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STABLE LIQUID ANTIBODY FORMULATION
FIELD OF THE INVENTION

The present invention relates to the field of pharmaceutical formulations of
antibodies. Specifically, the present invention relates to a stable liquid antibody

formulation and its pharmaceutical preparation and use.
BACKGROUND OF THE INVENTION

Antibody preparations intended for therapeutic or prophylactic use require stabilizers
to prevent loss of activity or structural integrity of the protein due to the effects of
denaturation, oxidation or aggregation over a period of time during storage and
transportation prior to use. These problems are exacerbated at the high

concentrations of antibody often desired for therapeutic administration.

A major aim in the development of antibody formulations is to maintain antibody ,
solubility, stability and potency of its antigen binding. It is particularly desirable to
avoid aggregates and particulates in solution which would require sterile filtration
before use for intravenous or subcutaneous injection and limit route of
administration. Antibody aggregates can cause pain and anaphylactoid side effects

when the formulation containing them is intravenously injected.

Lyophilisation and freeze drying are alternatives to the liquid formulation of
antibodies. Both processes have a propensity for inducing denaturation of the
antibody and decreasing of its antigen-binding activity particularly upon

reconstitution.

Salts, surfactants, pH and tonicity agents such as sugars can contribute to
overcoming aggregation problems. Formulation of antibody preparations requires
careful selection of these factors among others to avoid denaturation of the protein
and loss of antigen-binding activity. Regarding a pH range of an antibody

preparation, if an antibody formulation having a low pH value is intravenously
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injected pain or injection often occurs. Where an antibody formulation is used as an
injection, it is desirable to have a pH value in an approximately neutral pH range, it is
also advantageous to minimise surfactant levels to avoid bubbles in the formulation
which are detrimental for injection into subjects.

A liquid formulation of monoclonal anti-CTLA4 antibody is known from
WQ2006/096491 (Pharmacia and Upjohn Company), and comprises 20 mg/ml
antibody, 20 mM histidine buffer, 84 mg/ml trehelose, 0.2 mg/ml PS80 surfactant,
0.05 mg/ml EDTA pH 5.5.

There is a need for a stable liquid antibody formulation which stably supports high
concentrations of bioactive antibody in solution and is suitable for parenteral
administration, including intravenous intramuscular, intraperitoneal, intradermal or
subcutaneous injection. It is further desirable that the formulation has minimised risk

of bubble formation and anaphylactoid side effects.

Furthermore there is a need to provide such a stable liquid formulation for an anti-
NGF antibody. NGF is known to play a central role in the development and
maintenance of both peripheral and central neurons. In addition to its effects in the
nervous system, increased NGF levels has been linked to a variety of inflammatory
conditions including systemic lupus erythematosus, multiple sclerosis, psoriasis,
arthritis, interstitital cystitis and asthma. NGF also has a demonstrated activity in a
variety of pain conditions. It has been shown that the anti-NGF antibody E3 is useful
in the treatment of acute and chronic pain conditions including, cancer pain,
rheumatoid arthritis pain, osteoarthritis pain and post-surgical pain also (see for
example WO2004/058184). There is a need for a stable liquid antibody preparation
of an anti-NGF antibody to meet the medical need of patients suffering from
inflammatory and pain conditions mediated by NGF.
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BRIEF SUMMARY OF THE INVENTION

In one aspect, the present invention provides a liquid composition comprising; at
least one antibody, at least one tonicity agent, at least one buffer, at least one
chelating agent, at least one surfactant, wherein the pH of said composition is from
5.0to0 7.5.

In one aspect, the present invention provides a liquid composition comprising; at
least one antibody, at least one tonicity agent, at least one buffer, at least one
chelating agent, at least one surfactant, wherein the pH of said composition is from
5.810 6.8

The present invention also provides a liquid composition consisting of, or consisting
essentially of; at least one antibody, at least one tonicity agent, at least one buffer, at
least one chelating agent, at least one surfactant, wherein the pH of said

composition is from 5.8 to 6.8.

The liquid composition according to the present invention provides the advantages
that it stably supports high concentrations of biocactive antibody in solution and is
suitable for parenteral administration, including intravenous, intramuscular,
intraperitoneal, intradermal or subcutaneous injection. Also it has minimised risk of

bubble formation and anaphylactoid side effects.

According to a preferred embodiment of the present invention the liquid composition
can comprise at least one antibody. In some embodiments, more than one antibody
may be present. At least one, at least two, at least three, at least four, at least five,
or more, different antibodies can be present. Generally, the two or more different
antibodies have complementary activities that do not adversely affect each other.
The, or each, antibody can also be used in conjunction with other agents that serve
to enhance and/or complement the effectiveness of the antibodies.
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According to a preferred embodiment of the present invention the pH can be in the
range 5.0 to 7.5, more preferably between about pH 7.5 and of any of about pH 5.1,
5.2, 5.3, 5.4 or 5.5. Further preferably the pH is in the range selected from between
any one of pH 5.6, 5.7 or 5.8 and any one of aboutpH 7.5,74,7.3,7.2,7.1, 7.0,
6.9,6.8,6.7,6.6,6.5,6.4,6.3,6.2,6.1,6.0,5.9,5.8 or 5.7.

In a preferred embodiment the pH can be in the range of between about pH 5.5 and
any of about pH 6.0, 6.2, 6.5 or 6.8, alternatively the pH can be in the range of
between about pH 5.8 and any of about pH 6.0, 6.2, 6.5 or 6.8.

More preferably the pH can be selected from pH values of any of about 5.5, 5.6, 5.7,
5.8,5.9,6.0,6.1,6.2,6.3,6.4,6.5,6.6,6.7,6.8,6.9,7.0,7.1,7.2,7.3,7.4 or 7.5,
most preferably the pH is pH 6.0 +/- 0.2. Values of pH in these ranges provides the
liquid composition with enhanced protection from antibody aggregation and
fragmentation and is close to physiological pH (about pH 7.2 to 7.4) for reduced risk

of pain or anaphylactoid side effects on injection.

According to a further preferred embodiment of the present invention the tonicity
agent preferably comprises a polyol , a saccharide , a carbohydrate, a salt, such as
sodium chloride, or mixtures thereof. Preferably the polyol has a molecular weight
that is less than about 600 kD (e.g., in the range from about 120 to about 400 kD),
preferably selected from mannitol, trehalose, sorbitol, erythritol, isomalt, lactitol,
maltitol, xylitol, glycerol, lactitol, propylene glycol, polyethylene glycol, inositol, or
mixtures thereof. Preferably the saccharide or carbohydrate is selected from the
group of monosaccharides, disaccharides and polysaccharides or mixtures thereof.
Preferably the saccharide or carbohydrate is selected from the group consisting of
fructose, glucose, mannose, sucrose, sorbose, xylose, lactose, maltose, sucrose,
dextran, pullulan, dextrin, cyclodextrins, soluble starch, hydroxyethyl starch, water-
soluble glucans, and mixtures thereof. Preferably the tonicity agent comprises a
saccharide slected from the group of reducing sugar or non reducing sugar or

mixtures thereof. Further preferably the tonicity agent comprises a sacharide which
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is a non-reducing sugar, preferably selected from the group consisting of sucrose,
trehalose, and mixtures thereof. Most preferably the tonicity agent comprises
trehalose, preferably trehalsoe dihydrate. According to the present invention the
tonicity agent, particularly trehalose, preferably trehalsoe dihydrate, provides the
liquid composition with enhanced antibody stability and resistance to aggregation,
oxidation and fragmentation during refrigerated storage, e.g. 0 to 10 °C, particularly
5 to 8 °C, more particularly 5°C, or frozen storage and in cycles of freezing and
thawing. Trehalose is particularly advantageous as the resulting antibody

formulation does not suffer glycation.

The concentration of the tonicity agent in the liquid composition ranges from about 1
mg/ml to about 300 mg/ml, from about 1 mg/ml to about 200 mg/ml, or from about 1
mg/ml to about 100 mg/ml. Preferably the concentration of the tonicity agent in the
liquid composition is about 60 mg/ml, about 65 mg/ml, about 70 mg/ml, about 75
mg/ml, about 80 mg/ml, about 81 mg/ml, about 82 mg/ml, about 83 mg/ml, about 84
mg/ml, about 85 mg/ml, about 86 mg/ml, about 87 mg/ml, about 88 mg/ml, about 89
mg/ml, about 90 mg/ml, about 91 mg/ml, about 92 mg/ml, about 93 mg/ml, about 94
mg/ml, about 95 mg/ml, about 96 mg/ml, about 97 mg/ml, about 98 mg/ml, about 99
mg/ml, about 100 mg/ml, about 105 mg/ml, about 110 mg/ml, about 120 mg/ml, or
about 130 mg/ml. Most preferably the concentration of the tonicity agent in the liquid

composition is about 84 mg/ml.

Where the tonicity agent comprises a salt, the concentration of the salt in the liquid
composition ranges from about 1 mg/ml to about 20 mg/ml. Salts that are
pharmaceutically acceptable and suitable for this invention include sodium chloride,
sodium succinate, sodium sulfate, potassuim chloride, magnesium chloride,
magnesium sulfate, and calcium chloride. Preferred salts for this invention are
sodium chloride and magnesium chloride, magnesium chloride may also improve the
antibody stability by protecting the protein from deamidation. Preferably the the salt
in the liquid composition is selected from a range of concentrations of any of about 1

mg/ml, 2 mg/ml, 3 mg/ml, 4 mg/ml, 5 mg/ml, 6 mg/ml, 7 mg/ml, 8, mg/ml, 9 mg/ml,
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10 mg/ml, 11 mg/ml, 12 mg/ml, 13 mg/ml, 14 mg/ml, 15 mg/ml, 16 mg/ml, 17 mg/ml,
18 mg/ml, 19 mg/ml and 20 mg/ml.

According to a preferred embodiment of the present invention the surfactant is
preferably selected from the group consisting of polysorbates, poloxamers, tritons,
sodium dodecyl sulfate, sodium laurel sulfate, sodium octyl glycoside, lauryl-
sulfobetaine, myristyl-sulfobetaine, linoleyl-sulfobetaine, stearyl-sulfobetaine, lauryl-
sarcosine, myristyl-sarcosine, linoleyl-sarcosine, stearyl-sarcosine, linoleyl-betaine,
myristyl-betaine, cetyl-betaine, lauroamidopropyl-betaine, cocamidopropyl-betaine,
linoleamidopropyl-betaine, myristamidopropyl-betaine, palmidopropyl-betaine,
isostearamidopropyl-betaine, myristamidopropyl-dimethylamine, palmidopropyl-
dimethylamine, isostearamidopropyl-dimethylamine, sodium methyl cocoyl-taurate,
disodium methyl oleyl- taurate, dihydroxypropyl PEG 5 linoleammonium chloride,
polyethylene glycol, polypropylene glycol, and mixtures thereof. Further preferably
the surfactant is selected from the group consisting of polysorbate 20, polysorbate
21, polysorbate 40, polysorbate 60, polysorbate 61 , polysorbate 65, polysorbate
80, polysorbate 81 , polysorbate 85, and mixtures thereof. More preferably the
surfactant is selected from polysorbate 20, polysorbate 80, PEG3350, or mixtures
thereof. Most preferably the surfactant is polysorbate 20. According to the present
invention the surfactant, particularly polysorbate 20, provides the liquid composition

with enhanced antibody stability and resistance to aggregation and fragmentation.

The concentration of the surfactant generally ranges from about 0.01 mg/ml to about
10 mg/ml, from about 0.01 mg/ml to about 5.0 mg/ml, from about 0.01 mg/ml to
about 2.0 mg/ml, from about 0.01 mg/ml to about 1.5 mg/ml, from about 0.01 mg/ml
to about 01.0 mg/ml, from about 0.01 mg/ml to about 0.5 mg/ml, from about 0.01
mg/ml to about 0.4 mg/ml, from about 0.01 mg/ml to about 0.3 mg/ml, from about
0.01 mg/ml to about 0.2 mg/ml, from about 0.01 mg/ml to about 0.15 mg/ml, from
about 0.01 mg/ml to about 0.1 mg/ml, or from about 0.01 mg/ml, to about 0.05
mg/ml. Further preferably the concentration of the surfactant is about 0.5 mg/ml,
about 0.05 mg/ml about 0.06 mg/ml about 0.07 mg/ml about 0.08 mg/ml about 0.09
mg/ml about 0.1 mg/ml about 0.11 mg/ml about 0.12 mg/ml about 0.13 mg/ml about
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0.14 mg/ml about 0.15 mg/ml about 0.16 mg/ml about 0.17 mg/ml about 0.18 mg/ml
about 0.19 mg/ml, about 0.2 mg/ml. Most preferably the concentration of the
surfactant is about 0.1 mg/ml. Embodiments with the concentration of the surfactant
of about 0.1 mg/ml are highly preferred as this concentration permits maintenance of
the stability of the antibody of the formulation in solution whilst also reducing the
tendancy for the formation of bubbles in the formulation during preparation of the
formulation, handling of the formulation and preparation for parenteral administration
and especially from stress related to shaking and agitation during preparation and

also during shipping.

According to a preferred embodiment of the present invention the buffer can be
selected from the group consisting of acetate, succinate, gluconate, citrate, histidine,
acetic acid, phosphate, phosphoric acid, ascorbate, tartartic acid, maleic acid,
glycine, lactate, lactic acid, ascorbic acid, imidazole, bicarbonate and carbonic acid,
succinic acid, sodium benzoate, benzoic acid, gluconate, edetate, acetate, malate,
imidazole, tris, phosphate, and mixtures thereof. Preferably the buffer is histidine,
wherein the histidine can comprise either L-histidine or D-histidine, a solvated form
of histidine, a hydrated form (e.g., monohydrate) of histidine, or an anhydrous form
of histidine or a mixture thereof.

According to the present invention the buffer, particularly the preferred buffer
histidine, provides the liquid composition with a pH close to physiological pH for
reduced risk of pain or anaphylactoid side effects on injection and also provides
enhanced antibody stability and resistance to aggregation, oxidation and

fragmentation.

The concentration of the buffer can range from about 0.1 millimolar (mM) to about
100 mM. Preferably, the concentration of the buffer is from about 0.5 mM to about
50 mM, further preferably about 1 mM to about 30 mM, more preferably about 1 mM
to about 18 mM, increasingly preferably about 1 mM to about 15 mM. Preferably,
the concentration of the buffer is about 1 mM, about 2 mM, about 3 mM, about 4
mM, about 5 mM, about 6 mM, about 7 mM, about 8 mM, about 9 mM, about 10
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mM, about 11 mM, about 12 mM, about 13 mM, about 14 mM, about 15 mM, about
16 mM, about 17 mM, about 18 mM, about 19 mM, about 20 mM, about 21 mM,
about 22 mM, about 23 mM, about 24 mM, about 25 mM, about 30 mM, about 35
mM, about 40 mM, about 45 mM or about 50 mM,. Most preferably the
concentration of the buffer is about 10 mM.

According to a preferred embodiment of the present invention the chelating agent
can be selected from the group consisting of , aminopolycarboxylic acids,
hydroxyaminocarboxylic acids, N-substituted glycines, 2- (2-amino-2-oxocthyl)
aminoethane sulfonic acid (BES), deferoxamine (DEF), citric acid, niacinamide, and
desoxycholates and mixtures thereof. Further preferably the chelating agent is
selected from the group consisting of ethylenediaminetetraacetic acid (EDTA),
diethylenetriamine pentaacetic acid 5 (DTPA), nitrilotriacetic acid (NTA), N-2-
acetamido-2-iminodiacetic acid (ADA), bis(aminoethyl)glycolether, N,N,N',N'-
tetraacetic acid (EGTA), trans-diaminocyclohexane tetraacetic acid (DCTA),
glutamic acid, and aspartic acid, N- hydroxyethyliminodiacetic acid (HIMDA), N,N-
bis-hydroxyethylglycine (bicine) and N- (trishydroxymethylmethyl) 10 glycine
(tricine), glycylglycine, sodium desoxycholate, ethylenediamine; propylenediaming;
diethylenetriamine; triethylenetetraamine (trien), ethylenediaminetetraaceto EDTA,
disodium EDTA, calcium EDTA oxalic acid, malate, citric acid, citric acid
monohydrate, and trisodium citrate-dihydrate, 8-hydroxyquinolate, amino acids,
histidine, cysteine, methionine, peptides, polypeptides, and proteins and mixtures
thereof. Further preferably the chelating agent is selected from the group consisting
of salts of EDTA including dipotassium edetate, disodium edetate, edetate calcium
disodium, sodium edetate, trisodium edetate, and potassium edetate; and a suitable
salt of deferoxamine (DEF) is deferoxamine mesylate (DFM), or mixtures thereof.
Chelating agents used in the invention can be present, where possible, as the free
acid or free base form or salt form of the compound, also as an anhydrous, solvated
or hydrated form of the compound or corresponding salt.

Most preferably the chelating agent is either disodium EDTA, calcium EDTA, most
preferably disodium EDTA.
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Particularly preferable is disodium EDTA as it provides the liquid composition with an

enhanced antibody stability and/or resistance to aggregation.

The concentration of chelating agent generally ranges from about 0.01 mg/ml to
about 50 mg/ml, from about 1 mg/ml to about 10.0 mg/ml, from about 15 mg/ml to
about 5.0 mg/ml, from about 0.01 mg/ml to about 1.0 mg/ml, or from about 0.03
mg/ml to about 0.5 mg/ml. Further preferably concentration of chelating agent
generally ranges from from about 0.01 mM to about 2.0 mM, from about 0.01 mM to
about 1.5 mM, from about 0.01 mM to about 0.5 mM, from about 0.01 mM to about
0.4 mM, from about 0.01 mM to about 0.3 mM, from about 0.01 mM to about 0.2
mM, from about 0.01 mM to about 0.15 mM, from about 0.01 mM to about 0.1 mM,
from about 0.01 mM to about 0.09 mM, from about 0.01 mM to about 0.08 mM, from
about 0.01 mM to about 007 mM, from about 0.01 mM to about 0.06 mM, from about
0.01 mM to about 0.05 mM, from about 0.01 mM to about 0.04 mM, from about 0.01
mM to about 0.03 mM, from about 0.01 mM to about 0.02 mM or from about 0.05
mM to about 0.01 mM. Preferably the concentration of chelating agent can be about
0.01 mg/ml, 0.02 mg/ml, 0.03 mg/ml, about 0.04 mg/ml, about 0.05 mg/ml, about
0.06 mg/ml, about 0.07 mg/ml, about 0.10 mg/ml, about 0.20 mg/ml. Further
preferably the concentration of chelating agent is about 0.045 mg/ml, about 0.046
mg/ml, about 0.047 mg/ml, about 0.048 mg/ml, about 0.049 mg/ml, about 0.05
mg/ml, about 0.051 mg/ml, about 0.052 mg/ml, about 0.053 mg/ml, about 0.054
mg/ml, about 0.055 mg/ml, or about 0.056 mg/ml. Most preferably, the

concentration of chelating agent is about 0.05 mg/ml.

Chelating agents can lower the formation of reduced oxygen species, reduce acidic
species (e.g., deamidation) formation, reduce antibody aggregation, and/or reduce
antibody fragmentation, and/or reduce antibody oxidation in the compositions of the
present invention. Such chelating agents can reduce or prevent degradation of an
antibody that is formulated in comparision to the antibody without the protection of a

chelating agent.
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Unless stated otherwise, the concentrations listed herein are those concentrations at

ambient conditions, [i.e., at 25°C and atmospheric pressure].

According to a preferred embodiment of the present invention the liquid composition
can further comprise an antioxidant agent. Preferably the antioxidant is selected

from the group comprising, methionine, sodium thiosulfate, catalase, and platinum.

The concentration of antioxidant generally ranges from about 0.01 mg/ml to about 50
mg/ml, from about 0.01 mg/ml to about 10.0 mg/ml, from about 0.01 mg/ml toc about
5.0 mg/ml, from about 0.01 mg/ml to about 1.0 mg/ml, or from about 0.01 mg/ml to
about 0.02mg/ml. Preferably the concentration of antioxidant can be about 0.01
mg/ml, 0.02 mg/ml, 0.03 mg/ml, about 0.04 mg/ml, about 0.05 mg/ml, about 0.06
mg/ml, about 0.07 mg/ml, 0.08 mg/ml, 0.09 mg/ml about 0.10 mg/ml, 0.11 mg/ml,
0.12 mg/ml, 0.13 mg/ml, about 0.14 mg/ml, about 0.15 mg/ml, about 0.16 mg/ml,
about 0.17 mg/ml, 0.18 mg/ml, 0.19 mg/ml about 0.20 mg/ml, about 0.25 mg/ml, 0.3
mg/ml, 0.4 mg/ml, 0.5 mg/ml, 0.6 mg/ml, 0.7 mg/ml, 0.8 mg/ml, 0.9 mg/ml, 1.0

mg/ml. Most preferably, the concentration of antioxidant is about 0.01 mg/ml.

According to a further preferred embodiment of the present invention the liquid
composition can further comprise a preservative. Preferably the preservative agent
is selected from Phenol, m-cresol, benzyl alcohol, benzalkonium chloride,

benzalthonium chloride, phenoxyethanol and methyl paraben.

The concentration of preservative generally ranges from about 0.001 mg/ml to about
50 mg/ml, from about 0.005 mg/ml to about 15.0 mg/ml, from about 0.008 mg/ml to
about 12.0 mg/ml or from about 0.01 mg/ml to about 10.0 mg/ml. Preferably the
concentration of preservative can be about 0. 1 mg/ml, 0. 2 mg/ml, 0. 3 mg/ml, about
0. 4 mg/ml, about 0. 5 mg/ml, about 0. 6 mg/ml, about 0. 7 mg/ml, 0. 8 mg/ml, 0. 9
mg/ml about 1. 0 mg/ml, 2.0 mg/ml, 3.0 mg/ml, about 4.0 mg/ml, about 5.0 mg/ml,
about 6.0 mg/ml, about 7.0 mg/ml, 8.0 mg/ml, 9.0 mg/ml about 9.1 mg/ml, about 9.2
mg/ml, 9.3 mg/ml, 9.4 mg/ml, 9.5 mg/ml, 9.6 mg/ml, 9.7 mg/ml, 9.8 mg/ml, 9.9
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mg/ml, 10.0 mg/ml. Most preferably, the concentration of preservative is about 0. 1

mg/ml or 9.0 mg/mL.

According to an aspect of the present invention the liquid formulation does not

contain an antioxidant.

According to an aspect of the present invention the liquid formulation does not

contain a preservative.

According to preferred embodiment of the present invention the present invention
the concentration of antibody can range from about 0.1 to about 200 mg/ml.
Preferably the concentration of antibody is about 0.5 mg/ml, about 1 mg/ml, about 2
mg/ml, about 2.5 mg/ml, about 3 mg/ml, about 3.5 mg/ml, about 4 mg/ml, about 4.5
mg/ml, about 5 mg/ml, about 5.5 mg/ml, about 6 mg/ml, about 6.5 mg/ml, about 7
mg/ml, about 7.5 mg/ml, about 8 mg/ml, about 8.5 mg/ml, about 9 mg/ml, about 9.5
mg/ml, about 10 mg/ml, about 11 mg/ml, about 12 mg/ml, about 13 mg/ml, about 14
mg/ml, about 15 mg/ml, about 16 mg/ml, about 17 mg/ml, about 18 mg/ml, about 19
mg/ml, about 20 mg/ml, about 21 mg/ml, about 22 mg/ml, about 23 mg/ml, about 24
mg/ml, about 25 mg/ml, about 26 mg/ml, about 27 mg/ml, about 28 mg/ml, about 29
mg/ml, about 30 mg/ml, about 31 mg/ml, about 32 mg/ml, about 33 mg/ml, about 34
mg/ml, about 35 mg/ml, about 36 mg/ml, about 37 mg/ml, about 38 mg/ml, about 39
mg/ml, about 40 mg/ml, about 41 mg/ml, about 42 mg/ml, about 43 mg/ml, about 44
mg/ml, about 45 mg/ml, about 46 mg/ml, about 47 mg/ml, about 48 mg/ml, about 49
mg/ml, about 50 mg/ml, about 51 mg/ml, about 52 mg/ml, about 53 mg/ml, about 54
mg/ml, about 55 mg/ml, about 56 mg/ml, about 57 mg/ml, about 58 mg/ml, about 59
mg/ml, about 60 mg/ml, about 70 mg/ml, about 80 mg/ml, about 90 mg/ml, about
100 mg/ml or about 110mg/ml. Most preferably the concentration of antibody is less
than or equal to about 50 mg/ml and may be selected from the group comprising
about 2 mg/ml, about 2.5 mg/ml, about 5 mg/ml, about 10 mg/ml, about 19 mg/ml,
about 20 mg/ml, 22 mg/ml and about 50 mg/ml.
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The antibody is preferably selected from the group of; monoclonal antibodies,
polyclonal antibodies, antibody fragments (e.g., Fab, Fab', F(ab')2, Fv, Fc, Sckv
etc.), chimeric antibodies, bispecific antibodies, heteroconjugate antibodies, single
chain (ScFv), mutants thereof, fusion proteins comprising an antibody portion (e.g., a
domain antibody), humanized antibodies, human antibodies, and any other modified
configuration of the immunoglobulin molecule that comprises an antigen recognition
site of the required specificity, including glycosylation variants of antibodies, amino
acid sequence variants of antibodies, and covalently modified antibodies. The
antibody may be murine, rat, human, or any other origin (including chimeric or
humanized antibodies). In some embodiments, the antibody can be human but is
more preferably humanized. Preferably the antibody is isolated, further preferably it
is substantially pure. Where the antibody is an antibody fragment this preferably
retains the functional characteristics of the original antibody i.e. the ligand binding
and/or antagonist or agonist activity.

According to a preferred embodiment of the present invention the antibody heavy
chain constant region may be from any type of constant region, such as IgG, IgM,
IgD, IgA, and IgE; and any isotypes, such as IgGl , 1gG2, 1gG3, and IgG4.
Preferably the antibody is an IgG2 antibody.

According to the present invention, the antibody can comprise the human heavy
chain IgG2a constant region. In some embodiments the antibody comprises the
human light chain kappa constant region. In some embodiments, the antibody
comprises a modified constant region, such as a constant region that is
immunologically inert, e.g., does not trigger complement mediated lysis, or does not
stimulate antibody-dependent cell mediated cytotoxicity (ADCC). In other
embodiments, the constant region is modified as described in Eur. J. Immunol.
(1999) 29:2613-2624; PCT publication No. WO099/58572; and/or UK Patent
Application No. 9809951.8. In still other embodiments, the antibody comprises a
human heavy chain 1gGG2a constant region comprising the following mutations:
A330P331 to $3308331 (amino acid numbering with reference to the wildtype 1gG2a
sequence), Eur. J. Immunol. (1999) 29:2613-2624.
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According to a preferred embodiment of the present invention, the antibody is an
anti-NGF antibody that binds NGF (such as human NGF) with a high affinity. In
some embodiments, high affinity is (a) binding NGF with a Kp of less than about 2
nM (such as any of about 1 nM, 800 pM, 600 pM, 400 pM, 200 pM, 100 pM, 20 pM,
80 pM, 70 pM, 60 pM, 50 pM, 40pM, 30pM, 20pM, 10pM, 5pM or less), and/or a Ko
of slower than about 6x10™ s™'; and/or (b) inhibiting, (reducing, and/or blocking)
human NGF-dependent survival of mouse E13.5 trigeminal neurons with an IC50 (in
the presence of about 15 pM of NGF) of any of about 200 pM, 150 pM, 100 pM, 80
pM, 60 pM, 40 pM, 20 pM, 10 pM, or less; and/or (c¢) inhibiting (reducing, and/or
blocking) human NGF-dependent survival of mouse E13.5 trigeminal neurons with
an IC50 (in the presence of about 1.5 pM of NGF) of any of about 50 pM, 40 pM, 30
pM, 10 pM, 20 pM, 10 pM, 5 pM, 2 pM, 1 pM, or less; and/or (d) inhibiting (reducing,
and/or blocking) rat NGF-dependent survival of mouse E13.5 trigeminal neurons
with an IC50 (in the presence of about 15 pM of NGF) of any of about 150 pM, 125
pM, 100 pM, 80 pM, 60 pM, 40 pM, 30 pM, 20 pM, 10 pM, 5 pM, or less; and/or (e)
inhibiting (reducing, and/or blocking) rat NGF-dependent survival of mouse E13.5
trigeminal neurons with an IC50 (in the presence of about 1.5 pM of NGF) of any of
about 30 pM, 25 pM, 20 pM, 15 pM, 10 pM, 5 pM, 4 pM, 3 pM, 2 pM, 1 pM, or less;
and/or (f) and/or bind NGF with higher affinity than does the trkA receptor.

In another aspect, the antibodies (a) bind NGF (such as human NGF) with a Kp of
less than about 2 nM (such as any of about 1 nM, 800 pM, 600 pM, 400 pM, 200 pM,
100pM, 30 pM, 80 pM, 70 pM, 60 pM, 50 pM, 40pM, 30pM, 20pM, 10pM, 5pM or
less), and/or a K of slower than about 6x10™ s™'; and/or (b) inhibit human NGF-
dependent survival of mouse E13.5 trigeminal neurons with an IC50 (in the presence
of about 15 pM of NGF) of any of about 200 pM, 150 pM, 100 pM, 80 pM, 60 pM, 40
pM, 20 pM, 10 pM, or less; and/or (c) inhibit human NGF-dependent survival of
mouse E13.5 trigeminal neurons with an IC50 (in the presence of about 1.5 pM of
NGF) of any of about 50 pM, 40 pM, 30 pM, 10 pM, 20 pM, 10 pM, 5 pM, 2 pM, 1
pM, or less; and/or bind NGF with higher affinity than does the trkA receptor. In
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some embodiments, the antibodies (a) bind NGF with a Kp of less than about 2 nM;
and/or (b) inhibit human NGF-dependent survival of mouse E13.5 trigeminal neurons
with an 1C50 of about 100 pM or less, wherein the IC50 is measured in the presence
of about 15 pM NGF; and/or (¢) inhibit human NGF-dependent survival of mouse
E13.5 trigeminal neurons with an I1C50 of about 10 pM or less, wherein the IC50 is
measured in the presence of about 1.5 pM of NGF,. In some embodiments, the
antibodies (a) bind NGF with a Kp of less than about 100 pM; and/or (b) inhibit
human NGF-dependent survival of mouse E13.5 trigeminal neurons with an IC50 of
about 20 pM or less, wherein the 1C50 is measured in the presence of about 15 pM
NGF: and/or (c) inhibit human NGF-dependent survival of mouse E13.5 trigeminal
neurons with an |C50 of about 2 pM or less, wherein the IC50 is measured in the
presence of about 1.5 pM of NGF.

The epitope (s) that can be bound by the antibody can be continuous or
discontinuous. In one embodiment, the antibody binds essentially the same hNGF
epitopes as an antibody selected from the group consisting of MAb 911, MADb 912,
and MADb 938 as described in Hongo et al. , Hybridoma, 19: 215-227 (2000), an
antibody defined herein (such as antibody E3); and/or described in W02005019266
(including antibodies 4D4, 14D10, 6G9, 7H2, 14F11 and 4G6) or WO2006131951
(including antibody Hu-aD11), WO09023540 or US20090041717, the entire content
of which are herein incorperated by reference. In another embodiment, the antibody
binds essentially the same hNGF epitope as MAb 911. In still another embodiment,
the antibody binds essentially the same epitope as MAb 909. Hongo et al., supra.
For example, the epitope may comprise one or more of residues K32, K34 and E35
within variable region 1 (amino acids 23-35) of hNGF ; residues Y79 and T81 within
variable region 4 (amino acids 81-88) of hNGF ; residues H84 and K88 within
variable region 4; residue R103 between variable region 5 (amino acids 94-98) of
hNGF and the C-terminus (amino acids 111-118) of hNGF ; residue E11 within pre-
variable region 1 (amino acids 10-23) of hNGF ; Y52 between variable region 2
(amino acids 40-49) of hNGF and variable region 3 (amino acids 59-66) of hNGF ;
residues L112 and $113 within the C-terminus of hNGF ; residues R59 and R69
within variable region 3 of hNGF ; or residues V18, V20, and G23 within pre-variable

CA 2736864 2017-08-03
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region 1 of hNGF. In addition, an epitope can comprise one or more of the variable
region 1, variable region 3, variable region 4, variable region 5, the N-terminus
region, and/or the C-terminus of hNGF. In still another embodiment, the antibody
significantly reduces the solvent accessibility of residue R103 of hNGF. It is
understood that although the epitopes described above relate to human NGF, one of
ordinary skill can align the structures of human NGF with the NGF of other species

and identify likely counterparts to these epitopes.

In one aspect, the invention provides polypeptides (such as an antibody), which
comprise a heavy chain variable region comprising SEQ ID NO: 9, wherein 134 is S,
L, VA, orl;and N35 is substituted with N, T or S. For convenience herein,
"substituted” or "is" in this context or reference to an amino acid refers to choices of
amino acid (s) for a given position. As is clear, the substitution, or choice, may be
the amino acid depicted in a SEQ ID or Figure. Residue numbers are determined
readily from reference to the SEQ ID NO stated and follow the residue numbering of

the antibody.

In another aspect, the invention provides polypeptides (such as an antibody) which
comprise a heavy chain variable region comprising SEQ ID NO : 10, wherein M50 is
M I,G,Q, S, orL; A62isA,orS;andL63isL orV.

In another aspect, the invention provides polypeptides (such as an antibody) which
comprises a heavy chain variable region comprising SEQ ID NO: 11, wherein Y100
isY, L, or R; wherein Y101 is Y or W; wherein G103 is G, A, or S; wherein T104 is T
or S; wherein S 105is S, A, or T; wherein Y106 is Y, R, T, or M; wherein Y107 is Y
or F; wherein F108 is F or W; wherein D 109 is D, N, or G; and wherein Y110 is Y,
K,S,RorT.

In another aspect, the invention provides polypeptides (such as an antibody) which
comprise a heavy chain variable region comprising SEQ ID NO : 11, wherein Y 100
isY, L, orR; wherein Y101 is Y or W; wherein G103 is G, A, or S; wherein T104 is T
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or S; wherein S 105is S, A, or T; wherein Y106 is Y, R, T, or M; wherein Y107 is Y
or F; wherein F108 is F or W; wherein D109 is S, A, C, G, D, N, T, or G; and wherein
Y110 is any amino acid.

In another aspect, the invention provides polypeptides (such as an antibody) which
comprise a heavy chain variable region comprising SEQ ID NO: 11, wherein G98 is
G, S A CV,ND,orT;whereinG9is G, S,A, C,V, N, D, orT; wherein Y100 is
Y, L, or R; wherein Y101 is Y or W; wherein G103 is G, A, or S; wherein T104 is T or
S; wherein S 105is S, A, or T; wherein Y106 is Y, R, T, or M; wherein Y107 is Y or
F; wherein F108 is F or W; wherein D109 is S, A, C, G, D, N, T, or G; and wherein

Y110 is any amino acid.

In another aspect, the invention provides polypeptides (such as an antibody) which
comprise a light chain variable region comprising SEQ ID NO : 12, wherein S26is S
orF; D28is D, S, A, orY; and H32 is H, N, or Q.

In another aspect, the invention provides polypeptides (such as an antibody) which
comprise a light chain variable region comprising SEQ ID NO: 13, wherein 151is |, T,
VorA;and S56isSorT.

In another aspect, the invention provides polypeptides (such as an antibody) which
comprise a light chain variable region comprising SEQ ID NO : 14, wherein $91is S
ork; K92is K, H, R, or S; and wherein Y96 is Y or R.

In another aspect, the invention provides polypeptides (such as an antibody) which
comprise a light chain variable region comprising SEQ ID NO : 14, wherein $S91is S
or E; K92 is any amino acid; T93 is any amino acid; and wherein Y96 is Y or R.

In one aspect, the invention provides polypeptides (such as an antibody), which
comprise an amino acid sequence shown in SEQ ID NO : 9, wherein 134 is S, L, V A,
orl;and N35is N, T or S.
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In another aspect, the invention provides polypeptides (such as an antibody) which
comprise an amino acid sequence shown in SEQ ID NO : 10, wherein M50 is M, I,
G,Q,S,orL; AB2is A,or S; and L63 is L or V.

In another aspect, the invention provides polypeptides (such as an antibody) which
comprise an amino acid sequence shown in SEQ ID NO: 11, wherein Y100is Y, L,
or R; wherein Y101 is Y or W; wherein G103 is G, A, or S; wherein T104 is T or S;
wherein S105is S, A, or T; wherein Y106is Y, R, T, or M; wherein Y107 is Y or F;
wherein F108 is F or W; wherein D109 is D, N, or G ; and wherein Y110 is Y, K, S, R

orT.

In another aspect, the invention provides polypeptides (such as an antibody) which
comprise an amino acid sequence shown in SEQ ID NO : 11, wherein Y100 is Y, L,
or R; wherein Y101 is Y or W; wherein G103 is G, A, or S; wherein T104is T or S;
wherein S 105is S, A, or T; wherein Y106 is Y, R, T, or M; wherein Y107 is Y or F;
wherein F108 is F or W; wherein D109 is S, A, C, G, D, N, T, or G; and wherein

Y110 is any amino acid.

In another aspect, the invention provides polypeptides (such as an antibody) which
comprise an amino acid sequence shown in SEQ ID NO : 11, wherein G98 is G, S,
A, C,V,N,D,orT; wherein G39is G, S, A, C,V, N, D, or T; wherein Y100 is Y, L, or
R; wherein Y101 is Y or W; wherein G103 is G, A, or S; wherein T104 is T or S;
wherein S105is S, A, or T; wherein Y106 is Y, R, T, or M; wherein Y107 is Y or F;
wherein F108 is F or W; wherein D109 is S, A, C, G, D, N, T, or G; and wherein
Y110 is any amino acid.

In another aspect, the invention provides polypeptides (such as an antibody) which
comprise an amino acid sequence shown in SEQ ID NO : 12, wherein S26 is S or F;
D28is D, S, A, orY; and H32 is H, N, or Q.
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In another aspect, the invention provides polypeptides (such as an antibody) which
comprise an amino acid sequence shown in SEQ ID NO: 13, wherein 151 is |, T, V or
A;and S56is SorT.

In another aspect, the invention provides polypeptides (such as an antibody) which
comprise an amino acid sequence shown in SEQ ID NO : 14, wherein S91 is S or E;
K92 is K, H, R, or S; and wherein Y96 is Y or R.

In another aspect, the invention provides polypeptides (such as an antibody) which
comprise an amino acid sequence shown in SEQ ID NO : 14, wherein S21 is S or E;

K92 is any amino acid; T93 is any amino acid; and wherein Y96 is Y or R.

In another aspect, the invention provides polypeptides (such an antibodies, including
humanized antibodies) which comprise a heavy chain variable region comprising the
CDR1 region of SEQ ID NO : 9, wherein134is S, L, VA, orl;and N35is N, T or S;
the CDR2 region of SEQ ID NO : 10, wherein M50is M, I, G, Q, S, or L; AB2 is A, or
S; and L63is L or V; and the CDR3 region of SEQ ID NO : 11, wherein Y100 is Y, L,
or R; wherein Y101 is Y or W; wherein G103 is G, A, or S; wherein T104 is T or S;
wherein S105is S, A, or T; wherein Y106is Y, R, T, or M; wherein Y107 is Y or F;
wherein F108 is F or W; wherein D109 is D, N, or G; wherein Y110is Y, K, S, Ror
T. In some embodiments, the heavy chain variable region comprises the CDR3
region of SEQ ID NO : 11, wherein Y100 is Y, L, or R; wherein Y101 is Y or W;
wherein G103 is G, A, or S; wherein T104 is T or S; wherein $105is S, A, or T;
wherein Y106is Y, R, T, or M; wherein Y107 is Y or F; wherein F108 is F or W;
wherein D109 is S, A, C, G, D, N, T, or G; wherein Y110 is any amino acid. In other
embodiments, the heavy chain variable region comprises the CDR3 region of SEQ
ID NO: 11, wherein G98is G, S, A, C, V, N, D, or T; wherein G99 is G, S, A, C, V,
N, D, or T; wherein Y100 is Y, L, or R; wherein Y101 is Y or W; wherein G103 is G,
A, or S; wherein T104 is T or S; wherein S105is S, A, or T; wherein Y106 is Y, R, T,
or M; wherein Y107 is Y or F; wherein F108 is F or W; wherein D109 is S, A, C, G,

D, N, T, or G; and wherein Y110 is any amino acid. In some embodiments, the
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polypeptide (such as an antibody) further comprises an antibody light chain variable

region.

In another aspect, the invention provides polypeptides (such as an antibody) which
comprise a light chain variable region comprising the CDR1 region of SEQ ID NO :
12, wherein S26 is Sor F; D28 is D, S, A, or Y; and H32 is H, N, or Q; the CDR2
region of SEQ ID NO : 13, wherein 151 is I, T, V or A; and 856 is S or T; and the
CDR3 region of SEQ ID NO : 14, wherein S91is S or E; K92 is K, H, R, or S; and
wherein Y96 is Y or R. In some embodiments, the light chain variable region
comprises the CDR3 region of SEQ ID NO : 14, wherein S91 is S or E; K92 is any
amino acid; T93 is any amino acid; and wherein Y96 is Y or R. In some
embodiments, the polypeptide (such as an antibody) further comprises an antibody

heavy chain.

In another aspect, the invention provides polypeptides (such as an antibody) which
comprise (a) a heavy chain variable region comprising the CDR1 region of SEQ ID
NO: 9, whereinl34is S,L, VA, orl;and N35is N, T or S; the CDR2 region of SEQ
ID NO: 10, wherein M50is M, |, G, Q, S, orL; A62is A, or S; and L83 is L or V; and
the CDR3 region of SEQ ID NO : 11, wherein Y100 is Y, L, or R; wherein Y101 is Y
or W; wherein G103 is G, A, or S; wherein T104 is T or S; wherein S105is S, A, or
T; wherein Y106 is Y, R, T, or M; wherein Y107 is Y or F; wherein F108 is F or W;
wherein D109 is D, N, or G; wherein Y110 is Y, K, S, R or T; and (b) a light chain
variable region comprising the CDR1 region of SEQ ID NO : 12, wherein S26 is S or
F; D28is D, S, A, orY; and H32 is H, N, or Q; the CDR2 region of SEQ ID NO : 13,
wherein 151 is |, T, V or A; and S56 is S or T; and the CDR3 region of SEQ ID NO :
14, wherein S91 is S or E; K92 is K, H, R, or S; and wherein Y96 is Y or R. In some
embodiments, the light chain variable region comprises the CDR3 region of SEQ ID
NO : 14, wherein 891 is S or E; K92 is any amino acid; T93 is any amino acid; and
wherein Y96 is Y or R. In some embodiments, the heavy chain variable region
comprises the CDR3 region of SEQ ID NO: 11, wherein Y100 is Y, L, or R; wherein
Y101 is Y or W; wherein G103 is G, A, or S; wherein T104 is T or S; wherein S 105
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isS, A orT; wherein Y106 is Y, R, T, or M; wherein Y107 is Y or F; wherein F108 is
F or W; wherein D109 is S, A, C, G, D, N, T, or G; wherein Y110 is any amino acid.
In other embodiments, the heavy chain variable region comprises the CDR3 region
of SEQ ID NO: 11, wherein G98 is G, S, A, C, V, N, D, or T; wherein G99 is G, S, A,
C,V,N,D,orT; wherein Y100 is Y, L, or R; wherein Y101 is Y or W, wherein G103
is G, A, or S; wherein T104 is T or S; wherein S105is S, A, or T; wherein Y106 is Y,
R, T, or M; wherein Y107 is Y or F; wherein F108 is F or W; wherein D109 is S, A, C,
G, D, N, T, or G; and wherein Y110 is any amino acid. In some embodiments, the

polypeptide further comprises an antibody light chain.

In another aspect, the invention provides polypeptides (such an antibody, including a
humanized antibody) which comprise an amino acid sequence shown in SEQ ID NO
19, whereinl34is S, L, VA, orl;and N35is N, T or S; an amino acid sequence
shown in SEQ ID NO : 10, wherein M50 is M, |, G, Q, S, orL; A62 is A, or S; and
L63 is L or V; and an amino acid sequence shown in SEQ ID NO: 11, wherein Y100
isY, L, orR; wherein Y101 is Y or W; wherein G103 is G, A, or S; wherein T104 is T
or S; wherein S105is S, A, or T; wherein Y106is Y, R, T, or M; wherein Y107 is Y or
F; wherein F108 is F or W ; wherein D109 is D, N, or G ; wherein Y110is Y, K, S, R
or T. In some embodiments, the polypeptide comprises an amino acid sequence
shown in SEQ ID NO : 11, wherein Y100is Y, L, or R; and wherein Y101 is Y or W;
wherein G103 is G, A, or S; wherein T104 is T or S; wherein S105is S, A, or T;
wherein Y106is Y, R, T, or M; wherein Y107 is Y or F; wherein F108 is F or W;
wherein D109 is S, A, C, G, D, N, T, or G; and wherein Y110 is any amino acid. In
other embodiments, the polypeptide comprises an amino acid sequence shown in
SEQ ID NO : 11, wherein G98is G, S, A, C, V, N, D, or T; wherein G99 is G, S, A,
C,V,N,D,orT; wherein Y100 is Y, L, or R; wherein Y101 is Y or W, wherein G103
is G, A, or S; wherein T104 is T or S; wherein S105is S, A, or T; wherein Y108 is Y,
R, T, or M; wherein Y107 is Y or F; wherein F108 is F or W; wherein D109 is S, A, C,
G, D, N, T, or G ; and wherein Y110 is any amino acid. In some embodiments, the
polypeptide (such as an antibody) further comprises an antibody light chain variable

region.
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In another aspect, the invention provides polypeptides (such as an antibody) which
comprise an amino acid sequence shown in SEQ ID NO : 12, wherein S26 is S or F;
D28is D, S, A, orY; and H32 is H, N, or Q; an amino acid sequence shown in SEQ
ID NO: 13, wherein 151 is I, T, V or A; and S56 is S or T; and an amino acid
sequence shown in SEQ ID NO : 14, wherein 891 is Sor E; K92 is K, H, R, or S;
and wherein Y96 is Y or R.

According to a further preferred embodiment of the present invention the antibody
can be an anti-NGF antibody comprising a heavy chain variable region comprising:
(a) a CDR1 region shown in SEQ ID NO: 3;

(b) a CDR2 region shown in SEQ ID NO:4; and

(c) a CDRa3 region shown in SEQ ID NO:5, 11, 56, 58, 60, 62, 64.

According to a further preferred embodiment of the present invention the antibody
can be anti-NGF antibody comprising a light chain variable region comprising:

(a) a CDR1 region shown in SEQ ID NO: 6;

(b) a CDR2 region shown in SEQ ID NO:7; and

(c) a CDR3 region shown in SEQ ID NO:8, 14, 55, 57, 59, 61 or 63.

According to a preferred embodiment of the present invention the antibody can be
an anti-NGF antibody comprising a heavy chain variable region comprising:

(a) a CDR1 region shown in SEQ ID NO: 3;

(b) a CDRZ2 region shown in SEQ ID NO:4; and

(c) a CDR3 region shown in SEQ ID NO:5.

According to the present invention the antibody can be anti-NGF antibody
comprising a light chain variable region comprising:

(a) a CDR1 region shown in SEQ ID NO: 6;

(b) a CDR2 region shown in SEQ ID NO:7; and

(c) a CDR3 region shown in SEQ ID NO:8.
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The anti-NGF antibody may further comprise a heavy chain variable region
comprising:

(a) a CDR1 region shown in SEQ ID NO: 3;

(b) a CDR2 region shown in SEQ ID NO:4; and

(c) a CDR3 region shown in SEQ ID NO:5.

The anti-NGF antibody may comprise a heavy chain variable region comprising an
amino acid sequence of any of at least about 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98% or 99% identical to the amino acid sequence of SEQ ID
No. 1 and/ or a light chain variable region comprising an amino acid sequence of
any of at least about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%
or 99% identical to the amino acid sequence of SEQ ID No. 2, wherein the antibody
binds specifically to NGF.

The heavy chain variable region and /or light chain variable region of a humanised
anti-NGF antibody may comprise one or more respective framework mutations. In
one aspect the framework mutation may replace a human framework residue with
the complementary mouse framework residue. The mutation may cmprise the
substitution V71K in the heavy chain variable region.

The anti-NGF antibody may comprise a heavy chain variable region comprising the
amino acid sequence of SEQ ID NO: 1 and/or may comprise a light chain variable

region comprising the amino acid sequence of SEQ ID NO: 2.

The anti-NGF antibody may be an antibody comprising the amino acid sequences
shown in SEQ ID NOS: 1 and 2.

The anti-NGF antibody may comprise a heavy chain region comprising an amino
acid sequence of any of at least about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98% or 99% identical to the amino acid sequence of SEQ ID No. 16 and
/ or a light chain region comprising an amino acid sequence of any of at least about
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identical to
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the amino acid sequence of SEQ ID No. 17, wherein the antibody binds specifically
to NGF.

The anti-NGF antibody may comprise a heavy chain region comprising the amino
acid sequence of SEQ ID NO: 16 and/or may comprise a light chain region
comprising the amino acid sequence of SEQ ID NO: 17.

The anti-NGF antibody may be an antibady comprising the amino acid sequences
shown in SEQ ID NOS: 16 and 17.

The anti-NGF antibody may compete for NGF binding with an anti-NGF antibody as
defined herein. The anti-NGF antibody may compete for NGF binding with an
antibody comprising a heavy chain variable region comprising the amino acid
sequence of SEQ ID NO: 1 and / or a light chain variable region comprising the
amino acid sequence of SEQ ID NO: 2.

The anti-NGF antibody may be a humanized and affinity matured antibody, E3,
which specifically binds human and rodent NGF. Antibody E3 is described in
W02004/058184.

The amino acid sequences of the heavy chain and light chain variable
regions of E3 are shown in SEQ ID Nos. 1 and 2 (Figures 1A and 1B of
w02004/058184), respectively. The CDR portions of antibody E3 (including
Chothia and Kabat CDRs) are diagrammatically depicted in Figures 1A and 1B of
wQ02004/058184. The amino acid sequences of E3 heavy and light chains, and of
the individual extended CDRs are also shown below (See, "antibody sequences”,
below). Antibody E3 is highly potent in sequestering NGF and preventing interaction
with its receptor. E3 and its murine precursor antibody 911 have been shown to be
an effective analgesic in non-clinical animal modeis of pathological pain including

arthritis, cancer pain and post surgical pain.
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The anti-NGF antibody may also comprise a fragment or a region of the antibody E3
(interchangeably termed "E3" herein). In one embodiment, the fragment is a light
chain of the antibody E3 as shown in Figure 1B of WO2004/058184 and SEQ ID No.
17 herein. In another embodiment, the fragment is a heavy chain of the antibody E3
as shown in Figure 1A of WO2004/058184 and SEQ ID No. 16 herein. In yet
another embodiment, the fragment contains one or more variable regions from a
light chain and/or a heavy chain of the antibody E3. In yet another embodiment, the
fragment contains one or more CDRs from a light chain and/or a heavy chain of the
antibody E3 as shown in Figure 1A and 1B of W0O2004/058184 and SEQ ID Nos. 17

and 16, respectively, herein.

In another aspect, the antibody comprises a light chain that is encoded by a
polynucleotide that is produced by a host cell with a deposit number of ATCC No.
PTA-4893 or ATCC No. PTA-4824. In another aspect, the antibody comprises a
heavy chain that is encoded by a polynucleotide that is produced by a host cell with
a deposit number of ATCC No. PTA-4895. In another aspect, the antibody
comprises (a) a light chain that is encoded by a polynucleotide that is produced by a
host cell with a deposit number of ATCC No. PTA-4894 or ATCC No. PTA-4893; and
(b) a heavy chain that is encoded by a polynucleotide that is produced by a host cell
with a deposit number of ATCC No. PTA-4895 (for convenience herein, the
polynucleotide(s) produced by a deposited host cell are referred to as having a
deposit number of ATCC NOs PTA-4894, PTA-4893 and PTA-4895). In another
aspect, the antibody comprises a light chain variable region of a light chain that is
encoded by a polynucleotide that is produced by a host cell with a deposit number of
ATCC No. PTA-4894 or ATCC No. PTA-4893. In another aspect, the antibody
comprises a heavy chain variable region of a heavy chain that that is encoded by a
polynucleotide that is produced by a host cell with a deposit number of ATCC No.
PTA-4895. In another aspect, the antibody comprises (a) a light chain variable
region of a light chain that is encoded by a polynucleotide that is produced by a host
cell with a deposit number of ATCC No. PTA-4894 or ATCC No. PTA-4893, and (b)

a heavy chain variable region of a heavy chain that that is encoded by a
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polynucleotide that is produced by a host cell with a deposit number of ATCC No.
PTA-4895. In still another aspect, the antibody comprises one or more CDR(s)
encoded by (a) a polynucleotide that is produced by a host cell with a deposit
number of ATCC No. PTA-4894; and/or (b) a heavy chain that is encoded by a
polynucleotide that is produced by a host cell with a deposit number of ATCC No.
PTA-4895.

In another aspect, the antibody comprises any one or more of the following: a) one
or more CDR(s) of antibody E3 shown in SEQ ID Nos. 1-8 or SEQ ID Nos. 3-8
(Figures 1A and 1B of W0O2004/058184); b) CDR H3 from the heavy chain of
antibody E3 shown in SEQ ID No. 1 and 5 (Figure 1A of WO2004/058184); ¢) CDR
L3 from the light chain of antibody E3 shown in SEQ ID No. 2 and 8 (Figure 1B of
WQ2004/058184); d) three CDRs from the light chain of antibody E3 shown in SEQ
ID No. 2, 6-8 (Figure 1B of WQ2004/058184); e) three CDRs from the heavy chain
of antibody E3 shown in SEQ ID Nos. 1, 3-5 (Figure 1A of WO2004/058184); and f)
three CDRs from the light chain and three CDRs from the heavy chain, of antibody
E3 shown in SEQ ID Nos. 1-8 (Figures 1A and 1B of W0O2004/058184). In another
aspect, the antibody may comprise any one or more of the following: a) one or more
(one, two , three, four, five, or six) CDR(s) derived from antibody E3 shown in SEQ
ID Nos. 1-8 (Figures 1A and 1B of W02004/058184); b) a CDR derived from CDR
H3 from the heavy chain of antibody E3 shown in SEQ ID Nos. 1 and 5 (Figure 1A of
WQ02004/058184); and/or ¢) a CDR derived from CDR L3 from the light chain of
antibody E3 shown in SEQ ID Nos. 2 and 8 (Figure 1B of WO2004/058184). In
some embodiments, the CDRs may be Kabat CDRs, Chothia CDRs, or a
combination of Kabat and Chothia CDRs (termed "extended" or "combined"” CDRs
herein). In some embodiments, the polypeptides comprise any of the CDR

configurations (including combinations, variants, etc.) described herein.

In another embodiment the antibody may comprise:
(a) a heavy chain variable region comprising:
(i) a CDR1 region of SEQ ID NO: 30;
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(i) a CDR2 region comprising the sequence of SEQ ID NO: 31;

(iii) a CDR3 region selected from the group consisting of SEQ ID NO: 11, 56, 58, 60,
62 and 64; and

(b) a light chain variable region comprising:

(i) a CDR1 region of SEQ ID NO: 18;

(i) a CDR2 region of SEQ ID NO: 19;

(iii) a CDRS3 region selected from the group consisting of SEQ ID NO: 14, 55, 57, 59,
61 and 63.

In some embodiments of the present invention the C-terminal lysine of the heavy
chain of any of the anti-NGF antibodies described herein is deleted. In various
cases the heavy and/or light chain of the anti-NGF antibodies described herein may
optionally include a signal sequence.

In another embodiment, the antibody may be selected from an anti-NGF antibody
known in the art, such as antibodies described in W0O2005012266 (including
antibodies 4D4, 14D10, 6G9, 7H2, 14F11 and 4G6), WO2006131951 (including
antibody Hu-aD11), WO09023540 or US20090041417. The antibody may bind to
the same epitope as an anti-NGF antibody known in the art, such as Mab911, MAb
912, and MAb 938 as described in Hongo et al. , Hybridoma, 19: 215-227 (2000),
and antibodies described in W0O20050192266 (including antibodies 4D4, 14D10, 6G9,
7H2, 14F11 and 4G6) ,W02006131951 (including antibody Hu-aD11), WO09023540
or US20090041417 and/or may compete for binding to NGF with such an antibody.

According to a further aspect of the present invention there is provided a liquid
composition comprising or consisting of;

about 0.5 mg/ml to about 50 mg/ml of at least one antibody,

about 1.0 mM to about 15 mM histidine buffer,

about 1 mg/ml to about 100 mg/ml trehalose dihydrate,

about 0.01 to about 0.15 mg/ml PS20,

about 0.01 to about 0.1 mg/ml. disodium EDTA,
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wherein said composition is of a pH selected from the the range of between about
pH 5.5 and any of about pH 6.0, 6.2, 6.5 or 6.8, or alternatively from the range of
between about pH 5.8 and any of about pH 6.0, 6.2, 6.5 or 6.8.

According to a further aspect of the present invention there is provided a liquid
composition comprising or consisting of;

any of about 2.5 mg/ml, 5 mg/ml, 10 mg/ml, 20 mg/ml, 22 mg/ml or about 50 mg/ml
of at least one antibody,

about 1.0 mM to about 15 mM histidine buffer,

about 1 mg/ml to about 100 mg/ml trehalose dihydrate,

about 0.01 to about 0.15 mg/ml PS20,

about 0.01 to about 0.1 mg/ml. disodium EDTA,

wherein said composition is of a pH selected from the range of between about pH
5.5 and any of about pH 6.0, 6.2, 6.5 or 6.8, or alternatively from the range of
between about pH 5.8 and any of about pH 6.0, 6.2, 6.5 or 6.8.

According to a preferred embodiment the liquid composition comprises or consists
of;

any of about 2.5 mg/ml, 5 mg/ml, 10 mg/ml, 20 mg/ml, 22 mg/ml or about 50 mg/ml
of at least one antibody,

about 10 mM histidine buffer,

about 84 mg/ml trehalose dihydrate,

about 0.1 mg/ml PS20,

about 0.05 mg/ml. disodium EDTA,

wherein said composition is of a pH selected from the range of between about pH
5.5 and any of about pH 6.0, 6.2, 6.5 or 6.8, or alternatively from the range of
between about pH 5.8 and any of about pH 6.0, 6.2, 6.5 or 6.8, preferably is of a pH
from 5.8 to 6.5, and wherein said antibody comprises a variable heavy chain
sequence of SEQ ID NO. 1 and a variable light chain sequence of SEQ ID NO. 2.
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According to a preferred embodiment the liquid composition comprises or consists
of;

any of about 2.5 mg/ml, 5 mg/ml, 10 mg/ml, 20 mg/ml, 22 mg/ml or about 50 mg/mi
of at least one antibody,

about 10 mM histidine buffer,

about 84 mg/ml trehalose dihydrate,

about 0.1 mg/ml PS20,

about 0.05 mg/ml. disodium EDTA,

wherein said composition is of pH 6.0, +/- 0.2 and wherein said antibody comprises
a variable heavy chain sequence of SEQ ID NO. 1 and a variable light chain
sequence of SEQ ID NO. 2. In a preferred embodiment the dose volume used is 1

ml.

In one aspect there is provided a liquid compaosition which is not lyophilized and has
not been subjected to lyophylization.

According to a further aspect of the present invention there is provided a liquid
composition of the invention wherein the composition is resistant to aggregation of

the antibody after multiple freeze thaw cycles.

Preferably the antibody is resistant to aggregation during at least one cycle of
freezing and thawing of the composition, further preferably wherein the antibody is
resistant to aggregation during multiple freeze thaw cycles , preferably during at
least 2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14 or 15 cycles of freeze thawing. Most
preferably the antibody is resistant to aggregation during at least fifteen cycles of
freezing and thawing of the liquid compaosition, further preferably four or fifteen

cycles.

Further preferably the antibody demonstrates less than about 10% aggregation
increase after the multiple freeze thaw cycles of the liquid composition in comparison
to the same composition, or an equivalent sample of identical or about identical
composition, prior to freeze thawing, more preferably less than or about, 9, 8,7 .6, 5,
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4, 3, 2,1, 0.5 or 0 % aggregation increase after the multiple freeze thaw cycles of
the liquid composition in comparison to the same composition, or an equivalent

sample of identical or about identical composition, prior to freeze thawing.

According to a further aspect of the present invention there is provided a liquid
composition of the invention wherein the composition can be stored for a period of at
least about 26 or 52 weeks at a temperature of any of about 5, 25 or 40°C and
wherein there is less than about 35% further preferably less than about 10%
increase in aggregation of the antibody of the composition. Preferably the

concentration of the antibody is either about 10mg/ml or about 50 mg/ml.

Preferably there is less than about 35% further preferably less than about 10%
increase in aggregation of the antibody of the liquid formulation when stored for a
period of any of about 2, 4, 8, 9, 13, 26 or 52 weeks at a temperature of any of about
5, 25 or 40°C in comparison to the same composition, or an equivalent sample of
identical or about identical composition, prior to the period of storage. Preferably the

concentration of the antibody is either about 10mg/ml or about 50 mg/ml.

Further preferably the antibody of the liquid composition demonstrates less than
about 35% further preferably less than about 10% aggregation increase, further
preferably less than any of about 34%, 33%, 32%, 31%, 30%, 29%, 28%, 27%,
26%, 25%, 24%, 23%, 22%, 21%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%,
12%, 11%, 10%, 9%, more preferably less than about 8, 7,6, 5,4, 3,2, 1, or 0.5%
or equal to about 0 % aggregation increase after the period of storage of 2, 4, 8, 9,
13, 26 or 52 weeks at a temperature of any of about 5, 25 or 40°C; most preferably
less than about 20% at 40°C for 52 weeks, or less than about 10% at 40°C for 26
weeks, in comparison to the same composition, or an equivalent sample of identical
or about identical composition, prior to the period of storage. Preferably the

concentration of the antibody is either about 10mg/ml or about 50 mg/ml.

According to a further aspect of the present invention there is provided a liquid
composition of the invention wherein the composition can be stored for a period of at
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least about 26 or 52 weeks at a temperature any of about 5, 25 or 40°C and wherein
there is less than about 35% further preferably less than about 10% increase in
oxidation of the antibody of the compaosition in comparison to the same composition,
or an equivalent sample of identical or about identical composition, prior to the
period of storage. Preferably the concentration of the antibody is either about
10mg/ml or about 50 mg/ml.

Preferably the antibody of the liquid composition demonstrates less than about 35%
further preferably less than about 10% oxidation increase, further preferably less
than any of about 34%, 33%, 32%, 31%, 30%, 29%, 28%, 27%, 26%, 25%, 24%,
23%, 22%, 21%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%,
9%, more preferably less than about 8, 7, 6, 5, 4, 3, 2, 1 or 0.5% or equal to about 0
% oxidation increase after the period of storage of any of about 2, 4, 8, 9, 13, 26 or
52 weeks at a temperature of any of about 5, 25 or 40°C, most preferably less than
about 31% or 30 % for 52 weeks, or less than about 11% or 10% at 40°C for 26
weeks, in comparison to the same composition, or an equivalent sample of identical
or about identical composition, prior to the period of storage. Preferably the

concentration of the antibody is either about 10mg/ml or about 50 mg/ml.

According to a further aspect of the present invention there is provided a liquid
composition of the invention wherein the composition can be stored for a period of at
least about 26 or 52 weeks at a temperature of any of about 5, 25 or 40°C and
wherein there is less than 30% decrease in activity of the antibody of the

composition.

Preferably there is less than about 30% decrease in activity of the antibody of the
liquid formulation, further preferably less than about 25%, further preferably 20%
more preferably less than about 19, 18, 17, 16, 15, 14, 13,12, 11,10, 9, 8,7, 6, 5, 4,
3,2,1,0.50r 0 % decrease in activity of the antibody of the formulation when stored
for a period of any of at least about 2, 4, 8, 13, or 26 weeks at a temperature of any

of about 5, 25 or 40°C in comparison to the same composition, or an equivalent
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sample of identical or about identical composition, prior to the period of storage.
Preferably the concentration of the antibody is either about 10mg/ml or about 50

mg/ml.

According to a further aspect of the present invention there is provided a liquid
composition of the invention wherein the composition can be stored for a period of at
least about 26 weeks at a temperature any of about 5, 25 or 40°C and wherein there
is less than about 15% increase in fragmentation of the antibody of the composition
in comparison to the same composition, or an equivalent sample of identical or
about identical composition, prior to the period of storage, preferably wherein the
concentration of the antibody is either about 10mg/ml or about 50 mg/ml.

Preferably the antibody of the liquid composition demonstrates less than about 15%
further preferably further preferably less than any of about 14%, 13%, 12%, 11%,
10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1% or 0.5% or equal to about 0 %
fragmentation increase after the period of storage of any of about 2, 4, 8, 9, 13 or 26
weeks at a temperature of any of about 5, 25 or 40°C, most preferably less than
about 14 % at about 40°C for about 26 weeks, in comparison to the same
composition, or an equivalent sample of identical or about identical composition,
prior to the period of storage. Preferably the concentration of the antibody is either

about 10mg/ml or about 50 mg/ml.

According to a further aspect of the present invention there is provided a liquid
composition of the invention wherein the composition can stored for a period of at
least about 52 weeks at a temperature of between 2 to 8°C, preferably 5°C wherein
there is less than 20% decrease in activity of the antibody of the composition.
Preferably the concentration of antibody is any of about 2.5, 5, 10, 20 or 50 mg/ml.

Preferably there is less than about 15%, further preferably less than about 10%
deccrease in activity of the antibody of the liquid formulation when stored for a
period of any of at least about 2, 4, 8, 13, 26 or 52 weeks, further preferably any of
at least about 2, 3, 6, 9, 12, 18 or 24 months at a temperature of about 2 to 8°C,
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preferably 5°C in comparison to the same composition, an equivalent sample of
identical or about identical composition, prior to the period of storage. Preferably the
concentration of antibody is any of about 2.5, 5, 10, 20 or 50 mg/ml.

Further preferably the antibody of the liquid composition demonstrates less than
about 15% aggregation increase, further preferably less than about 10%, more
preferably less than about 9, 8, 7, 6, 5, 4, 3, 2, 1, 0.5 or 0 % activity decrease after
the period of storage in comparison to the same composition, or an equivalent
sample of identical or about identical composition, prior to the period of storage.

According to a further aspect of the present invention there is provided a liquid
composition of the invention wherein the composition can stored for a period of at
least about 52 weeks or at least 24 months at a temperature of between 2 to 8°C,
preferably 5°C wherein there is less than 20% increase in aggregation of the
antibody of the composition. Preferably the concentration of antibody is any of about
2.5,5, 10, 20 or 50 mg/ml.

Preferably there is less than about 15%, further preferably less than any of about 14,
13,12,11,10,9,8,7,6, 5,4, 3,2, 1, 0.5% or equal to 0 % increase in aggregation
of the antibody of the liquid formulation when stored for a period of any of at least
about 2, 4, 8, 13, 26 or 52 weeks, further preferably for any of at least about 2, 3, 6,
9, 12, 18 or 24 months at a temperature of about 2 to 8°C, preferably 5°C in
comparison to the same composition, an equivalent sample of identical or about
identical composition, prior to the period of storage. Preferably the concentration of

antibody is any of about 2.5, 5, 10, 20 or 50 mg/ml.

According to a further aspect of the present invention there is provided a liquid
composition of the invention wherein the composition can stored for a period of at
least about 52 weeks or at least 24 months at a temperature of between 2 to 8°C,
preferably 5°C wherein there is less than 20% increase in oxidation of the antibody
of the composition. Preferably the concentration of antibody is any of about 2.5, 5,
10, 20 or 50 mg/ml.
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Preferably there is less than about 15%, further preferably less than any of about 14,
13,12,11,10,9,8,7,6, 5,4, 3, 2,1, 0.5% or equal to 0 % increase in oxidation of
the antibody of the liquid formulation when stored for a period of any of at least
about 2, 4, 8, 13, 26 or 52 weeks, further preferably for any of at least about 2, 3, 6,
9, 12, 18 or 24 months at a temperature of about 2 to 8°C, preferably 5°C in
comparison to the same composition, an equivalent sample of identical or about
identical composition, prior to the period of storage. Preferably the concentration of

antibody is any of about 2.5, 5, 10, 20 or 50 mg/ml.

According to a further aspect of the present invention there is provided a liquid
composition of the invention wherein the composition can stored for a period of at
least about 52 weeks or at least 24 months at a temperature of between 2 to 8°C,
preferably 5°C wherein there is less than 20% increase in fragmentation of the
antibody of the composition. Preferably the concentration of antibody is any of about
2.5, 5,10, 20 or 50 mg/ml.

Preferably there is less than about 15%, further preferably less than any of about 14,
13,12,11,10,9,8, 7,6, 5,4, 3,2,1, 0.5% or equal to 0 % increase in fragmentation
of the antibody of the liquid formulation when stored for a period of any of at least
about 2, 4, 8, 13, 26 or 52 weeks, further preferably for any of at least about 2, 3, 6,
9, 12, 18 or 24 months at a temperature of about 2 to 8°C, preferably 5°C in
comparison to the same composition, an equivalent sample of identical or about
identical composition, prior to the period of storage. Preferably the concentration of
antibody is any of about 2.5, 5, 10, 20 or 50 mg/ml.

According to a further preferred aspect of the present invention there is provided a
liquid composition, according to any foregoing aspect or embodiment, for the
manufacture of a medicament for treatment of pain in a mammal.

Preferably the pain is selected from one or more of acute pain, chronic pain,
neuropathic, inflammatory, nociceptive, mixed aetiology pain, hyperalgesia,

allodynia, visceral pain, somatic pain and back pain.
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According to a yet further embodiment of the invention there is provided a liquid
composition, according to any foregoing aspect or embodiment, for the manufacture
of a medicament for treatment of pain and/or lower urinary tract symptoms (LUTs)
associated with interstitial cystitis and/or painful bladder syndrome and/or bladder
pain syndrome,

According to a yet further embodiment of the invention there is provided a liquid
composition, according to any foregoing aspect or embodiment, for the manufacture
of a medicament for treatment of pain and/or chronic prostatitis and/or chronic pelvic
pain syndrome. According to another aspect there is provided a liquid composition,
according to any foregoing aspect or embodiment, for the manufacture of a
medicament for treatment of pain and/or other symptoms associated with

endometriosis and or uterine fibroids.

Preferably the mammal is selected from rodents (such as mice, rats and rabbits,
pets (such as cats, dogs and horses) , farm animals (such as cows, sheep, pigs and
goats), sport animals and/or pets (such as cats, dogs and horses), primates, more

preferably a human.

According to a preferred embodiment the liquid composition can be administered
directly into the blood stream, into muscle, into tissue, into fat, or into an internal
organ. Suitable means for parenteral administration include intravenous, intraarterial,
intraperitoneal, intrathecal, intraventricular, intraurethral, intrasternal, intracranial,
intramuscular, intra-ossial, intradermal and subcutaneous. Suitable devices for
parenteral administration include needle (including microneedle, microprojections,
soluble needles and other micropore formation techniques) injectors, needle-free

injectors and infusion techniques.

In some embodiments the administration pattern of the medicament comprises
administration of a dose of the medicament once every week, once every two
weeks, once every three weeks, once every four weeks, once every five weeks,

once every six weeks, once every seven weeks, once every eight weeks, once every
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nine weeks, once every ten weeks, once every fifteen weeks, once every twenty
weeks, once every twenty five weeks, or once every twenty six weeks. In some
embodiments, the anti-NGF antagonist antibody is administered once every month,
once every two months, once every three months, once every four months, once
every five months, or once every six months. Most preferably the administration
pattern of the medicament comprises administration of a dose of the medicament

once every eight weeks.

In some embodiments the volume of a dose is less than or equal to about 20 ml,
about 15 ml, about 10 ml, about 5 ml, about 2.5 ml, about 1.5 ml, about 1.0 ml, about
0.75 ml, about 0.5 ml, about 0.25 ml or about 0.01 ml.

In some embodiments the volume of a dose is about 20 ml, about 19 ml, about 18
ml, about 17 ml, about 16 ml, about 15 ml, about 14 ml, about 13 ml, about 12 ml,
about 11 ml, about 10 ml, about 9 ml, about 8 ml, about 7 ml, about 6 ml, about 5 ml,
about 4 ml, about 3 ml, about 2 ml or about 1ml. Alternatively about 20.5 ml, about
19.5 ml, about 18.5 ml, about 17.5 ml, about 16.5 ml, about 15.5 ml, about 14.5 ml,
about 13.5 ml, about 12.5 ml, about 11.5 ml, about 10.5 ml, about 9.5 ml, about 8.5
ml, about 7.5 ml, about 6.5 ml, about 5.5 ml, about 4.5 ml, about 3.5 ml, about 2.5
ml, about 1.5 ml, or about 0.5. Alternatively about 900 microliters, about 800
microliters, about 700 microliters, about 600 microliters, about 500 microliters, about
400 microliters, about 300 microliters, about 200 microliters, or about 100 microliters,
alternatively about 950 microliters, about 850 microliters, about 750 microliters,
about 650 microliters, about 550 microliters, about 450 microliters, about 350
microliters, about 250 microliters, about 150 microliters, or about 50 microliters.

Most preferably the volume of the dose is less than or equal to about 2.5 ml.

According to preferred embodiment the concentration of antibody can range from
about 0.1 to about 200 mg/ml. Preferably the concentration of antibody is about 0.5
mg/ml, about 1 mg/ml, about 2 mg/ml, about 2.5 mg/ml, about 3 mg/ml, about 3.5
mg/ml, about 4 mg/ml, about 4.5 mg/ml, about 5 mg/ml, about 5.5 mg/ml, about 6
mg/ml, about 6.5 mg/ml, about 7 mg/ml, about 7.5 mg/ml, about 8 mg/ml, about 8.5
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mg/ml, about © mg/ml, about 9.5 mg/ml, about 10 mg/ml, about 11 mg/ml, about 12
mg/ml, about 13 mg/ml, about 14 mg/ml, about 15 mg/ml, about 16 mg/ml, about 17
mg/ml, about 18 mg/ml, about 19 mg/ml, about 20 mg/ml, about 21 mg/ml, about 22
mg/ml, about 23 mg/ml, about 24 mg/ml, about 25 mg/ml, about 26 mg/ml, about 27
mg/ml, about 28 mg/ml, about 29 mg/ml, about 30 mg/ml, about 31 mg/ml, about 32
mg/ml, about 33 mg/ml, about 34 mg/ml, about 35 mg/ml, about 36 mg/ml, about 37
mg/ml, about 38 mg/ml, about 39 mg/ml, about 40 mg/ml, about 41 mg/ml, about 42
mg/ml, about 43 mg/ml, about 44 mg/ml, about 45 mg/ml, about 46 mg/ml, about 47
mg/ml, about 48 mg/ml, about 49 mg/ml, about 50 mg/ml, about 51 mg/ml, about 52
mg/ml, about 53 mg/ml, about 54 mg/ml, about 55 mg/ml, about 56 mg/ml, about 57
mg/ml, about 58 mg/ml, about 59 mg/ml, about 60 mg/ml, about 70 mg/ml, about 80
mg/ml, about 90 mg/ml, about 100 mg/ml or about 110mg/ml. Most preferably the
concentration of antibody is less than or equal to 50 mg/ml and may be selected
from the group comprising about 2 mg/ml, about 2.5 mg/ml, about 5 mg/ml, about 10
mg/ml, about 19 mg/ml, about 20 mg/ml, about 22 mg.ml and about 50 mg/ml.

According to a preferred embodiment the dose contains less than or equal to about
0.5 mg, about 1 mg, about 2 mg, about 3 mg, about 4 mg, about 5 mg, about 6 mg,
about 7 mg, about 8 mg, about 9 mg, about 10 mg, about 11 mg, about 12 mg,
about 13 mg, about 14 mg, about 15 mg, about 16 mg, about 17 mg, about 18 mg,
about 19 mg, about 20 mg, about 21 mg, about 22 mg, about 23 mg, about 24 mg,
about 25 mg, about 26 mg, about 27 mg, about 28 mg, about 29 mg, about 30 mg,
about 31 mg, about 32 mg, about 33 mg, about 34 mg, about 35 mg, about 36 mg,
about 37 mg, about 38 mg, about 39 mg, about 40 mg, about 41 mg, about 42 mg,
about 43 mg, about 44 mg, about 45 mg, about 46 mg, about 47 mg, about 48 mg,
about 49 mg, about 50 mg, about 51 mg, about 52 mg, about 53 mg, about 54 mg,
about 55 mg, about 56 mg, about 57 mg, about 58 mg, about 59 mg, about 60 mg,
about 70 mg, about 80 mg, about 90 mg, about 100 mg, or about 110mg of antibody.
Most preferable the dose contains less than or equal to about 50 mg of antibody.
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According to a preferred embodiment the dose contains an amount of antibody that
is about 1 pg/kg, about 10 pg/kg, about 20 pg/kg, about 25 pg/kg, about 50 pg/kg,
about 100 ug/kg, about 200 ug/kg, about 250 ug/kg, about 500 ug/kg, about 1
mg/kg, about 2 mg/kg, about 3 mg/kg, about 4 mg/kg, about 5 mg/kg, about 6 mg/kg,
about 7 mg/kg, about 8 mg/kg, about 9 mg/kg, about 10 mg/kg, or about 11 mg/kg
(of mass of the mammal to which the dose it to be administered). Most preferably
the dose contains about 20 pg/kg, about 25 ug/kg, about 50 pg/kg, about 100 pg/kg,
about 200 ug/kg, about 250 pg/kg, 1 mg/kg or about 2 mg/kg.

Dosage regimens may dependi on the pattern of pharmacokinetic decay that the
practitioner wishes to achieve. For example, in some embodiments, dosing from
one-four times a week is contemplated. Even less frequent dosing may be used. In
some embodiments, the dose is administered once every 2 weeks, every 3 weeks,
every 4 weeks, every 5 weeks, every 6 weeks, every 7 weeks, every 8 weeks, every
9 weeks, every 10 weeks, every 15 weeks, every 20 weeks, every 25 weeks, or
longer. In some embodiments, the dose is administered once every 1 month, every
2 months, every 3 months, every 4 months, every 5 months, every 6 months, or
longer. Most preferably the dose is administered once every eight weeks. The
progress of this therapy is easily monitored by conventional techniques and assays.

The dosing regimen can vary over time.

For the purpose of the present invention, the appropriate dosage of the medicament
will depend on the antibody employed, the type and severity of the pain to be
treated, whether the agent is administered for preventative or therapeutic purposes,
previous therapy, the patient’s clinical history and response to the agent, and the
discretion of the attending physician. Typically the clinician will administer the
medicament, until a dosage is reached that achieves the desired result. Dosages
may be determined empirically for example individuals are given incremental
dosages to assess efficacy of the medicament, an indicator of pain may be followed,

such as a change in a pain numerical rating scale (NRS).
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Dose and/or frequency can vary over course of treatment. Empirical considerations,
such as the antibody half-life, generally will contribute to the determination of the
dosage. Frequency of administration may be determined and adjusted over the
course of therapy, and is generally, but not necessarily, based on treatment and/or
suppression and/or amelioration and/or delay of pain. In some individuals, more
than one dose may be required. Frequency of administration may be determined
and adjusted over the course of therapy. For repeated administrations over several
days or longer, depending on the pain and its severity, the treatment is sustained
until a desired suppression of symptoms occurs or until sufficient therapeutic levels

are achieved to reduce pain.

Administration of medicament comprising the liquid composition can be continuous
or intermittent, depending, for example, upon the recipient’s physiological condition,
whether the purpose of the administration is therapeutic or prophylactic, and other
factors known to skilled practitioners. The administration of the medicament
comprising the liquid composition may be essentially continuous over a preselected
period of time or may be in a series of spaced dose, e.g., either before, during, or

after developing pain.

Preferably the administration of the dose is a parenteral administration preferably
selected from intravenous, intraarterial, intraperitoneal, intrathecal, intraventricular,
intraurethral, intrasternal, intracranial, intramuscular, intra-ossial, intradermal and
subcutaneous. Preferably the medicament is in a unit dosage sterile liquid form for

parenteral administration.

Treatment efficacy can be assessed by monitoring pain relief. Pain relief may be
characterized by time course of relief. Accordingly, in some embodiments, relief is
observed within about 24 hours after administration. In other embodiments, relief is
observed within about 36, 48, 60, 72 hours or 4 days after administration. In some
embodiments, frequency and/or intensity of pain is diminished, and/or quality of life

of those suffering pain is increased. In some embodiments, pain relief is provided
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for duration of at least about 7 days, at least about 14 days, at least about 21 days,
at least about 28 days, at least about 35 days, at least about 42 days, at least about
49 days, at least about 56 days, at least about 63 days, at least about 70 days, at
least about 77 days, at least about 84 days, at least about 180 days, or longer after
a single dose of the medicament.

COMBINATIONS
The liquid composition, according to any aspect or embodiment may be usefully

combined with another pharmacologically active compound, or with two or more
other pharmacologically active compounds, particularly in the treatment of pain in a
mammal and may be administered simultaneously, sequentially or separately in

combination with one or more agents selected from:

(i) an opioid analgesic, e.g. morphine, heroin, hydromorphone, oxymorphone,
levorphanol, levallorphan, methadone, meperidine, fentanyl, cocaine,
codeine, dihydrocodeine, oxycodone, hydrocodone, propoxyphene,
nalmefene, nalorphine, naloxone, naltrexone, buprenorphine, butorphanal,
nalbuphine or pentazocine;

(i) a nonsteroidal antiinflammatory drug (NSAID), e.g. aspirin, diclofenac,
diflusinal, etodolac, fenbufen, fenoprofen, flufenisal, flurbiprofen, ibuprofen,
indomethacin, ketoprofen, ketorolac, meclofenamic acid, mefenamic acid,
nabumetone, naproxen, oxaprozin, phenylbutazone, piroxicam, sulindac,
tolmetin or zomepirac, or a pharmaceutically acceptable salt thereof;

(i)  a barbiturate sedative, e.g. amobarbital, aprobarbital, butabarbital, butabital,
mephobarbital, metharbital, methohexital, pentobarbital, phenobartital,
secobarbital, talbutal, theamylal or thiopental or a pharmaceutically
acceptable salt thereof;

(iv) a benzodiazepine having a sedative action, e.g. chlordiazepoxide,
clorazepate, diazepam, flurazepam, lorazepam, oxazepam, temazepam or

triazolam or a pharmaceutically acceptable salt thereof,
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an H; antagonist having a sedative action, e.g. diphenhydramine, pyrilamine,
promethazine, chlorpheniramine or chlorcyclizine or a pharmaceutically
acceptable salt thereof;

a sedative such as glutethimide, meprobamate, methaqualone or
dichloralphenazone or a pharmaceutically acceptable salt thereof;

a skeletal muscle relaxant, e.g. baclofen, carisoprodol, chlorzoxazone,
cyclobenzaprine, methocarbamol or orphrenadine or a pharmaceutically
acceptable salt thereof,

an NMDA receptor antagonist, e.g. dextromethorphan ((+)-3-hydroxy-N-
methylmorphinan) or its metabolite dextrorphan  ((+)-3-hydroxy-N-
methylmorphinan), ketamine, memantine, pyrrologuinoline quinone or cis-4-
(phosphonomethyl)-2-piperidinecarboxylic acid or a pharmaceutically
acceptable salt thereof;

an alpha-adrenergic, e.g. doxazosin, tamsulosin, clonidine or 4-amino-6,7-
dimethoxy-2-(5-methanesulfonamido-1,2,3,4-tetrahydroisoquinol-2-yl)-5-(2-
pyridyl) quinazoline;

a ftricyclic antidepressant, e.g. desipramine, imipramine, amytriptiline or
nortriptiline;

an anticonvulsant, e.g. carbamazepine or valproate;

a tachykinin (NK) antagonist, particularly an NK-3, NK-2 or NK-1 antagonist,
e.g9. (aR,9R)-7-[3,5-bis(trifluoromethyl)benzyl]-8,9,10,11-tetrahydro-9-methyl-
5-(4-methylphenyl)-7H-[1,4]diazocino[2,1-g][1,7]naphthridine-6-13-dione
(TAK-637), 5-[[(2R,3S)-2-[(1R)-1-[3,5-bis(trifluoromethyl)phenyl]ethoxy-3-(4-
fluorophenyl)-4-morpholinyllmethyl]-1,2-dihydro-3H-1,2,4-triazol-3-one  (MK-
869), lanepitant, dapitant or 3-[[2-methoxy-5-
(trifluoromethoxy)phenyllmethylamino]-2-phenyl-piperidine (2S,3S);

a muscarinic antagonist, e.g oxybutin, tolterodine, propiverine, tropsium
chloride or darifenacin;

a COX-2 inhibitor, e.g. celecoxib, rofecoxib or valdecoxib;

a non-selective COX inhibitor (preferably with Gl protection), e.g.
nitroflurbiprofen (HCT-1026);
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(xvi) a coal-tar analgesic, in particular paracetamol;

(xvii) a neuroleptic such as droperidol;

(xviii) a vanilloid receptor agonist (e.g. resinferatoxin) or antagonist (e.g.

capsazepine);
XiX) a beta-adrenergic such as propranolol;
xX) a local anaesthetic, such as mexiletine;
xxi) a corticosteriod, such as dexamethasone

xxii) a serotonin receptor agonist or antagonist;

(
(
(
(
(xxiii) a cholinergic (nicotinic) analgesic;
(xxiv) Tramadol (trade mark);

(xxv) a PDEV inhibitor, such as sildenafil, vardenafil or taladafil;
(xxvi) an alpha-2-delta ligand such as gabapentin or pregabalin; and
(

xxvii) a canabinoid.

DESCRIPTION OF THE FIGURES

Figure 1 Summary of %Aggregation (via SEC) Data from 50 mg/mL anti-NGF
antibody: Tonicity Agent Screening Study at 40°C

Figure 2.  Summary of %Fragments (via reduced CGE) Data from 50 mg/mL
anti-NGF antibody: Tonicity Agent Screening Study at 40°C

Figure 3 Summary of % Aggregation (via SEC) Data from 22 mg/mL anti-NGF

antibody subjected to 15 Freeze-Thaw Cycles:

Figure 4 % Aggregation Data (per SEC) at 5°C for Long-Term Stability Study of
anti-NGF antibody E3 formulation containing trehalose, EDTA, polysorbate 20 in
histidine buffer at pH 6.0 at 2.5, 5, 10, 20 and 50 mg/mL
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Figure 5 % Fragmentation Data (per reduced CGE) at 5°C for Long-Term Stability
Study of anti-NGF antibody E3 formulation containing trehalose, EDTA, polysorbate
20 in histidine buffer at pH 6.0 at 2.5, 5, 10, 20 and 50 mg/mL

Figure 6 % Oxidation Data at 5°C for Long-Term Stability Study of anti-NGF
antibody E3 formulation containing trehalose, EDTA, polysorbate 20 in histidine
buffer at pH 6.0 at 2.5, 5, 10, 20 and 50 mg/mL

DEFINITIONS

As used herein, the terms "formulation" or "composition" as they relate to an
antibody are meant to describe the antibody in combination with a pharmaceutically
acceptable excipient comprising at least one tonicity agent, at least one buffer, at

least one chelating agent, at least one surfactant, wherein the pH is as defined.

The term "pharmaceutical composition" refers to preparations which are in such form
as to permit the biological activity of the active ingredients to be effective.

"Pharmaceutically acceptable excipients" (vehicles, additives) are those, which can
safely be administered to a subject to provide an effective dose of the active
ingredient employed. The term "excipient" or "carrier" as used herein refers to an
inert substance, which is commonly used as a diluent, vehicle, preservative, binder
or stabilizing agent for drugs. As used herein, the term "diluent" refers to a
pharmaceutically acceptable (safe and non-toxic for administration to a human)
solvent and is useful for the preparation of the liquid formulations herein. Exemplary
diluents include, but are not limited to, sterile water and bacteriostatic water for
injection (BWFI).

As used herein, the term "antibody" refers to an intact antibody or an antigen-binding
portion that competes with the intact antibody for specific binding. See generally,
Fundamental Immunology, Ch. 7 (Paul, W., ed., 2nd ed. Raven Press, N.Y. (1989).

Antigen-binding portions may be produced by recombinant DNA techniques or by
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enzymatic or chemical cleavage of intact antibodies. In some embodiments, antigen-
binding portions include Fab, Fab', F(ab'),, Fd, Fv, dAb, and complementarity
determining region (CDR) fragments, single-chain antibodies (scFv), chimeric
antibodies, diabodies and polypeptides that contain at least a portion of an antibody
that is sufficient to confer specific antigen binding to the polypeptide. From N-
terminus to C-terminus, both the mature light and heavy chain variable domains
comprise the regions FR1 , CDR1, FR2, CDR2, FR3, CDR3 and FR4. The
assignment of amino acids to each domain is in accordance with the definitions of
Kabat, Sequences of Proteins of Immunological Interest (National Institutes of
Health, Bethesda, Md. (1987 and 1991)), Chothia & Lesk, J. Mol. Biol. 196:901-917
(1987), or Chothia et al., Nature 342:878-883 (1989). As used herein, the term
"polypeptide" encompasses native or artificial proteins, protein fragments and
polypeptide analogs of a protein sequence. A polypeptide may be monomeric or
polymeric.

As used herein, an Fd fragment means an antibody fragment that consists of the Vy
and CH1 domains; an Fv fragment consists of the V, and VH domains of a single
arm of an antibody; and a dAb fragment (Ward et al., Nature 341 :544-546 (1989))
consists of a Vy domain.

The term "or an antigen-binding portion thereof" when used with the term "antibody"
refers to a polypeptide that has an amino-terminal and/or carboxy-terminal deletion,
but where the remaining amino acid sequence is identical to the corresponding
positions in the naturally-occurring sequence. In some embodiments, fragments are
at least 5, 6, 8 or 10 amino acids long. In other embodiments, the fragments are at
least 14, at least 20, at least 50, or at least 70, 80, 90, 100, 150 or 200 amino acids

long.

As used herein, the term "monoclonal antibody" refers to a homogeneous antibody
population wherein the monoclonal antibody is comprised of amino acids (naturally
occurring and non-naturally occurring) that are involved in the selective binding of an

antigen. A population of monoclonal antibodies is highly specific, being directed
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against a single antigenic site. The term “monoclonal antibody” encompasses not
only intact monoclonal antibodies and full-length monoclonal antibodies, but also
fragments thereof (such as Fab, Fab’, F(ab’),, Fv), single chain (ScFv), mutants
thereof, fusion proteins comprising an antibody portion, and any other modified
configuration of the immunoglobulin molecule that comprises an antigen recognition
site of the required specificity and the ability to bind to an antigen. It is not intended
to be limited as regards to the source of the antibody or the manner in which it is
made (e.g., by hybridoma, phage selection, recombinant expression, transgenic

animals, etc.).

A single chain antibody (scFc) is an antibody in which VL and VH regions are paired
to form a monovalent molecule via a synthetic linker that enables them to be made
as a single protein chain (Bird et al Science, 242: 423-426 (1988) and Huston et al.,
Proc. Natl. Acad. Sci. USA, 85:5879-5883 (1988)).

Diabodies are bivalent, bispecific antibodies in which VH and VL domains are
expressed on a single polypeptide chain, but using a linker that is too short to allow
for pairing between the two domains on the same chain, thereby forcing the domains
to pair with complementary domains of another chain and creating two antigen

binding sites.

"Chimeric antibodies" refers to those antibodies wherein one portion of each of the
amino acid sequences of heavy and light chains is homologous to corresponding
sequences in antibodies derived from a particular species or belonging to a
particular class, while the remaining segment of the chains is homologous to
corresponding sequences in another. Typically, in these chimeric antibodies, the
variable region of both light and heavy chains mimics the variable regions of
antibodies derived from one species of mammals, while the constant portions are
homologous to the sequences in antibodies derived from another. One clear
advantage to such chimeric forms is that, for example, the variable regions can

conveniently be derived from presently known sources using readily available
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hybridomas or B cells from non human host organisms in combination with constant
regions derived from, for example, human cell preparations. While the variable
region has the advantage of ease of preparation, and the specificity is not affected
by its source, the constant region being human, is less likely to elicit an immune
response from a human subject when the antibodies are injected than would the
constant region from a non-human source. However, the definition is not limited to

this particular example.

A “variable region” of an antibody refers to the variable region of the antibody light
chain or the variable region of the antibody heavy chain, either alone or in
combination. The variable regions of the heavy and light chain each consist of four
framework regions (FR) connected by three complementarity determining regions
(CDRs) also known as hypervariable regions. The CDRs in each chain are held
together in close proximity by the FRs and, with the CDRs from the other chain,
contribute to the formation of the antigen-binding site of antibodies. There are at
least two techniques for determining CDRs: (1) an approach based on cross-species
sequence variability (i.e., Kabat et al. Sequences of Proteins of Immunological
Interest, (5th ed., 1991, National Institutes of Health, Bethesda MD)); and (2) an
approach based on crystallographic studies of antigen-antibody complexes (Chothia
et al. (1989) Nature 342:877; Al-lazikani et al (1997) J. Molec. Biol. 273:927-948)).
As used herein, a CDR may refer to CDRs defined by either approach or by a
combination of both approaches.

A “constant region” of an antibody refers to the constant region of the antibody light
chain or the constant region of the antibody heavy chain, either alone or in

combination.

As used herein, the terms “E3”, “3E”, and “antibody E3” are used interchangeably to
refer to an antibody comprising the amino acid sequence of the heavy chain and
light chain variable regions shown in SEQ ID NO:1 and SEQ ID NO:2 (Figures 1A
and 1B of W02004/058184), respectively. The generation and characterization of
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E3 is described in the Examples of W02004/058184.

In some embodiments, the term "E3" refers to
immunoglobulin encoded by (a) a polynucleotide encoding E3 light chain that has a
deposit number of ATCC No. PTA-4893 or ATCC No. PTA-4894, and (b) a
polynucleotide encoding E3 heavy chain that has a deposit number of ATCC No.
PTA-4895.

As used herein, the terms "isolated antibody" or "purified antibody" refers to an
antibody that by virtue of its origin or source of derivation has one to four of the
following: (1) is not associated with naturally associated components that
accompany it in its native state, (2) is free of other proteins from the same species,
(3) is expressed by a cell from a different species, or (4) does not occur in nature.

An antibody is "substantially pure,” "substantially homogeneous," or "substantially
purified” when at least about 60 to 75% of a sample exhibits a single species of
antibody. A substantially pure antibody can typically comprise about 50%, 60%,
70%, 80% or 90% w/w of an antibody sample, more usually about 95%, and
preferably will be over 99% pure. Antibody purity or homogeneity may tested by a
number of means well known in the art, such as polyacrylamide gel electrophoresis
or HPLC.

As used herein, the term "human antibody" is intended to include antibodies having
variable and constant regions derived from human germline immunoglobulin
sequences. This definition of a human antibody includes antibodies comprising at
least one human heavy chain polypeptide or at least one human light chain
polypeptide. The human antibodies of the invention may include amino acid
residues not encoded by human germline immunoglobulin sequences (e.g.,
mutations introduced by random or site-specific mutagenesis in vitro or by somatic
mutation in vivo), for example in the CDRs and in particular CDR3. However, the
term "human antibody”, as used herein, is not intended to include antibodies in
which CDR sequences derived from the germline of another mammalian species,
such as a mouse, have been grafted onto human framework sequences.
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As used herein, "humanized" antibody refers to forms of non-human (e.g. murine)
antibodies that are chimeric immunoglobulins, immunoglobulin chains, or fragments
thereof (such as Fv, Fab, Fab', F(ab"), or other antigen-binding subsequences of
antibodies) that contain minimal sequence derived from non-human immunoglobulin.
Preferably, humanized antibodies are human immunoglobulins (recipient antibody)
in which residues from a complementary determining region (CDR) of the recipient
are replaced by residues from a CDR of a non-human species (donor antibody) such
as mouse, rat, or rabbit having the desired specificity, affinity, and capacity. In some
instances, Fv framework region (FR) residues of the human immunoglobulin are
replaced by corresponding non-human residues. Furthermore, the humanized
antibody may comprise residues that are found neither in the recipient antibody nor
in the imported CDR or framework sequences, but are included to further refine and
optimize antibody performance. In general, the humanized antibody will comprise
substantially all of at least one, and typically two, variable domains, in which all or
substantially all of the CDR regions correspond to those of a non-human
immunoglobulin and all or substantially all of the FR regions are those of a human
immunoglobulin consensus sequence. The humanized antibody optimally also will
comprise at least a portion of an immunoglobulin constant region or domain (Fc),
typically that of a human immunoglobulin. Preferred are antibodies having Fc
regions modified as described in WO 99/58572. Other forms of humanized
antibodies have one or more CDRs (CDR L1, CDR L2, CDR L3, CDR H1, CDR H2,
or CDR H3) which are altered with respect to the original antibody, which are also
termed one or more CDRs “derived from” one or more CDRs from the original
antibody.

There are four general steps to humanize a monoclonal antibody. These are: (1)
determining the nucleotide and predicted amino acid sequence of the starting
antibody light and heavy variable domains (2) designing the humanized antibody, i.
e. , deciding which antibody framework region to use during the humanizing process
(3) the actual humanizing methodologies/techniques and (4) the transfection and

expression of the humanized antibody. See, for example, U. S. Patent Nos. 4,816,
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567; 5,807, 715; 5, 866,692 ; 6,331, 415; 5,530, 101; 5,693, 761; 5,693, 762; 5,585,
089; and 6,180, 370.

A number of"humanized"antibody molecules comprising an antigen- binding site
derived from a non-human immunoglobulin have been described, including chimeric
antibodies having rodent or modified rodent V regions and their associated
complementarity determining regions (CDRs) fused to human constant domains.
See, for example, Winter et al. Nature 349: 293-299 (1991), Lobuglio et al. Proc.
Nat. Acad. Sci. USA 86: 4220-4224 (1989), Shaw et al. J Immunol. 138: 4534-4538
(1987), and Brown et al. Cancer Res. 47: 3577-3583 (1987). Other references
describe rodent CDRs grafted into a human supporting framework region (FR) prior
to fusion with an appropriate human antibody constant domain. See, for example,
Riechmann et al. Nature 332: 323-327 (1988), Verhoeyen et al. Science 239: 1534-
1536 (1988), and Jones et al. Nature 321: 522-525 (1986). Another reference
describes rodent CDRs supported by recombinantly veneered rodent framework
regions. See, for example, European Patent Publication No. 0519596.
These"humanized"molecules are designed to minimize unwanted immunological
response toward rodent anti-human antibody molecules which limits the duration
and effectiveness of therapeutic applications of those moieties in human recipients.
For example, the antibody constant region can be engineered such that it is
immunologically inert (e. g. , does not trigger complement lysis). See, e. g. PCT
Publication No. WQ99/58572; UK Patent Application No. 9809951.8. Other methods
of humanizing antibodies that may also be utilized are disclosed by Daugherty et al. ,
Nucl. Acids Res. 19: 2471-2476 (1991) and in U. S. Patent Nos. 6,180, 377; 6,054,
297; 5,997, 867; 5,866, 692; 6,210, 671; and 6,350, 861; and in PCT Publication No.
WO 01/27160.

As used herein, the term "recombinant antibody" is intended to include all antibodies
that are prepared, expressed, created or isolated by recombinant means, for
example antibodies expressed using a recombinant expression vector transfected
into a host cell, antibodies isolated from a recombinant, combinatorial human

antibody library, antibodies isolated from an animal (e.g., a mouse) that is transgenic
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for human immunoglobulin genes or antibodies prepared, such recombinant human

antibodies can be subjected to in vitro mutagenesis.

As used herein, the terms "is capable of specifically binding", “specifically binds”, or
“‘preferentially binds” refers to when an antibody binds to an antigen with a
dissociation constant that is < 1 uM, preferably < 1 nM and most preferably < 10 pM.
An epitope that "specifically binds", or "preferentially binds" (used interchangeably
herein) to an antibody or a polypeptide is a term well understood in the art, and
methods to determine such specific or preferential binding are also well known in the
art. A molecule is said to exhibit "specific binding" or "preferential binding" if it reacts
or associates more frequently, more rapidly, with greater duration and/or with greater
affinity with a particular cell or substance than it does with alternative cells or
substances. An antibody"specifically binds" or "preferentially binds" to a target if it
binds with greater affinity, avidity, more readily, and/or with greater duration than it
binds to other substances. For example, an antibody that specifically or preferentially
binds to an NGF epitope is an antibody that binds this epitope with greater affinity,
avidity, more readily, and/or with greater duration than it binds to other NGF epitopes
or non-NGF epitopes. It is also understood by reading this definition that, for
example, an antibody (or moiety or epitope) that specifically or preferentially binds to
a first target may or may not specifically or preferentially bind to a second target. As
such, "specific binding" or "preferential binding" does not necessarily require

(although it can include) exclusive binding.

As used herein, "immunospecific" binding of antibodies refers to the antigen specific
binding interaction that occurs between the antigen-combining site of an antibody
and the specific antigen recognized by that antibody (i.e., the antibody reacts with
the protein in an ELISA or other immunoassay, and does not react detectably with
unrelated proteins).

The term “compete”, as used herein with regard to an antibody, means that a first
antibody, or an antigen-binding portion thereof, binds to an epitope in a manner
sufficiently similar to the binding of a second antibody, or an antigen-binding portion
thereof, such that the result of binding of the first antibody with its cognate epitope is
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detectably decreased in the presence of the second antibody compared to the
binding of the first antibody in the absence of the second antibody. The alternative,
where the binding of the second antibody to its epitope is also detectably decreased
in the presence of the first antibody, can, but need not be the case. That is, a first
antibody can inhibit the binding of a second antibody to its epitope without that
second antibody inhibiting the binding of the first antibody to its respective epitope.
However, where each antibody detectably inhibits the binding of the other antibody
with its cognate epitope or ligand, whether to the same, greater, or lesser extent, the
antibodies are said to “cross-compete” with each other for binding of their respective
epitope(s). Both competing and cross-competing antibodies are encompassed by
the present invention. Regardless of the mechanism by which such competition or
cross-competition occurs (e.g., steric hindrance, conformational change, or binding
to a common epitope, or portion thereof), the skilled artisan would appreciate, based
upon the teachings provided herein, that such competing and/or cross-competing
antibodies are encompassed and can be useful for the methods disclosed herein.

As used herein, the term “nerve growth factor” and “NGF” refers to nerve growth
factor and variants thereof that retain at least part of the biological activity of NGF.
As used herein, NGF includes all mammalian species of native sequence NGF,
including human, canine, feline, equine, or bovine.

“‘NGF receptor” refers to a polypeptide that is bound by or activated by NGF. NGF
receptors include the TrkA receptor and the p75 receptor of any mammalian
species, including, but are not limited to, human, canine, feline, equine, primate, or
bovine.

As used herein, an “anti-NGF antibody” (interchangeably termed "anti-NGF
antagonist antibody") refers to an antibody which is able to bind to NGF and inhibit,
block, antagonize, suppress or reduce NGF biological activity and/or downstream
pathway(s) mediated by NGF signaling. In some embodiments the term “anti-NGF
antagonist antibody” encompass all the previously identified terms, titles, and
functional states and characteristics whereby the NGF itself, an NGF biological

activity (including but not limited to its ability to ability to mediate any aspect of post-
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surgical pain), or the consequences of the biological activity, are substantially
nullified, decreased, or neutralized in any meaningful degree. In some
embodiments, an anti-NGF antagonist antibody binds NGF and prevent NGF
dimerization and/or binding to an NGF receptor (such as p75 and/or trkA). In other
embodiments, an anti-NGF antibody binds NGF and prevents trkA receptor
dimerization and/or trkA autophosphorylation. Examples of anti-NGF antagonist
antibodies are provided herein.

The term “identity” refers to the percent “identity” of two amino acid sequences or of
two nucleic acid sequences. The percent identity is generally determined by aligning
the sequences for optimal comparision purposes (e.g. gaps can be introduced in the
first sequence for best alignment with the second sequence) and comparing the
amino acid residues or nucleotides at corresponding positions. The “best alignment”
is an alignment of two sequences that results in the highest percent identity. The
percent identity is determined by comparing the number of identical amino acid
residues or nucleotides within the sequences (i.e., % identity = number of identical

positions/total number of positions x 100).

The determination of percent identity between two sequences can be accomplished
using a mathematical algorithm known to those of skill in the art. An example of a
mathematical algorithm for comparing two sequences is the algorithm of Karlin and
Altschul (1990) Proc. Natl. Acad. Sci. USA 87:2264-2268, modified as in Karlin and
Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-5877. The NBLAST and
XBLAST programs of Altschul, et al (1920) J. Mol. Biol. 215:403-410 have
incorporated such an algorithm. BLAST nucleotide searches can be performed with
the NBLAST program, score = 100, wordlength = 12 to obtain nucleotide sequences
homologous to a nucleic acid molecules of the invention. BLAST protein searches
can be performed with the XBLAST program, score = 50, wordlength = 3 to obtain
amino acid sequences homologous to a protein molecules of the invention. To
obtain gapped alignments for comparison purposes, Gapped BLAST can be utilized
as described in Altschul et al. (1997) Nucliec Acids Res. 25:3389-3402.

Alternatively, PSI-Blast can be used to perform an iterated search that detects
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distant relationships between molecules (Id.) When utilizing BLAST, Gapped
BLAST, and PSI-Blast programs, the default parameters of the respective programs
(e.g., XBLAST and NBLAST) can be used. See http://www.ncbi.nlm.nih.gov.
Another example of a mathematical algorithm utilized for the comparison of
sequences is the algorithm of Myers and Miller, CABIOS (1989). The ALIGN

program (version 2.0) which is part of the GCG sequence alignment software

package has incorporated such an algorithm. Other algorithms for sequence
analysis known in the art include ADVANCE and ADAM as described in Torellis and
Robotti (1994) Comput. Appl. Biosci., 10 :3-5; and FASTA described in Pearson and
Lipman (1988) Proc. Natl. Acad. Sci. 85:2444-8. Within FASTA, ktup is a control

option that sets the sensitivity and speed of the search.

A "therapeutically effective amount" refers to an amount effective, at dosages and
for periods of time necessary, to achieve the desired therapeutic result, which in the
context of anti-NGF antibodies includes treatment or prophylactic prevention of the
targeted pathologic condition for example inflammation or pain. It is to be noted that
dosage values may vary with the severity of the condition to be alleviated. Itis to be
further understood that for any particular subject, specific dosage regimens should
be adjusted over time according to the individual need and the professional
judgment of the person administering or supervising the administration of the
compositions, and that dosage ranges set forth herein are exemplary only and are
not intended to limit the scope or practice of the claimed composition. Likewise, a
therapeutically effective amount of the antibody or antibody portion may vary
according to factors such as the disease state, age, sex, and weight of the
individual, the ability of the antibody or antibody portion to elicit a desired response
in the individual, and the desired route of administration of the antibody formulation.
A therapeutically effective amount is also one in which any toxic or detrimental
effects of the antibody or antibody portion are outweighed by the therapeutically
beneficial effects.

As used herein, the term "treatment” refers to both therapeutic treatment and
prophylactic or preventative measures, wherein the object is to prevent or slow down
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(lessen) the targeted pathologic condition for example pain. Those in need of
treatment include those already with the condition as well as those prone to have the
condition or those in whom the condition is to be prevented. As used herein,
“treatment” is an approach for obtaining beneficial or desired clinical results
including, but not limited to, one or more of the following: including lessening
severity, alleviation of one or more symptoms associated with pain, including any
aspect of pain, (such as shortening duration of pain, reduction of pain sensitivity or

sensation).

An “effective amount” of drug, compound, or pharmaceutical composition is an
amount sufficient to effect beneficial or desired results including clinical results such
as alleviation or reduction of the targeted pathologic condition for example pain
sensation. An effective amount can be administered in one or more administrations.
For purposes of this invention, an effective amount of drug, compound, or
pharmaceutical composition is an amount sufficient to treat, ameliorate, reduce the
intensity of the targeted pathologic condition for example inflammation or pain. In
some embodiments, the “effective amount” may reduce pain at rest (resting pain) or
mechanically-induced pain (including pain following movement), or both, and it may
be administered before, during or after painful stimulus. As is understood in the
clinical context, an effective amount of a drug, compound, or pharmaceutical
composition may or may not be achieved in conjunction with another drug,
compound, or pharmaceutical composition. Thus, an “effective amount” may be
considered in the context of administering one or more therapeutic agents, and a
single agent may be considered to be given in an effective amount if, in conjunction

with one or more other agents, a desirable result may be or is achieved.

"Pain" as used herein refers to pain of any etiology, including acute and chronic
pain, and any pain with an inflammatory component. As used herein, "pain" includes
nociception and the sensation of pain, and pain can be assessed objectively and
subjectively, using pain scores and other methods well-known in the art. The pain

can be primary or secondary pain, as is well-known in the art.
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As used herein, the term "subject"” for purposes of treatment includes any subject,
and preferably is a subject who is in need of the treatment of the targeted pathologic
condition for example inflammation or pain. For purposes of prevention, the subject
is any subject, and preferably is a subject that is at risk for, or is predisposed to,
developing the targeted pathologic condition for example inflammation or pain. The
term "subject" is intended to include living organisms, e.g., prokaryotes and
eukaryotes. Examples of subjects include mammals, e.g., humans, dogs, cows,
horses, pigs, sheep, goats, cats, mice, rabbits, rats, and transgenic non- human

animals. In specific embodiments of the invention, the subject is a human.

When introducing elements of the present invention or the preferred embodiment(s)
thereof, the articles "a", "an", "the" and "said" are intended to mean that there are
one or more of the elements. The terms "comprising", "comprise", "comprises”,
"including" and "having" are intended to be inclusive and mean that there may be

additional elements other than the listed elements.

As used herein, the term "polynucleotide” or "nucleic acid", used interchangeably
herein, means a polymeric form of nucleotides either ribonucleotides or
deoxynucleotides or a modified form of either type of nucleotide and may be single
and double stranded forms. A "polynucleotide” or a "nucleic acid" sequence
encompasses its complement unless otherwise specified. As used herein, the term
"isolated polynucleotide" or "isolated nucleic acid" means a polynucleotide of
genomic, cDNA, or synthetic origin or some combination thereof, which by virtue of
its origin or source of derivation, the isolated polynuclectide has one to three of the
following: (1) is not associated with all or a portion of a polynucleotide with which the
"isolated polynucleotide” is found in nature, (2) is operably linked to a polynucleotide
to which it is not linked in nature, or (3) does not occur in nature as part of a larger

sequence.

As used herein, the term "chelating agent" is an excipient that can form at least one

bond (e.g., covalent, ionic, or otherwise) to a metal ion. A chelating agent is typically
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a multidentate ligand that can be used in liquid compositions as a stabilizer to

complex with species, which might otherwise promote instability.

As used herein, the term "buffer” refers to an added composition that allows a liquid
antibody formulation to resist changes in pH, typically by action of its acid-base
conjugate components. When a concentration of a buffer is referred to, it is intended
that the recited concentration represent the molar concentration of the free acid or
free base form of the buffer.

As used herein, the terms 'tonicity agent” or "tonicifier" refers to an excipient that can
adjust the osmotic pressure of a liquid antibody formulation. In certain embodiments,
the tonicity agent can adjust the osmotic pressure of a liquid antibody formulation to
isotonic so that the antibody formulation is physiclogically compatible with the cells
of the body tissue of the subject. In still other embodiments, the "tonicity agent” may
contribute to an improvement in stability of antibodies described herein. An "isotonic"
formulation is one that has essentially the same osmotic pressure as human blood.
Isotonic formulations generally have an osmotic pressure from about 250 to 350
mOsm. The term "hypotonic" describes a formulation with an osmotic pressure
below that of human blood. Correspondingly, the term "hypertonic" is used to
describe a formulation with an osmotic pressure above that of human blood,
Isotonicity can be measured using a vapor pressure or ice-freezing type osmometer,
for example.The tonicity agent can be in an enantiomeric (e.g., L- or D-enantiomer)
or racemic form; isomers such as alpha or beta, including alpha, alpha; or beta,
beta; or alpha, beta; or beta, alpha; a free acid or free base form; a hydrated form

(e.g., monohydrate), or an anhydrous form.

As used herein, the term "polyol" refers an excipient with multiple hydroxyl groups,
and includes sugars (reducing and nonreducing sugars), sugar alcohols and sugar

acids.

As used herein, the term "surfactant” refers to an excipient that can alter the surface
tension of a liquid antibody formulation. In certain embodiments, the surfactant
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reduces the surface tension of a liquid antibody formulation. In still other
embodiments, the "surfactant" may contribute to an improvement in stability of any
of the antibody in the formulation. The surfactant may reduce aggregation of the
formulated antibody and/or minimize the formation of particulates in the formulation
and/or reduces adsorption. The surfactant may also improve stability of the antibody

during and after a freeze/thaw cycle.

As used herein, the term "saccharide" refers to a class of molecules that are
derivatives of polyhydric alcohols. Saccharides are commonly referred to as
carbohydrates and may contain different amounts of sugar (saccharide) units, e.g.,

monosaccharides, disaccharides and polysaccharides.

As used herein, the term "reducing sugar" is one which contains a hemiacetal group
that can reduce metal ions or react covalently with lysine and other amino groups in
proteins and a "nonreducing sugar” is one which does not have these properties of a

reducing sugar.

As used herein, "pharmaceutically acceptable carrier" includes any material which,
when combined with an active ingredient, allows the ingredient to retain biological
activity and is non-reactive with the subject's immune system. Examples include,
but are not limited to, any of the standard pharmaceutical carriers such as a
phosphate buffered saline solution, water, emulsions such as oil/water emulsion,
and various types of wetting agents. Preferred diluents for aerosol or parenteral
administration are phosphate buffered saline or normal (0.9%) saline. Compositions
comprising such carriers are formulated by well known conventional methods (see,
for example, Remington's Pharmaceutical Sciences, 18th edition, A. Gennaro, ed.,
Mack Publishing Co., Easton, PA, 1990; and Remington, The Science and Practice
of Pharmacy 20th Ed. Mack Publishing, 2000).

The term "K', as used herein, is intended to refer to the off rate constant for

dissociation of an antibody from the antibody/antigen complex.
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The term "Kd", as used herein, is intended to refer to the dissociation constant of an
antibody-antigen interaction. One way of determining the Kd or binding affinity of
antibodies to NGF is by measuring binding affinity of monofunctional Fab fragments
of the antibody. To obtain monofunctional Fab fragments, an antibody (for example,
IgG) can be cleaved with papain or expressed recombinantly. The affinity of an anti-
NGF Fab fragment of an antibody can be determined by surface plasmon resonance
(BlAcore3000™ surface plasmon resonance (SPR) system, BlAcore, INC, Piscaway
NJ). CM5 chips can be activated with N-ethyl-N'-(3-dimethylaminopropyl)-
carbodiinide hydrochloride (EDC) and N-hydroxysuccinimide (NHS) according to the
supplier's instructions. Human NGF (or any other NGF) can be diluted into 10 mM
sodium acetate pH 4.0 and injected over the activated chip at a concentration of
0.005 mg/mL. Using variable flow time across the individual chip channels, two
ranges of antigen density can be achieved: 100-200 response units (RU) for detailed
kinetic studies and 500-600 RU for screening assays. Serial dilutions (0.1-10x
estimated Kp) of purified Fab samples are injected for 1 min at 100 microliters/min
and dissociation times of up to 2h are allowed. The concentrations of the Fab
proteins are determined by ELISA and/or SDS-PAGE electrophoresis using a Fab of
known concentration (as determined by amino acid analysis) as a standard. Kinetic
association rates (kon) and dissociation rates (koff) are obtained simultaneously by
fitting the data to a 1:1 Langmuir binding model (Karlsson, R. Roos, H. Fagerstam,
L. Petersson, B. (1994). Methods Enzymology 6. 99-110) using the BlAevaluation
program. Equilibrium dissociation constant (Kp) values are calculated as Kqsi/kon.
This protocol is suitable for use in determining binding affinity of an antibody to any
NGF, including human NGF, NGF of another vertebrate (in some embodiments,
mammalian) (such as mouse NGF, rat NGF, primate NGF), as well as for use with
other neurotrophins, such as the related neurotrophins NT3, NT4/5, and/or BDNF.

Anti-NGF antagonist antibodies for use in the invention can be identified or
characterized using methods known in the art, whereby reduction, amelioration, or
neutralization of an NGF biological activity is detected and/or measured. Methods
described in PCT WO 04/065560 can be used. Another method, for example, a
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kinase receptor activation (KIRA) assay described in U.S. Patent Nos. 5,766,863
and 5,891,650, can be used to identify anti-NGF agents.

Anti-NGF antagonist antibodies can also be identified by incubating a candidate
agent, for example an antibody or anti-NGF antibody, with NGF and monitoring any
one or more of the following characteristics: (a) binding to NGF and inhibiting NGF
biological activity or downstream pathways mediated by NGF signaling function; (b)
inhibiting, blocking or decreasing NGF receptor activation (including TrkA
dimerization and/or autophosphorylation); (¢) increasing clearance of NGF; (d)
treating or preventing pain; (e) inhibiting (reducing) NGF synthesis, production or
release. The ability of an anti-NGF antagonist antibody to block or neutralize a
biological activity of NGF can also be assessed by monitoring the ability of the
candidate agent to inhibit NGF mediated survival in the embryonic rat dorsal root
ganglia survival bioassay as described in Hongo et al., Hybridoma 19:215-227
(2000).

"Reducing incidence" of pain means any of reducing severity (which can include
reducing need for and/or amount of (e. g. , exposure to) other drugs and/or therapies
generally used for this conditions, including, for example, opiates), duration, and/or
frequency (including, for example, delaying or increasing time to post-surgical pain in
an individual). As is understood by those skilled in the art, individuals may vary in
terms of their response to treatment, and, as such, for example, a "method of
reducing incidence of rheumatoid arthritis pain or osteoarthritis pain in an individual"
reflects administering the anti-NGF antagonist antibody based on a reasonable
expectation that such administration may likely cause such a reduction in incidence
in that particular individual.

"Ameliorating" a pain or one or more symptoms of a pain (such as rheumatoid
arthritis pain or osteoarthritis pain) means a lessening or improvement of one or

more symptoms of a pain as compared to not administering an anti-NGF antagonist
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antibody. "Ameliorating" also includes shortening or reduction in duration of a

symptom.

"Palliating" a pain or one or more symptoms of a pain (such as rheumatoid arthritis
pain or osteoarthritis pain) means lessening the extent of one or more undesirable
clinical manifestations of post-surgical pain in an individual or population of
individuals treated with an anti-NGF antagonist antibody in accordance with the

invention.

As used therein, "delaying" the development of pain means to defer, hinder, slow,
retard, stabilize, and/or pastpone progression of pain, (such as post-surgical pain,
rheumatoid arthritis pain, or osteoarthritis pain). This delay can be of varying lengths
of time, depending on the history of the disease and/or individuals being treated. As
is evident to one skilled in the art, a sufficient or significant delay can, in effect,
encompass prevention, in that the individual does not develop pain. A method that
"delays" development of the symptom is a method that reduces probability of
developing the symptom in a given time frame and/or reduces. extent of the
symptoms in a given time frame, when compared to not using the method. Such
comparisons are typically based on clinical studies, using a statistically significant

number of subjects.

“Pain” is taken to mean an unpleasant sensory and emotional experience associated
with actual or potential tissue damage or described in terms of such damage. Pain
can be divided into a number of different areas because of differing pathophysiology,
these include nociceptive, inflammatory, neuropathic pain etc. It should be noted
that some types of pain have multiple aeticlogies and thus can be classified in more
than one area, e.g. Back pain, Cancer pain have both nociceptive and neuropathic

components.

“Chronic pain” as used herein is taken to mean pain associated with a chronic

disorder, i.e. trauma, malignancy, disease, infection or pain that persists beyond
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resolution of such an underlying disorder, or healing of an injury, and that is often
more intense than the underlying process or disorder would predict. Chronic pain
may also be a “mixed aetiology pain” for example involving both nociceptive and/or
neuropathic pain and/or inflammatory pain and/or cancer pain. As a consequence
chronic pain is often unpredictable in response to analgesia. “Dual mechanism
pain” is taken to mean pain that is amplified and maintained by both peripheral and

central sensitization.

‘Inflammatory pain” is taken to mean pain in response to tissue injury and the
resulting inflammatory process. Inflammatory pain may originate in injured tissue
that undergoes a reactive inflammatory process which may also affect neuronal
function. Inflammatory pain may involve the binding of biochemical mediators
(PGE,, bradykinin, cytokines, and neuropeptides), to receptors on pain-transmitting
neurons and alteration of their function, increasing their excitability and thus
increasing pain sensation. Included in the term inflammatory pain are chronic and

acute pain.

“‘Mixed aetiology pain” is taken to mean pain that contains both inflammatory and/or
neuropathic and/or nociceptive components. “Dual mechanism pain” is taken to
mean pain that is amplified and maintained by both peripheral and central

sensitization.

“‘Neuropathic pain” is taken to mean pain produced by damage to or dysfunction of

neurons in the peripheral or central nervous system.

“‘Acute pain” and “acute inflammatory pain” is taken to mean the normal, predictable,
appropriate physiological response to a noxious chemical, thermal or mechanical
stimulus or to a disease process that threatens or produces tissue injury which leads
to the acute inflammation and acute inflammatory pain response, such acute pain
often involves a nociceptive pain component. In general, the intensity of the acute
pain is proportional to the intensity of the stimulus and persists as long as the

stimulus persists, or until healing of tissue injury. Acute inflammatory pain is
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generally associated with injury, invasive procedures, trauma, infection, immune

reaction, allergy, hypersensitivity and disease.

“Nociceptive pain” is taken to mean pain that is transmitted by nociceptors caused
by noxious stimuli signalling tissue injury or impending tissue injury. Nociceptive
pain involves transmission of pain signals via afferent neurons to the dorsal horn of
the spinal cord, second order neurons transmit the signals to higher centres.
Nociceptive pain normally resolves once the condition that precipitated it is resolved,
also characteristic of acute pain.

“‘Hyperalgesia” is an extreme sensitivity to pain, often caused by damage to
nociceptors in the body's soft tissues. It can be experienced in focal form is typically
associated with injury, and is divided into two subtypes: (1) Primary hyperalgesia
i.e. pain sensitivity that occurs directly in the damaged tissues, (2) secondary
hyperalgesia i.e. pain sensitivity that occurs in surrounding undamaged tissues. It
can also be experienced as a more diffuse, body-wide form. Hyperalgesia can be
induced by an acute or chronic inflammatory condition. Key to the development of
such hyperalgesia is the action of platelet aggregating factor (PAF) resulting from
such an inflammatory condition or from an allergic response and which occurs via
immune cells interacting with the peripheral nervous system and releasing cytokines
and chemokines which lead to pain. Inflammatory conditions can induce the
stimulation of pain fibres in a pattern consistent with a form of amplification in the
spinal cord called long term potentiation, such amplification in the spinal cord
provides a pathway producing hyperalgesia.

“Allodynia” is pain resulting from stimuli which are not normally painful, an
exaggerated response to otherwise non-noxious stimuli and can be either static or
dynamic allodynia, i.e. occuring spontaneously without movement or with movement.
Allodynia may also be percieved in other areas than the one stimulated; hence it can
also be dysesthetic. It is common to inflammatory conditions particularly joint

inflammation.
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“Somatic pain” is taken to mean pain originating in the cutaneous or deep tissues,
when it occurs in the musculoskeletal tissues, it is called “deep somatic pain”.

“Visceral pain” is taken to mean pain caused by activation of pain receptors resulting
from infiltration, compression, extension, or stretching of the thoracic, abdominal, or

pelvic viscera.

“Pain" as used herein refers to pain of any etiology, including acute and chronic pain,
and any pain with an inflammatory component. Examples of pain include post-
surgical pain, post-operative pain (including dental pain), migraine, headache and
trigeminal neuralgia, pain associated with burn, wound or kidney stone, pain
associated with trauma (including traumatic head injury), neuropathic pain, back pain
such as chronic lower back pain, pain associated with musculo-skeletal disorders
such as rheumatoid arthritis, pain associated with osteoarthritis, ankylosing
spondylitis, sero-negative (non-rheumatoid) arthropathies, non-articular rheumatism
and peri-articular disorders, and pain associated with cancer (including "break-
through pain", and pain associated with terminal cancer and pain due to bone
metastases), peripheral neuropathy and post-herpetic neuralgia, pain associated
with interstitial cystitis and/or painful bladder syndrome and/or bladder pain
syndrome, pain associated with chronic prostatitis and/or chronic pelvic pain
syndrome, pain associated with endometriosis and/or uterine fibroids. Examples of
pain with an inflammatory component (in addition to some of those described above)

include rheumatic pain, pain associated with mucositis, and dysmenorrhea.

"Post-surgical pain" (interchangeably termed "post-incisional" or "post- traumatic
pain") refers to pain arising or resulting from an external trauma such as a cut,
puncture, incision, tear, or wound into tissue of an individual (including that that
arises from all surgical procedures, whether invasive or non-invasive). As used
herein, post- surgical pain does not include pain that occurs (arises or originates)
without an external physical trauma. In some embodiments, post-surgical pain is
internal or external (including peripheral) pain, and the wound, cut, trauma, tear or

incision may occur accidentally (as with a traumatic wound) or deliberately (as with a
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surgical incision). As used herein, "pain" includes nociception and the sensation of
pain, and pain can be assessed objectively and subjectively, using pain scores and
other methods well-known in the art. Post-surgical pain, as used herein, includes
allodynia (i. e. , increased response to a normally non-noxious stimulus) and
hyperalgesia (i. e. , increased response to a normally noxious or unpleasant
stimulus), which can in turn, be thermal or mechanical (tactile) in nature. In some
embodiments, the pain is characterized by thermal sensitivity, mechanical sensitivity
and/or resting pain. In some embodiments, the post-surgical pain comprises
mechanically-induced pain or resting pain. In other embodiments, the post-surgical

pain comprises resting pain.

The pain can be primary or secondary pain, as is well-known in the art.

Pain associated with interstitial cystitis and/or painful bladder syndrome and/or
bladder pain syndrome may comprise lower abdominal (pelvic) pain; bladder pain;
suprapubic pain; vaginal pain; pain in the penis, testicles, scrotum and perineum;
urethral pain; dyspareneuria; pain, pressure or discomfort that may increase as the
bladder fills.

Pain associated with chronic prostatitis and/or chronic pelvic pain syndrome may
comprise lower abdominal (pelvic) pain; lower stomach pain; bladder pain;
suprapubic pain; pain in the penis, testicles, scrotum and perineum; urethral pain;
dyspareunia; pain, pressure or discomfort that may increase as the bladder fills;
dysuria; and ejaculatory pain.

Lower urinary tract symptoms (LUTs) may comprise three groups of urinary
symptoms, which may be defined as storage (irritative), voiding (obstructive) and
post-micturition symptoms. Storage symptoms comprise urgency, frequency,
nocturia, urgency incontinence and stress incontinence, which can be associated
with overactive bladder (OAB) and benign prostatic hyperplasia (BPH). Voiding

symptoms comprise hesitancy, poor flow, intermittency, straining and dysuria. Post-
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micturition symptoms comprise terminal dribbling, post-void dribbling and a sense of

incomplete emptying.

Pain and/or other symptoms associated with endometriosis and/or uterine fibroids
may comprise dysmenorrhoea; chronic non-menstrual, pelvic pain; dyspareunia;
dyschexia; menorrhagia; lower abdominal or back pain; infertility and subfertility;
dysuria; bloating and pain on micturition; nausea, vomiting and/or diarrohea.
Symptoms may also comprise symptoms related to endometriotic lesions or fibroids
located outside the peritoneal cavity including for example thoracic endometriosis
syndrome manifest as haemoptysis, pneumothorax or haemothorax, and pulmonary

leiomyosis manifest as dyspnoea and a pulmonary mass.

The following examples are provided to illustrate, but not to limit, the invention. The
Examples in WO2004/058184 are referred to illustrate the antibodies for use in the

present invention.

EXAMPLES

Example 1 Antibody production and purification
For expression of full antibadies, heavy and light chain variable regions were cloned
in two mammalian expression vectors (Eb.911.E3 or Eb.pur.911.3E for light chain
and Db.911.3E for heavy chain; described herein) and transfected using
lipofectemine into HEK 293 cells for transient expression. Antibcdies were purified
using protein A using standard methods.
The generation, praduction, purification and characterization of the anti-NGF
antibody E3 is described in the Examples of WO2004/058184.

Vectors incorporating E3 light chain and
E3 heavy chain have been deposited with the American Type Culture Collection,
10801 University Boulevard, Manassas, Virginia, USA (ATCC):
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Material ATCC Accession Date of
No. Deposit
Eb.911.3E E3 light chain PTA-4893 January 8,
2003
Eb.pur.911.3E E3 light chain PTA-4894 January 8,
2003
Db.911.3E E3 heavy PTA-4895 January 8,
chain 2003

Details concerning these deposits can be found in WO2004058184,

Three mammalian expression vectors were designed and constructed for use in the
expression of antibody E3 in mammalian cells.

Vector Db.911.3E is an expression vector comprising the heavy chain variable
region of the E3 antibody and the human IgG2a constant region, and is suitable for
transient or stable expression of the heavy chain. Db.911.3E consists of nucleotide
sequences corresponding to the following regions: the murine cytomegalovirus
promoter region (nucleotides 1-612); a synthetic intron (nucleotides 619-1507); the
DHFR coding region (nucleotides 707-1267); human growth hormone signal peptide
(nucleotides 1525-1602); antibody 3E heavy chain variable region (nucleotides
1603-1965); human heavy chain IgG2a constant region containing the following
mutations: A330P331 to $S330S331 (amino acid numbering with reference to the
wildtype 1gG2a sequence; see Eur. J. Immunol. (1999) 29:2613-2624); SV40 late
polyadenylation signal (nucleotides 2974-3217), SV40 enhancer region (nucleotides
3218-3463); phage f1 region (nucleotides 3551-4006) and beta lactamase (AmpR)
coding region {nucleotides 4443-5300). Db.911.3E was deposited at the ATCC on
January 8, 2003, and was assigned ATCC Accession No. PTA-4895.
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Vector Eb.911.3E is an expression vector comprising the light chain variable region
of the E3 antibody and the human kappa chain constant region, and is suitable for
transient expression of the light chain. Eb.911.3E consists of nucleotide sequences
corresponding to the following regions: the murine cytomegalovirus promoter region
(nucleotides 1-612); human EF-1 intron (nucleotides 619-1142); human growth
hormone signal peptide (nucleotides 1173-1150); antibody E3 light chain variable
region (nucleotides 1251-1571); human kappa chain constant region (nucleotides
1572-1892); SV40 late polyadenylation signal (nucleotides 1910-2153); SV40
enhancer region (nucleotides 2154-2399); phage f1 region (nucleotides 2487-2942)
and beta lactamase (AmpR) coding region (nucleotides 3379-4236). Eb.911.3E was
deposited at the ATCC on January 8, 2003, and was assigned ATCC Accession No.
PTA-4893.

Vector Eb.pur.911.3E is an expression vector comprising the light chain variable
region of the E3 antibody and the human kappa constant region, and is suitable for
stable expression of the light chain. Eb.pur.911.3E consists of nucleoctide
sequences corresponding to the following regions: the murine cytomegalovirus
promoter region (nucleotides 1-612); human EF-1 intron (nucleotides 619-1758); pac
gene (puromycinR) coding region (nucleotides 739-1235); human hsp70 5'UTR
region (nucleotides 1771-1973); human growth hormone signal peptide (nucleotides
1985-2062); antibody E3J light chain variable region (nucleotides 2063-2383); human
kappa chain constant region (nucleotides 2384-2704); SV40 late polyadenylation
signal (nucleotides 2722-2965); SV40 enhancer region (nucleotides 2966-3211);
phage f1 region (nucleotides 3292-3654) and beta lactamase (AmpR) coding region
(nucleotides 4191-5048). Eb.pur.911.E3 was deposited at the ATCC on January 8,
2003, and was assigned ATCC Accession No. PTA-4894.

Transient cell expression was perfomed as follows: CHO and HEK293T cells in 150
mm dishes were transiently co-transfected with 25 ug of each plasmid (i.e., one
plasmid containing the heavy chain and one plasmid containing the light chain).

DNA was mixed with 100 ul lipofectamine 2000 (Invitrogen) according to the
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manufacturer's instructions. The DNA-lipid complexes were allowed to contact the
cells in DMEM/F12 medium without serum or antibiotics for 5 hours. Following this
incubation, the media was changed for expression to Opti-MEM (Invitrogen) without
any additives for two days. Cell supernatants containing antibody were harvested
sequentially up to four times with subsequent media replacement. Supernatants
were purified by affinity chromatography using MapSelect Protein A resin
(Amersham biosciences 17-5199-02). Antibody was bound to the protein A resin in
0.3M glycine, 0.6M NaCl buffer at pH 8, then eluted with 0.1 M citrate buffer at pH 3.
Fractions containing antibody were immediately neutralized with 1M Tris byffer at pH
8.0, Antibody fractions were then dialyzed and concentrated in PBS. Antibodies

were selected, and assayed as follows:

Biacore Assay

Affinities of anti-NGF Fabs and monoclonal antibodies were determined using the
BlAcore3000™ surface plasmon resonance (SPR) system (BlAcore, INC, Piscaway
NJ). CM5 chips were activated with N-ethyl-N'-(3-dimethylaminopropyl)-carbodiinide
hydrochloride (EDC) and N-hydroxysuccinimide (NHS) according to the supplier's
instructions. Human NGF was diluted into 10 mM sodium acetate pH 4.0 and
injected over the activated chip at a concentration of 0.005 mg/mL. Using variable
flow time across the individual chip channels, two ranges of antigen density were
achieved: 100-200 response units (RU) for detailed kinetic studies and 500-600 RU
for screening assays. The chip was blocked with ethanolamine. Regeneration
studies showed that a mixture of Pierce elution buffer (Product No. 21004, Pierce
Biotechnology, Rockford, IL) and 4 M NaCl (2:1) effectively removed the bound Fab
while keeping the activity of hNNGF on the chip for over 200 injections. HBS-EP
buffer (0.01M HEPES, pH 7.4, 0.15 NaCl, 3 mM EDTA, 0.005% Surfactant P29) was

used as running buffer for all the BIAcore assays.

Screening assay
A screening BlAcore assay was optimized to determine the affinity of Fab clones

from libraries. Supernatants of small culture lysates were injected at 50 pl/min for 2
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min. Dissociation times of 10 to 15 minutes were used for determination of a single
exponential dissociation rate (ko) using BlAevaluation software. Samples that
showed ko rates in the same range as the template used to create the library

(clone 8L2-6D5, ko 1107 s7") were injected for confirmation and dissociation times
of up to 45 min were allowed to obtain better k¢ values. Clones showing improved
(slower) kos values were expressed at large scale and full kinetic parameters, ko, and
ko, were determined on purified protein. The assay was capable of detecting

differences in affinity that were approximately 2-fold or larger.

Affinity determination assay

Serial dilutions (0.1-10x estimated Kp) of purified Fab samples were injected for 1
min at 100 yL/min and dissociation times of up to 2h were allowed. The
concentrations of the Fab proteins were determined by ELISA and/or SDS-PAGE
electrophoresis using as a standard a Fab of known concentration (as determined by
amino acid analysis). Kinetic association rates (kon) and dissociation rates (ko) were
obtained simultaneously by fitting the data to a 1:1 Langmuir binding model
(Karlsson, R. Roos, H. Fagerstam, L. Petersson, B. (1994). Methods Enzymology 6.
99-110) using the BlAevaluation program. Equilibrium dissociation constant (Kp)

values were calculated as kgsi/kon.

EXAMPLE 2 Analysis of Buffers and pH

A study was conducted to evaluate the effect of four different buffers on antibody

aggregation and fragmentation.

Specifically, four liquid formulations comprising anti-NGF antibody E3 and buffered
with acetate, succinate, histidine or Citrate were prepared. The formulations then
were stored at 5, 25 and 40°C and antibody aggregation, fragmentation and
oxidation measurements were taken at 0, 4, 9 and 13 weeks.

The manufacturing process can be summarized as follows: The buffer is prepared,

pH adjusted, and sterile filtered (see Table 2.1 and 2.2 for details). The antibody is
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concentrated then buffer exchanged. The antibody is analyzed with UV and then
diluted with respective buffer to 20 mg/mL. The 20 mg/mL solution is then sterile
filtered. Finally, the sterile solution is filled, stoppered and capped with an overseal.

Aggregation Analysis:

The antibody formulations of Table 2.2 were stored at a temperature of 5, 25 and
40°C for 0, 4, 9 and 13 weeks.

Each formulation was analyzed for aggregation using size exclusion
chromatography (SEC). The size exclusion chromatography was carried out using a
TSK gel G3000SWXL- G2000SWXL column, mobile phase 0.2 M sodium phosphate
buffer at pH 7.0, a flow rate of 1 ml/min, and UV detection at 214 nm.

Aggregation levels were calculated by integrating the areas under the chromatogram
peaks for each formulation and reporting the integrated areas under the high
molecular weight species peaks as a percentage of total peak area. As can be seen
in Table 2.3, the histidine-buffered formulations particularly at pH 6, showed the
lowest levels of aggregation, followed by the acetate, succinate, then citrate buffered

formulations, in that order.

Fragmentation Analysis:

The antibody formulations of Table 2.2 were stored at a temperature of 5, 25 and
40°C for 0, 4, 9 and 13 weeks.

Each formulation also was analyzed for fragmentation using reduced capillary gel
electrophoresis (rfCGE). Proteins unfold (denature) and become ‘rod-like’ in structure
following the cleavage of it's disulphide bonds in red-CGE. The ‘reduced’ protein
separates into its heavy and light chains allowing for their quantization along with
fragmented species. Reduced-CGE is considered a reliable method for quantifying
percent fragments (% impurities). The percentage of fragmentation was measured at
the relevant times for each of the formulations. The fragmentation levels were

calculated as a percentage of total band volume. As can be seen in Table 2.4, the
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histidine-buffered formulations particularly at pH 6, showed the lowest levels of

fragmentation.

Oxidation analysis:

Oxidation levels of methionine residues at amino acid positions X and Y in anti- NGF
antibody E3 were measured by a Lysine-C mapping method after storage for at 5, 25
and 40°C for 0, 4, 9 and 13 weeks. Samples of each formulation tested were then
digested with Lyc-C enzyme in tris buffer at pH 8.0 under standard conditions and
analyzed by reversed- phase high performance liquid chromatography. Separation
was accomplished using a Grace Vydae Protein C4 analytical column with 0.1%
TFA in water and 0.085% TFA in Acetonitrile gradient elution. Percent oxidation of

methionine amino acids in Anti-NGFantibody E3 was recorded.

The results in Table 2.5 indicate that the percent oxidation of the citrate formulation

is greatest.

Table 2.1. Buffer Preparation Table: Summary of recorded amounts of buffer
components from manufacturing records for compounding 250 mL

of buffer.
Formulation - = —_ g )
Lot Number E z . ® £ 5 £ 3
2 | 32 |£2 |3 H £ E | 53
B ry £e £ |2 Y 2 2 £%
= 8E | £E g B < £ 8 E
g = 2 8 £ & @
S © @
Acetate pH 5.0 5.0 43558 104.14
Acetate pH 5.5 5.5 577.75 34.59
Acetate pH 6.0 6.0 64428 15.07
Acetate pH 6.5 6.5 668.51 10.32 - --
Histidine pH 5.0 5.0 - - 7045 839.27
Histidine pH 5.5 55 - - 186.9 7519
Histidine pH 6.0 6.0 - -- 3875 4541
Histidine pH €.5 6.5 - - 588.75 220.87 - -
Citrate pH 5.0 5.0 - - - - 233.63 107.18
Citrate pH 5.5 5.5 - - - -- 279.09 79.01
Citrate pH 6.0 6.0 - -- -- -- 321.25 42.51
Citrate pH 6.5 6.5 - - - - 348.77 20.52 - -
Succinate pH 5.0 5.0 - - - - - - 585.18 176.86
Succinate pH 5.5 5.5 -- -- -- -- -- -- 679.4 80.83
Succinate pH 6.0 6.0 - - - - - - 756.23 34.73
Succinate pH 6.5 6.5 -- -- -- -- -- -- 791.83 11.60
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Table 2.2. Formulation Matrix Table:
Formulation .
Lot Number —_ = . jary )
E v P T 5 s 3
5 5 T | 2o £ ) £ 3 <5
z CE £ sE | SE 3 £ =1 = £ E
= 22 2 32 |28 P 2 2 B 52
e= 3 $= == | £ E s 3 §=
2 g 5 £ 3 @
=
Acetate pH 5.0 5.0 20 1.7423 0.4323 - - - - - -
Acetate pH 55 5.5 20 2.3110 0.1813 - - - - - -
Acetate pH 6.0 6.0 20 2.5771 0.0639 - - - - - -
Acetate pH 6.5 6.5 20 2.6744 0.0210 - - - - -
Histidine pH 5.0 5.0 20 - - 0.2818 3.8182 - - - -
Histidine pH 5.5 55 20 - - 0.7448 3.1909 - - - -
Histidine pH 6.0 6.0 20 - - 1.5500 2.1000 - - - —
Histidine pH 6.5 6.5 20 - - 2.3552 1.0091 - - - -
Citrate pH 5.0 5.0 5 - - - - 0.9345 0.3821 - —
Citrate pH 5.5 5.5 5 - - - - 1.1164 0.2530 - -
Citrate pH 6.0 6.0 5 - - - - 1.2850 0.1325 - -
Citrate pH 6.5 6.5 5 - - - - 1.3951 0.0538 - -
Succinate pH 5.0 5.0 20 - - - - -- -- 2.3407 0.6561
Succinate pH 5.5 5.5 20 - - - - - - 2.7183 0.3809
Succinate pH 6.0 6.0 20 - - - - - - 3.0249 0.1575
Succinate pH 6.5 6.5 20 - - - - - - 3.1673 0.0537

Table 2.3. Summary of %Aggregation (via SEC) Data from 20 mg/mL anti-NGF
antibody: pH and Buffer Screening Study

Condition 5°C 25°C 40°C
Weeks 0 13 0 9 13 0 4 9 13
Lot #

Acetate pH 5.0 1.6 1.8 16 2.2 2.5 1.6 3.2 5.1 8.1
Acetate pH 5.5 1.8 2.1 1.8 2.7 3.0 1.8 3.4 4.9 7.1
Acetate pH 6.0 2.0 2.4 20 3.2 3.3 2.0 4.3 5.5 7.0
Acetate pH €.5 2.0 2.5 20 3.5 3.9 2.0 44 5.8 7.0
Histidine pH 5.0 16 18 16 20 23 1.6 27 39 70
Histidine pH 5.5 16 18 16 2.2 2.4 1.6 2.7 3.4 5.1
Histidine pH 6.0 1.8 2.1 1.8 2.5 2.7 1.8 3.0 3.5 48
Histidine pH 6.5 19 22 19 28 3.1 1.9 34 42 56
Citrate pH 5.0 1.6 1.9 16 2.4 28 1.6 46 8.5 15.0
Citrate pH 5.5 1.8 2.2 18 3.0 3.3 1.8 4.3 8.7 12.2
Citrate pH 6.0 20 25 20 33 3.7 2.0 44 6.5 84
Citrate pH 6.5 2.1 2.8 2.1 3.7 4.2 2.1 48 6.5 8.4
Succinate pH 5.0 1.6 19 1.6 2.3 2.7 1.6 3.5 6.1 11.2
Succinate pH 5.5 20 2.2 20 2.8 3.2 2.0 3.9 5.7 8.4
Succinate pH 6.0 18 2.5 18 3.1 3.6 1.8 43 5.8 7.8
Succinate pH 6.5 22 2.8 22 3.7 4.1 2.2 48 5.9 7.5
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Table 2.4. Summary of %Fragmentation (via reduced CGE) Data from 20
mg/mL anti-NGF antibody: pH and Buffer Screening Study

Condition 5C 25C 40C

Weeks 0 13 0 9 13 0 4 9 13

Lot #
Acetate pH 5.0 1.1 1.1 1.1 1.4 1.0 1.1 4.2 7.0 10.3
Acetate pH 5.5 1.1 1.0 1.1 1.0 1.7 1.1 4.4 5.2 9.4
Acetate pH 6.0 1.1 1.1 1.1 1.4 1.3 1.1 36 5.9 7.2
Acetate pH 6.5 1.1 1.2 1.1 1.0 2.2 1.1 4.1 6.4 8.1
Histidine pH 5.0 1.1 1.0 1.1 1.0 18 1.1 58 75 11.2
Histidine pH 5.5 1.1 1.1 1.1 0.9 1.5 1.1 4.3 6.4 7.9
Histidine pH 6.0 1.1 1.0 1.1 1.6 1.5 1.1 3.1 3.8 6.1
Histidine pH 6.5 1.0 12 1.0 16 2.2 1.0 37 6.1 9.7
Citrate pH 5.0 10 1.0 1.0 1.0 2.1 1.0 5.4 9.1 14.5
Citrate pH 5.5 1.0 1.1 1.0 1.1 1.4 1.0 4.6 7.6 11.5
Citrate pH 6.0 1.1 16 1.1 2.0 1.6 1.1 37 6.9 10.6
Citrate pH 6.5 15 1.0 15 1.3 9.1 1.5 34 8.2 109
Succinate pH 5.0 1.2 1.0 1.2 2.1 7.9 1.2 5.4 8.8 13.1
Succinate pH 5.5 1.2 15 1.2 0.9 0.9 1.2 3.1 58 9.0
Succinate pH 6.0 1.2 1.0 1.2 1.3 6.8 12 3 5.0 8.0
Succinate pH 6.5 1.2 1.1 1.2 1.5 11.8 1.2 3.5 7.2 8.0

Table 2.5. Summary of %Oxidation Data from 20 mg/mL anti-NGF antibody: pH
and Buffer Screening Study
Condition 5C 25C 40C
Weeks
Lot #

Acetate pH 5.0

Acetate pH 55

Acetate pH 6.0

Acetate pH 65

Histidine pH 5.0

Histidine pH 5.5

Histidine pH 6.0

Histidine pH 6.5

Citrate pH 5.0

Citrate pH 5.5

Citrate pH 6.0

Citrate pH 6.5

Succinate pH 5.0

Succinate pH 5.5

Succinate pH 6.0

Succinate pH 6.5

EXAMPLE 3 Analysis of Tonicity agents, Trehalose vs Sucrose vs Sorbitol

A study was conducted to compare the effect of tonicity agents in particular
trehalose, sucrose and sorbitol on stability of anti- NGF antibody E3 formulations.
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Specifically, three liquid formulations comprising anti-NGF antibody E3 and
trehalose, sucrose or sorbitol were prepared as listed in Table 3.1. The formulations
then were stored at 5, 25 and 40°C and antibody aggregation, fragmentation and
oxidation measurements were taken at 2, 4, 8, 13 and 26 weeks.

The manufacturing process for formulations in Table 3.1 can be summarized as
follows: The buffer is prepared, pH adjusted, and sterile filtered (see Table 3.1 for
details). Stock excipients solutions are prepared and sterile filtered. The antibody is
concentrated then buffer exchanged. The concentrated antibody is analyzed with UV
and then diluted with respective buffer to 50 mg/mL and respective excipients
combined to the required concentration. The 50 mg/mL solution is then sterile
filtered. Finally, the sterile solution is filled, stoppered and oversealed. All
formulations have a pH of 6.0 and an anti- NGF antibody E3 concentration of 50

mg/ml.
Aggregation Analysis:
The antibody formulations of Table 3.1 were stored at a temperature of 5, 25 and

40°C for 2, 4, 8, 13 and 26 weeks.

Each formulation was analyzed for aggregation using the method described in

Example 2. Aggregation levels were calculated and are shown in Figure 1.
Fragmentation Analysis:
The antibody formulations of Table 3.1 were stored at a temperature of 5, 25 and

40°C for 2, 4, 8, 13 and 26 weeks.

Each formulation also was analyzed for fragmentation using the methodology of
Example 2. As can be seen in Figure 2, the trehalose formulation, showed the
lowest levels of fragmentation at 13 weeks storage.
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Table 3.1 Formulation Matrix

Formulation Lot H mAbConc Histidine Trehalose Sucrose Sorbitol
Number P (mg/mL) (mM) (mg/mL) (mg/mL) (mg/mL)
114069-001-A# 6.0 50 10 84
114069-001-B# 6.0 30 10 - 80
114069-001-C# 6.0 50 10 - - 40

EXAMPLE 4 Tonicity Agent Screening Study: Trehalose vs. Sucrose

A study was conducted to compare the effect of tonicity agents in particular
trehalose and sucrose on stability and activity of anti- NGF antibody E3 formulations.
The hydrolysis of sucrose to fructose and glucose in a dilute acid solution is well
known. Glucose molecules are also known to bind at random with the lysine
residues of a protein’s amino acid sequence. This is known as glycation. Therefore a
protein formulation, buffered to an acidic pH, containing sucrose, could experience
sucrose hydrolysis and then glycation. The glycated protein could undergo
degradation processes more readily than an unglycated protein. Hence, the
presence of sucrose in a liquid protein formulation could have an adverse impact on
the protein’s quality over its shelf-life. In contrast to this, trehalose is not known to
undergo such a hydrolysis-based degradation and can be a preferrential tonicity

modifying agent in protein formulations.

Specifically, six liquid formulations comprising anti-NGF antibody E3 with sucrose
and two liquid formulations comprising anti-NGF antibody E3 and trehalose were
prepared, see Table 4.1. The formulations then were stored at 5, 25 and 40°C and
antibody aggregation,and glycation measurements were taken at 2, 4, 8, 13 and 26

weeks.

The manufacturing process for formulations in Table 4.1 can be summarized as
follows: The buffer is prepared, pH adjusted, and sterile filtered (see Table 4.1 for
details). Stock excipients solutions are prepared and sterile filtered. The antibody is

concentrated then buffer exchanged. The concentrated antibody is analyzed with UV
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and then diluted with respective buffer to 10 mg/ml or 50 mg/ml and respective
excipients combined to the required concentration. The 10 mg/ml or 50 mg/ml
solution is then sterile filtered. Finally, the sterile solution is filled, stoppered and

oversealed.

Aggregation Analysis:

The antibody formulations of Table 4.1 were stored at a temperature of 5, 25, 40 and
50°C for 2, 4, 8, 13 and 26 weeks.

Each formulation was analyzed for aggregation using size exclusion
chromatography (SEC) as described in Example 2. Calculated aggregation levels
are compared in Table 4.2 and show that the trehalose demonstrates as low if not
lower levels of aggregation compared to sucrose for the same antibody

concentrations investigated.

Glycation Analysis:

Glycation levels of lysine residues in anti- NGF antibody E3 were measured by a
mass spectrometry mapping method after storage of the formulations at 25, 40and
50°C for 0, 2, 4, 8 and 13 weeks for formulation samples comprising either sucrose
or trehalose tonicity agent according to Table 4.1 (10 mg/ml antibody, 10mM
Histidine pH6.0). Glycation was found to be proportional to the rate of hydrolysis of
the tonicity agent. There was no demonstrated hydrolysis of trehalose, hence
trehalose is a preferred tonicity agent over sucrose for the antibody formulation as
glycation of the formulation antibody is avoided, sucrose demonstrated between 1%

and 2% hydrolysis in formulations stored at 25°C for 104 weeks.
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Table 4.1. Formulation Matrix Table for Example 4
Formulation 5
Lot Number L - @ o~ S~ -~ @ - o g o~ ~~
S 20 = = 23 ) v 3 3 = =) 5] =)
=} o= S & = -« -
= E| 28E|cE | = S £ g £
Zlze|ss| S22 |2 £1:25 |35 [25 5 £l 23
SE|EE|ZE|2E | ZE|DE |£8 |28 g g
=
112633-174 | 6.0 | 10 ]0.8206 ] 0.9879 | 94 - - - - 0.1
112633-175 | 6.0 ] 10 ]0.8206]0.9879 | 94 - - - 0.05 0.1
112633-176 | 6.0 | 10 | 0.8206 | 0.9879 94 - - 0.1 0.05 0.1
112633-177 | 6.0 10 | 0.8206 | 0.9879 94 - - - 0.1 - 0.1
112633-178 | 5.7 10 | 0.5586 | 1.3418 94 - - - - 0.1
112633-179 | 5.7 | 10 ] 05586 | 1.3418 94 - - - 0.05 0.1
112633-180 | 6.0 | 10 | 0.8206 | 0.9879 - 84 - - 0.05 0.1
112633-181 | 5.7 | 10 ] 0.5586 | 1.3418 - 84 - - 0.05 0.1
112633-182 | 6.0] 10 ] 0.8206 ] 1.3418 - - 49.5 49.5 0.05 0.1
Table 4.2. Summary of %Aggregation (via SEC) Data from 10 mg/mL
anti-NGF antibody: Comparison of sucrose vs. trehalose
Condition 25°C 40°C 50°C
weeks 0 4 12 0 4 12 0 4 12
T.ot# i
112633-174 0.5 0.5 0.8 0.5 1.0 1.9 0.5 4.3 204
112633-175 0.5 0.6 0.6 0.5 0.7 14 05 3.2 19.2
112633-176 05 0.6 0.7 0.5 0.7 1.2 05 2.9 135
112633-177 0.5 0.6 0.6 0.5 0.8 1.2 05 2.8 13.2
112633-178 05 0.5 0.6 05 1.0 1.8 03 4.6 24.8
112633-179 05 0.5 0.6 05 0.7 1.4 035 3.6 20.0
112633-180 05 0.6 0.7 035 0.8 1.6 05 3.1 11.4
112633-181 05 0.5 0.6 0.5 0.7 1.7 0.5 37 12.5
112633-182 05 0.6 0.9 0.5 17 12.1 05
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Table 4.3. Summary of Glycation of the anti-NGF antibody (reported as
% heavy chain + 162 Daltons) Data from 10 mg/mL anti-NGF antibody:
Comaprison of sucrose vs. trehalose

Conditio 25°C 40 °C 50°C
n

weeks

Lot#

112633-
174

112633- 0 - - 0 -- 4 0 4 22 29
175

112633- 0 - -- 0 -- 3 0 4 13 17
176

112633- 0 - -- 0 -- 3 0 4 14 18
177

112633- 0 - - 0 - 4 0 7 29 49
178

112633- 0 - - 0 -- 4 0 7 30 52
179

112633- 0 - -- 0 -- - 0 -~ -
130

112633- 0 - = 0 = - 0 1 -
181

112633- 19 67 - 19 92 60 19
182

EXAMPLE 5 Analysis of surfactant agents and polymer stabilizers

A study was conducted to compare the effect of surfactants and polymer stabilizers,
in particular PS20, PS80, PEG3350, PEG3350+PS20 on stability of anti- NGF

antibody E3 formulations.

Specifically, four liquid formulations comprising anti-NGF antibody E3 and PS20,
PS80, PEG3350, PEG3350+PS20 were prepared as listed in Table 5.1. The
formulations then were stored at 5, 25 and 40°C and antibody aggregation,

fragmentation and oxidation measurements were taken at 2, 4, 8, 13 and 26 weeks.

All formulations had a pH of 6.0 and an anti- NGF antibody E3 concentration of 50
mg/ml. The manufacturing process for formulations in Table 5.1 can be summarized

as follows: The buffer is prepared, pH adjusted, and sterile filtered (see Table 5.1 for
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details). Stock excipients solutions are prepared and sterile filtered. The antibody is
concentrated then buffer exchanged. The concentrated antibody is analyzed with UV
and then diluted with respective buffer to 50 mg/ml and respective excipients
combined to the required concentration. The 50 mg/ml solution is then sterile filtered.
Finally, the sterile solution is filled, stoppered and oversealed. Tables 5.2 and 5.3

report the results.

Aggregation Analysis:

The antibody formulations of Table 5.1 were stored at a temperature of 5, 25 and
40°C for 2, 4, 8, 13 and 26 weeks.

Each formulation was analyzed for aggregation using size exclusion
chromatography (SEC) as described in Example 2. Calculated aggregation levels
are compared in Table 5.2 and show that the PS20 at a concentration of 0.2mg/ml
demonstrates equivalent levels of aggregation compared to PS80 of 0.2mg/ml and
PEG3350 1 mg/ml investigated. PS20 at a concentration of 0.1mg/ml also

demonstrates equivalent results (data fro 40°C).

Fragmentation Analysis:

The antibody formulations of Table 5.1 were stored at a temperature of 5, 25 and
40°C for 2, 4, 8, 13 and 26 weeks.

Each formulation was analyzed for fragmentation using the methodology of Example
2. Data collected from the 40°C samples is shown in Table 5.3, and show that the
PS20 at a concentration of 0.2mg/ml demonstrates equivalent levels of
fragmentation compared to PS80 of 0.2mg/ml and PEG3350 1 mg/ml investigated.
PS20 at a concentration of 0.1mg/ml was also shown to demonstrate equivalent

results.
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Table 5.1 Formulation Matrix for Surfactant Agent Screening Study

Formulation — .
Lot Number o = = - &7
—_ @ —_ "
g - .E = % % l;: = E (=
= O E = g g « B T
= <= & T E = = v Pigss
E g =i < = = £ ]
) Q B o= %2
n n A
=N =N
114069-001-D# 6.0 50 10 0.2 - -
114069-001-E# 6.0 50 10 - 0.2 -
114069-001-F# 6.0 50 10 - - 10
114069-001-G# 6.0 50 10 - - - 02+1

Table 5.2. Summary of %Aggregation (via SEC) Data from 50 mg/mL anti-NGF
antibody: Surfactant Agent Screening Study

25C 40C
Weeks TO 4 8 13 26 2 4 8 13 26
114069-001-D2 | PS20 1 1.4 15 1.8 24 1.8 2.2 2.8 42 8.2
114069-001-E2 | PS80 0.9 1.3 1.5 1.8 | nfa 1.8 2.2 3.1 42 | n/a
114069-001-I2 PLEG3350 1 1.4 1.5 1.9 | nfa 1.8 2.2 2.8 39 | n/a
114069-001-G2 | PS20+PEG3350 0.9 1.3 1.5 1.9 | nfa 1.8 2.1 3 43 | n/a
Table 5.3. Summary of %Fragments (via reduced CGE) Data from 50 mg/mL
anti-NGF antibody: Surfactant Screening Study
25C 40C

Weeks TO 4 8 13 26 2 4 8 13 26
114069-001-D2 | PS20 0.9 0.8 1.3 2.3 3.1 1.3 2.6 55 7.1 13.6
114069-001-:2 | PS80 0.9 0.7 0.9 1.7 | nfa 14 1.7 6.4 6.5 | nfa
114069-001-F2 | PEG3350 0.9 0.8 1.6 23 | n/a 1.6 1.8 4.5 7 | n/a
114069-001-G2 | PS20+PEG33 0.8 0.7 1 23 | n/a 1.3 1.2 49 79 | n/a

50

EXAMPLE 6: Analysis of anti-oxidant agents

A study was conducted to compare the effect of anti-oxidant agents in particular

methionine on stability of anti- NGF antibody E3 formulations.

Specifically, nine liquid formulations comprising anti-NGF antibody E3 with and

without methionine were prepared. All formulations had a pH of 6.0 and an anti-
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NGF antibody E3 concentration of 10 or 50 mg/ml, 84 mg/ml trehalose or sucrose
and 0.1 mg/ml PS20, 10 mM histidine, plus or minus 0.05 mg/ml EDTA.

The manufacturing process for formulations can be summarized as follows: The
buffer is prepared, pH adjusted, and sterile filtered. Stock excipients solutions are
prepared and sterile filtered. The antibody is concentrated then buffer exchanged.
The concentrated antibody is analyzed with UV and then diluted with respective
buffer to 10 or 50 mg/ml and respective excipients combined to the required
concentration. The 10 mg/ml or 50 mg/ml solution is then sterile filtered. Finally, the

sterile solution is filled, stoppered and oversealed.

The formulations then were stored at 5, 25 and 40°C and antibody aggregation,
fragmentation and oxidation measurements were taken at 2, 4, 8, 13, 26 and 52

weeks.

Aggregation Analysis:

The antibody formulations of were stored at a temperature of 5, 25 and 40°C for 0, 8,
13, 26 and 52 weeks.

Each formulation was analyzed for aggregation using size exclusion
chromatography (SEC) as described in Example 2. Calculated aggregation levels
were compared and found not to be significantly different for samples stored at 5 or
25°C for 26 weeks with or without methionine, the presence of methionine has no

discernable effect on aggregation.

Fragmentation Analysis:
The antibody formulations were stored at a temperature of 5, 25 and 40°C for 0, 8,

13 and 26 weeks, fragmentation measures were taken at 26 weeks.

Each formulation was analyzed for fragmentation using the methodology of Example

2. Calculated fragmentation levels were compared and found not to be significantly
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different for samples stored at 5 or 25°C for 26 weeks with or without methionine, the

presence of methionine has no discernable effect on fragmentation.

Oxidation analysis:

Oxidation levels of methionine residues at amino acid positions X and Y in anti- NGF
antibody E3 were measured by a Lysine-C mapping method after storage for at 5,
25 and 40°C for 0, 13, 26 and 52 weeks. Percent oxidation of methionine amino
acids in Anti-NGF antibody E3 was recorded as described in Example 2.

The results in Table 6.1 indicate that the percent oxidation of the antibody is reduced
by the presence of methionine under longer periods of storage.

Table 6.1. Summary of %Oxidation Data from 10 and 50 mg/mL anti-NGF
antibody: Antioxidant Agent Screening Study

250C 400C
Weeks 0 13 26 52 13 26 52
10mM Hmﬁ;;}: i‘:{i; PS20+ 10 3.50 3.40 470 7.80 21.00 51.60
g}%?ﬁgfﬁ ?E;/;i’ﬁg; 470 3.20 0.00 7.00 10.90 0.00
10mM Hi“ﬁ;‘:ﬂi Suc kPS030 g 3.90 3.80 550 8.40 15.50 39.20
g}%?ﬁgi‘fsg i‘:;/;figg 1.72 2.70 3.40 3.10 5.10 10.10 30.60
10mM Histﬁ;‘fni Lok PS20+30 179 3.40 3.80 5.80 6.80 15.00 30.00
10%?:2%%?;&?:50 * 1.65 330 4.00 5.90 6.60 11.20 20.20
10%??2‘1;2;;5;::20 * 172 270 2.80 2.60 3.90 6.50 14.40
Lo Histidine & an; s 1.70 2.70 330 3.10 4.60 7.00 14.00
LM Hisidine an; PaREN 0.00 4.10 3.30 3.30 6.20 6.80 12.60
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EXAMPLE 7 Freeze Thaw Stability Study with and without Trehalose

Antibody formulations were prepared comprising 50 mg/ml anti- NGF antibody E3,
10 mM histidine buffer pH 6.0, and 84 mg/ml trehalose, identical samples were
prepared lacking trehalose. The samples were subjected to up to 4 cycles of
freezing and thawing and aggregation was determined for the samples. Freeze

thaw cycles are 72hrs freezing at -70°C and 48 hrs thawing at 5°C.

Each formulation was analyzed for aggregation using size exclusion
chromatography (SEC) as described in Example 2. Calculated aggregation levels
are compared in Table 7.1 and show that the samples comprising trehalose offer
complete protection from freeze thaw effects on aggregation of the antibody.
Samples with trehalose show no appreciable increase in level of agregation over

time.

Table 7.1 Summary of % Aggregation (via SEC) Data from 50 mg/mL anti-
NGF antibody:

Freeze / Thaw Cycle %HMMS of Control %HMMS of Trehalose
Sample (no Trehalose) Sample

0 0.60 0.60

1 0.75 0.60

2 0.90 0.60

3 1.00 0.60

4 1.30 0.60

EXAMPLE 8 Multiple Freeze Thaw Stability of anti-NGF antibody E3
formulation with Trehalose

Antibody formulations (112746-124 and 112746-125) were prepared comprising 22
mg/ml anti- NGF antibody E3, 10 mM histidine buffer pH 6.0, and 84 mg/ml
trehalose, 0.05 mg/mL disodium EDTA and 0.1 mg/mL polysorbate 20. The samples
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were subjected to up to 15 cycles of freezing and thawing and aggregation was

determined for the samples.

Each formulation was analyzed for aggregation using size exclusion
chromatography (SEC) as described in Example 2. Calculated aggregation levels
are compared in Figure 3 and show that all the samples comprising trehalose offer
complete protection from freeze thaw effects on aggregation of the antibody.
Samples with trehalose show no appreciable increase in level of agregation over

time.

EXAMPLE 9: Long-Term Stability Study at 10 and 50 mg/mL anti-NGF antibody
E3: Effect of Trehalose as a stabilizer

Antibody formulations were prepared comprising 10 mg/ml anti- NGF antibody E3,
10 mM histidine buffer pH 6.0, and 84 mg/ml trehalose, identical samples were
prepared lacking trehalose. Details of the samples studied are given in Table 9.1.
The samples were stored at a temperature of 5, 25 and 40 °C for 2, 4, 8, 13, 26 and
52 weeks and aggregation was determined for the samples. Each formulation was
analyzed for aggregation using size exclusion chromatography (SEC) as described
in Example 2. Data collected showed that the samples comprising trehalose offers
high levels of protection from the effects on aggregation of the antibody on storage

at accelerated condition of 40°C.

Table 9.1 Formulation Matrix for Long-Term Stability Study at 10 and 50
mg/mL anti-NGF antibody E3: Effect of Trehalose as a stabilizer

Formulation | pH PF- Histidine Sucrose | Trehalose PS20 Methionine | EDTA
Lot Number 04383119 mM (mg/mL) | (mg/mL) | (mg/mL) (mg/mL) (mg/mL)
(mg/mL)
112746-27-1 | 6.0 10 10 94 - 0.1 - -
112746-27-2 ] 6.0 10 10 94 - 01 0.1 0.05
112746-27-3 | 6.0 50 10 94 - 0.1 - -
112746-27-4 ] 6.0 50 10 94 - 0.1 0.1 0.05
112746-27-5 ] 6.0 50 10 - 84 0.1 - -
112746-27-6 | 6.0 50 10 - 84 0.1 - 0.05
112746-27-7 | 6.0 50 10 - 84 0.1 0.1 -
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Formulation | pIL PI- [istidine Sucrose | Trehalose PS20 Methionine | EDTA
Lot Number 04383119 mM (mg/mL) | (mg/mL) | (mg/mL) | (mg/mL) (mg/mL)
(mg/mL)
112746-27-8 | 6.0 50 10 - 84 0.1 0.1 0.05
112746-27-9 | 6.0 10 10 - 84 0.1 0.1 0.05

Table 9.2 % Aggregation Data (per SEC) at 40°C for Long-Term Stability Study at 10 and 50 mg/mL anti-
NGF antibody E3: Effect of Trehalose as a stabilizer

Composition Sample ID Time (weeks)
0 2 4 8 13 26 52
10mM Histidine + Suc + | 112746- 0.60 0.70 0.90 1.2 1.7 480 2210
PS20 + 10 mg/mL mAB 271
10mM Histidine + Suc + | 112746- 0.60 0.70 0.90 1.2 15 3.40 NA
PS20 + EDTA + Met + 27-2
10 mg/mL mAB
10mM Histidine + Suc + | 112746- 0.60 1.60 200| 28 37 750 20.70
PS20 + 50 mg/mL mAB 27-3
10mM Histidine + Suc + | 112746- 0.60 1.50 180 | 24 3.2 6.00 | 2240
PS20 + EDTA + Met + 27-4
50 mg/mL mAB
10mM Histidine + Tre + | 112746- 0.60 1.70 190| 29 3.8 760 16.20
PS20 + 50 mg/mL mAB 27-5
10mM Histidine + Tre + | 112746- 0.60 1.70 200| 26 3.3 540| 13.20
PS20 + EDTA + 50 27-6
mg/mL mAB
10mM Histidine + Tre + | 112746- 0.60 1.60 180 | 25 3.2 540 12.60
PS20 + Met + 50 27-7
| mg/mL mAB
10mM Histidine + Tre + | 112746- 0.60 1.60 180| 25 3.1 480 11.60
PS20 + EDTA + Met + 27-8
50 mg/mL mAB
10mM Histidine + Tre + | 112746- 0.60 0.90 1.00 14 1.8 3.10 7.00
PS20 + EDTA + Met + 27-9
10 mg/mL mAB

EXAMPLE 10: Long-Term Stability Study of anti-NGF antibody E3 formulaiton
containing trehalose, EDTA, polysorbate 20 in histidine buffer at pH 6.0 at 2.5,
5,10, 20 and 50 mg/mL

Antibody formulations were prepared comprising 2.5, or 5 or 10 or 20 or 50 mg/mL
anti- NGF antibody E3, 10 mM histidine buffer pH 6.0, and 84 mg/ml trehalose, 0.05
mg/mL EDTA and 0.1 mg/mL polysorbate 20. The samples were stored at a
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temperature of between 5 and 8 °C for up to 24 months and beyond and

aggregation, fragmentation, oxidation was determined for the samples.

Data collected and presented in Figures 4, 5, and 6 indicate that the said formulaiton
of anti-NFG antibody E3 at 2.5, 5, 10, 20 or 50 mg/mL mAb concentration is stable
for up to 52 weeks.

An example of a liquid antibody composition according to the present invention is as
follows:

any of about 2.5 mg/ml, 5 mg/ml, 10 mg/ml, 20 mg/ml, 22 mg/ml or about 50 mg/mi
of an antibody comprising a variable heavy chain sequence of SEQ ID NO. 1 and a
variable light chain sequence of SEQ ID NO. 2.,

about 10 mM histidine buffer,

about 84 mg/ml trehalose dihydrate,

about 0.01 weight/volume Polysorbate 20,

about 0.005 % disodium EDTA,

wherein said composition is of a pH 6.0 +/- 0.2. The liquid antibody composition is

preferably of a total volume of around 1 ml.
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Antibody sequences

Heavy chain variable_region E3 (Kabat CDRs are underlined; Chothia CDRs are
BOLD AND ITALICIZED)

QVQLQESGPGLVKPSETLSLTCTVSGFSLIGYDLNWIRQPPGKGLEWIGHWGDGTT
DYNSAVKSRVTISKDTSKNQFSLKLSSVTAADTAVYYCARGGYWYATSYYFDYWG
QGTLVTVS (SEQ ID NO:1)

Light chain variable region E3 (Kabat CDRs are underlined; Chothia CDRs are
BOLD AND ITALICIZED)

DIQMTQSPSSLSASVGDRVTITCRASQSISNNLNWY QQKPGKAPKLLIY YTSRFHSG
VPSRFSGSGSGTDFTFTISSLQPEDIATYYC QQEHTLPYTFGQGTKLEIKRT (SEQ
ID NO:2)

E3 heavy chain extended CDRs
CDRH1: GFSLIGYDLN (SEQ ID NO:3)

CDRH2: IWGDGTTDYNSAVKS (SEQ ID NO:4)
CDRH3: GGYWYATSYYFDY (SEQ ID NO:5)

E3 light chain extended CDRs

CDRL1: RASQSISNNLN (SEQ ID NO:6)
CDRL2: YTSRFHS (SEQ ID NO:7)
CDRL3: QQEHTLPYT (SEQ ID NO:8)

Mouse monoclonal antibody 911 extended CDRs

911 heavy chain extended CDRs
CDRH1: GFSLIGYDIN (SEQ ID NO:9)

CDRH2 : MIWGDGTTDYNSALKS (SEQ ID NO:10)
CDRH3: GGYYYGTSYYFDY (SEQ ID NO:11)

911 light chain extended CDRs
CDRL1: RASQDISNHLN (SEQ ID NO:12)
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CDRLZ2: YISRFHS (SEQ ID NO:13)
CDRL3: QQSKTLPYT (SEQ ID NO:14)

E3 heavy chain amino acid sequence (full)

QVQLQESGPGLVKPSETLSLTCTVSGFSLIGYDLNWIRQPPGKGLEWIGIIWGDGT
TDYNSAVKSRVTISKDTSKNQFSLKLSSVTAADTAVYYCARGGYWYATSYYFDYW

GQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGA

LTSGVHTFPAVLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERK
CCVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNW

YVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPSSI

EKTISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSYMHEALHNHYTQKSLSL
SPGK(SEQ ID NO:16)

3E light chain amino acid sequence (full antibody)

DIQMTQSPSSLSASVGDRVTITCRASQSISNNLNWYQQKPGKAPKLLIYYTSRFHS
GVPSRFSGSGSGTDFTFTISSLQPEDIATYYCQQEHTLPYTFGQGTKLEIKRTVAAP
SVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC(SEQ ID
NO:17)

Other additional CDR sequences referred to
RASQSISNNLN (SEQ ID NO:18)

YTSRFHS (SEQ ID NO:19)
GFSLIGYDLN (SEQ ID NO:30)
IIWGDGTTDYNSAV (SEQ ID NO:31)
QQEHTLPYT (SEQ ID NO:55)

GGYWYATSYYFDY (SEQ ID NO:56)
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QQESTLPYT (SEQ ID NO:57)
GGYWYSTSYYFDY (SEQ ID NO:58)
QQEKTLPYT (SEQ ID NO:59)
GGYYYATSYYFDY (SEQ ID NO:60)
QQERTLPYT (SEQ ID NO:61)
GGYWYATSYYFDY (SEQ ID NO:62)
QQERTLPYT (SEQ ID NO:63)

GGYYYATSYYFDY (SEQ ID NO:64)

PCT/1IB2009/054111
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3E heavy chain nucleotide sequence (full antibody)

CAGGTGCAGCTGCAGGAGTCTGGCCCAGGACTGGTGAAGCCTTCCGAGACCC
TGTCCCTCACCTGCACTGTCTCTGGGTTCTCACTTATCGGCTATGATCTTAACT
GGATCCGACAGCCTCCAGGGAAGGGACTGGAGTGGATTGGGATTATCTGGGG
TGATGGAACCACAGACTATAATTCAGCTGTCAAATCCCGCGTCACCATCTCAAA
AGACACCTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTGTGACCGCCGCGG
ACACGGCCGTGTATTACTGTGCGAGAGGAGGTTATTGGTACGCCACTAGCTAC
TACTTTGACTACTGGGGCCAGGGCACCCTGGTCACCGTCTCCTCAGCCTCCAC
CAAGGGCCCATCTGTCTTCCCACTGGCCCCATGCTCCCGCAGCACCTCCGAGA
GCACAGCCGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCAGAACCTGTGAC
CGTGTCCTGGAACTCTGGCGCTCTGACCAGCGGCGTGCACACCTTCCCAGCTG
TCCTGCAGTCCTCAGGTCTCTACTCCCTCAGCAGCGTGGTGACCGTGCCATCC
AGCAACTTCGGCACCCAGACCTACACCTGCAACGTAGATCACAAGCCAAGCAA
CACCAAGGTCGACAAGACCGTGGAGAGAAAGTGTTGTGTGGAGTGTCCACCTT
GTCCAGCCCCTCCAGTGGCCGGACCATCCGTGTTCCTGTTCCCTCCAAAGCCA
AAGGACACCCTGATGATCTCCAGAACCCCAGAGGTGACCTGTGTGGTGGTGGA
CGTGTCCCACGAGGACCCAGAGGTGCAGTTCAACTGGTATGTGGACGGAGTG
GAGGTGCACAACGCCAAGACCAAGCCAAGAGAGGAGCAGTTCAACTCCACCTT
CAGAGTGGTGAGCGTGCTGACCGTGGTGCACCAGGACTGGCTGAACGGAAAG
GAGTATAAGTGTAAGGTGTCCAACAAGGGACTGCCATCCAGCATCGAGAAGAC
CATCTCCAAGACCAAGGGACAGCCAAGAGAGCCACAGGTGTATACCCTGCCAC
CATCCAGAGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAG
GGATTCTATCCATCCGACATCGCCGTGGAGTGGGAGTCCAACGGACAGCCAGA
GAACAACTATAAGACCACCCCTCCAATGCTGGACTCCGACGGATCCTTCTTCCT
GTATTCCAAGCTGACCGTGGACAAGTCCAGATGGCAGCAGGGAAACGTGTTCT
CTTGTTCCGTGATGCACGAGGCCCTGCACAACCACTATACCCAGAAGAGCCTG
TCCCTGTCTCCAGGAAAGTAA(SEQ ID NO: 65)
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3E heavy chain variable domain nucleotide sequence

CAGGTGCAGCTGCAGGAGTCTGGCCCAGGACTGGTGAAGCCTTCCGAGACCC
TGTCCCTCACCTGCACTGTCTCTGGGTTCTCACTTATCGGCTATGATCTTAACT
GGATCCGACAGCCTCCAGGGAAGGGACTGGAGTGGATTGGGATTATCTGGGG
TGATGGAACCACAGACTATAATTCAGCTGTCAAATCCCGCGTCACCATCTCAAA
AGACACCTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTGTGACCGCCGCGG
ACACGGCCGTGTATTACTGTGCGAGAGGAGGTTATTGGTACGCCACTAGCTAC
TACTTTGACTACTGGGGCCAGGGCACCCTGGTCACCGTCTCCTCA(SEQ ID
NO:66)

3E light chain nucleotide sequence (full antibody)

GATATCCAGATGACACAGTCCCCATCCTCCCTGTCTGCCTCTGTGGGTGACCG
CGTCACCATCACCTGCCGCGCATCTCAGTCCATTAGCAATAATCTGAACTGGTA
TCAGCAGAAGCCAGGCAAAGCCCCAAAACTCCTGATCTACTACACCTCACGCT
TCCACTCAGGTGTCCCATCACGCTTCAGTGGCAGTGGCTCTGGTACAGATTTCA
CCTTCACCATTAGCAGCCTGCAACCAGAAGATATTGCCACTTATTACTGCCAAC
AGGAGCATACCCTTCCATATACCTTCGGTCAAGGCACCAAGCTGGAGATCAAA
CGCACTGTGGCTGCACCATCTGTCTTCATCTTTCCTCCATCTGATGAGCAGTTG
AAATCCGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCACGCGAG
GCCAAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCCGGTAACTCCCAGGA
GAGTGTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACC
CTGACCCTGAGCAAAGCAGACTACGAGAAACACMAAGTCTACGCCTGCGAAGT
CACCCATCAGGGCCTGAGTTCTCCAGTCACAAAGAGCTTCAACCGCGGTGAGT
GCTAA(SEQ ID NO:67)

3E light chain variable domain nucleotide sequence

GATATCCAGATGACACAGTCCCCATCCTCCCTGTCTGCCTCTGTGGGTGACCG
CGTCACCATCACCTGCCGCGCATCTCAGTCCATTAGCAATAATCTGAACTGGTA
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TCAGCAGAAGCCAGGCAAAGCCCCAAAACTCCTGATCTACTACACCTCACGCT
TCCACTCAGGTGTCCCATCACGCTTCAGTGGCAGTGGCTCTGGTACAGATTTCA
CCTTCACCATTAGCAGCCTGCAACCAGAAGATATTGCCACTTATTACTGCCAAC
AGGAGCATACCCTTCCATATACCTTCGGTCAAGGCACCAAGCTGGAGATCAAA
CGC(SEQ ID NQO:68)

The above sequences and other sequences described herein are provided in the

attached sequence listing.

It is understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof
will be suggested to persons skilled in the art and are to be included within the spirit
and purview of this application.
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CLAIMS
1. A liquid anti-nerve growth factor (NGF) antibody composition comprising;
an antibody,

a tonicity agent,

a buffer,

a chelating agent,

a surfactant,

wherein the pH of said composition is from 5.8 to 6.8;

wherein the surfactant is polysorbate 20;

wherein the chelating agent is disodium EDTA;

wherein the buffer is histidine;

wherein the tonicity agent is trehalose; and

wherein the antibody comprises a heavy chain variable region amino acid
sequence shown in SEQ ID NO: 1, and a light chain variable region amino acid
sequence shown in SEQ ID NO: 2.

2. The liquid composition according to claim 1, wherein the tonicity agent is

trehalose dihydrate.

3. The liquid composition according to claim 2, wherein the trehalose dihydrate in

the composition is from 1 mg/ml to 100 mg/ml.

4, The liquid composition according to any one of claims 1 to 3 wherein the

concentration of polysorbate 20 is from 0.01 to 0.15 mg/ml.

5. The liquid composition according to any one of claims 1 to 4 wherein the

concentration of histidine buffer is from 1.0 to 15 mM.

6. The liquid composition according to any one of claims 1 to 5 wherein the
disodium EDTA is at a concentration from 0.01 to 0.1 mg/ml.
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7. The liquid composition according to any one of claims 1 to 6 wherein the

antibody concentration is less than or equal to 50 mg/mi.

8. The liquid composition according to claim 7 wherein the antibody concentration is
selected from 2 mg/ml, 2.5 mg/ml, 5 mg/ml, 10 mg/ml, 20 mg/ml, 22 mg/ml and 50

mg/ml.

9. The liquid composition according to any one of claims 1 to 8 which further

comprises an antioxidant agent and / or a preservative agent.

10.  The liquid composition according to any one of claims 1 to 8 which does not

comprise an antioxidant agent, a preservative agent or both.

11.  The liquid composition according to any one of claims 1 to 7 comprising or
consisting of:

0.5 mg/ml to 50 mg/ml of the antibody,

1.0 mM to 15 mM histidine buffer,

1 mg/mi to 100 mg/ml trehalose dihydrate,

0.01 to 0.15 mg/ml polysorbate 20,

0.01 to 0.1 mg/ml disodium EDTA,

wherein said composition is of a pH from 5.8 to 6.8.

12.  The liquid composition according to any one of claims 8 to 10 comprising or
consisting of:

2.0 mg/mi, 2.5 mg/ml, 5 mg/mi, 10 mg/ml, 20 mg/ml, 22 mg/ml or 50 mg/mi of the

antibody,

1.0 mM to 15 mM histidine buffer,

1 mg/ml to 100 mg/ml trehalose dihydrate,

0.01 to 0.15 mg/ml polysorbate 20,

0.01 to 0.1 mg/ml disodium EDTA,
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wherein said composition is of a pH from 5.8 to 6.8.

13.  The liquid composition according to claim 11 or claim 12 comprising or consisting
of:

2.5 mg/ml, 5 mg/ml, 10 mg/ml, 20 mg/mi, 22 mg/ml or 50 mg/ml of the antibody,

10 mM histidine buffer,

84 mg/ml trehalose dihydrate,

0.1 mg/mi polysorbate 20,

0.05 mg/ml disodium EDTA,

wherein said composition is of a pH 6.0 +/- 0.2.

14.  The liquid composition according to claim 11 or claim 12 comprising or consisting
of:
2.5 mg/ml, 5 mg/ml, 10 mg/mi, 20 mg/ml, 22 mg/ml or 50 mg/ml of the antibody,
10 mM histidine buffer, |
84 mg/ml trehalose dihydrate,
0.1 mg/ml polysorbate 20,
0.05 mg/ml disodium EDTA,

wherein said composition is of a pH from 5.8 to 6.5.

15.  Aliquid anti-nerve growth factor (NGF) antibody composition comprising:
0.5 mg/mi to 50 mg/ml of antibody,
1.0 mM to 15 mM histidine buffer,
1 mg/ml to 100 mg/ml trehalose dihydrate,
0.01 to 0.15 mg/ml polysorbate 20,
0.01 to 0.1 mg/ml disodium EDTA,
wherein said composition is of a pH from 5.8 to 6.8 +/- 0.2, and wherein the
antibody comprises a heavy chain amino acid sequence shown in SEQ ID NO:
16 and a light chain amino acid sequence shown in SEQ ID NO: 17.

16. A liquid anti-nerve growth factor (NGF) antibody composition comprising:
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0.5 mg/ml to 50 mg/ml of antibody,

1.0 mM to 15 mM histidine buffer,

1 mg/ml to 100 mg/ml trehalose dihydrate,

0.01 to 0.15 mg/ml polysorbate 20,

0.01 to 0.1 mg/m! disodium EDTA,

wherein said composition is of a pH 6.0 +/- 0.2, and wherein the antibody
comprises a heavy chain amino acid sequence shown in SEQ ID NO: 16 and a

light chain amino acid sequence shown in SEQ ID NO: 17.

17.  Aliquid anti-nerve growth factor (NGF) antibody composition comprising:
2.5 mg/ml, 5 mg/ml, 10 mg/ml, 20 mg/ml, 22 mg/ml or 50 mg/mi of antibody,
10 mM histidine buffer,
84 mg/mi trehalose dihydrate,
0.1 mg/ml polysorbate 20,
0.05 mg/ml disodium EDTA,
wherein said composition is of a pH from 5.8 to 6.5 +/- 0.2, and wherein the antibody
comprises a heavy chain amino acid sequence shown in SEQ ID NO: 16 and a light

chain amino acid sequence shown in SEQ ID NO: 17.

18.  Aliquid anti-nerve growth factor (NGF) antibody composition comprising:

2.5 mg/ml, 5 mg/ml, 10 mg/ml, 20 mg/ml, 22 mg/ml or 50 mg/ml of antibody,

10 mM histidine buffer,

84 mg/mi trehalose dihydrate,

0.1 mg/mi polysorbate 20,

0.05 mg/ml disodium EDTA,
wherein said composition is of a pH 6.0 +/- 0.2, and wherein the antibody comprises a
heavy chain amino acid sequence shown in SEQ ID NO: 16 and a light chain amino
acid sequence shown in SEQ ID NO: 17.

19.  Aliquid anti-nerve growth factor (NGF) antibody composition comprising:

2.5 mg/ml of antibody,
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10 mM histidine buffer,

84 mg/ml trehalose dihydrate,

0.1 mg/mi polysorbate 20,

0.05 mg/ml! disodium EDTA,
wherein said composition is of a pH 6.0 +/- 0.2, and wherein the antibody comprises a
heavy chain amino acid sequence shown in SEQ ID NO: 16 and a light chain amino

acid sequence shown in SEQ ID NO: 17.

20.  Aliquid anti-nerve growth factor (NGF) antibody composition comprising:

5 mg/mi of antibody,

10 mM histidine buffer,

84 mg/ml trehalose dihydrate,

0.1 mg/ml polysorbate 20,

0.05 mg/ml disodium EDTA,
wherein said composition is of a pH 6.0 +/- 0.2, and wherein the antibody comprises a
heavy chain amino acid sequence shown in SEQ ID NO: 16 and a light chain amino
acid sequence shown in SEQ ID NO: 17.

21.  Aliquid anti-nerve growth factor (NGF) antibody composition comprising:

10 mg/ml of antibody,

10 mM histidine buffer,

84 mg/ml trehalose dihydrate,

0.1 mg/mi polysorbate 20,

0.05 mg/ml disodium EDTA,
wherein said composition is of a pH 6.0 +/- 0.2, and wherein the antibody comprises a
heavy chain amino acid sequence shown in SEQ ID NO: 16 and a light chain amino

acid sequence shown in SEQ ID NO: 17.
22. A quui.d anti-nerve growth factor (NGF) antibody composition comprising:

20 mg/ml of antibody,
10 mM histidine buffer,
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84 mg/ml trehalose dihydrate,
0.1 mg/ml polysorbate 20,
0.05 mg/ml disodium EDTA,

wherein said composition is of a pH 6.0 +/- 0.2, and wherein the antibody comprises a

heavy chain amino acid sequence shown in SEQ ID NO: 16 and a light chain amino

acid sequence shown in SEQ ID NO: 17.

23.

24.

A liquid anti-nerve growth factor (NGF) antibody composition comprising;
an antibody,

a tonicity agent,

a buffer,

a surfactant,

wherein the pH of said composition is from 5.5 to 6.8;

wherein the surfactant is a polysorbate;

wherein the buffer is histidine, acetate or succinate;

wherein the tonicity agent is trehalose, sucrose or sorbitol; and

wherein the antibody comprises a heavy chain variable region amino acid
sequence shown in SEQ ID NO: 1, and a light chain variable region amino acid
sequence shown in SEQ ID NO: 2.

The liquid anti-nerve growth factor (NGF) antibody composition according to

claim 23 wherein the surfactant is polysorbate 20 or polysorbate 80.

25.

The liquid anti-nerve growth factor (NGF) antibody composition according to

claim 23 or 24 wherein the composition further comprises a chelating agent.

26.

The liquid anti-nerve growth factor (NGF) antibody composition according to

claim 25 wherein the chelating agent is disodium EDTA.

27.

The liquid anti-nerve growth factor (NGF) antibody composition according to any

one of claims 23 to 26 wherein the buffer is histidine.
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28.  The liquid anti-nerve growth factor (NGF) antibody composition according to any

one of claims 23 to 27 wherein the tonicity agent is trehalose.

29.  The liquid anti-nerve growth factor (NGF) antibody composition according to any
one of claims 23 to 28 wherein the antibody comprises a heavy chain amino acid
sequence shown in SEQ ID NO: 16 and a light chain amino acid sequence shown in
SEQ ID NO: 17.

30. The liquid composition according to any one of claims 1 to 29 wherein the

antibody is a human or humanised monoclonal antibody.

31.  The liquid composition according to any one of claims 1 to 30 wherein the

antibody is an 1gG2 antibody.

32.  The liquid composition according to any one of claims 1 to 31 wherein the

antibody binds to human NGF with a Kd of less than or equal to 2 nM.

33.  The liquid composition according to any one of claims 1 to 32 wherein the

composition is resistant to aggregation of the antibody after multiple freeze thaw cycles.

34.  The liquid composition according to any one of claims 1 to 32 wherein the
composition can be stored for a period of at least 26 weeks at a temperature of 40°C
and wherein there is less than 10% increase in aggregation of the antibody of the

composition.

35.  The liquid composition according to any one of claims 1 to 32 wherein the
composition can be stored for a period of at least 26 weeks at a temperature of 40°C
and wherein there is less than 10% increase in oxidation of the antibody of the

composition.
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36. The liquid composition according to any one of claims 1 to 32 wherein the
composition can be stored for a period of at least 26 weeks at a temperature of 40°C
and wherein there is less than 10% decrease in activity of the antibody of the

composition.

37.  The liquid composition according to any one of claims 1 to 32 wherein the
composition can be stored for a period of at least 26 weeks at a temperature of between
2 to 8°C and wherein there is less than 10% increase in aggregation of the antibody of

the composition.

38.  The liquid composition according to any one of claims 1-14 and 30-37, wherein
the antibody comprises a heavy chain amino acid sequence shown in SEQ ID NO: 16
and a light chain amino acid sequence shown in SEQ ID NO: 17.

39. A pharmaceutical formulation comprising the liquid composition according to any

one of claims 1 to 38.

40. Use of the liquid composition according to any one of claims 1 to 38 or
pharmaceutical formulation of claim 39 for the manufacture of a medicament for

treatment of pain in a mammal.

41.  Use of the liquid composition according to any one of claims 1 to 38 or
pharmaceutical formulation of claim 39 for the manufacture of a medicament for
treatment of pain in a mammal, wherein the medicament is adapted for administration of

a dose of the medicament once every eight weeks.

42.  The use according to claim 41 wherein the dose has a volume of less than or

equal to 2.5 ml.

43.  The use according to claim 41 wherein the dose has a volume of less than or

equal to 1.0 ml.
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44, The use according to any one of claims 40-43 wherein the dose contains less

than or equal to 50 mg of antibody.

45.  The use according to claim 44 wherein the dose contains less than or equal to
any one of about 2 mg, about 3 mg, about 5 mg, about 10 mg, about 15 mg or about 20

mg of antibody.

46. The use according to any one of claims 40 to 45 wherein the liquid composition
or pharmaceutical formulation is adapted for intravenous or subcutaneous

administration.

47.  Use of the liquid composition according to any one of claims 1 to 38 or

pharmaceutical formulation of claim 39 for the treatment of pain in a mammal.

48.  Use of the liquid composition according to any one of claims 1 to 38 or
pharmaceutical formulation of claim 39 for the treatment of pain in a mammal, wherein
the liquid composition or pharmaceutical formulation is adapted for administration of a

dose of the liquid composition or pharmaceutical formulation once every eight weeks.

49.  The use according to claim 48 wherein the dose has a volume of less than or

equal to 2.5 ml.

50.  The use according to claim 49 wherein the dose has a volume of less than or

equal to 1.0 ml.

51.  The use according to any one of claims 48-50 wherein the dose contains less

than or equal to 50 mg of antibody.
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52.  The use according to claim 51 wherein the dose contains less than or equal to
any one of about 2 mg, about 3 mg, about 5 mg, about 10 mg, about 15 mg or about 20

mg of antibody.

53.  The use according to any one of claims 47 to 52 wherein the liquid composition
or pharmaceutical formulation is adapted for intravenous or subcutaneous

administration.

54.  The liquid composition according to any one of claims 1 to 38 or pharmaceutical
formulation of claim 39 for use in the treatment of pain in a mammal.

55.  The liquid composition according to any one of claims 1 to 38 or pharmaceutical
formulation of claim 39 for use in the treatment of pain in a mammal, wherein the liquid
composition or pharmaceutical formulation is adapted for administration of a dose of the

liquid composition or pharmaceutical formulation once every eight weeks.

56.  The liquid composition or pharmaceutical formulation for use according to claim

55 wherein the dose has a volume of less than or equal to 2.5 ml.

57.  The use according to claim 56 wherein the dose has a volume of less than or

equalto 1.0 ml.

58.  The liquid composition or pharmaceutical formulation for use according to claim
55 or claim 56 wherein the dose contains less than or equal to 50 mg of antibody.

59. The use according to claim 58 wherein the dose contains less than or equal to

any one of about 2 mg, about 3 mg, about 5 mg, about 10 mg, about 15 mg or about 20

mg of antibody.
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60. The liquid composition or pharmaceutical formulation for use according to any
one of claims 54 to 59 wherein the liquid composition or pharmaceutical formulation is

adapted for intravenous or subcutaneous administration.

61.  The use, or the liquid composition or pharmaceutical formulation for use,

according to any one of claims 40 to 60, wherein the mammal is a human.

62. The use, or the liquid composition or pharmaceutical formulation for use, of any

one of claims 40 to 61, wherein the pain is osteoarthritis pain.

63. The use, or the liquid composition or pharmaceutical formulation for use, of any
one of claims 40 to 61, wherein the pain is chronic lower back pain.

64. The use, or the liquid composition or pharmaceutical formulation for use, of any
one of claims 40 to 61, wherein the pain is pain due to bone metastases.

85.  The use, or the liquid composition or pharmaceutical formulation for use,
according to any one of claims 40 to 64, wherein the antibody comprises a heavy chain
amino acid sequence shown in SEQ ID NO: 16 and a light chain amino acid sequence
shown in SEQ ID NO: 17.

66.  The liquid composition according to any one of claims 1 to 38, wherein the buffer
is L-histidine, a hydrated form of L-histidine, or a combination thereof.

67. The liquid composition according to any one of claims 1 to 22, 26, or 66, wherein
the disodium EDTA is in hydrated form.

68.  The use, or the liquid composition or pharmaceutical formulation for use, of any

one of claims 40 to 61, wherein the buffer is L-histidine, a hydrated form of L-histidine,

or a combination thereof.
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69. Use of the liquid composition according to claim 19, 20, 21, or 22, for the

treatment of osteoarthritis pain.

70.  Use of the liquid composition according to claim 19, 20, 21, or 22, for the

treatment of lower back pain.

71.  Use of the liquid composition according to claim 19, 20, 21, or 22, for the

treatment of pain due to bone metastases.
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