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Description

[0001] This application claims the benefit of U.S. Pro-
visional Application No. 60/360,257, filed February 27,
2002.

FIELD OF THE INVENTION

[0002] The present invention relates to an aqueous
pharmaceutical composition suitable for long-term stor-
age of polypeptides containing a soluble form of the p75
TNF receptor fused to an Fc domain methods of manu-
facture of the composition use of the composition in a
method of treatment and kits containing same.

BACKGROUND

[0003] WO 00/62790 A2 (Immunex Corporation) dis-
closes methods for treating medical disorders character-
ized by elevated levels or abnormal expression of TNF-
o by administering a TNF-o, antagonist, such as arecom-
binant TNFR:Fc.

[0004] WO 01/43773 A1 (Genentech Inc.) discloses
methods of treating an LFA-1 mediated disorder or a
TNF-a mediated disorder by administering, respectively,
an LFA-1 antagonist or a TNF-a antagonist. WO
01/43773 A1 also discloses lyophilized etanercept (EN-
BREL®), a fusion protein comprising human p75 linked
to the Fc portion of human IgG1, reconstituted in bacte-
riostatic water; and the use of this reconstituted compo-
sition in treating, inter alia, arthritis.

[0005] After production, polypeptides must typically be
stored prior to their use. Frequently, when stored for ex-
tended periods polypeptides are unstable in solution
(Manning et al., 1989, Pharm. Res. 6:903-918). Accord-
ingly, additional processing steps have been developed
to allow for a longer shelflife including drying, e.g., lyophi-
lization. However, lyophilized pharmaceutical composi-
tions are less convenient for the end user.

[0006] Typical practices to improve polypeptide stabil-
ity can be addressed by varying the concentration of el-
ements with the formulation, or by adding excipients to
modify the formulation (U.S. Patent Nos. 5,580,856 and
6,171,586). The use of additives, while improving stor-
age, can still results in inactive polypeptides. In addition,
in the case of lyophilization, the rehydration step can in-
troduce conditions that result in inactivation of the
polypeptide by, for example, aggregation or denaturation
(Horaetal., 1992, Pharm. Res., 9:33-36; Liu etal., 1991,
Biotechnol. Bioeng., 37:177-184). In fact, aggregation of
polypeptides is undesirable as it may result in immuno-
genicity (Cleland etal., 1993, Crit. Rev. Therapeutic Drug
Carrier Systems, 10:307-377; and Robbins et al., 1987,
Diabetes, 36:838-845).

[0007] The present invention addresses these issues
by providing a novel stable liquid formulation that allows
long term storage of a polypeptide containing a soluble
form of the p75 TNF receptor fused to an Fc domain.
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SUMMARY

[0008] The invention relates, in part, to a stable aque-
ous pharmaceutical composition comprising a therapeu-
tically effective amount of a soluble form of the p75 TNF
receptor fused to an Fc domain and, an aggregation in-
hibitor, wherein the aggregation inhibitor is L-arginine.
[0009] Optionally, the composition can include a buff-
er, a tonicity modifier and one or more excipients. In one
aspect, the buffer maintains the composition pH at a
range of about 6.0 and about 7.0. Preferably, the Fc do-
main containing polypeptide is stable in the present for-
mulation for at least three months at 2-8°C and/or is sta-
ble following one or more freezing and thawing cycles of
the formulation.

[0010] The invention also relates to a method of for-
mulating a pharmaceutical composition comprising com-
bining a soluble form of the p75 TNF receptor fused to
an Fc domain with L-arginine. Optionally, one can also
add to the pharmaceutical composition a buffer, a tonicity
modifier and/or an excipient. In one aspect, the pharma-
ceutical composition is formulated ata pH range between
pH 6.0 and 7.0.

[0011] Theinvention alsorelatestothe pharmaceutical
composition of the invention for use in a method of treat-
ing a mammal comprising administering a therapeutically
effective amount of the pharmaceutical composition de-
scribed herein, wherein the mammal has a disease or
disorder that can be beneficially treated with a soluble
form of the p75 TNF receptor fused to an Fc domain in
the composition.

[0012] In another embodiment, the present invention
is directed to a kit or container, which contains an aque-
ous pharmaceutical composition of the invention. The kit
can also be accompanied by instructions for use.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Figure 1: Size exclusion chromatography (SEC) data
for lots A, B, C and D, and lot 1 stored for up to 1
year at 2-8°C.

Figure 2: SEC data for lots A, B, C and D, and lot 1
stored for up to 1 year at 37°C.

Figure 3: Denatured SEC (dSEC) data for lots A, B,
C and D, and lot 1 stored for up to 1 year at 2-8°C.
Figure 4;: dSEC data for lots A, B, C and D, and lot
1 stored for up to 1 year at 37°C.

Figure 5: Hydrophobic interaction chromatography
(HIC) Peak 1 and Pre-peak 1 data for lots A, B, C
and D, and lot 1 stored for up to 1 year at 2-8°C.
Figure 6: HIC Peak 1 and Pre-peak 1 data for lots
A,B,CandD, andlot 1 stored forupto 1yearat37°C.
Figure 7: HIC Peak 2 data for lots A, B, C and D, and
lot 1 stored for up to 1 year at 2-8°C.

Figure 8: HIC Peak 2 data for lots A, B, C and D, and
lot 1 stored for up to 1 year at 37°C.
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Figure 9: HIC Peak 3 data for lots A, B, Cand D, and
lot 1 stored for up to 1 year at 2-8°C.

Figure 10: HIC Peak 3 data for lots A, B, C and D,
and lot 1 stored for up to 1 year at 37°C.

Figure 11: Binding activity of lots A, B, C and D, and
lot 1 stored for 12 months at-70, 2-8, 30, and 37°C.
Figure 12: Bioactivity of lots A, B, C and D, and lot
1 stored for 12 months at-70, 2-8, 30, and 37°C.

DETAILED DESCRIPTION

[0014] Inlong-term storage of pharmaceutical compo-
sitions containing polypeptides, including agueous and
lyophilized formulations, active polypeptides can be lost
due to aggregation and/ordegradation. Thus, the present
invention is directed to an aqueous formulation that sur-
prisingly allows for stable long-term storage of a phar-
maceutical composition wherein the active ingredient in
the composition is a soluble form of the p75 TNF receptor
fused to an Fc domain

[0015] This formulation is useful, in part, because it is
more convenient to use for the patient, as this formulation
does not require any extra steps such as rehydrating.
[0016] As used herein, the phrase "pharmaceutical
composition" is understood to refer to a formulation com-
prised of a polypeptide prepared such that it is suitable
for injection and/or administration into a patient in need
thereof. More particularly, a pharmaceutical composition
is substantially sterile and does not contain any agents
thatare unduly toxic orinfectious to the recipient. Further,
it is to be understood that, as used herein, a solution or
liquid formulation is meant to mean a liquid preparation
that contains one or more chemical substances dissolved
in a suitable solvent or mixture of mutually miscible sol-
vents.

[0017] In addition, as used herein, the term "about" is
understood to mean that there can be variation in the
concentration of a component of the described formula-
tion that can be to 5%, 10%, 15% or up to and including
20% of the given value. For example, if a formulation has
about 10 mg/ml of an Fc domain containing polypeptide,
this is understood to mean that a formulation can have
between 8 to 12 mg/ml of the stated polypeptide.
[0018] In one embodiment, the formulation is com-
prised of a soluble form of the p75 TNF receptor fused
to an Fc domain an aggregation inhibitor selected from
L-arginine and, optionally, a buffer, a tonicity modifier and
additional excipients as necessary. L-arginine has been
used to assist refolding of insoluble polypeptides, partic-
ularly those expressed to high levels in inclusion bodies
in bacteria. However, L-arginine has not been utilized
successfully to enhance stability of Fc domain containing
polypeptides in pharmaceutical compositions (Soejima
et al., 2001, J. Biochem., 130:369-277).

[0019] It is contemplated that the preparation of the
composition should be done in consideration of limiting
injection site discomfort. It is further contemplated that
additional active ingredients can also be included in the
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presently described composition, for example, to reduce
injection site discomfort. Such active ingredients include,
but are not limited to non-steroidal anti-inflammatory
drugs such as, for example, tromethamine, in an appro-
priate dosage.

Polypeptides

[0020] The Fc domain containing polypeptide is a sol-
uble form of the p75 NF receptor fused to an Fc domain
(TNFR:Fc).

[0021] A commercially available TNFR:Fcis known as
etanercept (Enbrel®, Immunex Corporation), which is a
dimeric fusion polypeptide consisting of the extracellular
ligand-binding portion of the human 75 kilodalton (p75)
tumor necrosis factor receptor (TNFR) linked to the Fc
portion of human IgG1. The Fc component of etanercept
contains the constant heavy 2 (CH2) domain, the con-
stant heavy 3 (CH3) domain and hinge region, but not
the constant heavy 1 (CH1) domain of human IgG1.
[0022] Etanercept is produced by recombinant DNA
technology in a Chinese hamster ovary (CHO) mamma-
lian cell expression system. It consists of 934 amino acids
and has an apparent molecular weight of approximately
150 kilodaltons (Physicians Desk Reference, 2002, Med-
ical Economics Company Inc.).

[0023] Other polypeptides suitable for use in the
present formulation include differentiation antigens (re-
ferred to as CD polypeptides) or their ligands or polypep-
tides substantially similar to either of these, which are
fused to an Fc domain of an antibody. Such antigens are
disclosed in Leukocyte Typing VI (Proceedings of the
Vlth International Workshop and Conference, Kishimoto,
Kikutani et al., eds., Kobe, Japan, 1996). Similar CD
polypeptides are disclosed in subsequent workshops.
Examples of such antigens include CD27, CD30, CD39,
CDA40, and ligands thereto (CD27 ligand, CD30 ligand,
etc.). Several of the CD antigens are members of the
TNF receptor family, which also includes 41BB ligand
and OX40. The ligands are often members of the TNF
family, as are 41BB ligand and OX40 ligand. Accordingly,
members of the TNF and TNFR families can be formu-
lated as described herein.

[0024] Enzymatically active polypeptides or their lig-
ands can also be formulated as described herein. Exam-
ples include recombinantfusion polypeptides comprising
an Fc domain of an antibody fused to all or part of one
of the following polypeptides or their ligands or a polypep-
tide substantially similar to one of these: metalloprotein-
ase-disintegrin family members, various kinases, glu-
cocerebrosidase, superoxide dismutase, tissue plas-
minogen activator, Factor VIII, Factor X, apolipoprotein
E, apolipoprotein A-I, globins, an IL-2 antagonist, alpha-
1 antitrypsin, TNF-alpha Converting Enzyme, ligands for
any of the above-mentioned enzymes, and numerous
other enzymes and their ligands.

[0025] The formulations and methods as described
herein can also be used to prepare pharmaceutical com-
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positions comprising antibodies, human antibodies, hu-
manized antibodies, chimeric antibodies, i.e. antibodies
having human constant antibody immunoglobulin do-
mains coupled to one or more murine variable antibody
immunoglobulin domain, and/or non-human antibodies,
or fragments thereof. Specific examples of antibodies
suitable for use in the present formulation include com-
mercially available antibodies such as muromonab-CD3
(Orthoclone OKT-3®, Ortho Biotech), abciximab (Reo-
Pro®, Lilly), rituximab (Rituxan®, IDEC), dacliximab (Ze-
napax®, Roche Laboratories), basiliximab (Simulect®,
Novartis), infliximab (Remicade®, Centocor), palivizum-
ab (Synagis®, Medimmune), trastuzumab (Herceptin®,
Genentech), gemtuzuman ozogamicin (Mylotarg™,
Wyeth-Ayerst), and alemtuzumab (Campath®, Berlex).
Currently each of the foregoing is available either as a
lyophilized powder requiring rehydration or as a concen-
traterequiring dilution priorto administration. The present
formulation obviates the need for any manipulations prior
to administration, e.g., rehydrating or dilution, while pre-
serving stability of the active ingredients over long-term
storage.

[0026] The pharmaceutical composition as described
herein can also be used to store polypeptides comprising
an antibody conjugated to a cytotoxic or luminescent sub-
stance. Such substances include: maytansine deriva-
tives (such as DM1); enterotoxins (such as a Staphylo-
coccal enterotoxins); iodine isotopes (such as iodine-
125); technetium isotopes (such as Tc-99m); cyanine
fluorochromes (such as Cy5.5.18); and ribosome-inacti-
vating polypeptides (such as bouganin, gelonin, or sa-
porin-S6).

[0027] Examples of antibodies or antibody/cytotoxin or
antibody/luminophore conjugates include those that rec-
ognize one or more of the following antigens: CD2, CD3,
CD4, CD8, CD11a, CD14, CD18, CD20, CD22, CD23,
CD25, CD33, CD40, CD44, CD52, CD80 (B7.1), CD86
(B7.2), CD147, IL-4, IL-5, IL-8, IL-10, IL-2 receptor, IL-4
receptor, IL-6 receptor, IL-13 receptor, PDGF-3, VEGF,
TGF, TGF-2, TGF-B1, EGF receptor, VEGF receptor,
C5 complement, IgE, tumor antigen CA125, tumor anti-
gen MUC1, PEM antigen, LCG (which is a gene product
that is expressed in association with lung cancer), HER-
2, atumor-associated glycoprotein TAG-72, the SK-1 an-
tigen, tumor-associated epitopes that are present in el-
evated levels in the sera of patients with colon and/or
pancreatic cancer, cancer-associated epitopes or
polypeptides expressed on breast, colon, squamous cell,
prostate, pancreatic, lung, and/or kidney cancer cells
and/or on melanoma, glioma, or neuroblastoma cells,
TRAIL receptors 1, 2, 3 and 4, the necrotic core of a
tumor, integrin alpha 4 beta 7, the integrin VLA-4, B2
integrins, TNF-o, the adhesion molecule VAP-1, epithe-
lial cell adhesion molecule (EpCAM), intercellular adhe-
sion molecule-3 (ICAM-3), leukointegrin adhesin, the
platelet glycoprotein gp llb/llla, cardiac myosin heavy
chain, parathyroid hormone, rNAPc2 (which is an inhib-
itor of factor Vlla-tissue factor), MHC |, carcinoembryonic
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antigen (CEA), alpha-fetoprotein (AFP), tumor necrosis
factor (TNF), CTLA-4 (which is a cytotoxic T lymphocyte-
associated antigen), Fc-y-1 receptor, HLA-DR 10 beta,
HLA-DR antigen, L-selectin, IFN-y, Respiratory Syncitial
Virus, human immunodeficiency virus (HIV), hepatitis B
virus (HBV), Streptococcus mutans, and Staphylococcus
aureus.

[0028] The formulations can also be used for anti-idi-
otypic antibodies, or substantially similar polypeptides,
including but not limited to anti-idiotypic antibodies
against: an antibody targeted to the tumor antigen gp72;
an antibody against the ganglioside GD3; or an antibody
against the ganglioside GD2.

[0029] The Fcdomain containing polypeptide suitable
for storage in the present pharmaceutical composition
can be produced by living host cells that express the
polypeptide, such as hybridomas in the case of antibod-
ies, or host cells that that have been genetically engi-
neered to produce the polypeptide in the case of fusion
polypeptides or antibodies. Methods of genetically engi-
neering cells to produce polypeptides are well known in
the art. See, e.g., Ausubel et al., eds. (1990), Current
Protocols in Molecular Biology (Wiley, New York). Such
methods include introducing nucleic acids that encode
and allow expression of the polypeptide into living host
cells. These host cells can be bacterial cells, fungal cells,
or, preferably, animal cells grown in culture. Bacterial
host cells include, but are not limited to, Escherichia coli
cells. Examples of suitable E. colistrains include: HB101,
DH5a, GM2929, JM109, KW251, NM538, NM539, and
any E. coli strain that fails to cleave foreign DNA. Fungal
host cells that can be used include, but are not limited
to, Saccharomyces cerevisiae, Pichia pastoris and As-
pergillus cells. A few examples of animal cell lines that
can be used are CHO, VERO, BHK, HelLa, Cos, MDCK,
293, 3T3, and WI38. New animal cell lines can be estab-
lished using methods well know by those skilled in the
art (e.g., by transformation, viral infection, and/or selec-
tion). Optionally, the polypeptide can be secreted by the
host cells into the medium.

[0030] Purification of the expressed Fc domain con-
taining polypeptide can be performed by any standard
method. When the Fc domain containing polypeptide is
produced intracellularly, the particulate debris is re-
moved, for example, by centrifugation or ultrafiltration.
When the polypeptide is secreted into the medium, su-
pernatants from such expression systems can be first
concentrated using standard polypeptide concentration
filters. Protease inhibitors can also be added to inhibit
proteolysis and antibiotics can be included to prevent the
growth of microorganisms.

[0031] The Fc domain containing polypeptide can be
purified using, for example, hydroxyapatite chromatog-
raphy, gel electrophoresis, dialysis, and affinity chroma-
tography, and any combination of purification techniques
known or yet to discovered. For example, protein A can
be used to purify Fc domain containing polypeptides that
are based on human gamma 1, gamma 2, or gamma 4
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heavy chains (Lindmark et al., 1983, J. Immunol. Meth.
62:1-13). Protein G is recommended for all mouse iso-
types and for human gamma 3 (Guss et al., 1986, EMBO
J. 5:1567-1575).

[0032] Other techniques for polypeptide purification
such as fractionation on an ion-exchange column, etha-
nol precipitation, reverse phase HPLC, chromatography
on silica, chromatography on heparin SEPHAROSET™,
chromatography on an anion or cation exchange resin
(such as a polyaspartic acid column), chromatofocusing,
SDS-PAGE, and ammonium sulfate precipitation can al-
so be utilized depending on need.

Pharmaceutical Composition

[0033] The presentpharmaceutical compositionis pre-
pared by combining, in addition to a purified polypeptide
described above, an aggregation inhibitor. Further, a
buffer, a tonicity modifier and an additional excipient can
be added as needed. Itwill be understood one of ordinary
skill in the art that the combining of the various compo-
nents to be included in the composition can be done in
any appropriate order, namely, the buffer can be added
first, middle or last and the tonicity modifier can also be
added first, middle or last. It is also to be understood by
one of ordinary skill in the art that some of these chem-
icals can be incompatible in certain combinations, and
accordingly, are easily substituted with different chemi-
cals that have similar properties but are compatible in
the relevant mixture.

[0034] Aggregation inhibitors reduce a polypeptide’s
tendency to associate in inappropriate or unwanted ter-
nary or quaternary complexes. Unexpectedly, the
present inventors have found that the amino acids L-ar-
ginine and/or, L-cysteine, act to reduce aggregation of
Fc domain containing polypeptide in a formulation for
long periods, e.g., two years or more. The concentration
of the aggregation inhibitor inthe formulation is preferably
between about 1 mM to 1M, more preferably about 10
mM to about 200 mM, more preferably about 10 mM to
about 100 mM, even more preferably about 15 mM to
about 75 mM, and yet more preferably about 25 mM.
These compounds are available from commercial sup-
pliers.

[0035] Buffering agents maintain pH in adesired range
and various buffers suitable for use in the pharmaceutical
composition of the invention include histidine, potassium
phosphate, sodium or potassium citrate, maleic acid, am-
monium acetate, tris-(hydroxymethyl)-aminomethane
(tris), various forms of acetate and diethanolamine. One
preferred buffer is sodium phosphate as its buffering ca-
pacity is ator near pH 6.2. The concentration of the buffer
in the formulation is preferably between about 1 mM to
about 1M, more preferably about 10 mM to about 200
mM. Buffers are well known in the art and are manufac-
tured by known methods and available from commercial
suppliers.

[0036] When the pH of the pharmaceutical composi-
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tion is set at or near physiological levels comfort of the
patient upon administration is maximized. In particular,
it is preferred that the pH be within a range of pH about
5.8t0 8.4, with about 6.2 to 7.4 being preferred, however,
it is to be understood that the pH can be adjusted as
necessary to maximize stability and solubility of the
polypeptide in a particular formulation and as such, a pH
outside of physiological ranges, yet tolerable to the pa-
tient, is within the scope of the invention.

[0037] A tonicity modifier is understood to be a mole-
cule that contributes to the osmolality of a solution. The
osmolality of a pharmaceutical composition is preferably
regulated in order to maximize the active ingredient’s sta-
bility and also to minimize discomfort to the patient upon
administration. Where serum is approximately 300 +/- 50
milliosmolals per kilogram. It is generally preferred that
a pharmaceutical composition be isotonic with serum,
ie., having the same or similar osmolality, which is
achieved by addition of a tonicity modifier, thus it is con-
templated that the osmolality will be from about 180 to
about 420 milliosmolals, however, it is to be understood
that the osmolality can be either higher or lower as spe-
cific conditions require. Examples of tonicity modifiers
suitable for modifying osmolality include, but are not lim-
ited to amino acids (e.g., arginine, cysteine, histidine and
glycine), salts (e.g., sodium chloride, potassium chloride
and sodium citrate) and/or saccharides (e.g., sucrose,
glucose and mannitol). The concentration of the tonicity
modifier in the formulation is preferably between about
1 mM to 1M, more preferably about 10 mM to about 200
mM. Tonicity modifiers are well known in the art and are
manufactured by known methods and available from
commercial suppliers.

[0038] Excipients, also referred to as chemical addi-
tives, co-solutes, or co-solvents, that stabilize the
polypeptide while in solution (also in dried or frozen
forms) can also be added to a pharmaceutical composi-
tion. Examples include but are not limited to sugars/poly-
ols such as: sucrose, lactose, glycerol, xylitol, sorbitol,
mannitol, maltose, inositol, trehalose, glucose; polymers
such as: serum albumin (bovine serum albumin (BSA),
human SA or recombinant HA), dextran, PVA, hydroxy-
propyl methylcellulose (HPMC), polyethyleneimine, gel-
atin, polyvinylpyrrolidone (PVP), hydroxyethylcellulose
(HEC); non-aqueous solvents such as: polyhydric
alcohols, .(e.g., PEG, ethylene glycol and glycerol)
dimethysulfoxide (DMSO) and dimethylformamide
(DMF); amino acids such as: proline, L-serine, sodium
glutamic acid, alanine, glycine, lysine hydrochloride, sar-
cosine and gamma-aminobutyric acid; surfactants such
as: Tween-80, Tween-20, SDS, polysorbate, polyoxyeth-
ylene copolymer; and miscellaneous excipients such as:
potassium phosphate, sodium acetate, ammonium sul-
fate, magnesium sulfate, sodium sulfate, trimethylamine
N-oxide, betaine, metal ions (e.g., zinc, copper, calcium,
manganese, and magnesium), CHAPS, monolaurate, 2-
O-beta-mannoglycerate or any combination of the
above.
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[0039] The concentration of one or more excipients in
a formulation of the invention is/are preferably between
about 0.001 to 5 weight percent, more preferably about
0.1 to 2 weight percent. Excipients are well known in the
art and are manufactured by known methods and avail-
able from commercial suppliers.

[0040] Inone illustrative embodiment, a formulation of
the invention can comprise about 25 to about 50 mg of
a soluble form of the p75 TNF receptor fused to an Fc
domain (etanercept), about 10 mM to about 100 mM L-
arginine, about 10 mM to about 50 mM sodium phos-
phate, about 0.75% to about 1.25% sucrose, about 50
mM to about 150 mM NaCl, at about pH 6.0 to about pH
7.0. In another embodiment L-arginine can be replaced
with L-cysteine (at about 1 to about 500 micromolar) in
the formulation. In yet another embodiment, the pH can
be about pH 7.0. In another specific embodiment, a for-
mulation of the invention can comprise about 25 mg/mi
of a soluble form of the p75 TNF receptor fused to an Fc
domain, about 25 mM L-arginine, about 25 mM sodium
phosphate, about 98 mM sodium chloride, and about 1%
sucrose at about pH 6.2.

[0041] In yet another embodiment, a formulation of a
soluble form of the p75 TNF receptor fused to an Fc do-
main about 10 mM to about 100 mM L-arginine, about
10 mM to about 50 mM sodium phosphate, about 0 to
5% Mannitol and 0 to 0.2% Tween-20 at about pH 6to 7.
[0042] In yet another embodiment, the invention pro-
vides a use for treating a mammal comprising adminis-
tering a therapeutically effective amount of the pharma-
ceutical composition described herein, wherein the mam-
mal has a disease or disorder that can be beneficially
treated witch a soluble form of the p75 TNF receptor
fused to an Fc domain in the composition. In yet another
embodiment, the Fc domain containing polypeptide is
derived from the same species of mammal as is to be
treated with the composition. In a particular embodiment,
the mammal is a human patient in need of treatment.
When the Fc domain containing polypeptide of the com-
position is a soluble form of the p75 TNF receptor fused
to an Fc domain, examples of diseases or disorders that
can be treated include but are not limited to rheumatoid
arthritis, psoriatic arthritis, ankylosing spondylitis, Wege-
ner’s disease (granulomatosis), Crohn’s disease (or in-
flammatory bowel disease), chronic obstructive pulmo-
nary disease (COPD), Hepatitis C, endometriosis, asth-
ma, cachexia, psoriasis, and atopic dermatitis. Additional
diseases or disorders that can be treated with TNFR:Fc
include those described in WO 00/62790, WO 01/62272
and U.S. Patent Application No. 2001/0021380.

[0043] Moreover, the present pharmaceutical compo-
sition provides improved long-term storage such that the
active ingredient, e.g., a soluble form of the p75 TNF
receptor fused to an Fc domain, is stable over the course
of storage either in liquid or frozen states. As used herein,
the phrase "long-term" storage is understood to mean
that the pharmaceutical composition can be stored for
three months or more, for six months or more, and pref-
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erably for one year or more. Long term storage is also
understood to mean that the pharmaceutical composition
is stored either as a liquid at 2-8°C or is frozen, e.g., at
-20°C or colder. It is also contemplated that the compo-
sition can be frozen and thawed more than once. The
term "stable" with respect to long-term storage is under-
stood to mean that the active polypeptide of the pharma-
ceutical composition does not lose more than 20%, or
more preferably 15%, or even more preferably 10%, and
most preferably 5% of its activity relative to activity of the
composition at the beginning of storage.

Effective Dose of the Pharmaceutical Composition

[0044] The appropriate dosage, or therapeutically ef-
fective amount, of a soluble form of the p75 TNF receptor
fused to an Fc domain of the formulation will depend on
the condition to be treated, the severity of the condition,
prior therapy, and the patient’s clinical history and re-
sponse to the therapeutic agent. The proper dose can
be adjusted according to the judgment of the attending
physician such that it can be administered to the patient
one time or over a series of administrations. The phar-
maceutical composition can be administered as a sole
therapeutic or in combination with additional therapies
as needed.

[0045] In one embodiment, the effective amount of a
soluble form of the p75 TNF receptor fused to an Fc do-
main per adult dose ranges from about 1-500 mg/m?2, or
from about 1-200 mg/m2, or from about 1-40 mg/m? or
about 5-25 mg/m?2. Alternatively, a flat dose may be ad-
ministered, whose amount may range from 2-500
mg/dose, 2-100 mg/dose or from about 10-80 mg/dose.
If the dose is to be administered more than one time per
week, an exemplary dose range is the same as the fore-
going described dose ranges or lower and preferably ad-
ministered two or more times per week at a per dose
range of 25-100 mg/dose. In another embodiment, an
acceptable dose for administration by injection contains
80-100 mg/dose, or alternatively, containing 80 mg per
dose. The dose can be administered at biweekly, weekly
doses, or separated by several weeks (for example 2 to
8). In this example TNFR:Fc (etanercept) is generally
administered at 25 mg by a single subcutaneous (SC)
injection.

[0046] In many instances, an improvement in a pa-
tient’s condition will be obtained by a dose of up to about
100 mg of the pharmaceutical composition one to three
times per week over a period of at least three weeks,
though treatment for longer periods may be necessary
to induce the desired degree of improvement. For incur-
able chronic conditions the regimen may be continued
indefinitely. For pediatric patients (ages 4-17), a suitable
regimen involves a dose of 0.4 mg/kg to 5 mg/kg of a the
polypeptides of the invention, administered one or more
times per week.

[0047] In another embodiment, it is contemplated that
the pharmaceutical formulation of the invention is pre-
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pared in a bulk formulation and as such, the components
of the pharmaceutical composition are adjusted so that
it is higher than would be required for administration and
diluted appropriately prior to administration.

Administration of the Pharmaceutical Composition

[0048] The pharmaceutical compositions of this inven-
tion are particularly useful for parenteral administration,
i.e., subcutaneously, intramuscularly, intravenously, in-
traperitoneal, intracerebrospinal, intra-articular, intrasyn-
ovial, and/or intrathecal. Parenteral administration can
be by bolus injection or continuous infusion. Pharmaceu-
tical compositions for injection may be presented in unit
dosage form, e.g., in ampoules or in multi-dose contain-
ers, with an added preservative. In addition, a number of
recent drug delivery approaches have been developed
and the pharmaceutical compositions of the present in-
vention are suitable for administration using these new
methods, e.g., Inject-ease™, Genject™, injector pens
such as GenPen™, and needleless devices such as
MediJector™ and BioJector™. The present pharmaceu-
tical composition can also be adapted for yet to be dis-
covered administration methods. See also Langer, 1990,
Science, 249:1527-1533.

[0049] The pharmaceutical composition can also be
formulated as a depot preparation. Such long acting for-
mulations may be administered by implantation (for ex-
ample subcutaneously or intramuscularly) or by intra-
muscular injection. Thus, for example, the formulations
may be modified with suitable polymeric or hydrophobic
materials (for example as an emulsion in an acceptable
oil) or ion exchange resins, or as sparingly soluble deriv-
atives, for example, as a sparingly soluble salt.

[0050] The pharmaceutical compositions may, if de-
sired, be presented in a vial, pack or dispenser device
which may contain one or more unit dosage forms con-
taining the active ingredient. In one embodiment the dis-
penser device can comprise a syringe having a single
dose of the liquid formulation ready for injection. The sy-
ringe can be accompanied by instructions for adminis-
tration.

[0051] In another embodiment, the present invention
is directed to a kit or container, which contains an aque-
ous pharmaceutical composition of the invention. The
concentration of the polypeptide in the aqueous pharma-
ceutical composition can vary over a wide range, but is
generally within the range of from about 0.05 to about
20,000 micrograms per milliliter (ng/ml) of aqueous for-
mulation. The kit can also be accompanied by instruc-
tions for use.

[0052] The invention will be more fully understood by
reference to the following examples. The examples
should not, however, be construed as limiting the scope
of the invention.
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EXAMPLES

Example 1

[0053] In order to determine the best excipient to pre-
ventaggregation of an Fcdomain containing polypeptide,
TNFR:Fc was produced and tested for light scattering of
a sample (Is) containing the TNFR:Fc with various ex-
cipients after incubation at 51°C +/-1°C, and compared
to light scattering of a control (Ic) sample with TNFR:Fc
alone stored at 2-8°C. Theratio is measured as Is/Ic, and
a ratio of one represents a theoretical baseline where
thereis nochangeinthelightscattering, i.e., aggregation,
of the test compound. The various excipients tested in-
cluded 5% ascorbic acid, 5% mannitol, 10% sucrose, 1%
polyvinylpyrrolidone (PVP-K15), 0.1% polyethylene gly-
col (PEG, Mw=1000), 0.6% ethanol, 1.2% glycine, 2%
L-arginine, 0.01% Pluronic F68, 1.6% Betaine and 1.5%
L-cysteine. Surprisingly, L-arginine was the only aggre-
gation inhibitor found to keep the Is/Ic ratio below one for
the entire 200 hour test period.

Example 2

[0054] TNFR:Fc produced and denoted as lots A, B,
C and D were evaluated against TNFR:Fc produced by
a different method and having higher initial aggregation
(lot 1) for stability in a liquid formulation (25 mM phos-
phate, 25 mM L-arginine, 98 mM NaCl, 1% sucrose, at
pH 6.2) in syringes or glass vials at -70°C, -20°C, 2-8°C,
30°C, and 37°C. Samples were analyzed by size exclu-
sion chromatography (SEC), denatured SEC (dSEC), hy-
drophobic interaction chromatography (HIC), sodium do-
decylsulfate polyacrylamide gel electrophoresis (SDS-
PAGE), and for binding and bioactivity at various time-
points. The bioactivity can be measured by any number
of assays including by SEC, dSEC, HIC, binding activity
and bioactivity, as discussed below.

Size Exclusion Chromatography:

[0055] SEC was used to assess the level of high mo-
lecular weight (HMW) species (aggregate that formed)
in the samples during storage. Low molecular weight
(LMW) species are better resolved by dSEC and that
data can be found in the next section. Figure 1 shows
the SEC data for the samples stored at 2-8°C and Figure
2 shows the SEC data for samples stored under accel-
erated conditions of 37°C.

[0056] Data was also collected for samples stored at
30°C (data not shown) and the levels of HMW species
were intermediate to those seen at 2-8°C and 37°C. Dur-
ing storage for 1 year at 2-8°C, aggregate levels re-
mained stable, or increased less than 0.6% in the worst
case for lot A. No significant increases in aggregate were
seen during storage at 2-8°C. Under accelerated condi-
tions during storage at 37°C, aggregate levels in lot 1
increased to 19% during 12 months, andto 14% and 12%
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in lot A and B, respectively. The slope of the lines were
very similar, showing that the molecules aggregated at
the same rate, and that the differences between lots A-
D andlot 1 aredue to the initial levels of aggregate, higher
in lot 1 than lots A-D. For lot B, there was no difference
between samples stored in a vial at -70°C, in a syringe
at-70°C, inasyringe at-20°C, orin asyringe after thermal
treatment and storage at -20°C (data not shown). All val-
ues were within 0.4% of the -70°C vial control (and the
time 0 value) after 12 months of storage.

Denatured Size Exclusion Chromatography:

[0057] Denatured SEC (dSEC) quantitation of the low
molecular weight (LMW) species is shown in Figure 3 for
samples stored at 2-8°C, and Figure 4 for samples stored
at 37°C. Lots A-D and lot 1 were analyzed by dSEC after
storage for up to 1 year at 2-8°C, but lots C and D were
not analyzed past 6 months of storage under the accel-
erated conditions of 37°C. During storage at 37°C, lot 1
and lots A, B, and C showed similar breakdown, while
lot D showed higher breakdown during heat stressing
than lot 1 and the other lots. The similarity in lots A and
B and lot 1 was also seen during storage at 30°C (data
not shown), with levels of breakdown intermediate to that
seenat2-8°Cand 37°C. Forlot B, there was nodifference
between samples stored in a vial at -70°C, in a syringe
at-70°C, inasyringe at-20°C, orin asyringe after thermal
treatment and storage at - 20°C (data not shown). All
values after 12 months of storage at -70°C and -20°C
were within 0.7% of each other and the time 0 value.
[0058] During storage at 30°C (data not shown), the
%LMW by dSEC for lot A tracks well with lot B, although
both lots show slightly higher levels of breakdown than
lot 1 at this temperature. Lot D shows higher levels of
LMW species at both 2-8°C and 37°C at all timepoints,
including time 0. The breakdown products in lot D appear
to be largerin size thanis typically seen by dSEC analysis
of stressed TNFR:Fc samples. These different species
are seen after storage at both 2-8°C and 37°C.

Hydrophobic Interaction Chromatography:

[0059] HIC was used to separate various TNFR:Fc-
related species. Peak 1 (and an earlier eluting peak de-
noted as pre-peak 1) has been shown to consist mainly
of low molecular weight species. Peak 2 includes the
folded, intact dimer (active). Peak 3 includes aggregated
material and less active dimers.

[0060] HIC peak 1 data are shown in Figure 5 for sam-
ples stored at 2-8°C and Figure 6 for samples stored at
37°C. For all lots except lot D, levels of LMW species
remains relatively constant (within 1.2% over 12 months)
for samples stored at 2-8°C. If the average value for the
-70°C samples is used in place of the time 0 value for lot
A, the curves for all lots except lot D align well. Lot D
shows more peak 1 than the other lots, corroborating the
high levels of LMW species seen by dSEC. After heat
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stressing the samples at 37°C for up to 1 year, lot B and
lot 1 show approximately 30% HIC peak 1, whereas lot
A shows approximately 45% HIC peak 1. Lot D showed
47% HIC peak 1 after only 6 months of stressing at 37°C.
[0061] As noted above, HIC peak 2 represents the
most desired, active species. Figures 7 and 8 show the
% HIC peak 2 for samples stored at 2-8°C and 37°C,
respectively. Although lot 1 starts out at a lower initial %
peak 2, itretains the level of active species during storage
for 12 months at2-8°C. Lots A, B, and C also retain active
species during the 12 months of refrigerated storage. Un-
der accelerated conditions of 37°C, all lots tested lose
HIC peak 2 during storage.

[0062] HIC peak 3 levels remained essentially con-
stant during 1 year of storage at 2-8°C (Figure 9). Vari-
ation in % peak 3 for all lots ranged between 1 and 3%,
well within the error of integration. For lots A, B, C and
D, HIC peak 3 does not show baseline resolution, intro-
ducing more variability in integration. For lot 1, the peak
is more clearly defined. After storage at 37°C, the HIC
peak 3 levels in lot 1 are more variable, but remain fairly
constant, except for a possible increase at 12 months
(Figure 11). Between lots A-D, no clear differences were
seen after storage at 37°C, except for at 12 months,
where lot B shows an increase in HIC peak 3 level.

Sodium DodecylSulfate-PolyAcrylamide Gel Electro-
phoresis:

[0063] SDS-PAGE analysis of samples stored for 12
months at-70°C, -20°C, 2-8°C, 30°C, and 37°C was per-
formed. Lot A had an increase in bands associated with
both a ~50kD and ~34kD breakdown fragment after stor-
age at 2-8°C for 1 year. At elevated temperatures, ex-
tensive degradation was seen, with many small molec-
ular weight bands showing increased intensities.

[0064] Lot 1 showed no change after 1 year of storage
at2-8°C, but showed increased ~50kD and ~34kD break-
down fragment after 1 year at 30 and 37°C. Lot B showed
no changes during storage for 12 months at -70°C (vial
or syringe) or in syringes at-20°C, with or without thermal
treatment to eliminate supercooling. After 12 months at
2-8°C, however, bands corresponding to both the ~50kD
and ~34kD breakdown fragment fragments showed in-
creased intensity. Storage at 30 or 37°C for 1 year re-
sulted in breakdown, with many small molecular weight
bands in addition to the previously discussed ~50kD and
~34kD breakdown fragment.

[0065] Lots C and D were analyzed after storage for
12 months at -70°C and 2-8°C. Lot 1, and lots B, C and
D are were analyzed after storage for 12 months at-70°C
and 2-8°C and showed similar patterns of degradation
as noted above.

Binding and Bioactivity:

[0066] Figure 11 shows the binding activity data de-
rived from an ELISA, for lots A-D and lot 1 stored for 6
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and 12 months at -70°C, 2-8°C, 30°C, and 37°C. The
error bars on the -70°C samples indicate +/-30%. Only
values outside of these error bars will be considered sig-
nificant due to assay variability. Lots A and B retained
full binding activity after 6 months at 2-8 and 30°C, but
at 12 months, only the samples stored at 2-8°C main-
tained full binding activity. Lot 1 was able to maintain full
activity for up to 12 months after storage at both 2-8 and
30°C, despite showing LMW levels of 13.6% (by dSEC;
data not shown) and 8% HMW (by SEC; data not shown)
after 1 year at 30°C. Lots C and D also retained full bind-
ing activity after 1 year of storage at2-8°C, despite higher
levels of breakdown products seen in lot D by dSEC and
HIC.

[0067] An example of a TNFR:Fc bioassay is to inhibit
the negative growthresponse of a cell line to human TNF-
alpha. The presence of TNF-alpha inhibits the cells from
growing through induction of apoptosis. The presence of
biologically active soluble rhuTNF receptor (TNFR:Fc)
specifically neutralizes TNF-alpha in a dose-dependent
manner. A TNFR reference standard, control, and sam-
ples are added and titrated in a 96 well microtiter plate
format. A known concentration of cells is added to each
well followed by addition of TNF-alpha. After an incuba-
tion period, non-adherent cells are removed by gently
washing with phosphate buffered saline (PBS) and the
remaining cells are stained. After an incubation period,
each well is read. The units of each well are directly pro-
portional to the specific activity of TNFR. The results for
the bioactivity assay (Figure 12) corroborate the binding
assay data.

Conclusions:

[0068] Lots B and C formulated in a liquid phosphate
formulation (25 mM phosphate, 25 mM L-arginine, 98
mM NaCl, 1% sucrose, pH 6.2) were shown to be as
stable as lot 1 in the same formulation for 1 year at-70°C
or 2-8°C. Lots A-D showed less aggregation than lot 1,
and were equivalent in terms of breakdown into lower
molecular weight species (less than 4% LMW by dSEC
at 12 months). Both lot 1 and the lots A-D showed in-
creased breakdown and aggregation at elevated temper-
atures of 30 and 37°C, but the lots that performed equal
to lot 1 for up to one year at 2-8°C showed equivalence
to lot 1 during heat stressing for 1 year. Lot D was shown
to be less stable in the accelerated assay with high levels
of low molecular weight breakdown products.

[0069] The data from the accelerated stability testing
at 30 and 37°C corresponds with the long-term stability
at 2-8°C, and hence provides a method to accelerate the
testing of the long-term stability of a formulated polypep-
tide at low temperatures without requiring a long-term
stability assessment. Samples of lot B stored frozen in
syringes at -70°C and -20°C showed similar stability to
samples stored frozen in a vial at -70°C, supporting the
use of anembodiment of a pre-filled syringe stored frozen
until delivery to the patient.
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Claims

10.

1.

A pharmaceutical composition that is a stable aque-
ous formulation comprising a soluble form of the p75
TNF receptor fused to an Fc domain and an aggre-
gation inhibitor, wherein the aggregation inhibitor is
L-arginine.

The composition of claim 1, further comprising a buff-
er.

The composition of claim 2, wherein the buffer is
selected from the group consisting of sodium phos-
phate, histidine, potassium phosphate, sodium or
potassium citrate, maleic acid, ammonium acetate,
tris-(hydroxymethyl)-aminomethane (tris), acetate
and diethanolamine.

The composition of claim 3, wherein the L-arginine
is at a concentration of from 10 mM to 100mM.

The composition of any one of claims 1, 2, 3 or 4,
further comprising a tonicity modifier.

The composition of claim 5, wherein the tonicity mod-
ifier is selected from the group consisting of arginine,
cysteine, histidine, glycine, sodium chloride, potas-
sium chloride, sodium citrate, sucrose, glucose and
Mannitol.

The composition of claim 6, wherein the tonicity mod-
ifier is sodium chloride.

The composition of any one of claims 1, 2, 3, or 4,
further comprising an excipient.

The composition of claim 6, further comprising an
excipient.

The composition of claim 7, further comprising an
excipient.

A composition of claim 8, wherein the excipient is
selected from the group consisting of sucrose, lac-
tose, glycerol, xylitol, sorbitol, Mannitol, maltose, in-
ositol, trehalose, glucose, bovine serum albumin
(BSA), human SA or recombinant HA, dextran, PVA,
hydroxypropyl methylcellulose (HPMC), polyethyle-
neimine, gelatin, polyvinylpyrrolidone (PVP), hy-
droxyethylcellulose (HEC), polyethylene glycol, eth-
ylene glycol, glycerol, dimethysulfoxide (DMSO),
dimethylformamide (DMF), proline, L-serine, sodium
glutamic acid, alanine, glycine, lysine hydrochloride,
sarcosine, gamma-aminobutyric acid, Tween-20,
Tween-80, SDS, polysorbate, polyoxyethylene co-
polymer, potassium phosphate, sodium acetate, am-
monium sulfate, magnesium sulfate, sodium sulfate,
trimethylamine N-oxide, betaine, zinc ions, copper



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

17

ions, calcium ions, manganese ions, magnesium
ions, CHAPS, sucrose monolaurate, and 2-O-beta-
mannoglycerate.

The composition of claim 11, wherein the excipient
is sucrose.

The stable pharmaceutical composition of claim 1
comprising 10 mg/ml to 100 mg/ml soluble form of
the p75 TNF receptor fused to an Fc domain, L-ar-
ginine, sodium phosphate, sodium chloride and su-
crose.

The composition of claim 13, wherein L-arginine is
10 mM to 75 mM.

The composition of claim 13, wherein sodium phos-
phate is 5 mM to 100 mM.

The composition of claim 13, wherein sodium chlo-
ride is 5 mM to 200 mM.

The composition of claim 13, wherein sucrose is
0.5% to 1.5%.

The composition of claim 13, whereinpH is5.5t0 7.8.

The composition of claim 13, having 25 mg/ml solu-
ble form of the p75 TNF receptor fused to an Fc do-
main, 25 mM L-arginine, 25 mM sodium phosphate,
98 mM sodium chloride, 1% sucrose at pH 6.2.

The composition of any one of claims 1, 13 or 19,
wherein the composition is liquid.

The composition of claim 20, wherein the composi-
tion is frozen.

A method of formulating a composition comprising
combining a soluble form of the p75 TNF receptor
fused to an Fc domain with L-arginine.

The method of claim 22, further comprising the steps
of combining a buffer, a tonicity modifier, and an ex-
cipient with the composition.

The method of claim 22 or 23, wherein the compo-
sition is liquid.

A kit comprising a composition comprising a soluble
form of the p75 TNF receptor fused to an Fc domain
and L-arginine.

The kit of claim 25, wherein the composition is liquid.

The kit of claim 25 or 26, wherein the composition is
stored in a pre-filled sterile syringe.
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The kit of claim 27, wherein the syringe is stored at
about -20 deg. C to about -70 deg. C.

A pharmaceutical composition of any one of claims
4 or 13 for use in a method of treating a mammal in
need thereof comprising administering a therapeu-
tically effective amount of the pharmaceutical com-
position.

Use of L-arginine for stabilizing a soluble form of the
p75 TNF receptor fused to an Fc domain in a com-
position according to any one of claims 1 to 21.

Patentanspriiche

10.

Pharmazeutische Zusammensetzung, die eine sta-
bile wassrige Formulierung ist, umfassend eine 16s-
liche Form des p75 TNF-Rezeptors, der mit einer
Fc-Domane fusioniert ist, und einen Aggregations-
inhibitor, wobei der Aggregationsinhibitor L-Arginin
ist.

Zusammensetzung nach Anspruch 1, weiterhin um-
fassend einen Pfuffer.

Zusammensetzung nach Anspruch 2, wobeider Puf-
fer aus der Gruppe ausgewahlt ist bestehend aus
Natriumphosphat, Histidin, Kaliumphosphat, Natri-
um- oder Kaliumcitrat, Maleinsaure, Ammoniumace-
tat, Tris-(hydroxymethyl)-aminomethan (Tris), Ace-
tat und Diethanolamin.

Zusammensetzung nach Anspruch 3, wobei das L-
Arginin bei einer Konzentration von etwa 10 mM bis
etwa 100mM vorliegt.

Zusammensetzung nach einem der Anspriiche 1, 2,
3 oder 4, weiterhin umfassend einen Tonizitatsmo-
difizierer.

Zusammensetzung nach Anspruch 5, wobei der To-
nizitdtsmodifizierer aus der Gruppe ausgewahlt ist
bestehend aus Arginin, Cystein, Histidin, Glycin, Na-
triumchlorid, Kaliumchlorid, Natriumcitrat, Saccha-
rose, Glucose und Mannit.

Zusammensetzung nach Anspruch 6, wobei der To-
nizitdtsmodifizierer Natriumchlorid ist.

Zusammensetzung nach einem der Anspriiche 1, 2,
3, oder 4, weiterhin umfassend einen Exzipienten.

Zusammensetzung nach Anspruch 6, weiterhin um-
fassend einen Exzipienten.

Zusammensetzung nach Anspruch 7, weiterhin um-
fassend einen Exzipienten.
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Zusammensetzung nach Anspruch 8, wobei der Ex-
zipient aus der Gruppe ausgewahlt ist bestehend
aus Saccharose, Lactose, Glycerin, Xylit, Sorbit,
Mannit, Maltose, Inosit, Trehalose, Glucose, Rinder-
serumalbumin (BSA), Human-SA oder rekombinan-
tem HA, Dextran, PVA, Hydroxypropylmethylcellu-
lose (HPMC), Polyethylenimin, Gelatine, Polyvinyl-
pyrrolidon (PVP), Hydroxyethylcellulose (HEC), Po-
lyethylenglycol, Ethylenglycol, Glycerin, Dimethy-
sulfoxid (DMSO), Dimethylformamid (DMF), Prolin,
L-Serin, Natriumglutaminsaure, Alanin, Glycin, Lys-
inhydrochlorid, Sarcosin, gamma-Aminobuttersau-
re, Tween-20, Tween-80, SDS, Polysorbat, Polyo-
xyethylen-Copolymer, Kaliumphosphat, Natriuma-
cetat, Ammoniumsulfat, Magnesiumsulfat, Natrium-
sulfat, Trimethylamin-N-oxid, Betain, Zinkionen,
Kupferionen, Calciumionen, Magnanionen, Magne-
siumionen, CHAPS, Saccharosemonolaurat, und 2-
O-beta-Mannoglycerat.

Zusammensetzung nach Anspruch 11, wobei der
Exzipient Saccharose ist.

Stabile pharmazeutische Zusammensetzung nach
Anspruch 1, umfassend etwa 10 mg/ml bis etwa 100
mg/ml der I0slichen Form des p75 TNF-Rezeptors,
der mit einer Fc-Domane fusioniertist, L-Arginin, Na-
triumphosphat, Natriumchlorid und Saccharose.

Zusammensetzung nach Anspruch 13, wobei L-Ar-
ginin etwa 10 mM bis etwa 75 mM betragt.

Zusammensetzung nach Anspruch 13, wobei Natri-
umphosphat etwa 5 mM bis etwa 100 mM betragt.

Zusammensetzung nach Anspruch 13, wobei Natri-
umchlorid etwa 5 mM bis etwa 200 mM betragt.

Zusammensetzung nach Anspruch 13, wobei Sac-
charose etwa 0,5% bis etwa 1,5% betragt.

Zusammensetzung nach Anspruch 13, wobeider pH
etwa 5,5 bis etwa 7,8 betragt.

Zusammensetzung nach Anspruch 13 mit 25 mg/ml
der I6slichen Form des p75 TNF-Rezeptors, der mit
einer Fc-Domane fusioniert ist, 25 mM L-Arginin, 25
mM Natriumphosphat, 98 mM Natriumchlorid, 1%
Saccharose bei pH 6,2.

Zusammensetzung nach einem der Anspriiche 1,13
oder 19, wobei die Zusammensetzung fllissig ist.

Zusammensetzung nach Anspruch 20, wobei die
Zusammensetzung gefroren ist.

Verfahren zur Formulierung einer Zusammenset-
zung, umfassend das Kombinieren einer I6slichen
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23.

24,

25.

26.

27.

28.

29.

30.

20

Form des p75 TNF-Rezeptors, der mit einer Fc-Do-
mane fusioniert ist, mit L-Arginin.

Verfahren nach Anspruch 22, weiterhin umfassend
die Schritte des Kombinierens eines Puffers, eines
Tonizitdtsmodifizierers und eines Exzipienten mit
der Zusammensetzung.

Verfahren nach Anspruch 22 oder 23, wobei die Zu-
sammensetzung flissig ist.

Kit umfassend eine Zusammensetzung umfassend
eine |6sliche Form des p75 TNF-Rezeptors, der mit
einer Fc-Domane fusioniert ist, und L-Arginin.

Kit nach Anspruch 25, wobei die Zusammensetzung
flissig ist.

Kit nach Anspruch 25 oder 26, wobei die Zusam-
mensetzung in einer vorgeflliten sterilen Spritze ge-
lagert wird.

Kitnach Anspruch 27, wobei die Spritze bei etwa -20
Grad Celsius bis etwa -70 Grad Celsius gelagert
wird.

Pharmazeutische Zusammensetzung nach einem
der Anspriche 4 oder 13 zur Verwendung bei einem
Verfahren zur Behandlung eines Saugers mit Bedarf
daran, umfassenddasVerabreichen einer therapeu-
tisch wirksamen Menge der pharmazeutischen Zu-
sammensetzung.

Verwendung von L-Arginin zur Stabilisierung einer
|6slichen Form des p75 TNF-Rezeptors, der mit ei-
ner Fc-Doméane fusioniert ist, in einer Zusammen-
setzung nach einem der Anspriiche 1 bis 21.

Revendications

Composition pharmaceutique qui est une formula-
tion aqueuse stable comprenant une forme soluble
du récepteur de p75 TNF fusionné a un domaine Fc
et un inhibiteur d’agrégation, dans laquelle I'inhibi-
teur d’agrégation est la L-arginine.

Composition selon la revendication 1, comprenant
en outre un tampon.

Composition selon la revendication 2, dans laquelle
le tampon est choisi dans le groupe constitué de
phosphate de sodium, histidine, phosphate de po-
tassium, citrate de sodium ou potassium, acide ma-
léique, acétate d’ammonium, tris-(hydroxymé-
thyl)-aminométhane (tris), acétate et diéthanolami-
ne.



10.

11.

12.

13.

21 EP 1946 776 B1

Composition selon la revendication 3, dans laquelle
la L-arginine est présente a une concentration d’en-
viron 10 mM & environ 100 m M.

Composition selon 'une quelconque des revendica-
tions 1, 2, 3 ou 4, comprenant en outre un modifica-
teur de tonicité.

Composition selon la revendication 5, dans laquelle
le modificateur de tonicité est choisi dans le groupe
constitué d’arginine, cystéine, histidine, glycine,
chlorure de sodium, chlorure de potassium, citrate
de sodium, saccharose, glucose et Mannitol.

Composition selon la revendication 6, dans laquelle
le modificateur de tonicité est le chlorure de sodium.

Composition selon 'une quelconque des revendica-
tions 1, 2, 3 ou 4, comprenant en outre un excipient.

Composition selon la revendication 6, comprenant
en outre un excipient.

Composition selon la revendication 7, comprenant
en outre un excipient.

Composition selon la revendication 8, dans laquelle
I'excipient est choisidans le groupe constitué de sac-
charose, lactose, glycérol, xylitol, sorbitol, Mannitol,
maltose, inositol,

tréhalose, glucose, albumine de sérum bovin (BSA),
SA humain ou HA recombiné, dextrane, PVA, hy-
droxypropylméthylcellulose (HPMC), polyéthyléne-
imine, gélatine, polyvinylpyrrolidone (PVP), hy-
droxyéthylcellulose (HEC), polyéthylene glycol,
éthyléne glycol, glycérol, diméthysulfoxyde (DM-
S0), diméthylformamide (DMF), proline, L-sérine,
acide glutamique sodique, alanine, glycine, chlorhy-
drate de lysine, sarcosine, acide gamma-aminobu-
tyrique, Tween-20, Tween-80, SDS, polysorbate,
copolymere de polyoxyéthyléne, phosphate de po-
tassium, acétate de sodium, sulfate d’ammonium,
sulfate de magnésium, sulfate de sodium, triméthy-
lamine N-oxyde, bétaine, ions de zinc, ions de cui-
vre, ions de calcium, ions de manganése, ions de
magnésium, CHAPS, monolaurate de saccharose
et 2-O-bé&ta-mannoglycérate.

Composition selonlarevendication 11, dans laquelle
I'excipient est le saccharose.

Composition pharmaceutique stable selon lareven-
dication 1 comprenantd’environ 10 mg/ml a environ
100 mg/ml de la forme soluble du récepteur de p75
TNF fusionné a un domaine Fc, de la L-arginine, du
phosphate de sodium, du chlorure de sodium et du
saccharose.

10

15

20

25

30

35

40

45

50

55

12

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

22

Composition selon larevendication 13, dans laquelle
la L-arginine représente d’environ 10 mM a environ
75 mM.

Composition selon larevendication 13, dans laquelle
le phosphate de sodium représente d’environ 5 mM
a environ 100 mM.

Composition selon larevendication 13, dans laquelle
le chlorure de sodium représente d’environ 5 mM a
environ 200 mM.

Composition selon larevendication 13, dans laquelle
le saccharose représente environ 0,5 % a environ
1,5 %.

Composition selon larevendication 13, dans laquelle
le pH va d’environ 5,5 a environ 7,8.

Composition selon la revendication 13, ayant 25
mg/ml de la forme soluble du récepteur de p75 TNF
fusionné a un domaine Fc, 25 mM de L-arginine, 25
mM de phosphate de sodium, 98 mM de chlorure de
sodium et 1 % de saccharose a pH 6,2.

Composition selon 'une quelconque des revendica-
tions 1, 13 ou 19, ol la composition est liquide.

Composition selon la revendication 20, ou la com-
position est congelée.

Procédé de formulation d’une composition compre-
nant une forme soluble du récepteur de p75 TNF
fusionné a un domaine Fc avec de la L-arginine.

Procédé selon la revendication 22 comprenant en
outre les étapes de combinaison d’'un tampon, d’'un
modificateur de tonicité et d’'un excipient avec la
composition.

Composition selon la revendication 22 ou 23, ou la
composition est liquide.

Trousse comprenant une composition comprenant
une forme soluble du récepteur de p75 TNF fusionné
a un domaine Fc et de la L-arginine.

Trousse selon la revendication 25, dans laquelle la
composition est liquide.

Trousse selon la revendication 25 ou 26, dans la-
quelle la composition est stockée dans une seringue
stérile pré-remplie.

Trousse selon la revendication 27, dans laquelle la
seringue est stockée d’environ - 20 degrés C a en-
viron -70 degrés C.



29.

30.

23 EP 1946 776 B1

Composition pharmaceutique selon I'une quelcon-
que des revendications 4 ou 13, a utiliser dans une
méthode de traitement d’'un mammifére en ayant be-
soin, comprenant ladministration d’une quantité thé-
rapeutiquement efficace de la composition pharma-
ceutique.

Utilisation de L-arginine pour la stabilisation d’'une
forme soluble du récepteur de p75 TNF fusionné a
un domaine Fc dans une composition selon l'une
quelconque des revendications 1 a 21.
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Arginint tartalmuazd stabilizalt TNFRFe kéwritnény

Seabadalmi igénypontok

1. Gyogyaseatt keszitindny, mely oy Fo doménhez fuzionalt p73 TNF receptor oldhatd for-
miial és egy agpregdcid-gatlot tartahmaze stabil vizes formuddeld, shol az agprepaciG-gitld

Learginin

2 Az L igénypont seerinti készltmény, mely tovdbba cgy puffert tartalmaz,

P

3.4 2, igdnypont szerini készitmeny, ahol a puffer natrivmfoszBi, hisatidin, kaluntosz i,

{trisy}, acetdl s dictanclamin Kozl vilasziott,

4. A3 tgénypont szerinti készitmény, shol az L-arginin koncentracidia 10 mM ds 100 mM

ke,

3. A2 L, 2., 3 vagy 4, 1géaypontek bannelvike szerinti kdsziimeény, mely tovibbd egy

tonieitast modositd seert tartalmaz,
&, Az 5. igdnypont szerintl készitmény, ahol a tonicitdst modesitd srer arginin, clsziein,
k&elil valasziol.

7. A 6. igénypont srerinii késritmeény, ahol o tonicitdst madeositd szer natriamklorid.

8. Ax 102, 3 vagy 4. lgeayponiok barmelyike szerintl Készivmény, mely tovibbd egy kistd-

anyagot tartalmaz.

LA T, dgénypont seerintl késeltmény, mely tovibba egy kotSanyagot tartalmay,




L Bey 8. igenypont szeninti késeitmény, abol a kdtdanyvag szachardy, laktdz, glicerin, xilitol,
szorbitol, manuitol, maltdz, inozitol, trehalde, gliikoz, bovin szérumalbumin (BRAY, humén
SA vagy rekonubinans HA, dexiran, PVA, hidroxipropil metilecliulaz (HEMC),
polictilénimin, zselatin, polivinilpirolidon (PVP), hidrosistileelinlos (HEC), polietilénglikal,
etidnglikol, glicerin, dimetilszalfoxid (DMEO, dimetiiformamid (DME), prolin, L-azerin,
natrium glutaminsav, alanin, glicin, Hzin Mdroklond, ssarkosin, gammasaminovajsay, Tween-
20, Tween-80, SDS, poliszarbat, polioxietilén, kopolimer, kdliumfoszfit, ndtriumacetat, am-
montumsrulidt, magneziumszulfay, natrivmsrnlia, trimetilamin Neoxid, betain, eink onek,
rée fonok, Kalaium 1onok, manpan tonok, magndaium tonok, CHAPS, szachards monelaurdt,

és 2-O-betamamnoghicendt kGt valaseton.
12, A 11 igénypont szerimi készitmény, ahol a kotGanyag szachardz,

13, Az 1. igénypont szenint stabil készitmény, mely 10 mgfmd » 100 mp/ml Fo domenher fus
sionalt p78 TNE receptor oldbatd formdt, L-arginint, natriemioszfatot, kaloiumbdoridot éx

szachardet tartshnaz.

14, A 13 igényvpont seerintt kdeetimény, ahol az Learginin 10 ;M « 75 mM honcentracioban
£ & R oS

van jelen,

15, A 13, igdnypont szerinti készitmény, ahol g ndtrinmoszfat § mM - 100 mM konventrgeit-

ban van jelen

16, A 13, pdnypont szeving készitmény, abol a ndtrtumklonid § mM - 200 mM kencentraciie

ban van jelen,

17. A 13, igénypont szerinti készitmeny, ahol & szachardz 9.3% - 1.5% koncentracioban van

ielen.

> v

18, A 13, igénypont sxevinti készitmeény, abol a pH-étigk $.5- 78,

19 A 13, igénypont szerinti készitmeny, mely 25 mpfm! Fo doménher fustondlt p75 TNF
receptor oldhatd formay, 25 mM Leargining, 25 mM ndtriumfosefitol, 98 mM ndtttumblondot,

%% szachardxs tartalmaz, és pHedridke 6.2,



20. Ax 1,13 vagy 19, igénypontok bdrmelyike szerintl késsitmény, ahol g kdselimény folvé-

Kony.
210 A 20, igdovpont szering kessitmdny, shol a Részitmény fagvasztott

Y a <

2. Bljands egy készltmdny formaldsara, melynek sordn gy Fo doménhez fustondlt p75 TNFE

receptor oldhatd format L-arginiane! kombindlunk.

23, A 22, igenypont szerinti oljaras, melynek sordn tovabba cpy puffert, epy tonteitist modo-

sit szert &8 ogy Rtdanyagot kombindlunk a készlimeénnyel,

24 A 22 vany genypont srerintt elidnds, ahol a késeiimény folvékony.
gy £

25 Kit, mely egy Fe doménbez furionalt p75 TNF receptor oldbatd format és Learginint tar-

talmaz.

26..A 25, igdoypont szerintt kit, ahol a készfimény folyékony.

7OA 25 vagy 26, igdnypent srerintl ki, abol a készitmény spy elfire t0lioN sterd] focskendé-

b van tarolva,

28 A 27, wpdnypont szecintt kit ahwl 8 feeshendd <20 &8 korilhelltl <70 °C kdaditi homdrsékle-

fen tarolt,

29, A4 vagy 13, igénypontok birmelyike szerinti késsltmény gy arra szoruld emlds kezeldsd
clidrdsaban tortend alkalmazasea, melynek sordn g pyogvaseatt késritmeny terdptasan hatdso

mennyiségdt gdsgotiuk.

30. L-arginin alkelmazdsa Fo doménhez fuziondlt p73 TNF receptor oldhatd forméjdnak stabi

tizalasdra ogy 1.3, fgdnypontok barmelyibe szerinti készitmeényben,
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