeks at 5 and 45C. Sanple H % Potenc Tween-80, 5C 6.0 105
Tween- 80, Dissusspmy 80 EDTA, 5C 6.0 103 EDTA, 45C 6.0 74 Nad, 5C 6.0 105

Na U soi8sion TR SFuRe Bubd e AR G or T By ¥R P R 03000

st abi | i t ysuetinh@mbuifenid pIDé%Sorﬁp@&EMthIﬂth@phbsphsﬂd(bﬂffGﬁitqﬁDGBf ghisit pH 6.0,
conpared with the Na-phosphate buffer at primarily due to

base- cat apypedyyatobsssicatalyrad hy%th/é@éh?éﬁsa@C@ale&tted %éherﬂmgh%rrpfbvf @5 6.5 5
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this studytid sPectddesitfey fordi ke stuliBat Redults BOtHs Hudyf ﬁgcseleéﬂsemaféma tiagi ds
(glycine, lysine, serine, proline, and nethionine) did not have a

stabi | i zi deOéh bueigars.dhe ammomc&séglacm,almm@tsynn%@r@mmdbvethmr@édailmﬁ sanpl e

larit d t di cated t f
Cneol ubi ehivge AR Gl SR MOl S b oY B GE Elrebitie tSRT b e ©
st udy basgﬁm%cmnthy]ﬁﬁ& mﬁﬁi@atfohgindhdatd@ tH8 FormBfiOh Sﬁfnsélhﬁle&"g?%gét& agai nst

dimdiation. Wile err) precipitated in the Na-phosphate buffer; in
t he N0 sué¥iChat e buffer based on the cl EF data, MyCl2 has a stabilizing
effect on e rotel t hanol s. al.so in S, an exm lent. to test
if it stabi lirs&dcipriat Meblaas sehecign st&ééﬁ?%?gppé IWOFIE?\R}@F 3t IP’n?i‘

e
buffer; in the Na-succmate buffer, based on the cIEF data, MgCl, has a stabilizing effect
on the protein. Ethanol was also included as an excipient to test if it stabilized the protein

15  against deamidation by lowering the dielectric constant of the solution. The results,
however, do not support this hypothesis. Finally, Tween-80, EDTA, and NaCl, the
excipients most commonly used to stabilize protein formulations, did not show any
destabilizing effect on the protein in either buffer.

Further experiments were conducted in the Na-succinate buffer at pH 6.0; the effect of

20  the excipients (MgCl,, 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 NaCl, 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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exci pients nost commonly used to stabilize protein fornulations, did not
show any destabilizing effect on the protein in either buffer. Further
experi menwve msosEstonducted in the Na-succinate buffer at pATAIS02/3d0be ef f ect
of 20 the excipients (MyCl2, Tween-80, NaC, and EDTA) was further

exam ned on the protein stability. The results indicate that to formulate
an anti bodixamplaéo SeabilityiData ofOverRaclicuonab Antibedy Fermulasionsin Suediunie of
Tween 80 &a *?s in the range of 0.02-0.03% Results also indicate that

i ncreasin “f £ salt concentration (100-150 MV could further stabilize the
fornul ation. THYgmulbiehsCORGEMNVERITrfr&f addaidingstd Bilachpke3.maxi m zed whil e

mai ntaining 25 the tonicity requirenents. The results al so indicate that
the stability &prmwationeeH)0g0g/arddackiagnateaiibailni WgnMosadirasiesmago®@id be

enhancgd hy oncentration range of 0.35-0.5% The

addi ti 50)@@%“9\%%3@@%@33‘@8?. gh range of 0-50 mMalso could have a
favor abl e eff e%nnfﬁaﬁoﬁ st&ah{esasqdoﬁﬁulaaslﬁ q;a;slﬁs 6.058%, tibeAexci pi ent
concentrations for the m)st stabl'e fornmul ati on are: 150 mM NaCl, 0.05%

Tween 80, 0. 0374, QAR6/EDIA, B0 sl 60F0s MUAMBCIE. NOVRYEL o 085S Goad] i Ons
arenor gy HF LA m%%aagltzgt o £ AR, o

Anti body Habres: aswpmylrésuﬁywaﬂhﬂlatfauii%szorrml ations 1 and 2 were
pr epar ed accordrng to Exanple 3. Fornulation 1: 100 ng/nm Daclizumab

anti body, O ate 7l ; ()
Tween- 8% For rﬁﬁ@ﬁgon Zj L{g%l%lggas \gé’mjl tﬁ’o hll he
stabilitylresults of FofqmulationsORO0OKE b ot T- 0 s, 8
weeks, ~ as BT auls BT75] 250.9nd 37C (98bl d 5).
Tabl e 5: [Stabil iRy resullt Cledr For 8124t i onsD.77 apd 2.0.96T=0 ‘an'pSPOa Clarity % %
Cip ¥9Aggregate % Potency Mnoner F1 Clear 98.27 0.77 0.96 100 F2 C ear
98. 27 0.77 0796 Weksl0 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 90
F2-25C Clear 97.42 1.20 1.38 90
F2-37C Clear 94.63 3.06 2.31 85
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Sanple Carity %% Cip % Aggregate % Potency Mnoner F1-5C Cear 98. 31
0.73 0.95 NA F1-25C Cear 98.03 0.82 1.14 NA F1-37C Clear 97.11 1.21 1.69
NA F2-50v0l0ams9488. 20. 0.92 0.90 NA F2-25C O ear 97.90 1PQI/UBIDSONA T=4
Weeks Sanple darity %% Clip % Aggregate % Potency Mononer F1-5C C ear
98.30 0.74 0.96 93 FI-25C Clear 97.80 0.92 1.28 88 F1-37C Cear 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 d=33rWeeks30 1.83 1.87 80 T=8 Weeks Sanple darity %% dip %
Aggregat ¢ % PSamply Mon@imrity-| - 5CY ean %9 &4 % Xggkgdte P% Pdiend9C C ear
97.51 0.82 1.14 96 F1-37C Cl eprMédomdér 1. 21 1.169 90 F2-5C Clear 98.34 0.78

0.88 90 [F2-25GEFear 97. .. PO 3335 90 oFa- 37C Ciear 94] 63 g 06 |2. 31 85

22 WO 03} RCTUS027 3 3 TogL g~ T e Charity %% p %
Aggr egat ‘%;%ﬁ?r‘ '=gjL'é‘7ea.J iﬁg w“.#‘l:"%?m“g 8—F+289C d ear
97 07 1. 26 1. 638 g ke , 933b1 4 38851 gA8T 84

F2-5C ClearJEﬂa 98.30 0.70 1.00 94

F2-25C Clear 97.22 1.30 1.48 88

F2-37C Clear 92.88 4.05 1.54 82

Example 5: Stability Data of Two Daclizumab Formulations in Histidine Buffer
Formulations 3 and 4 are prepared according to Example 3.
Formulation 3: 100 mg/ml Daclizumab antibody, 50 mM histidine (pH 6.0), 115
5  mM NaCl, 0.03% Tween®-80, purged with nitrogen.
Formulation 4: same as Formulation 3, plus 0.05% EDTA.
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).

10  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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F2-5C Clear 98.30 0.70 1.00 94 F2-25C Clear 97.22 1.30 1.48 88 F2-37C
Clear 92.88 4.05 1.54 82 Exanple 5: Stability Data of Two Dacli zumab

For mul at iwo93/0sp48 st i di ne Buffer Formulations 3 and 4 arePpma[saz/a993
according to Exanple 3. Fornulation 3: 100 ng/m Daclizumab antibody, 50 nM
histidine (pH 6.0), 115 5 nmM NaCl, 0.03% Tween(err) -80, purged with
nitrogen. Formulation 4: sane as Fornul ation 3, plus 0.05% EDTA. The
stability results of Forrmulations 3 and 4 at T= 0, 2 weeks, 4 weeks, 8
weeks, and TP=4M&eksare shown as follows at 5, 25, and 37C (Table 6). 10

Tabl e 6: Pt abi Smrngﬂer esul Itcgldﬁl\%For muat | ons, S1i ”d/o“A%er%ﬁg )%rpb@m%ari ty % %

Cip % Aggregate % Pot en ”Oﬂﬁ'noﬁﬁrc ear 99. 24 33 79 g}gl;aar

= Tt 95-¢ regate—{% Pot ency
sl\a/g.ngrlre(r). Ef gcdﬁﬁb 5 WA@%O 5. 234 © Ibé%\, é;»%é‘f SLULU% 0144 ND
F3-37C O bar_98333C) Goang  PORIE d @369 10 ®A%4 0|37 KO H4- 25C

Cl ear 99. 1 0 113/3@042 Nl: FgarzC A7 9B.1420/93 0.65 ND| 2383AD 3/ 039485
PCT/ US02/ B6093 F4I2 Weekis Gamplle Q%28 ty| %9.98C| i p %.749r egat egPo Pgt ency
Mononer FB-5C E49gC 99. 26 Qea’ [0- 3.1 F30.85C| T eaj4p8- 99 U.3p 0.|45 76

F3-37C A par 9¢435CT. 4210.6, 89 9794 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/ml 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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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 Weks pH 6.0 Sample darity %% dip %

Aggr egat ewaoBosasty Mononmer F3-5C Cear 99.24 0.38 0.38 @6T/US82/28003 Cl ear
98.74 0.72 0.54 82 - F3- 37CCIear 96.87 2.37 0.76 75 F4- 5CCIear 99.23 0.39
0.38 97 F4-25C Clear 98.71 0.75.0.54 92 F4-37C C ear 0 2.34 0. 76 86
T=12 Weelablgi.cStabdifyResults af Pﬁymﬁbdww%twféﬂé?ﬁe-%e% tarage atdhoner
F3-5C Cle.g«' 98.89 0.63 0.49 99 F3-25C Clear 98.04 1.21 0.75 96 F3-37C

Cl ear 9 4.06 1.17 90 F4-5C Clear 98.92 0.60 0.48 91 F4-25C d ear
98.06 1[23 OSdpR! 1 GHeit) P% Mnoierd - #Cllp 15/ 7KigdroFatifpl % Rotelyab) | i ty
Dat a of [Dacli zurmh Fonmil at at _Room Tenperature e Year A'lihuid
ant i body fornI]Fe(ll on of Clleg ng/ M9SBcl i Jur®B i r 30 Wsodl um $0@cinate, pH

6, 100 mMNaE—and—0-03%TFwe; s 6 abi Tgthf fter ne
year stqrag 2l vec ThCledtan) | i % esultsg'!lf% cateiﬁat tihe f latjon is
stabl e for at Teast [0 one year at 25C (Table 7). 24 WO 037039485

PCT/ US02/ 36093 Table 7. Stability Results of Daclizunab fornul ation after
One- Year Storage at 25 C Sample Clarity % Mononmer % Cip % Aggregate %

Pot enc T=0 Cl ear 98.27 77 0.96, 100
Sy Example 7. Stability Data of Daclizumab Formulation at 5°C for 18 Months

A liquid antibody formulation of 100 mg/m! Daclizumab in 30 mM sodium
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 §).

10
Table 8. Stability Results of Daclizamab 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-IL12 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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T =1 year Clear 94.32 3.14 2.53 86 5 Exanple 7. Stability Data of

Dacl i zumab Formul ation at 5C for 18 Months A liquid antibody formulation
of 100 ngwolo3swBs zunmab in 30 MM sodi um succi nate, pH 6, PCO@SaMsdIT , and
0. 03% Tween(r) 80 was incubated at 5C (2-8C) and tested for stability at
different tinme points. The stability results indicate that the fornulation
is stable for at least 18 nonths at refrigerated tenperature (Table 8). 10

Tabl e 8. t f t 5C. Ti Mont h) % Mb %

Aot oo e T Sty esgus or BRI FERER G %50, To 58 B 0. 2% 12 086 0. 2%
18 98.6 0. 2% | Tfy d [ L- 15
HAI L- 12 (ant(i]s- @a& i bocaTa ! r%;h ﬁ;@‘g Eﬁ n‘LJ%zéft%1 é%ﬁ@b“mfﬁﬂg;ﬁ% ne

buffer, 20— ¢t uu et e, V) 213 pH-6 mMe—6ohH 6
stability tes Jll capg Tt hat tﬁ%‘l?orl pg#l an |soé§abl e at for pt
| east 9 rr:g_n_t_h_g_(_‘[a_b_l_e 25 \WD (03/039485 1 PCT/ IU$02/ 36093  Tahle 9
Stability Resumenths —|AI LClearat 5 c988anpl| e06bari ity 0456 % Aggr egate %
Potency Momomer G ipr -0 Cear—9947 018 0-35795—T = /ﬁm-m—hWear
98. 90 0. 65 0. Agnodhe "k T e n n 4 TE I S 00 = o 18t hs| - - - -
98.52 ---- T=9months Exampl e 9. Spglggl |ty data of HAIL-12 (succLnate
buffer) HALL-12 (50 and 100 ng/ml) was fotnmulated in 40 mMINa-succi hate
buffer, 100 nM Nadl, and 0.03% Tween- 80, pH 6. 0. The ongoing stability
testing indicates that the fornulation is stable at 5, 25, and 37C for at
| east 12 weeks (Tables 10 and 11). 10 Table 10. Stability Results of

HAIL-12 ( 3alfi1ey) Stabiffy BHE of AP WubSinate buffer)
HAIL-12 (50 and 100 mg/mL) 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

<

[dWdul

Ul

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



T=0 Sanple Carity %% C ip % Aggregate % Potency Mononer 5C Cl ear 99. 27
0.27 0.47 99 T=12 Weks Sanple Carity %% Cip % Aggregate % Pot ency
Monomer S5@00BA394899. 00 0.34 0.67 109 25C dear 98.05 0. 9PCI/UB42/FH93 37C
Clear 93.86 4.25 1.90 75 T=6 Months Sanple Carity %% dip % Aggregate %
Potency Mnoner 5C Clear 98.63 0.61 0.76 97 25C Clear 97.1 1.67 1.22 78
15 26 WO OB3bdsdusStapility Bssalis 60HAILTE0(160 tig/mix atbiakiony t@eperatwresnf HAlI L- 12
(100 ng/m) at Etg_bi ous tenperatures. T=0 Sarrple Clarity %% dip %

Aggr egat e—Monrorer5C Clear 992 031 0. 49 T-=12 Wsgks Sanple Carity % %
Cip % Aghregab@mPlonomer Clasttyl ear%9s. o| % €lip ) YsAegregatet|ear 97. 67 0. 95
1.38 37CLdear 93.26 4.|114 2.6 S5Movemgire| 11. Stability datja of HUEP5CT.
HUEPS5C7 (ganti-L5%| ecti n afiearbddy, 992 anfd .00 ng/ mQ.49mas flormul ated in 50
mM  histidine buffer, 125 nM sodi um chloride, 0.01% Tween 80, pH 6.0. The
on-going stability testing indicates that the fornulation is stable for

t hree nont hsTal2 Me&ksnd 45C

Sample Clarity % % 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 Example11. Stability data of HuEP5C7.
HuEP5C7 (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 results 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 HUEP5C?7 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
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and for at least 9 nonths at 5C. The results of the 9-nonth stability
testing at 5Cis 10 shown in Table-12. The results of the 3-nonth

accel eratwo osiadaBi ity testing is shown in Tablel 3. Tabl ePC2/USB/3d0p3 ity
Results of HUEP5C7 at 5C. 50 m/nL Sanple % % Cip % Aggregate % Pot ency
Mononmer T=0 98.54 0.30 1.17 83 T =9 nonths 99.08 0 0.91 99 100 ngy/nL
Sanmpl e %%Clip % Aggregate % Potency Mnoner T=098.56 0.23 1.21 79 T =

9 nont hs 02/ 36093 Table 13.
Stabi | ity RO tapef e demelpyey AP et Y Mol &6 9%
Clip % Aggregate % Potency Mononer 50 m m_ - 5C 99.48 0.14 0.39 121 50
nmg/ mL - 25C 983&doths3l 0.88 72 50 mnlL - 45C 98.26 0.99 0.76 107 100

ng/ mL - 5[C 99. 0.97793 =13 78 100 ng/nL -
45C 97.88 0. 92@‘1%'[l 6 91 § Fhe in en{"imgl#,’ Lodegreite :KO/L%&“%; process of

maki ng aned—gsir AY Hpedi+Ar—syeh—+uiH-—elead, conci se and
exact terls23 d_ a5 nnd-tzzi led %3P the I’lgl'r(') which it

pert ai ns, | 28 agd G g6 Slsane. 0.3t |s t§.8e under stPod |t hat the

f oregoi n p er9t8@a5 enbd9rent s @f7& he pregemt ijnventi on and

t hat nodiff il0akigmns -mrgbe G theregn Mt h@Lg7 departigyg friomthe scope of
t he presenjodﬁml O5e@3 S&Rg JeOT T[N J I The J.tid%;l ai n>. T’B% particul arly point

out and di FO0 HG ok - ﬁs&&u Tt iéﬁ‘g%uluj e o™ tet 1"2%garu pdl %1

5 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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invention, the follow ng clainms conclude this specification. 28 WD

03/ 039485 PCT/ US02/ 36093 What is clained is: 1. A stable liquid

phar maceuwpDa®alo3d48s nul ati on conpri sing: about 20-60 nM sucecmaise2/kwps er

havi ng pH from about pH 5.5 to about pH 6.5, 5 about 0.01 %- 0.1 %

pol ysorbate, a tonicity nodifier that contributes to isotonicity of the

f or mul at | Whatdaclaimedet er than 50 ng/ Ml anti body. 2. A stable liquid
pharmaceutical fornulation conprising: 10 about 30-70 nmM histidine buffer
havi ng pH from about pH 5.5 to about pH 6.5, about 0.01 %- 0.1 %

pol ysor bate, aAtshileligyidphaimdcentioahformylsHon COMPESNED | sotonicity of the
formul ati on, and t t ha . ant.i . AN Weltt

phar maceut i cal a4 Oélrt %@tﬁdnsugc%g%tr%g’flﬁg{@g 11% %I::I %%%y%brc’]lg?ﬁ ‘%{rbee}br?hfslﬁg's’

anti bogly concembdaDian,i-9. DyaMIRordakan 100 mg/ ml . 4. The stable |iquid
phar maceutical fornulation according to Claim1l or 2, wherein said

toni city nodif pémi¢ity adifiepthaiesmirhutesgo ssotarieityseldbe Eormudation, Biar maceut i cal
formul ati on accor{ji ﬁ‘% ':@ C:I%{ailleb wherein said NaC is at 75-150 mM 6.
The stable i qgfeaef) Py et &gt c?dgrrrul ation according to Caim4, wherein
said 25 MgCl2 is at 1-100 MM 7. The stable |iquid pharnmaceuti cal

formul ati on according to Claim1l or 2, wherein said pHis about pH 6.0 to
6.5. 30 82. TheAsttai¢ gqmiﬂqmannqwhaﬁqahﬁmuwla@an comprsingt i on according to Claim

1 or wher ei Ld pol ysorbate i.s.at. a centrati of abqu 02-0.04
o 29190 03/ 0388 SPerREABRiBRs 515 g rEC SR EbPRRIT S DhaPRl L Erca
fornul ation acggsfiond %Q od & pBlysoffatel, further conprising 0.01 to 0.5 %
EDTA. 10. The stable liquid pharmaceutical fornulation according to Claim1l

or 2, wherein a%omeiympdifierthat cantributessiv agsitenicity effitbe fora@@ionpandat | east one

year. greater than 50 mg/ml antibody.

15 3. The liquid pharmaceutical formulation according to Claim 1 or 2, wherein said

antibody concentration is greater than 100 mg/ml.

4. The stable liquid pharmaceutical formulation according to Claim 1 or 2, wherein

said tonicity modifier is NaCl or MgCl,.

20
5. The stable liquid pharmaceutical formulation according to Claim 4, wherein said
NaCl is at 75-150 mM.
6. The stable liquid pharmaceutical formulation according to Claim 4, wherein said
25 MgCl,is at 1-100 mM.
7. The stable liquid pharmaceutical formulation according to Claim 1 or 2, wherein
said pH is about pH 6.0 to 6.5.
30 & The stable liquid pharmaceutical formulation according to Claim 1 or 2, wherein

said polysorbate is at a concentration of about 0.02-0.04 %.
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11. The stable Iiquid pharmaceutical formulation according to daim1l or 2,
wherein said fornulation is stable at about 23-27C for at |east 6 nonths.
10 12. A wogajosbaphar maceuti cal formul ati on conprising: abear/ui02/6093rM
succi nate buffer having pH of fromabout pH 5.5 to about pH 6.5, about
0.01 % - 0,05 % pol ysorbate, about 75-150 nM sodium chloride, and greater
than 50 ngl-ni  ahts 58y liged ehemeacenting] fomaulgtion peessdisg sa Chagmdf orDafirthennab,

15 Flintozunab, - o 4 13. A liquid pharnaceutical
for mul ati on co%?ﬁﬁh‘é@%@%ﬁ?'yﬁ%g‘&m histidine buffer having pH of from

about pH 5.5 to about pH 6.5, about 0.01 %- 0.05 % pol ysorbate, 20 about
75-150 nM sodium chl oride, and greater than 50 ng/nml antibody sel ected from
the group Wonsi B siRplofiamd shemmasewical formplation pedordipitd Clodn lar@, WhEREC7. 25

30 5 said formulation is stable at about 2-8°C for at least one year.

11.  The stable liquid pharmaceutical formulation according to Claim 1 or 2, wherein

said formulation is stable at about 23-27°C for at least 6 months.

10 12. A liquid pharmaceutical formulation comprising:
about 20-60 mM succinate buffer having pH of from about pH 5.5 to about pH 6.5
about 0.01 % - 0.05 % polysorbate,
about 75-150 mM sodium chloride, and
greater than 50 mg/ml antibody selected from the group consisting of Daclizumab,
15 Flintozumab, HAIL-12, and HuEP5C7.

>

13. Aliquid pharmaceutical formulation comprising:
about 30-70 mM histidine buffer having pH of from about pH 5.5 to about pH 6.5,
about 0.01 % - 0.05 % polysorbate,
20 about 75-150 mM sodium chloride, and
greater than 50 mg/ml antibod}; selected from the group consisting of Daclizumab,
Flintozumab, HAIL-12, and HuEP5C7.
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