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ANTIBODY FORMULATION

CROSS REFERENCE TO RELATED APPLICATIONS

[0001]  This application claims priority to U.S. Application No.60/774,101, filed

February 15, 2006, which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention is directed to forrnulations and methods for the
stabilization of antibodies. In one embodiment, the invention provides formulations and
methods to stabilize antibodies that are prone to non-enzymatic cleavage at the hinge
region.” More parﬁcularly, this invention relates to the formulation of antibodies that are
prone to non-enzymatic cleavage at the hinge region with a buffer and a lyoprotectant. In
another embodiment, the invention provides methods and formulations for the stabilization

of anti-VEGFR antibodies.

BACKGROUND OF THE INVENTION

[0003]  Antibodies in liquid formulations are susceptible to a variety of chemical
and physical processes including hydrolysis, aggregation, oxidation, deamidation, and
fragmentation at the hinge region. This fragmentation is a non-enzymatic process, which
may be temperature and/or pH dependant, and typically occurs in the heavy chain hinge
region near the papain cleavage site. These processes can alter or eliminate the clinical
efficacy of therapeutic antibodies by decreasing the availability of functional antibodies,
and by reducing or eliminating their antigen binding characteristics. The present invention
addresses the need for stabile formulations of monoclonal antibodies, especially those that
are prone to non-enzymatic cleavage at the hinge region,‘\and further provides a method

and formulation for lyophilizing these antibodies.

BRIEF SUMMARY OF THE INVENTION

[0004]  The present invention is directed to formulations and methods for the

stabilization of antibody preparations. Further, the present invention is directed also to
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formulations and methods for the stabilization of antibodies that are prone to non-

enzymatic cleavage, particularly at the hinge region.

[0005] In one embodiment, the invention provides a stabile formulation
comprising an antibody that is prone to non-enzymatic cleavage, and a buffer. The
formulation may also contain one or more stabilizing agents. In addition, the formulation

may contain a surfactant.

[0006] In another embodiment, the invention provides a formulation that is

compatible with lyophilization and may contain a lyoprotectant.

[0007]  In another embodiment, the invention provides a lyophilized formulation
comprising an antibody that is prone to non-enzymatic cleavage, a histidine buffer, and a

lyoprotecting sugar.

[0008] In another embodiment, the present invention provides methods of
stabilization of antibodies that are prone to non-enzymatic cleavage, comprising
_formulation in a histidine buffer and a lyoprotecting sugar. In addition, the formulation
may contain a surfactant. The formulations can be lyophilized to stabilize the antibodies
during processing and storage, and then the formulations can be reconstituted for
pharmaceutical administration. In a further embodiment, the reconstituted antibodies may

be used in a multidose format.

[0009] In one embodiment, the invention provides a stabile lyophilized
formulation comprising an anti-VEGFR antibody, a buffer, and a lyoprotectant. The
formulation may also contain one or more stabilizing agents. In addition, the formulation

may contain a surfactant.

[0010]  In another embodiment, the invention provides a stabile lyophilized -
formulation comprising an anti-VEGFR2 antibody, a buffer, and a lyoprotectant. The
formulation may also contain one or more stabilizing agents. In addition, the formulation

may contain a surfactant.

[0011]  In another embodiment, the invention provides a lyophilized formulation

comprising an anti-VEGFR2 antibody, a histidine buffer, and a lyoprotecting sugar.
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[0012]  In another embodiment, the present invention provides methods of
stabilization of anti-VEGFR antibodies comprising lyophilizing an aqueous formulation of
an anti-VEGFR antibody. The formulations can be lyophilized to stabilize the anti- ‘
VEGFR antibodies duriné processing and storage, and then the formulations can be
reconstituted for pharmaceutical administration

[0013]  In another embodiment, the present invention provides a method of
inhibiting VEGFR activity by providing a composition of the present invention. The
present invention also provides a method of inhibiting the VEGF pathway in mammals,
particularly humans, comprising administering a composition of the present invention.

The present invention also provides a method of treating VEGFR-dependent conditions -

comprising administering a composition of the present invention.

BRIEF DESCRIPTION OF THE FIGURES

[0014]  Figure 1 shows an size exclusion chromatography-high performance liquid
chromatography (SEC-HPLC) chromatogram of the IMC-1121B antibody in PBS after 3

months of incubation at 40°C.

[0015]  Figure 2 shows the amino acid sequence for the heavy chain of IMC-

1121B, and the sites where non-enzymatic cleavage occurs.

[0016]  Figure 3 shows SDS-PAGE of degiaded IMC-1121B and its size exclusion

fractions.
f0017]  Figure 4 shows a regression plot for DSC analysis of IMC-1121B.
[0018]  Figure 5 shows a prediction profiler for an agitation study.

[0019]  Figure 6 shows a prediction profiler of real-time, accelerated temperature

stability of IMC-1121B at 40°C

[0020]  Figure 7 shows a prediction profiler of real-time accelerated temperature
stability of IMC-1121B at -20°C.

[0021]  Figure 8 is an SEC-HPLC chromatogram of IMC-1121B following

incubation for 150 days at 40°C and at room temperature in PBS and 10 mM histidine
buffer (pH 6.0).
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[0022]  Figure 9 shows the variation of percent monomer of IMC-1121B in PBS
and 10 mM histidine buffer (pH 6.0) as a function of incubation time at 40°C and room

temperature.

[0023] Figure 10 shows the variation of percent aggregate of IMC-1121B in PBS
and 10 mM histidine buffer (pH 6.0) as a function of incubation time at 40°C and room

temperature.

[0024]  Figure 11 shows the variation of percent degradent of IMC-1121B in PBS
and 10 mM histidine buffer (pH 6.0) as a function of incubation time at 40°C and room

temperature.

[0025] Figure 12 is an IEC-HPLC chromatogram of IMC-1121B after 30 and 150
days of incubation at RT and 40°C.

[0026] Figure 13 shows reducing and non-reducing SDS-PAGE of IMC-1121B in
PBS and 10 mM histidine buffer (pH 6.0) after 150 days of incubation at RT and 40°C.

[0027] Figure 14 shows isoelectric focusing of IMC-1121B after 150 days of
incubation at RT and 40°C

[0028]  Figure 15 shows the freeze-drying cycle for IMC-1121B lyophilization

process

[0029]  Figure 16 shows the percent monomer remaining for IMC-1121B
lyophilized products after 100 days of incubation at 40°C and 50°C.

(0030]  Figure 17 shows the percent monomer remaining for IMC-1121B in

lyophilized and solution formulations as a function of incubation time at 50°C.

[0031] Figure 18 shows the percent aggregates for IMC-1121B in lyophilized and

solution formulations as a function of incubation time at 50°C.

[0032]  Figure 19 shows the percent degradents for IMC-1121B in lyophilized and

solution formulations as a function of incubation time at 50°C.

[0033]  Figure 20 shows the percent monomer remaining for IMC-1121B in

lyophilized and solution formulations as a function of incubation time at 40°C.
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[0034]  Figure 21 shows the percent aggregates for IMC-1121B in lyophilized and

solution formulations as a function of incubation time at 40°C.

[0035]  Figure 22 shows the percent degradents for IMC-1121B in lyophilized and

solution formulations as a function of incubation time at 40°C.

[0036]  Figure 23 shows the percent monomer remained for lyophilized and
solution formulated IMC-1121B after incubation at 50°C.

[0037]  Figure 24 shows the percent aggregate for lyophilized and solution
formulated IMC-1121B after incubation at 50°C.

[0038]  Figure 25 shows the percent degradent for lyophilized and solution
formulated IMC-1121B after incubation at 50°C.

[0039]  Figure 26 shows the percent monomer remaining for lyophilized and

solution formulated IMC-1121B after incubation at 40°C.

[0040]  Figure 27 shows the percent aggregate for IMC-1121B incubated at 40°C in

solution and freeze-dried formulations.

[0041]  Figure 28 shows the percent degradent for lyophilized and solution
formulated IMC-1121B after incubation at 40°C.

[0042]  Figure 29 is an IEC-HPLC chromatogram of IMC-1121B incubated for 3

months at 40°C in solution and freeze-dried formulations.

[0043]  Figure 30 shows the percent monomer remaining for lyophilized and

solution formulated IMC-1121B after room temperature incubation.

[0044]  Figure 31 shows the percent aggregates for lyophilized and solution

formulated IMC-1121B after room temperature incubation.

[0045]  Figure 32 shows the percent degradents for lyophilized and solution

formulated 1121B after room temperature incubation.

[0046]  Figure 33 is an JIEC-HPLC chromatogram of IMC-1121B in solution and

freeze-dried formulations after incubation at room temperature for 3 months.



WO 2007/095337 PCT/US2007/004050

[0047] Figure 34 shows reducing SDS-PAGE of IMC-1121B in solution and
freeze-dried formulations after incubation at room temperature, 40°C and 50°C for 3

months.

[0048] Figure 35 shows non-reducing SDS-PAGE of IMC-1121B in solution and
freeze-dried formulations after incubation at room temperature, 40°C and 50°C for 3

months.
DETAILED DESCRIPTION OF THE INVENTION

[0049] The present invention provides formulations for the freeze-drying of
antibodies, including functional fragments thereof, that are prone to non-enzymatic
cleavage. The formulations may comprise additional elements such as stabilizing agents,
surfactants, reducing agents, carriers, preservatives, amino acids, and chelating agents.
The present invention also provides methods of stabilizing an antibody composition
comprising lyophilizing an aqueous formulation of an antibody in the presence of a
lyoprotectant. The formulations may be lyophilized to stabilize the antibodies during
processing and storage, and then reconstituted prior to pharmacéutical administration.
Preferably, the antibody substantially retains its physical and chemical stability and
integrity from production to administration. Various formulation components may be
suitable to enhance stability according to the present invention, inciuding buffers,
surfactants, sugars, sugar alcohols, sugar derivatives, and amino acids. Various
formulation properties may be suitable to enhance stability according to the present

invention, including pH and concentration of formulation components.

[0050] According to the present invention, a buffer may be used to maintain the
pH of the formulation. The buffer minimizes fluctuations in pH due to external variations.
The formulations of the present invention contain one or more buffers to provide the
formulations at a suitable pH, preferably about 5.5 to about 6.5, and most preferably about
6.0. Exemplary buffers include, but are not limited to organic buffers generally, such as
histidine, citrate, malate, tartrate, succinate, and acetate. In one embodiment the buffer
concentration is about 5 mM to about 50 mM. In a further embodiment the buffer

concentration is about 10 mM.
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[0051]  The formulations of the present invention may contain one or more
stabilizing agents, which may help prevent aggregation and degradation of the antibodies.
Suitable stabilizing agents include, but are not limited to polyhydric sugars, sugar
alcohols, sugar derivatives, and amino acids. Preferred stabilizing agents include, but are

not limited to aspartic acid, lactobionic acid, glycine, trehalose, mannitol, and sucrose.

[0052]  The formulations of the present invention may contain one or more
surfactants. Antibody solutions have high surface tension at the air-water interface. In
order to reduce this surface tension, antibodies tend to aggregate at the air-water interface.
A surfactant minimizes antibody aggregation at the air-water interface, thereby helping to
maintain the biological activity of the antibody in solution. For example, adding 0.01% .
Tween 80 can reduce antibody aggregation in solution. When the formulation is
lyophilized, the surfactant may also reduce the formation of particulates in the
reconstituted formulation. In the lyophilized formulations of the present invention, the
surfactant can be added to one or more of the pre-lyophilized formulation, the lyophilized
formulation, and the reconstituted formulation, but preferably the pre-lyophilized
formulation. For example, 0.005% Tween 80 can be added to the antibody solution before
lyophilization. Surfactants include, but are not limited to Tween 20, Tween 80, Pluronic .
F-68, and bile salts. In one embodiment, the surfactant concentration is about 0.001% to
about 1.0%.

[0053]  The lypohilization process can generate a variety of stresses that may
denature proteins or polypeptides. These stresses include temperature decrease, ice crystal
formation, ionic strength increase, pH chan ges, phase separation, removal of hydration
shell, and concentration changes. Antibodies that are sensitive to the stresses of the
freezing and/or drying process can be stabilized by adding one or more lyoprotectants. A
lyoprotectant is a compound that protects against the stresses associated with
lyophilization. Therefore lyoprotectants as a class include cryoprotectants, which just
protect from the freezing process. One or more lyoprotectants may be used to protect
from the stresses associated with lyophilization and may be, for example, a sugar such as
sucrose or trehalose; an amino acid such as monosodium glutamate or histidine; a
methylamine such as betaine; a lyotropic salt such as magnesium sulfate; a polyol such as

trihydric or higher sugar alcohols, e.g. glycerin, erythritol, glycerol, arabitol, xylitol,
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sorbitol, and manmitol; propylene glycol; polyethylene glycol; Pluronics; and
combinations thereof. Examples of preferred lyoprotectants include, but are not limited to

the stabilizing agents and surfactants as described above.

[0054] The presént invention provides stabilized formulations, which may be
prepared through the process of lyophilizaton. Lyophilization is a stabilizing process in
which a substance is first frozen and then the quantity of the solvent is reduced, first by
sublimation (the primary drying process) and then desorption (the secondary drying
process) to values that will no longer support biological activity or chemical reactions. In
a lyophilized formulation, the hydrolysis, deamidation, oxidation and fragmentation
reactions associated with solutions can be avoided or slowed significantly. A lyophilized
formulation may also avoid damage due to short-term temperature fluctuations during
shipping and allow for room temperature storage. The formulations of the present |
invention may also be dried by other methods known in the art such as spray drying and
bubble dfyin g. Unless otherwise specified, the formulations of the present invention are
described in terms of their component concentrations as measured in the formulation

before lyophilization.

{0055] In one embodiment, the present invention provides for methods and
formulations to stabilize antibodies that are prone to non-enzymatic degradation, which
may occur at the hinge region. Factors that may predispose an antibody to non-enzymatic
cleavage include amino acid sequence, conformation and post-translational processing.
Determination that an antibody undergoes non-enzymatic cleavage may be accomplished
by incubation of the antibody in an aqueous solution. Typically, the incubation is
performed at elevated temperatures to shorten the duration of the study. For example,
incubation for 3 months at 40°C or 50°C. Following the incubation, the degradation
products may be analyzed using size exclusion chromatography-high performance liquid

chromatography (SEC-HPLC).

[0056]  Various analytical techniques known in the art can measure the antibody
stability of a reconstituted lyophilized formulation. Such techniques include, for example,
determining (i) thermal stability using differential scanning calorimetry (DSC) to

determine the main melting temperature (Tm); (ii) mechanical stability using controlled
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agitation at room temperature; (iii) real-time iéothermal accelerated temperature stability
at temperatures of about -20°C, about 4°C, room temperature (about 23°C-27°C), about
40°C, and about 50°C; (iv) solution turbidities by monitoring absorbance at about 350 nm
and (v) the amount of monomer, aggregates and degradants using SEC-HPLC. Stability

can be measured at a selected temperature for a selected time period.

[0057] In one embodiment, the lyophilized formulation provides a high
concentration of the antibody upon reconstitution. In a further embodiment, the stable
lyophilized formulation is reconstitutable with a liquid to form a solution with an antibody
concentration about 1-10 times higher than the antibody concentration of the formulation,
before lyophilization. For instance, in one embodiment, the lyophilized formulation is
reconstituted with 1 mL of water or less to obtain a particle-free reconstituted formulation

with an antibody concentration of about 50 mg/mL to about 200 mg/mL.

[0058]  Naturally occurring antibodies typically have two identical heavy chains
and two identical light chains, with each light chain covalently linked to a heavy chain by
an interchain disulfide bond. Multiple disulfide bonds further link the two heavy chains to
one another. Individual chains can fold into domains having similar sizes (110-125 amino
acids) and structures, but different functions. The light chain can cbmprise one variable
domain (V) and/or one constant domain (Cy). The heavy chain can also comprise one
variable domain (V) and/or, depending on the class or isotype of antibody, three or four
constant domains (Cy1, Cy 2, Cy3 and Cy4). In humans, the isotypes are IgA, IgD, IgE,
I18G, and IgM, with IgA and IgG further subdivided into subclasses or subtypes (IgA1_2 and
IgGi4).

[0059]  Generally, the variable domains show considerable amino acid sequence
variability from one antibody to the next, particularly at the location of the antigen-binding
site. Three regions, called hypervariable or complementarity-determining regions (CDRs),
are found in each of V| and Vy, which are supported by less variable regions called

framework variable regions.

[0060]  The portion of an antibody consisting of V| and V}; domains is designated
Fv (fragment variable) and constitutes the antigen-binding site. Single chain Fv (scFv) is

an antibody fragment containing a V|, domain and a V domain on one polypeptide chain,
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wherein the N terminus of one domain and the C terminus of the other domain are joined
by a flexible linker (see, e.g., U.S. Pat. No. 4,946,778 (Ladner et al.); WO 88/09344,
(Huston et al.). WO 92/01047 (McCafferty et al.) describes the display of scFv fragments

on the surface of soluble recombinant genetic display packages, such as bacteriophage.

[0061] Single chain antibodies lack some or all of the constant domains of the
whole antibodies from which they are derived. Therefore, they can overcome some of the
problems associated with the use of whole antibodies. For example, single-chain
antibodies tend to be free of certain undesired interactions between heavy-chain constant
regions and other biological molecules. Additionally, single-chain antibodies are
considerably smaller than whole antibodies and can have greater permeability than whole
antibodies, allowing single-chain antibodies to localize and bind to target antigen-binding
sites more efficiently. Furthermore, the relatively small size of single-chain antibodies

makes them less likely to provoke an unwanted immune response in a recipient than whole

antibodies.

[0062] Multiple single chain antibodies, each single chain having one Vy and one
VL. domain covalently linked by a first peptide linker, can be covalently linked by at least
one or more peptide linker to form a multivalent single chain antibodies, which can be
monospecific or multispecific. Each chain of a multivalent single chain antibody includes
a variable light chain fragment and a variable heavy chain fragment, and is linked by a
peptide linker to at least one other chain. The peptide linker is composed of at least fifteen

amino acid residues. The maximum number of amino acid residues is about one hundred.

{0063] Two single chain antibodies can be combined to form a diabody, also
known as a bivalent dimer. Diabodies have two chains and two binding sites, and can be
monospecific or bispecific. Each chain of the diabody includes a Vi domain connected to
a Vi domain. The domains are connected with linkers that are short enough to prevent
pairing between domains on the same chain, thus driving the pairing between

complementary domains on different chains to recreate the two antigen-binding sites.

[0064] Three single chain antibodies can be combined to form triabodies, also
known as trivalent trimers. Triabodies are constructed with the amino acid terminus of a

VL or Vy domain directly fused to the carboxyl terminus of a Vi, or Vi domain, i.e.,
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without any linker sequence. The triabody has three Fv heads with the polypeptides
arranged in a cyclic, head-to-tail fashion. A possible conformation of the triabody is
planar with the three binding sites located in a plane at an angle of 120 degrees from one

another. Triabodies can be monospecific, bispecific or trispecific.

[0065] Fab (Fragment, antigen binding) refers to the fragments of the antibody
consisting of Vi, Cp. Vy and Cyl domains. Those generated following papain digestion
simply are referred to as Fab and do not retain the heavy chain hinge region. Following
pepsin digestion, various Fabs retaining the heavy chain hinge are generated. Those
divalent fragments with the interchain disulfide bonds intact are referred to as F(ab'),
while a monovalent Fab' results when the disulfide bonds are not retained. F(ab'),

fragments have higher avidity for antigen that the monovalent Fab fragments.

[0066] Fc (Fragment crystallization) is the designation for the portion or fragment
of an antibody that comprises paired heavy chain constant domains. In an IgG antibody,
for example, the Fc comprises Cuy2 and Cy3 domains. The Fc of an IgA or an IgM
antibody further comprises a Cys domain. The Fc is associated with Fc receptor binding,
activation of complement-mediated cytotoxicity, and antibody-dependent cellular-
cytoxicity (ADCC). For antibodies such as IgA and IgM, which are complexes of

multiple IgG like proteins, complex formation requires Fc constant domains.

[0067]  Finally, the hinge region separates the Fab and Fc portions of the antibody,
providing for mobility of Fabs relative to each other and relative to Fc, as well as

including multiple disulfide bonds for covalent linkage of the two heavy chains.

[0068] Thus, antibodies of the invention include, but are not limited to, naturally
occurring antibodies, bivalent fragments such as (Fab"),, monovalent fragments such as
Fab, single chain antibodies, single chain Fv (scFv), single domain antibodies, multivalent '
single chain antibodies, diabodies, triabodies, and the like that bind specifically with

antigens.

[0069] Antibodies, or fragments thereof, of the present invention, for example, can
be monospecific or bispecific. Bispecific antibodies (BsAbs) are antibodies that have two
different antigen-binding specificities or sites. Where an antibody has more than one

specificity, the recognized epitopes can be associated with a single antigen or with more
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than one antigen. Thus, the present invention provides bispecific antibodies, or fragments

thereof, that bind to two different antigens

[0070]  Specificity of antibodies, or fragments thereof, can be determined based on
affinity and/or avidity. Affinity, represented by the equilibrium constant for the
dissociation of an antigen with an antibody (K,), measures the binding strength between
an antigenic determinant and an antibody-binding site. Avidity is the measure of the
strength of binding between an antibody with its antigen. Avidity is related to both the
affinity between an epitope with its antigen binding site on the antibody, and the valence
of the antibody, which refers to the number of antigen binding sites of a particular epitope.
Antibodies typically bind with a dissociation constant (K4) of 107 to 107! liters/mol. Any
Ky less than 107 liters/mol is generally considered to indicate nonspecific binding. The
lesser the value of the K, the stronger the binding strength between an antigenic

determinant and the antibody binding site.

[0071]  As used herein, “antibodies” and “antibody fragments” includes
modifications that retain specificity for a specific antigen. Such modifications include, but
are not limited to, conjugation to an effector molecule such as a chemotherapeutic agent
(e.g., cisplatin, taxol, doxorubicin) or cytotoxin (e.g., a protein, or a non-protein organic
chemotherapeutic agent). The antibodies can be modified by conjugation to detectable
reporter moieties. Also included are antibodies with alterations that affect non-binding

characteristics such as half-life (e.g., pegylation).

[0072]  Proteins and non-protein agents may be conjugated to the antibodies by
methods that are known in the art. Conjugation methods include direct linkage, linkage
via covalently attached linkers, and specific binding pair members (e.g., avidin-biotin).
Such methods include, for example, that described by Greenfield et al., Cancer Research
50, 6600-6607 (1990) for the conjugation of doxorubicin and those described by Arnon et
al., Adv. Exp. Med. Biol. 303, 79-90 (1991) and by Kiseleva et al., Mol. Biol. (USSR)25,
508-514 (1991) for the conjugation of platinum compounds.

[0073]  Antibodies of the present invention further include those for which binding
characteristics have been improved by direct mutation, methods of affinity maturation,

phage display, or chain shuffling. Affinity and specificity can be modified or improved by
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mutating CDRs and screening for antigen binding sites having the desired characteristics
(see, e.g., Yang et al., J. Mol. Biol., 254: 392-403 (1995)). CDRs are mutated in a variety
of ways. One way is to randomize individual residues or combinations of residues so that
in a population of otherwise identical antigen binding sites, all twenty amino acids are
found at particular positions. Alternatively, mutations are induced over a range of CDR
residues by error prone PCR methods (see, e.g., Hawkins et al., J. Mol. Biol., 226: 889-
896 (1992)). For example, phage display vectors containing heavy and light chain
variable region genes can be propagated in mutator strains of E. coli (see, e.g., Lowet al.,
J. Mol. Biol., 250: 359-368 (1996)). These methods of mutagenesis are illustrative of fhe

many methods known to one of skill in the art.

[0074]  Each domain of the antibodies of this invention can be a complete
immunoglobulin domain (e.g., a heavy or light chain variable or constant domain), or it
can be a functional equivalent or a mutant or derivative of a naturally-occurring domain,
or a synthetic domain constructed, for example, in vitro using a technique such as one
described in WO 93/11236 (Griffiths et al.). For instance,.it is possible to join together
domains corresponding to antibody variable domains, which are missing at least one
amino acid. The important characterizing feature of the antibodies is the presence of an
antigen binding site. The terms variable heavy and light chain fragment should not be

construed to exclude variants that do not have a material effect on specificity.

[0075]  Antibodies and antibody fragments of the present invention can be
obtained, for example, from naturally occurring antibodies, or Fab or scFv phage display
libraries. It is understood that, to make a single domain antibody from an antibody
comprising a Vi and a V|, domain, certain amino acid substitutions outside the CDRs can A
be desired to enhance binding, expression or solubility. For example, it can be desirable to

modify amino acid residues that would otherwise be buried in the V-V interface.

[0076]  Further, antibodies and antibody fragments of the invention can be obtained
by standard hybridoma technology (Harlow & Lane, ed., Antibodies: A Laboratory
Manual, Cold Spring Harbor, 211-213 (1998), which is incorporated by reference herein)
using transgenic mice (e.g., KM mice from Medarex, San Jose, Calif.) that produce human

immunoglobulin gamma heavy and kappa light chains. Tn a preferred embodiment, a
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substantial portion of the human antibody producing genome is inserted into the genome
of the mouse, and is rendered deficient in the production of endogenous murine antibodies.
Such mice may be immunized subcutaneously (s.c.) with part or all of target molecule in

complete Freund's adjuvant.

[0077] The present invention also provides a method of treatment comprising
administering a reconstituted formulation. The reconstituted formulations are prepared by
reconstituting the lyophilized formulations of the present invention, for example with
1 mL water. The reconstitution time is preferably less than 1 minute. The concentrated
reconstituted formulation allows for flexibility in administration. For example, the
reconstituted formulation can be administered in a dilute form intravenously, or it can be
administered in a more concentrated form by injection. A concentrated reconstituted
formulation of the present invention can be diluted to a concentration that is tailored to the
particular subject and/or the particular route of administration. Accordingly, the present
invention provides methods of treatment comprising administering a therapeutically
effective amount of an antibody to a mammal, particularly a human; in need thereof. The
term administering as used herein means delivering the antibody composition of the
present invention to a mammal by any method that can achieve the result sought. The
reconstituted formulation can be administered, for example, intravenously or
intramuscularly. In one embodiment, a concentrated reconstituted formulation is

administered by injection.

[0078]  Antibodies of the present invention are preferably human. In one
embodiment the composition of the present invention may be used to treat neoplastic
diseases, including solid and non-solid tumors and for treatment of hyperproliferative

disorders.

[0079]  Therapeutically effective amount means an amount of antibody of the
present invention that, when administered to a mammal, is effective in producing the
desired therapeutic effect, such as reducing or neutralizing VEGFR activity, inhibition of
tumor growth, or treating a non-cancerous hyperproliferative disease. Administration of
the antibodies as described above can be combined with administration of other antibodies

or any conventional treatment agent, such as an anti-neoplastic agent.
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[0080] In an embodiment of the invention, the composition can be administered in
combination with one or more anti-neoplastic agents. Any suitable anti-neoplastic agent
can be used, such as a chemotherapeutic agent, radiation or combinations thereof. The
anti-neoplastic agent can be an alkylating agent or an anti-ietabolite. Examples of
alkylating agents includé, but are not limited to, cisplatin, cyclophosphamide, melphalan,
and dacarbazine. Examples of anti-metabolites include, but not limited to, doxorubicin,
daunorubicin, paclitaxel, irinotecan (CPT-11), and topotecan. When the anti-neoplastic
agent is radiation, the source of the radiation can be either external (external beam
radiation therapy — EBRT) or internal (brachytherapy — BT) to the patient being treated.
The dose of anti-neoplastic agent administered depends on numerous factors, including,
for example, the type of agent, the type and severity tumor being treated and the route of
administration of the agent. It should be emphasized, however, that the present invention

is not limited to any particular dose.

[0081]  Antibodies of the present invention may be, but are not limited to,
antibodies to VEGFR, IGF-IR, EGFR and PDGFR.

[0082] In one embodiment, the antibodies, or fragments thereof, of the present
invention are specific for VEGFR. In another embodiment, the present invention provides
bispecific antibodies, or fragments thereof, that bind to two different antigens, with at least
one specificity for VEGFR. VEGEFR refers to the family of human VEGF receptors,
including VEGFR-1 (FLT1), VEGFR-2 (KDR), VEGFR-3 (FLT4).

[0083]  Vascular endothelial growth factor (VEGF) is a key mediator of
angiogenesis. In healthy humans, VEGF promotes angiogenesis in the developing
embryo, in healing wounds, and during female reproductive cycling. However, VEGF
mediates angiogenesis in tumors when it is upregulated by oncogene expression, growth
factors, and hypoxia. Angiogenesis is essential for tumor growth past a certain size by the

limited diffusion of nutrients and oxygen.

[0084] Thus, in one embodiment, the anti-VEGFR antibody binds VEGFR and
blocks binding of a ligand, such as VEGF. This blockage may result in inhibition of

tumor growth, which includes inhibition of tumor invasion, metastasis, cell repair, and

angiogenesis, by interfering with the effects of VEGFR activation.
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[0085] In one embodiment, the antibody is the anti-VEGFR-2 (KDR) antibody,
IMC-1121B (IgGl), which is disclosed in WO 03/07840 (PCT/US03/06459). The
nucleotide and amino acid sequence of the Vy for IMC-1121B are represented in SEQ ID
NOS 1 and 2, respectively. The nucleotide and amino acid sequence of the V_ for IMC-
1121B are represented in SEQ ID NOS 3 and 4, respectively.

[0086]  Equivalents of the antibodies, or fragments thereof, of the present invention
also include polypeptides with amino acid sequences substantially the same as the amino
acid sequence of the variable or hypervariable regions of the full-length anti-VEGFR
antibody provided herein. Substantially the same amino acid sequence is defined herein as
a sequence with at least about 70%, preferably at least about 80%, and more preferably at
least about 90% homology, as determined by the FASTA search method in accordance
with Pearson and Lipman (Proc. Natl. Acad. Sci. USA 85, 2444-8 (1988)).

EXAMPLES

[0087]  The following examples further illustrate the invention, but should not be
construed to limit the scope of the invention in any way. Detailed descriptions of
conventional methods, such as those employed in the analysis of proteins can be obtained
from numerous publications such as Current Protocols in Immunology (published by
published by John Wiley & Sons). All references mentioned herein are incorporated in

their entirety.

[0088] Example 1. Fragmentation of anti-VEGFR-2 antibody, IMC-1121B.

[0089] IMC-1121B at 5 mg/mL in phosphate-buffered saline (PBS) was incubated
at 40°C for 3 months. Following this incubation, SEC-HPLC and N-terminal sequencing
were used to analyze the degradation products. The SEC-HPLC chromatogram of
degraded IMC-1121B in PBS is shown in Figure 1. The degraded product has two
degradent peaks (fractions 2 and 3) in addition to aggregate (fraction 1) and monomer
peaks. The fractions were collected using a fraction collector for N-terminal sequence
analysis. The cDNA sequence for IMC-1121B heavy chain is shown in Figure 2. Signal

sequernce, variable regions and constant regions are shown with underlined, double-
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underlined and plain text, respectively. N-terminal sequencing analysis of the degraded
sample and fractions 2 and 3 has shown two sites of fragmentation in the heavy chain
(grey-highlighted text in Figure 2). The site at the 156™ residue from the N-terminus
results in two heavy chain fragments detected on reduced SDS-PAGE (Figure 3) as about
40 KD and about 15 KD bands. The other fragmentation site in the hinge region at the
220™ residue from the N-terminus results in about 33 KD and about 27 KD bands on
reduced SDS-PAGE (Figure 3).

[0090] Example 2. Optimization of Buffer Formulation.

[0091]
In the first stage, the solvent buffer was optimized using a design of experiment approach
(DOE) with fractional factorial modeling as outlined in Table 1. The factors screened in
this optimization process were buffer, pH, salt, amino acids, surfactants sugars, and sugar

derivatives. Solvent optimization was performed at a 1121B concentration of 5 mg/mL.

PCT/US2007/004050

The freeze-dried formulation for IMC-1121B was developed in two stages.

Controlled agitation at 300 rpm at room temperature was used to test mechanical stability.

Thermal stability was tested using DSC and accelerated temperatures. The DOE
predictions were confirmed using traditional one-factor-at-a-time methodology. Linear

regression analysis was used to determine the significance of the results.

e

Phosphate 8 150 0.5 0.5 0.5 2 2 2 2 2
Phosphate 6 0 0 0.5 0 2 2 0 2 (i}
Phosphate 9] NI T Asddstic | T actdBionic THrebn Gl‘\})-inp Arg“n'np Maithitol Sudfose | Treklalose |
Protaome | B | (430) | acit®a) | acidi%) | s0@m | (@) @) (%) (%) ()
CRihte T2 | 148D a 8- s 9 B 0 1] ]
Citrate 4 0 0.5 0 0 2 2 0 0 2
Citrate 4 0 0.5 0.5 0.5 0 0 2 2 0
Citrate 6 150 0 0.5 0 0 0 0 2 2
Citrate 5 75 0.25 0.25 0.25 1 1 1 -1 1
Acetate 6 0 0 0.5 0.5 2 0] 0 0 0
Acetate 5 75 0.25 0.25 0.25 1 1 1 1 1
Acetate 4 150 0.5 0.5 0 2 0 2 0 2
Acetate 6 0 0 0 0 0 2 2 2 2
Acetate 4 150 0.5 0 0.5 0 2 0 2 0
Histidine 7 75 0.25 0.25 0.25 1 1 1 1 1
Histidine 8 0 0.5 0 0.5 2 0 0 2 2
Histidine 5 150 0 0.5 0.5 0 2 0 0 2
Histidine 6 150 0 0 0 2 0 2 2 0
Histidine 3 0 0.5 0.5 ] 0 2 2 0 0
Phosphate 7 75 0.25 0.25 0.25 1 1 1 1 1
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Table 1. Design of experiment (DOE) matrix

[0092] Differential scanning calorimetry (DSC) study: The melting, or
transition, temperature (Tm) was measured using a MicroCal VP-DSC. The protein
concentration was set at 5 mg/mL and temperature ramping was from 5°C to 95°C at a
scan rate of 1.5°C/min. The thermal melting curves of IMC-1121B in various
formulations (Table 1) were collected. The melting temperatures corresponding to the
main transition peak (50% of the molecules are denatured) were fitted to a linear
regression model to estimate the effect of tested variables on Tm. The model was
statistically significant with a p=0.0006. The significant factors (p<0.05) were pH and
buffer type. The regression plot for the Tm variation with buffer type and pH is shown in
Figure 4. The optimal pH was approximately 6.0 for the h,istidine, citrate and acetate
buffers, which were superior to phosphate buffer at pH 6.0. Other variables did not have

statistically 'signiﬁcant effect on Tm.

[0093] Agitation study: Antibody solutions were agitated on a platform shaker at
300 rpm at room temperature. Five mL of IMC-1121B at 5 mg/mL in a 20 mL glass vial
was agitated in various formulations (Table 1) for up to 84 hours. Solution turbidi.ty,
percent monomer, percent aggregate, and percent degradent were determined as follows.
Solutions turbidity was measured by absorbance at 350 nm using Shimatzu 1601 biospec
spectrophotometer. Percent monomer, percent aggregate, and percent degradent were
measured using SEC-HPLC performed on an Agilent 1100 Series LC using Tosoph
Biosep TSK 3000 column with10 mM sodium phosphate, 0.5M CsCl, at pH 7.0 as the
mobile phase. The effect of tested variables on turbidity, percent monomer, aggregate and
degradent were estimated by fitting to a linear regression model using JMP software (SAS
institute, NC). The p-value for the Actual by Predicted plot was <0.002. The effects of the
significant variables pH, Tween 80, NaCl and time on turbidity, percent monomer,

aggregate and degradent are shown in Figure 5.

[0094] Real-time, accelerated temperature stability at 40°C: The IMC-1121B at
5 mg/mL in various formulations (Table 1) were incubated at 40°C for up to 14 days. The

solution turbidity, percent monomer, aggregate and degradent were determined as
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described above. The effect of tested variables on turbidity, percent monomer, aggregate
and degradent were estimated by fitting it to a linear regression model using JMP
software. The p value for Actual by Predicted plots were <0.001. The effect of significant
variables on turbidity, percent monomer, aggregate and degradent are shown in Figure 6.
The optimal buffer is histidine at pH 6.0. Salt reduced monomer and increased
aggregation. But did not affect degradation. Glycine has no effect on monomer, aggregate

or degradent.

[0095] Real-time freezing temperature stability at-20C: The IMC-1121B
antibody at 5 mg/mL in various formulations (Table 1) were incubated at -20°C for up,to
16 days. The solution turbidity, percent monomer, aggregate and degradent was estimated
as described above. The effect of tested variables on turbidity, percent monomer,
aggregate and degradent were determined by fitting to a linear regression model using
JMP software. The p-value for Actual by Predicfed plot was <0.001. The effect of
significant variables on turbidity, percent monomer, aggregate and degradent are shown in
Figure 7. The optimal pH was 6.0. Aspartic-acid increased monomer and decreased
aggregation with a negligible effect on degradation. N;CI and glycine had negligible

effect on turbidity, monomer, aggregate and degradent.

[0096] Example 3. Comparison of IMC-1121B Stability in PBS and 10 mM
Histidine Buffer (pH 6.0) Formulations.

[0097] DOE screening studies predicted that the IMC-1121B antibody has
significantly better stabilify in a 10 mM histidine buffer (pH 6.0) formulation than in PBS.
In this study, the stability of IMC-1121B at 5 mg/mL concentration in 10 mM histidine
pH 6.0 and PBS was examined by various techniques to confirm the DOE prediction.

[0098]  Differential scanning calorimetry (DSC) study: Thermal stability of
IMC-1121B in PBS and 10 mM histidine buffer (pH 6.0) formulations were examined
according to the procedure described in Methods. The melting temperatures for main
transition were 70.0 and 76.6°C for IMC-1121B in PBS and 10 mM histidine buffer (pH
6.0), respectively.

[0099] Real-time accelerated temperature stability at 40°C and room

temperature: The IMC-1121B at 5 mg/mL was incubated at 40°C and room temperature
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(RT) for up to 150 days in PBS and 10 mM histidine buffer (pH 6.0) formulations.
Following incubation, the samples were analyzed by SEC-HPLC, IEC-HPLC, SDS-PAGE
and IEF as described below.

[0100] SEC-HPLC analysis: The SEC-HPLC analysis of IMC-1121B in PBS or
10 mM histidine buffer (pH 6.0) following 150 days of incubation at 40°C and room
temperature was performed according to procedure described above. The HPLC
chromatograms are shown in Figure 8. The total percent of aggregate in control, RT and
40°C samples was 0.90, 1.49 and 3.90 for PBS and 0.80, 0.82 and 0.75 for 10 mM
histidine buffer (pH 6.0), respectively. The total percent degradent in control, RT and 40°C
samples was 1.32, 2.56 and 12.54 respectively, for PBS and 1.23, 2.09 and 9.00 for 10
mM histidine buffer pH 6.0 formulations, respectively. The changes in percent monomer,
percent aggregate, and percent degradent as a function of incubation time are shown in
Figures 9, 10 and 11, respectively. Percent monomer decreased and percent aggregate and
percent degradent increased at faster rate in PBS formulation than 10 mM histidine (pH
6.0). The 10 mM histidine buffer (pH 6.0) provides a superior environment for
maintenance of the IMC-1121B antibody as .

[0101] IEC-HPLC analysis: Ion exchange chromatography of IMC-1121B
following 30 and 150 days of incubation at 40°C and room temperature was performed on
an Agilent 1100 Series LC using a Dionex ProPac WCX-10 analytical column. The
samples were eluted with a linear gradient from 10 mM phopshate (pH 7.0), 20 mM NaCl
to 10 mM Phosphate (pH 7.0), 100 mM NacCl in 32 minutes. The IEC-HPLC
chromatograms are shown in Figﬁre 12. Incubation at room temperature and 40°C, caused
the peaks to shift toward lower retention time (i.e. toward acidic pH) in both formulations.
However, the shifts were considerably larger in the PBS formulation than in 10 mM

histidine buffer (pH 6.0) formulation.

[0102] SDS-PAGE analysis: The IMC-1121B antibody (at 5 mg/mL) in PBS or
10 mM histidine buffer (pH 6.0) was incubated at room temperature or 40°C for 150 days
prior to analysis by reducing and non-reducing SDS-PAGE (4-20% tris-glycine gradient

gel) according to standard protocols. The samples incubated in PBS had greater amounts
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of degradation products that the samples incubated in 10 mM histidine (pH 6.0) as
measured by the intensity of the bands (Figure 13).

[0103] Isoelectic Focusing (IEF) analysis: IMC-1121B at 5 mg/mL in PBS and
10 mM histidine (pH 6.0) formulations after 150 days of incubation at RT and 40°C was
analyzed by IEF (pH range 6.0-10.5). Isoelectic focusing analysis was performed on
IsoGel® Agarose IEF plates with a pH range from 6.0 to 10.5. The resulting bands
migrated towards acidic pH both in PBS and histidine formulations. However, the shift
was greater for the PBS formulation than for the 10 mM histidine (pH 6.0) formulation
(Figure 14).

[0104] Example 4. Fréeze-drying Formulation Screening.

[0105] In the second stage of optimization, bulking agents and cryo-and lyo-
protectants were optimized at a fixed antibody concentration of 20 mg/mL in 10 mM
histidine buffer (pH 6.0). The additives tested were mannitol, glycine, sucrose and
trehalose as shown in the design of experiment matrix (Table 2). As contfols, IMC-1121B
antibody at the concentration of 5 mg/mL in solution formulations (without freeze-drying)

with PBS buffer (pH 6.0) or 10 mM histidine buffer (pH 6.0) was analyzed.

Table 2: DOE Matrix for Freeze-dried Formulation Screening

IMC-1121B
(mg/mL) Sucrose (%) | Teahouse (%) | Glycine (%) | Mannitol (%)
20 4 0 0 0
20 0 4 0 0
20 0 0 4 0
20 0 0 0 4
20 2 0 2 0
20 2 0 0 2
20 0 2 2 0
20 0 20 0 2

[0106] Freeze-drying Process: The products were lyophilized using a Lyostar I1
freeze-dryer. The lyophilzaion tray was loaded with sample at room temperature.
Products were soaked at -50°C for 2 hours. Primary drying was performed at -30°C for 10
hours followed by secondary drying at 20°C for another 10 hours. The cooling and heating .
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rates were 0.5°C/min. Chamber pressure during primary and secondary drying was 50
mT. Once lyophilization was completed, the sample chamber was backfilled with N, and
capped. The lyophilization process was completed in about 24 hours. The shelf set
temperature and products temperature as a function of run time is shown in Figure 15.
The lyophilization process was considered completed when product temperature reached

(or crossed) the shelf set temperature.

[0107]  Accelerated temperature stability: The lyophilized antibody formulations
were incubated for 100 days either at 40°C or 50°C. After the incubation period, products
were reconstituted to 5 mg/mL with 10 mM histidine buffer (pH 6.0). The reconstitution

.time was less than 1 min. The percent monomers remained after incubation is shown in
Figure 16. The freeze-dried formulations with 4% sucrose or 4% trehalose retained the

highest percentage of monomer after the 100 day incubations at 40°C and 50°C.

[0108]  Accelerated temperature stability comparison between freeze-dried
and solution formulations: The freeze-dried formulations: (1) 20 mg/mL IMC-1121B,
4% sucrose, 10 mM histidine buffer (pH 6.0), and (2) 20 mg/mL IMC-1121B, 4%
trehalose, 10 mM histidine buffer (pH 6.0), was compared with solution formulations (1) 5
mg/mL IMC-1121B in PBS (pH 7.2) and (2) 5 mg/mL IMC-1121B in 10 mM histidine
buffer (pH 6.0). The samples were incubated at 40°C or 50°C for up to 100 days. After
incubation period, the lyophilized products were reconstituted to 5 mg/mL with 10 mM
histidine buffer (pH 6.0). The reconstituted lyophilized samples and the solution samples
were analyzed by SEC-HPLC. The variation of percent monomer, aggregate and
degradent as a function of incubation time at 40°C or 50°C is given in Figures 17 through
23. Percent degradation increased with time in both the solution formulations but it

remained unchanged in lyophilized formulations (Figures 19 and 22).
[0109] Example 5. Freeze-drying formulation for high concentration antibody.

[0110]  The previous results demonstrated that of the compounds tested, 4%
sucrose or 4% trehalose provides the greatest stability for freeze-dried formulations of the
IMC-1121B antibody at concentrations of 20 mg/mL. In this study we have raised IMC-
1121B concentration from 20 mg/mL to 50 mg/mL and varied sucrose concentration from

4% to 8% with the goal of to formulating an IMC-1121B at a concentration of 50 mg/mL.
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As a control, IMC-1121B at 20 mg/mL in the presence of 4% sucrose was also
lyophilized. The lyophilized products and control solution formulation were incubated at
room temperature, 40°C and 50°C for up to 3 months. The control solution formulation
consisted of the optimized, current recommended solution formulation for the IMC-1121B
antibody (5 mg/mL in 10 mM histidine, 133 mM Glycine, 75 mM NaCl, 0.01% Tween
80). Following the incubation period, lyophilized products were reconstituted to 5 mg/mL
with 10 mM histidine buffer (pH 6.0) and then analyzed by SEC-HPLC, IEC-HPLC, and
reducing and non-reducing SDS-PAGE.

[0111] SEC-HPLC analysis of lyophilized and solution formulated IMC-
1121B after 50°C incubation: SEC-HPLC was performed on samples before and after
lyophilization and following one month and 3 month incubations at 50°C. Following the
incubation, the lyophilized products were reconstituted with 10 mM histidine (pH 6.0).
Variation in the percent monomer, aggregate and degradent is shown in Figures 23, 24 and
235, respectively. The percent monomer was largest and aggregate was smallest for 8%
sucrose sample. Lyophilized samples contained significantly less degradents than the

solution formulated samples.

[0112] SEC-HPLC and IEC-HPLC analysis of lyophilized and solution
formulated IMC-1121B after incubation at Room Temperatufe and at 40°C: SEC-
HPLC and IEC-HPLC were performed on samples before and after lyophilization and
following one month and 3 month incubations at room temperature and 40°C. Following
the incubation, the lyophilized products were reconstituted with 10 mM histidine buffer
(pH 6.0). Variation of percent monomer, aggregate and degradent is shown in Figures 26,
27 and 28, respectively, for samples incubated at 40°C, and in Figures 30, 31 and 32,
respectively, for samples incubated at room temperature. Lyophilized samples contained
significantly less degradents than ‘;he solution formulated samples. An IEC-HPLC
chromatogram of IMC-1121B incubated 3 months in solution, or freeze-dried containing
8% sucrose are shown in Figure 29 (40°C incubations) and Figure 33 (room temperature
incubations). A reference IMC-1121B sample was included for comparison. The
chromatogram of the freeze-dried sample is similar to the reference IMC-1121B, but the

chromatogram for solution formulated IMC-1121B was shifted toward acidic pH.
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[0113] SDS-PAGE analysis of lyophilized and solution formulated IMC-1121B
after a 3 months incubation: The lyophilized products were reconstituted into 10 mM
histidine buffer (pH 6.0). IMC-1121B maintained in solution, and IMC-1121B
reconstituted freeze-dried samples in 10 mM histidine buffer (pH 6.0) were analyzed with
a 4-20% reducing SDS-PAGE (Figures 34) and a 4-20% non-reducing SDS-PAGE (F igui'e
35) following a three month incubation. The lyophilized formulations, 20 mg/ml antibody
with 4% sucrose and 50 mg/ml antibody with 8% sucrose, displayed significantly reduced

heavy chain degradation in comparison with the non-lyophilized formulation.
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What is claimed is:

1. A stable formulation comprising an antibody and a buffer wherein non-

enzymatic fragmentation of the antibody substantially reduced.

2. The formulation of claim 1, wherein the antibody is an anti -VEGFR
antibody.

3. The formulation of claim 1, wherein the antibody is an anti -VEGFR2
antibody.

4. The formulation of claim 3, wherein the VEGFR2 antibody is IMC-1121B.

5. The formulation of claim 1, wherein the antibody concentration is about 50
to about 200 mg/ml.

6. The formulation of claim 1, wherein the buffer comprises a histidine buffer.

7. The formulation of claim 6, wherein the histidine buffer concentration is
about 5 mM to about 50 mM.

8. The formulation of claim 6, wherein the histidine buffer concentration is
about 10 mM.

9. The formulation of claim 6, wherein the histidine buffer pH is about 5.5 to
about 6.5.

10. The formulation of claim 6, wherein the histidine buffer pH is about 6.0.

11. The formulation of claim 1, wherein the buffer compriseg a citrate buffer.

12, The formulation of claim 11, wherein the citrate buffer pH is about 5.5 to
about 6.5.

13. The formulation of claim 11, wherein the citrate buffer pH is about 6.0.

14. The formulation of claim 1, wherein the buffer comprises an acetate buffer.
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15. The formulation of claim 14, wherein the acetate buffer pH is about 5.5 to
about 6.5.

16. The formulation of claim 14, wherein the acetate buffer pH is about 6.0.
17. A stable lyophilized formulation comprising:

an antibody

a buffer, and

a lyoprotectant

wherein non-enzymatic fragmentation of the antibody substantially reduced.

18. The formulation of claim 17, wherein the antibody is an anti -VEGFR
antibody.

19. The formulation of claim 17, wherein the antibody is an anti -VEGFR2
antibody.

20. The formulation of claim 19, wherein the VEGFR2 antibody is IMC-
1121B.

21. The formulation of claim 17, wherein the antibody concentration is about
50 to about 200 mg/ml.

22. The formulation of claim 17, wherein the buffer comprises a histidine
buffer.

23. The formulation of claim 22, wherein the histidine buffer concentration is
about 5 mM to about 50 mM.

24. The formulation of claim 22, wherein the histidine buffer concentration is
about 10 mM.

25. The formulation of claim 22, wherein the histidine buffer pH is about 5.5 to
about 6.5.
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26.

27.

28.

about 6.5.

29.

30.

buffer.

31.

about 6.5.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

27

The formulation of claim 22, wherein the histidine buffer pH is about 6.0.
The formulation of claim 17, wherein the buffer comprises a citrate buffer.

The formulation of claim 27, wherein the citrate buffer pH is about 5.5 to

The formulation of claim 27, wherein the citrate buffer pH is about 6.0.

The formulation of claim 17, wherein the buffer comprises an acetate
The formulation of claim 30, wherein the acetate buffer pH is about 5.5 to

The formulation of claim 30, wherein the acetate buffer pH is about 6.0.
The formulation of claim 17, wherein the lyoprotectant is a sugar.
The formulation of claim 33, wherein the lyoprotectant is sucrose.
The formulation of claim 33, wherein the lyoprotectant is trehalose.
The formulation of claim 17, which further comprises a surfactant.
The formulation of claim 36, wherein the surfactant is tween 80.
The formulation of claim 17, which further comprises a stabilizing agent.
The formulation of claim 38, wherein the stabilizing agent is aspartic acid.
A lyophilized formulation comprising:

an anti-VEGEFR antibody,

a buffer, and

a lyoprotectant.

The formulation of claim 40, wherein the antibody is a VEGFR2 antibody.
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42,
1121B.

43.
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The formulation of claim 41, wherein the VEGFR2 antibody is IMC-

The formulation of claim 42, wherein the antibody concentration is about 5

to about 50 mg/ml.

44,
buffer.

45.

The formulation of claim 40, wherein the buffer comprises a histidine

The formulation of claim 44, wherein the histidine buffer concentration is

about 5 mM to about 50 mM.

46.
about 10 mM.

47.
about 6.5.

48.
49.

50.
buffer.

51.
52.
53.
54.
55.
56.
57.

58.

The formulation of claim 44, wherein the histidine buffer concentration is
The formulation of claim 44, wherein the histidine buffer pH is about 5.5 to

The formulation of claim 44, wherein the histidine buffer pH is about 6.0.
The formulation of claim 40, wherein the buffer comprises a citrate buffer.

The formulation of claim 40, wherein the buffer comprises an acetate

The formulation of claim 40, wherein the lyoprotectant is a sugar.

The formulation of claim 51, wherein the lyoprotectant is sucrose.

The formulation of claim 51, wherein the lyoprotectant is trehalose.

The formulation of claim 40, which further comprises a surfactant.

The formulation of claim 54, wherein the surfactant is tween 80.

The formulation of claim 40, which further comprises a stabilizing agent.

The formulation of claim 56, wherein the stabilizing agent is aspartic acid.

A lyophilized formulation comprising:
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59.

1121B.

60.

about 6.5.

61.

62.

63.

64.

65.

66.

67.

68.

29

an anti-VEGFR2 antibody,
a histidine buffer, and
a lyoprotecting sugar.

The formulation of claim 58, wherein the VEGFR2 antibody is IMC-

The formulation of claim 58, wherein the histidine buffer pH is about 5.5 to

The formulation of claim 58, wherein the histidine buffer pH is about 6.0.
The formulation of claim 58, wherein the lyoprotectant is sucrose.

The formulation of claim 58, wherein the lyoprotectant is trehalose.

The formulation of claim 58, which further comprises a surfactant.

The formulation of claim 64, wherein the surfactant is tween 80.

The formulation of claim 58, which further comprises a stabilizing agent.
The formulation of claim 66, wherein the stabilizing agent is aspartic acid.

A method of treatment comprising administering a reconstituted

formulation comprising:

an anti-VEGFR antibody,
a buffer,

and a lyoprotectant.
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