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ANTI-ANGIOGENESIS THERAPY FOR TREATING
ABDOMINAL AORTIC ANEURYSM

Related Applications

This application claims priority to and the benefit of United States provisional
application No. 61/317,849 filed March 26, 2010, the contents of which are incorporated
herein by reference.

Field of the Invention

This invention relates in general to treatment of human diseases and pathological
conditions. More specifically, the invention relates to use of anti-angiogenesis agents in the
treatment of abdominal aortic aneurysm (AAA).

Background

Abdominal aortic ancurysms (AAA) are a multi-factorial disease for which there are
surgical, but no medical treatments. AAAs are typically defined as a pathological increase in
vessel diameter greater than 30 mm (Brady AR. et al., Circulation 2004. 110(1):16-21). The
prevalence in the general population is reported to range from 5 to 23% (Moher, D., et al., Eur
J Vasc Surg, 1992. 6(6): p. 647-50). Although it has been proposed that slowing the rate of
expansion of an AAA could delay or even mitigate surgical intervention in some cases, to
date there is no prescription for achieving this goal. It is a wait and watch approach that leads
to pre-emptive surgical repair in the best circumstances and rupture in the worst. The
estimated mortality of the former is 5% while the latter can be as high as 90% (Assar AN.,
Expert Rev Cardiovasc Ther 2009;7(8):999-1009; Campbell, W.B., Eur J Vasc Surg, 1991.
5(2): p. 111-3; Brown, L.C. and J.T. Powell, Ann Surg, 1999. 230(3): p. 289-96; discussion
296-7).

Inflammation and angiogenesis within the diseased vessel may play a role in AAA
progression (Chapple KS et al., Ann Vasc Surg. 2007 Jan;21(1):61-6) and has been
implicated in aneurym rupture (Choke E. et al., Ann N'Y Acad Sci. 2006 Nov;1085:315-9;
Choke E. et al., Arterioscler Thromb Vasc Biol. 2006 Sep;26(9):2077-82). Angiogenesis is
an important cellular event in which vascular endothelial cells proliferate, prune, and

reorganize to form new vessels from preexisting vascular network. There is compelling
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evidence that the development of a vascular supply is essential for normal and pathological
proliferative processes. Delivery of oxygen and nutrients, as well as the removal of catabolic
products, represent rate-limiting steps in the majority of growth processes occurring in
multicellular organisms.

One of the key positive regulators of both normal and abnormal angiogenesis is
vascular endothelial growth factor (VEGF)-A. VEGF-A is part of a gene family including
VEGF-B, VEGF-C, VEGF-D, VEGF-E, VEGF-F, and PIGF. VEGF-A primarily binds to
two high affinity receptor tyrosine kinases, VEGFR-1 (Flt-1) and VEGFR-2 (Flk-1/KDR), the
latter being the major transmitter of vascular endothelial cell mitogenic signals of VEGF-A.
Additionally, neuropilin-1 has been identified as a receptor for heparin-binding VEGF-A
isoforms, and may play a role in vascular development.

In addition to being an angiogenic factor, VEGF, as a pleiotropic growth factor,
exhibits multiple biological effects in other physiological processes, such as endothelial cell
survival and proliferation, vessel permeability and vasodilation, monocyte chemotaxis, and
calcium influx. Moreover, other studies have reported mitogenic effects of VEGF on a few
non-endothelial cell types, such as retinal pigment epithelial cells, pancreatic duct cells, and
Schwann cells. The recognition of VEGF as a primary regulator of angiogenesis in
pathological conditions has led to numerous attempts to block VEGF activities in conditions
that involve pathological angiogenesis.

Given the minimal options available for patients with AAA, additional treatments are
needed. The present invention addresses these and other needs, as will be apparent upon
review of the following disclosure.

Summary of the Invention

The invention concerns uses of anti-VEGF antibody for treating patients with
abdominal aortica aneurysm (AAA). Accordingly, provided herein are methods of preventing
AAA in a subject comprising administering an anti-VEGF antibody, wherin said
administration prevents occurrence of AAA in the subject. Also provided is a method of
reducing the likelihood of a subject developing AAA, comprising administering an anti-
VEGF antibody, wherin said administration reduces the likelihood of the subject developing
AAA. In some embodiments, the subject is at risk for developing AAA. The invention also
provides a method of treating AAA in a subject, comprising administering an anti-VEGF

antibody, wherin the AAA in the subject is treated. Further provided herein are uses of an
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anti-VEGF antibody in the manufacture of a medicament for treating or preventing or

reducing the likelihood of AAA.

In any of the methods, uses and compositions provided herein, the anti-VEGF antibody
may be substituted with a VEGF specific antagonist, ¢.g., a VEGF receptor molecule or
chimeric VEGF receptor molecule as described herein. In certain embodiments of the
methods, uses and compositions provided herein, the anti-VEGF antibody is bevacizumab.
The anti-VEGF antibody, or antigen-binding fragment thereof, can be a monoclonal antibody,
a chimeric antibody, a fully human antibody, or a humanized antibody. Exemplary antibodies
useful in the methods of the invention include bevacizumab (AVASTIN®), a G6 antibody, a
B20 antibody, and fragments thercof. In some embodiments, the anti-VEGF antibody binds
the same epitope as, or competes for binding to VEGF with, the monoclonal anti-VEGF
antibody A4.6.1 produced by hybridoma ATCC HB 10709. In certain embodiments, the anti-
VEGEF antibody has a heavy chain variable region comprising the following amino acid

sequence:

EVQLVESGGG LVQPGGSLRL SCAASGYTFT NYGMNWVRQA PGKGLEWVGW
INTYTGEPTY AADFKRRFTF SLDTSKSTAY LQMNSLRAED TAVYYCAKYP
HYYGSSHWYF DVWGQGTLVT VSS (SEQ ID NO. 1)

and a light chain variable region comprising the following amino acid sequence:

DIQMTQSPSS LSASVGDRVT ITCSASQDIS NYLNWYQQKP GKAPKVLIYF
TSSLHSGVPS RFSGSGSGTD FTLTISSLQP EDFATYYCQQ YSTVPWTFGQ
GTKVEIKR (SEQ ID NO. 2).

The antibody, or antigen-binding fragment thereof, can also be an antibody that lacks
an Fc portion, an F(ab’), an Fab, or an Fv structure.

Depending on the type and severity of the disease, preferred dosages for the anti-VEGF
antibody, e.g., bevacizumab, are described herein and can range from about 1pg/kg to about
50 mg/kg, most preferably from about 5 mg/kg to about 15 mg/kg, including but not limited
to 5 mg/kg, 7.5 mg/kg, 10 mg/kg or 15 mg/kg. The frequency of administration will vary
depending on the type and severity of the disease. For repeated administrations over several
days or longer, depending on the condition, the treatment is sustained until the desired
therapeutic effect is achieved, as measured by the methods described herein or known in the
art. In one example, the anti-VEGF antibody is administered once every week, every two

weeks, or every three weeks, at a dose range from about 5 mg/kg to about 15 mg/kg,
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including but not limited to 5 mg/kg, 7.5 mg/kg, 10 mg/kg or 15 mg/kg. However, other
dosage regimens may be useful. The progress of the therapy of the invention is easily
monitored by conventional techniques and assays.

In additional embodiments of each of the above aspects, the VEGF-specific
antagonist, ¢.g., anti-VEGF antibody is administered locally or systemically (e.g., orally or
intravenously).

Other features and advantages of the invention will be apparent from the following
Detailed Description, the drawings, and the claims.

Brief Description of the Drawings

FIGURE 1 is a graph showing the maximum effective diameters over time post-
surgery of the abdominal aorta for the anti-VEGF and control antibody treated groups (mean
+ standard deviation). * p <0.01

FIGURE 2 is a graph showing the individual data used to generate the graph of Figure

Detailed Description

I. Definitions

The term “VEGF” or “VEGF-A” is used to refer to the 165-amino acid human
vascular endothelial cell growth factor and related 121-, 145-, 189-, and 206- amino acid
human vascular endothelial cell growth factors, as described by, e.g., Leung et al. Science,
246:1306 (1989), and Houck et al. Mol. Endocrin., 5:1806 (1991), together with the naturally
occurring allelic and processed forms thereof. VEGF-A is part of a gene family including
VEGF-B, VEGF-C, VEGF-D, VEGF-E, VEGF-F, and PIGF. VEGF-A primarily binds to
two high affinity receptor tyrosine kinases, VEGFR-1 (Flt-1) and VEGFR-2 (Flk-1/KDR), the
latter being the major transmitter of vascular endothelial cell mitogenic signals of VEGF-A.
Additionally, neuropilin-1 has been identified as a receptor for heparin-binding VEGF-A
isoforms, and may play a role in vascular development. The term “VEGF” or “VEGF-A”
also refers to VEGFs from non-human species such as mouse, rat, or primate. Sometimes the
VEGF from a specific species is indicated by terms such as hVEGF for human VEGF or
mVEGF for murine VEGF. The term “VEGF” is also used to refer to truncated forms or
fragments of the polypeptide comprising amino acids 8 to 109 or 1 to 109 of the 165-amino
acid human vascular endothelial cell growth factor. Reference to any such forms of VEGF

may be identified in the present application, e.g., by “VEGF (8-109),” “VEGF (1-109)” or
4
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“VEGF165.” The amino acid positions for a “truncated” native VEGF are numbered as
indicated in the native VEGF sequence. For example, amino acid position 17 (methionine) in
truncated native VEGF is also position 17 (methionine) in native VEGF. The truncated
native VEGF has binding affinity for the KDR and Flt-1 receptors comparable to native
VEGF.

An “anti-VEGF antibody” is an antibody that binds to VEGF with sufficient affinity
and specificity. The antibody selected will normally have a binding affinity for VEGF, for
example, the antibody may bind hVEGF with a Kd value of between 100 nM-1 pM.
Antibody affinities may be determined by a surface plasmon resonance based assay (such as
the BIAcore assay as described in PCT Application Publication No. W02005/012359);
enzyme-linked immunoabsorbent assay (ELISA); and competition assays (¢.g. RIA’s), for
example. In certain embodiments, the anti-VEGF antibody of the invention can be used as a
therapeutic agent in targeting and interfering with diseases or conditions wherein the VEGF
activity is involved. Also, the antibody may be subjected to other biological activity assays,
e.g., in order to evaluate its effectiveness as a therapeutic. Such assays are known in the art
and depend on the target antigen and intended use for the antibody. Examples include the
HUVEC inhibition assay; tumor cell growth inhibition assays (as described in WO 89/06692,
for example); antibody-dependent cellular cytotoxicity (ADCC) and complement-mediated
cytotoxicity (CDC) assays (US Patent 5,500,362); and agonistic activity or hematopoiesis
assays (see WO 95/27062). An anti-VEGF antibody will usually not bind to other VEGF
homologues such as VEGF-B or VEGF-C, nor other growth factors such as PIGF, PDGF or
bFGF.

A “VEGF antagonist” refers to a molecule capable of neutralizing, blocking,
inhibiting, abrogating, reducing or interfering with VEGF activities including its binding to
one or more VEGF receptors. VEGF antagonists include anti-VEGF antibodies and antigen-
binding fragments thereof, receptor molecules and derivatives which bind specifically to
VEGEF thereby sequestering its binding to one or more receptors, anti-VEGF receptor
antibodies and VEGF receptor antagonists such as small molecule inhibitors of the VEGFR

tyrosine kinases.
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A “native sequence” polypeptide comprises a polypeptide having the same amino acid
sequence as a polypeptide derived from nature. Thus, a native sequence polypeptide can have
the amino acid sequence of naturally-occurring polypeptide from any mammal. Such native
sequence polypeptide can be isolated from nature or can be produced by recombinant or
synthetic means. The term "native sequence" polypeptide specifically encompasses naturally-
occurring truncated or secreted forms of the polypeptide (e.g., an extracellular domain
sequence), naturally-occurring variant forms (e.g., alternatively spliced forms) and naturally-

occurring allelic variants of the polypeptide.

A polypeptide “variant” means a biologically active polypeptide having at least about
80% amino acid sequence identity with the native sequence polypeptide. Such variants include,
for instance, polypeptides wherein one or more amino acid residues are added, or deleted, at the
N- or C-terminus of the polypeptide. Ordinarily, a variant will have at least about 80% amino
acid sequence identity, more preferably at least about 90% amino acid sequence identity, and
even more preferably at least about 95% amino acid sequence identity with the native

sequence polypeptide.

The term "antibody" is used in the broadest sense and includes monoclonal antibodies
(including full length or intact monoclonal antibodies), polyclonal antibodies, multivalent
antibodies, multispecific antibodies (e.g., bispecific antibodies), and antibody fragments (see

below) so long as they exhibit the desired biological activity.

Throughout the present specification and claims, the numbering of the residues in an
immunoglobulin heavy chain is that of the EU index as in Kabat et al., Sequences of Proteins
of Immunological Interest, 5th Ed. Public Health Service, National Institutes of Health,
Bethesda, Md. (1991), expressly incorporated herein by reference. The “EU index as in
Kabat” refers to the residue numbering of the human IgG1 EU antibody.

The “Kd” or “Kd value” according to this invention is in one embodiment measured
by a radiolabeled VEGF binding assay (RIA) performed with the Fab version of the antibody
and a VEGF molecule as described by the following assay that measures solution binding
affinity of Fabs for VEGF by equilibrating Fab with a minimal concentration of ('*I)-labeled
VEGF(109) in the presence of a titration series of unlabeled VEGF, then capturing bound
VEGEF with an anti-Fab antibody-coated plate (Chen, et al., (1999) J. Mol Biol 293:865-881).
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To establish conditions for the assay, microtiter plates (Dynex) are coated overnight with 5
ug/ml of a capturing anti-Fab antibody (Cappel Labs) in 50 mM sodium carbonate (pH 9.6),
and subsequently blocked with 2% (w/v) bovine serum albumin in PBS for two to five hours
at room temperature (approximately 23°C). In a non-adsorbant plate (Nunc #269620), 100
pM or 26 pM ['*IJVEGF(109) are mixed with serial dilutions of a Fab of interest, ¢.g., Fab-
12 (Presta et al., (1997) Cancer Res. 57:4593-4599). The Fab of interest is then incubated
overnight; however, the incubation may continue for 65 hours to insure that equilibrium is
reached. Thereafter, the mixtures are transferred to the capture plate for incubation at room
temperature for one hour. The solution is then removed and the plate washed eight times
with 0.1% Tween-20 in PBS. When the plates had dried, 150 ul/well of scintillant
(MicroScint-20; Packard) is added, and the plates are counted on a Topcount gamma counter
(Packard) for ten minutes. Concentrations of each Fab that give less than or equal to 20% of
maximal binding are chosen for use in competitive binding assays. According to another
embodiment the Kd or Kd value is measured by using surface plasmon resonance assays
using a BIAcore™™-2000 or a BIAcore'-3000 (BIAcore, Inc., Piscataway, NJ) at 25°C with
immobilized hVEGF (8-109) CM5 chips at ~10 response units (RU). Briefly,
carboxymethylated dextran biosensor chips (CMS35, BIAcore Inc.) are activated with N-ethyl-
N’- (3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC) and N-hydroxysuccinimide
(NHS) according to the supplier’s instructions. Human VEGF is diluted with 10mM sodium
acetate, pH 4.8, into Sug/ml (~0.2uM) before injection at a flow rate of Sul/minute to achieve
approximately 10 response units (RU) of coupled protein. Following the injection of human
VEGF, 1M ecthanolamine is injected to block unreacted groups. For kinetics measurements,
two-fold serial dilutions of Fab (0.78 nM to 500 nM) are injected in PBS with 0.05% Tween
20 (PBST) at 25°C at a flow rate of approximately 25ul/min. Association rates (ko) and
dissociation rates (ko) are calculated using a simple one-to-one Langmuir binding model
(BIAcore Evaluation Software version 3.2) by simultaneous fitting the association and
dissociation sensorgram. The equilibrium dissociation constant (Kd) was calculated as the
ratio kos'kon. See, e.g., Chen, Y., et al., (1999) J. Mol Biol 293:865-881. If the on-rate
exceeds 10° M S™ by the surface plasmon resonance assay above, then the on-rate is can be
determined by using a fluorescent quenching technique that measures the increase or decrease
in fluorescence emission intensity (excitation = 295 nm; emission = 340 nm, 16 nm band-

pass) at 25°C of a 20nM anti-VEGF antibody (Fab form) in PBS, pH 7.2, in the presence of
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increasing concentrations of human VEGF short form (8-109) or mouse VEGF as measured
in a spectrometer, such as a stop-flow equipped spectrophometer (Aviv Instruments) or a
8000-series SLM-Aminco spectrophotometer (ThermoSpectronic) with a stirred cuvette.

A “blocking” antibody or an antibody “antagonist” is one which inhibits or reduces
biological activity of the antigen it binds. For example, a VEGF-specific antagonist antibody
binds VEGF and inhibits the ability of VEGF to induce vascular endothelial cell proliferation
or to induce vascular permeability. Preferred blocking antibodies or antagonist antibodies
completely inhibit the biological activity of the antigen.

Unless indicated otherwise, the expression “multivalent antibody” is used throughout
this specification to denote an antibody comprising three or more antigen binding sites. For
example, the multivalent antibody is engineered to have the three or more antigen binding

sites and is generally not a native sequence IgM or IgA antibody.

"Antibody fragments” comprise only a portion of an intact antibody, generally including
an antigen binding site of the intact antibody and thus retaining the ability to bind antigen.
Examples of antibody fragments encompassed by the present definition include: (i) the Fab
fragment, having VL, CL, VH and CH1 domains; (ii) the Fab’ fragment, which is a Fab
fragment having one or more cysteine residues at the C-terminus of the CH1 domain; (iii) the
Fd fragment having VH and CH1 domains; (iv) the Fd’ fragment having VH and CH1
domains and one or more cysteine residues at the C-terminus of the CH1 domain; (v) the Fv
fragment having the VL and VH domains of a single arm of an antibody; (vi) the dAb
fragment (Ward et al., Nature 341, 544-546 (1989)) which consists of a VH domain; (vii)
isolated CDR regions; (viii) F(ab'), fragments, a bivalent fragment including two Fab’
fragments linked by a disulphide bridge at the hinge region; (ix) single chain antibody
molecules (e.g. single chain Fv; scFv) (Bird et al., Science 242:423-426 (1988); and Huston
et al., PNAS (USA) 85:5879-5883 (1988)); (x) “diabodies” with two antigen binding sites,
comprising a heavy chain variable domain (VH) connected to a light chain variable domain
(VL) in the same polypeptide chain (see, e.g., EP 404,097; WO 93/11161; and Hollinger et
al., Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993)); (xi) “linear antibodies” comprising a
pair of tandem Fd segments (VH-CH1-VH-CH1) which, together with complementary light
chain polypeptides, form a pair of antigen binding regions (Zapata et al. Protein Eng.

8(10):1057-1062 (1995); and US Patent No. 5,641,870).
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The term "monoclonal antibody" as used herein refers to an antibody obtained from a
population of substantially homogeneous antibodies, i.e., the individual antibodies
comprising the population are identical except for possible naturally occurring mutations that
may be present in minor amounts. Monoclonal antibodies are highly specific, being directed
against a single antigen. Furthermore, in contrast to polyclonal antibody preparations that
typically include different antibodies directed against different determinants (epitopes), each
monoclonal antibody is directed against a single determinant on the antigen. The modifier
"monoclonal” is not to be construed as requiring production of the antibody by any particular
method. For example, the monoclonal antibodies to be used in accordance with the present
invention may be made by the hybridoma method first described by Kohler ef al., Nature
256:495 (1975), or may be made by recombinant DNA methods (see, e.g., U.S. Patent No.
4,816,567). The "monoclonal antibodies" may also be isolated from phage antibody libraries
using the techniques described in Clackson ef al., Nature 352:624-628 (1991) or Marks et al.,
J. Mol. Biol. 222:581-597 (1991), for example.

An “Fv” fragment is an antibody fragment which contains a complete antigen
recognition and binding site. This region consists of a dimer of one heavy and one light chain
variable domain in tight association, which can be covalent in nature, for example in scFv. It
is in this configuration that the three CDRs of each variable domain interact to define an
antigen binding site on the surface of the V-V dimer. Collectively, the six CDRs or a
subset thereof confer antigen binding specificity to the antibody. However, even a single
variable domain (or half of an Fv comprising only three CDRs specific for an antigen) has the
ability to recognize and bind antigen, although usually at a lower affinity than the entire
binding site.

As used herein, “antibody variable domain” refers to the portions of the light and
heavy chains of antibody molecules that include amino acid sequences of Complementarity
Determining Regions (CDRs; ie., CDR1, CDR2, and CDR3), and Framework Regions (FRs).
Vy refers to the variable domain of the heavy chain. Vi refers to the variable domain of the
light chain. According to the methods used in this invention, the amino acid positions
assigned to CDRs and FRs may be defined according to Kabat (Sequences of Proteins of
Immunological Interest (National Institutes of Health, Bethesda, Md., 1987 and 1991)).
Amino acid numbering of antibodies or antigen binding fragments is also according to that of

Kabat.
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As used herein, the term “Complementarity Determining Regions” (CDRs; i.e.,
CDRI1, CDR2, and CDR3) refers to the amino acid residues of an antibody variable domain
the presence of which are necessary for antigen binding. Each variable domain typically has
three CDR regions identified as CDR1, CDR2 and CDR3. Each complementarity
determining region may comprise amino acid residues from a “complementarity determining
region” as defined by Kabat (i.e. about residues 24-34 (L1), 50-56 (L2) and 89-97 (L3) in the
light chain variable domain and 31-35 (H1), 50-65 (H2) and 95-102 (H3) in the heavy chain
variable domain; Kabat et al., Sequences of Proteins of Immunological Interest, 5th Ed.
Public Health Service, National Institutes of Health, Bethesda, MD. (1991)) and/or those
residues from a “hypervariable loop” (i.e. about residues 26-32 (L.1), 50-52 (L2) and 91-96
(L3) in the light chain variable domain and 26-32 (H1), 53-55 (H2) and 96-101 (H3) in the
heavy chain variable domain; Chothia and Lesk J. Mol. Biol. 196:901-917 (1987)). In some
instances, a complementarity determining region can include amino acids from both a CDR
region defined according to Kabat and a hypervariable loop. For example, the CDRHI of the
heavy chain of antibody 4D5 includes amino acids 26 to 35.

“Framework regions” (hereinafter FR) are those variable domain residues other than
the CDR residues. Each variable domain typically has four FRs identified as FR1, FR2, FR3
and FR4. If the CDRs are defined according to Kabat, the light chain FR residues are
positioned at about residues 1-23 (LCFR1), 35-49 (LCFR2), 57-88 (LCFR3), and 98-107
(LCFR4) and the heavy chain FR residues are positioned about at residues 1-30 (HCFR1), 36-
49 (HCFR2), 66-94 (HCFR3), and 103-113 (HCFR4) in the heavy chain residues. If the
CDRs comprise amino acid residues from hypervariable loops, the light chain FR residues are
positioned about at residues 1-25 (LCFR1), 33-49 (LCFR2), 53-90 (LCFR3), and 97-107
(LCFR4) in the light chain and the heavy chain FR residues are positioned about at residues
1-25 (HCFR1), 33-52 (HCFR2), 56-95 (HCFR3), and 102-113 (HCFR4) in the heavy chain
residues. In some instances, when the CDR comprises amino acids from both a CDR as
defined by Kabat and those of a hypervariable loop, the FR residues will be adjusted
accordingly. For example, when CDRHI includes amino acids H26-H35, the heavy chain
FR1 residues are at positions 1-25 and the FR2 residues are at positions 36-49.

The “Fab” fragment contains a variable and constant domain of the light chain and a
variable domain and the first constant domain (CH1) of the heavy chain. F(ab’), antibody

fragments comprise a pair of Fab fragments which are generally covalently linked near their
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carboxy termini by hinge cysteines between them. Other chemical couplings of antibody
fragments are also known in the art.

“Single-chain Fv”’ or “scFv” antibody fragments comprise the Vi and Vi, domains of
antibody, wherein these domains are present in a single polypeptide chain. Generally the Fv
polypeptide further comprises a polypeptide linker between the Vi and Vi, domains, which
enables the scFv to form the desired structure for antigen binding. For a review of scFv, see
Pluckthun in The Pharmacology of Monoclonal Antibodies, Vol 113, Rosenburg and Moore
eds. Springer-Verlag, New York, pp. 269-315 (1994).

The term “diabodies” refers to small antibody fragments with two antigen-binding
sites, which fragments comprise a heavy chain variable domain (V) connected to a light
chain variable domain (V1) in the same polypeptide chain (Vg and V). By using a linker that
is too short to allow pairing between the two domains on the same chain, the domains are
forced to pair with the complementary domains of another chain and create two antigen-
binding sites. Diabodies are described more fully in, for example, EP 404,097; WO
93/11161; and Hollinger et al., Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993).

The expression “linear antibodies” refers to the antibodies described in Zapata et al.,
Protein Eng., 8(10):1057-1062 (1995). Briefly, these antibodies comprise a pair of tandem
Fd segments (Vy-Cu1-Vy-Cyl) which, together with complementary light chain polypeptides,
form a pair of antigen binding regions. Linear antibodies can be bispecific or monospecif

The monoclonal antibodies herein specifically include “chimeric’ antibodies
(immunoglobulins) in which a portion of the heavy and/or light chain is identical with or
homologous to corresponding sequences in antibodies derived from a particular species or
belonging to a particular antibody class or subclass, while the remainder of the chain(s) is
identical with or homologous to corresponding sequences in antibodies derived from another
species or belonging to another antibody class or subclass, as well as fragments of such
antibodies, so long as they exhibit the desired biological activity (U.S. Patent No. 4,816,567,
and Morrison et al., Proc. Natl. Acad. Sci. USA 81:6851-6855 (1984)).

“Humanized” forms of non-human (e.g., murine) antibodies are chimeric antibodies
which contain minimal sequence derived from non-human immunoglobulin. For the most
part, humanized antibodies are human immunoglobulins (recipient antibody) in which
residues from a hypervariable region of the recipient are replaced by residues from a

hypervariable region of a non-human species (donor antibody) such as mouse, rat, rabbit or
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nonhuman primate 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, humanized antibodies may comprise
residues which are not found in the recipient antibody or in the donor antibody. These
modifications are made to further refine 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 hypervariable loops correspond to those of a non-human
immunoglobulin and all or substantially all of the FR regions are those of a human
immunoglobulin sequence. The humanized antibody optionally also will comprise at least a
portion of an immunoglobulin constant region (Fc), typically that of a human
immunoglobulin. For further details, see Jones et al., Nature 321:522-525 (1986);
Riechmann et al., Nature 332:323-329 (1988); and Presta, Curr. Op. Struct. Biol. 2:593-596
(1992).

A “human antibody” is one which possesses an amino acid sequence which
corresponds to that of an antibody produced by a human and/or has been made using any of
the techniques for making human antibodies as disclosed herein. This definition of a human
antibody specifically excludes a humanized antibody comprising non-human antigen-binding
residues. Human antibodies can be produced using various techniques known in the art. In
one embodiment, the human antibody is selected from a phage library, where that phage
library expresses human antibodies (Vaughan et al. Nature Biotechnology 14:309-314 (1996):
Sheets et al. Proc. Natl. Acad. Sci. 95:6157-6162 (1998)); Hoogenboom and Winter, J. Mol.
Biol., 227:381 (1991); Marks et al., J. Mol. Biol., 222:581 (1991)). Human antibodies can
also be made by introducing human immunoglobulin loci into transgenic animals, e.g., mice
in which the endogenous immunoglobulin genes have been partially or completely
inactivated. Upon challenge, human antibody production is observed, which closely
resembles that seen in humans in all respects, including gene rearrangement, assembly, and
antibody repertoire. This approach is described, for example, in U.S. Pat. Nos. 5,545,807;
5,545,806; 5,569,825, 5,625,126; 5,633,425, 5,661,016, and in the following scientific
publications: Marks et al., Bio/Technology 10: 779-783 (1992); Lonberg et al., Nature 368:
856-859 (1994); Morrison, Nature 368:812-13 (1994); Fishwild et al., Nature Biotechnology
14: 845-51 (1996); Neuberger, Nature Biotechnology 14: 826 (1996); Lonberg and Huszar,
Intern. Rev. Immunol. 13:65-93 (1995). Alternatively, the human antibody may be prepared
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via immortalization of human B lymphocytes producing an antibody directed against a target
antigen (such B lymphocytes may be recovered from an individual or may have been
immunized in vitro). See, e.g., Cole et al., Monoclonal Antibodies and Cancer Therapy, Alan
R. Liss, p. 77 (1985); Boerner et al., J. Immunol., 147 (1):86-95 (1991); and U.S. Pat. No.
5,750,373.

An “affinity matured” antibody is one with one or more alterations in one or more
CDRs thereof which result an improvement in the affinity of the antibody for antigen,
compared to a parent antibody which does not possess those alteration(s). Preferred affinity
matured antibodies will have nanomolar or even picomolar affinities for the target antigen.
Affinity matured antibodies are produced by procedures known in the art. Marks et al.
Bio/Technology 10:779-783 (1992) describes affinity maturation by VH and VL domain
shuffling. Random mutagenesis of CDR and/or framework residues is described by: Barbas et
al. Proc Nat. Acad. Sci, USA 91:3809-3813 (1994); Schier et al. Gene 169:147-155 (1995);
Yelton et al. J. Immunol. 155:1994-2004 (1995); Jackson et al., J. Immunol. 154(7):3310-9
(1995); and Hawkins et al., J. Mol. Biol. 226:889-896 (1992).

A “functional antigen binding site” of an antibody is one which is capable of binding a
target antigen. The antigen binding affinity of the antigen binding site is not necessarily as
strong as the parent antibody from which the antigen binding site is derived, but the ability to
bind antigen must be measurable using any one of a variety of methods known for evaluating
antibody binding to an antigen. Moreover, the antigen binding affinity of each of the antigen
binding sites of a multivalent antibody herein need not be quantitatively the same. For the
multimeric antibodies herein, the number of functional antigen binding sites can be evaluated
using ultracentrifugation analysis as described in Example 2 of U.S. Patent Application
Publication No. 20050186208. According to this method of analysis, different ratios of target
antigen to multimeric antibody are combined and the average molecular weight of the
complexes is calculated assuming differing numbers of functional binding sites. These
theoretical values are compared to the actual experimental values obtained in order to
evaluate the number of functional binding sites.

An antibody having a “biological characteristic” of a designated antibody is one which
possesses one or more of the biological characteristics of that antibody which distinguish it

from other antibodies that bind to the same antigen.
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In order to screen for antibodies which bind to an epitope on an antigen bound by an
antibody of interest, a routine cross-blocking assay such as that described in Antibodies, A
Laboratory Manual, Cold Spring Harbor Laboratory, Ed Harlow and David Lane (1988), can
be performed.

A “species-dependent antibody” is one which has a stronger binding affinity for an
antigen from a first mammalian species than it has for a homologue of that antigen from a
second mammalian species. Normally, the species-dependent antibody “binds specifically” to
a human antigen (i.e. has a binding affinity (K4) value of no more than about 1 x 107 M,
preferably no more than about 1 x 10° M and most preferably no more than about 1 x 10” M)
but has a binding affinity for a homologue of the antigen from a second nonhuman
mammalian species which is at least about 50 fold, or at least about 500 fold, or at least about
1000 fold, weaker than its binding affinity for the human antigen. The species-dependent
antibody can be any of the various types of antibodies as defined above, but typically is a
humanized or human antibody.

As used herein, “antibody mutant” or “antibody variant” refers to an amino acid
sequence variant of the species-dependent antibody wherein one or more of the amino acid
residues of the species-dependent antibody have been modified. Such mutants necessarily
have less than 100% sequence identity or similarity with the species-dependent antibody. In
one embodiment, the antibody mutant will have an amino acid sequence having at least 75%
amino acid sequence identity or similarity with the amino acid sequence of either the heavy or
light chain variable domain of the species-dependent antibody, more preferably at least 80%,
more preferably at least 85%, more preferably at least 90%, and most preferably at least 95%.

Identity or similarity with respect to this sequence is defined herein as the percentage of
amino acid residues in the candidate sequence that are identical (i.e same residue) or similar
(i.e. amino acid residue from the same group based on common side-chain properties, see
below) with the species-dependent antibody residues, after aligning the sequences and
introducing gaps, if necessary, to achieve the maximum percent sequence identity. None of
N-terminal, C-terminal, or internal extensions, deletions, or insertions into the antibody
sequence outside of the variable domain shall be construed as affecting sequence identity or
similarity.

To increase the half-life of the antibodies or polypeptide containing the amino acid

sequences of this invention, one can attach a salvage receptor binding epitope to the antibody
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(especially an antibody fragment), as described, e.g., in US Patent 5,739,277. For example, a
nucleic acid molecule encoding the salvage receptor binding epitope can be linked in frame to
a nucleic acid encoding a polypeptide sequence of this invention so that the fusion protein
expressed by the engineered nucleic acid molecule comprises the salvage receptor binding
epitope and a polypeptide sequence of this invention. As used herein, the term “salvage
receptor binding epitope” refers to an epitope of the Fc region of an IgG molecule (e.g., IgGy,
IgG,, 1gGs, or IgGy) that is responsible for increasing the in vivo serum half-life of the IgG
molecule (e.g., Ghetie et al., Ann. Rev. Immunol. 18:739-766 (2000), Table 1). Antibodies
with substitutions in an Fc region thereof and increased serum half-lives are also described in
W000/42072, WO 02/060919; Shields et al., J. Biol. Chem. 276:6591-6604 (2001); Hinton,
J. Biol. Chem. 279:6213-6216 (2004)). In another embodiment, the serum half-life can also
be increased, for example, by attaching other polypeptide sequences. For example, antibodies
or other polypeptides useful in the methods of the invention can be attached to serum albumin
or a portion of serum albumin that binds to the FcRn receptor or a serum albumin binding
peptide so that serum albumin binds to the antibody or polypeptide, e.g., such polypeptide
sequences are disclosed in WO01/45746. In one embodiment, the serum albumin peptide to
be attached comprises an amino acid sequence of DICLPRWGCLW. In another embodiment,
the half-life of a Fab is increased by these methods. See also, Dennis et al. J. Biol. Chem.
277:35035-35043 (2002) for serum albumin binding peptide sequences.

A “chimeric VEGF receptor protein” is a VEGF receptor molecule having amino acid
sequences derived from at least two different proteins, at least one of which is as VEGF
receptor protein. In certain embodiments, the chimeric VEGF receptor protein is capable of
binding to and inhibiting the biological activity of VEGF.

An “isolated” antibody is one that has been identified and separated and/or recovered
from a component of its natural environment. Contaminant components of its natural
environment are materials that would interfere with diagnostic or therapeutic uses for the
antibody, and may include enzymes, hormones, and other proteinaceous or nonproteinaceous
solutes. In certain embodiments, the antibody will be purified (1) to greater than 95% by
weight of antibody as determined by the Lowry method, and most preferably more than 99%
by weight, (2) to a degree sufficient to obtain at least 15 residues of N-terminal or internal
amino acid sequence by use of a spinning cup sequenator, or (3) to homogeneity by SDS-

PAGE under reducing or nonreducing conditions using Coomassie blue or, silver stain.
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Isolated antibody includes the antibody in situ within recombinant cells since at least one
component of the antibody’s natural environment will not be present. Ordinarily, however,
isolated antibody will be prepared by at least one purification step.

By “fragment” is meant a portion of a polypeptide or nucleic acid molecule that
contains, preferably, at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or
more of the entire length of the reference nucleic acid molecule or polypeptide. A fragment
may contain 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100, 200, 300, 400, 500, 600, or more
nucleotides or 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 190, 200 amino
acids or more.

An “anti-angiogenesis agent” or “angiogenesis inhibitor” refers to a small molecular
weight substance, a polynucleotide, a polypeptide, an isolated protein, a recombinant protein,
an antibody, or conjugates or fusion proteins thereof, that inhibits angiogenesis,
vasculogenesis, or undesirable vascular permeability, either directly or indirectly. It should be
understood that the anti-angiogenesis agent includes those agents that bind and block the
angiogenic activity of the angiogenic factor or its receptor. For example, an anti-angiogenesis
agent is an antibody or other antagonist to an angiogenic agent as defined above, e.g.,
antibodies to VEGF-A or to the VEGF-A receptor (e.g., KDR receptor or Flt-1 receptor), anti-
PDGFR inhibitors such as Gleevec™ (Imatinib Mesylate). Anti-angiogensis agents also
include native angiogenesis inhibitors, €.g., angiostatin, endostatin, etc. See, e.g., Klagsbrun
and D’ Amore, Annu. Rev. Physiol., 53:217-39 (1991); Streit and Detmar, Oncogene,
22:3172-3179 (2003) (e.g., Table 3 listing anti-angiogenic therapy in malignant melanoma);
Ferrara & Alitalo, Nature Medicine 5:1359-1364 (1999); Tonini et al., Oncogene, 22:6549-
6556 (2003) (e.g., Table 2 listing known antiangiogenic factors); and Sato. Int. J. Clin.
Oncol., 8:200-206 (2003) (e.g., Table 1 lists anti-angiogenic agents used in clinical trials).

The terms “abdominal aortic ancurysms” and “AAA” refer to or describe the
physiological condition in mammals that is typically characterized by focal dilation of the
aorta and a pathological increase in vessel diameter. Included in this definition are
pathological increases in vessel diameter where the infrarenal aortic diameter is greater than
or equal to 30 mm, infrarenal aortic diameter is greater than or equal to 1.5 times suprarenal
aortic diameter, infrarenal aortic diameter is greater than or equal to 40 mm or exceeding
suprarenal aortic diameter by at least 5 mm, infrarenal aortic diameter is greater then or equal

to 1.5 times expected normal diameter, infrarenal aortic diameter is greater than or equal to 27
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mm and/or greater than or equal to 1.0 times suprarenal aortic diameter. In women, this
definition also includes pathological increases in vessel diameter where the infrarenal aortic
diameter is greater than or equal to 27 mm and/or greater than or equal to 1.0 times suprarenal
aortic diameter. In men, this definition also includes pathological increases in vessel diameter
where the infrarenal aortic diameter is greater than or equal to 30 mm and/or greater than or
equal to 1.1 times suprarenal aortic diameter. AAA is a progressive degenerative disease
typically found in men and women who are 60 years of age or older (See, ¢.g., Brady AR. et
al., Circulation 2004. 110(1):16-21; Wanhainen, A. Scand J Surg 2008. 97:105-109).

The term “concurrently” is used herein to refer to administration of two or more
therapeutic agents, where at least part of the administration overlaps in time. Accordingly,
concurrent administration includes a dosing regimen when the administration of one or more
agent(s) continues after discontinuing the administration of one or more other agent(s).

By “monotherapy” is meant a therapeutic regimen that includes only a single
therapeutic agent for the treatment of the AAA during the course of the treatment period.
Monotherapy using a VEGF-specific antagonist means that the VEGF-specific antagonist is
administered in the absence of an additional therapy during treatment period.

By “subject” is meant a mammal, including, but not limited to, a human or non-
human mammal, such as a bovine, equine, canine, ovine, or feline. Preferably, the subject is
a human. Patients are also subjects herein.

The term “prodrug” as used in this application refers to a precursor or derivative form
of a pharmaceutically active substance that is less cytotoxic to tumor cells compared to the
parent drug and is capable of being enzymatically activated or converted into the more active
parent form. See, e.g., Wilman, “Prodrugs in Cancer Chemotherapy” Biochemical Society
Transactions, 14, pp. 375-382, 615th Meecting Belfast (1986) and Stella et al., “Prodrugs: A
Chemical Approach to Targeted Drug Delivery,” Directed Drug Delivery, Borchardt et al.,
(ed.), pp. 247-267, Humana Press (1985). The prodrugs of this invention include, but are not
limited to, phosphate-containing prodrugs, thiophosphate-containing prodrugs, sulfate-
containing prodrugs, peptide-containing prodrugs, D-amino acid-modified prodrugs,
glycosylated prodrugs, B-lactam-containing prodrugs, optionally substituted
phenoxyacetamide-containing prodrugs or optionally substituted phenylacetamide-containing
prodrugs, 5-fluorocytosine and other 5-fluorouridine prodrugs which can be converted into

the more active cytotoxic free drug.
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By “reduce or inhibit” is meant the ability to cause an overall decrease preferably of
20% or greater, more preferably of 50% or greater, and most preferably of 75%, 85%, 90%,
95%, or greater. Reduce or inhibit can refer to the symptoms of the disorder being treated,
the presence or size of metastases or micrometastases, the size of the primary tumor, the
presence or the size of the dormant tumor, or the size or number of the blood vessels in
angiogenic disorders.

The term “intravenous infusion” refers to introduction of a drug into the vein of an
animal or human patient over a period of time greater than approximately 5 minutes, preferably
between approximately 30 to 90 minutes, although, according to the invention, intravenous
infusion is alternatively administered for 10 hours or less.

The term “intravenous bolus” or “intravenous push” refers to drug administration into a
vein of an animal or human such that the body receives the drug in approximately 15 minutes or
less, preferably 5 minutes or less.

The term “subcutancous administration” refers to introduction of a drug under the skin
of an animal or human patient, preferable within a pocket between the skin and underlying
tissue, by relatively slow, sustained delivery from a drug receptacle. The pocket may be created
by pinching or drawing the skin up and away from underlying tissue.

The term “subcutaneous infusion” refers to introduction of a drug under the skin of an
animal or human patient, preferably within a pocket between the skin and underlying tissue, by
relatively slow, sustained delivery from a drug receptacle for a period of time including, but not
limited to, 30 minutes or less, or 90 minutes or less. Optionally, the infusion may be made by
subcutaneous implantation of a drug delivery pump implanted under the skin of the animal or
human patient, wherein the pump delivers a predetermined amount of drug for a predetermined
period of time, such as 30 minutes, 90 minutes, or a time period spanning the length of the
treatment regimen.

The term “subcutanecous bolus” refers to drug administration beneath the skin of an
animal or human patient, where bolus drug delivery is preferably less than approximately 15
minutes, more preferably less than 5 minutes, and most preferably less than 60 seconds.
Administration is preferably within a pocket between the skin and underlying tissue, where the
pocket is created, for example, by pinching or drawing the skin up and away from underlying

tissue.
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A "disorder" is any condition that would benefit from treatment with the anti-VEGF
antibody. This includes chronic and acute disorders or diseases including those pathological

conditions which predispose the mammal to the disorder in question.

The term “therapeutically effective amount” refers to an amount of a drug effective to
treat a disease or disorder in a mammal. In the case of AAA, the therapeutically effective
amount of the drug may prevent or inhibit or otherwise affect pathological increase in vessel
diameter.

"Treatment" may refer to both therapeutic treatment and prophylactic or preventative
measures. Those in need of treatment include those already with the disorder as well as those
in which the disorder is to be prevented, including those in which the occurrence or
recurrence of AAA is to be prevented.

The word "label" when used herein refers to a detectable compound or composition
which is conjugated directly or indirectly to the polypeptide. The label may be itself be
detectable (e.g., radioisotope labels or fluorescent labels) or, in the case of an enzymatic label,
may catalyze chemical alteration of a substrate compound or composition which is detectable.

All publications, patent applications, and patents mentioned in this specification are
herein incorporated by reference to the same extent as if each independent publication, patent,
or patent application was specifically and individually indicated to be incorporated by

reference.
II. Anti-VEGF Antibodies and Antagonists
(i) VEGF Antigen

The VEGEF antigen to be used for production of antibodies may be, e.g., the VEGF 45
molecule as well as other isoforms of VEGF or a fragment thereof containing the desired
epitope. Other forms of VEGF useful for generating anti-VEGF antibodies of the invention
will be apparent to those skilled in the art.

Human VEGF was obtained by first screening a cDNA library prepared from human
cells, using bovine VEGF ¢DNA as a hybridization probe. Leung ef al. (1989) Science,
246:1306. One cDNA identified thereby encodes a 165-amino acid protein having greater
than 95% homology to bovine VEGF; this 165-amino acid protein is typically referred to as
human VEGF (hVEGF) or VEGF¢s. The mitogenic activity of human VEGF was confirmed
by expressing the human VEGF ¢cDNA in mammalian host cells. Media conditioned by cells
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transfected with the human VEGF cDNA promoted the proliferation of capillary endothelial
cells, whereas control cells did not. Leung et al. (1989) Science, supra.

Although a vascular endothelial cell growth factor could be isolated and purified from
natural sources for subsequent therapeutic use, the relatively low concentrations of the protein
in follicular cells and the high cost, both in terms of effort and expense, of recovering VEGF
proved commercially unavailing. Accordingly, further efforts were undertaken to clone and
express VEGF via recombinant DNA techniques. (See, e.g., Ferrara, Laboratory
Investigation 72:615-618 (1995), and the references cited therein).

VEGEF is expressed in a variety of tissues as multiple homodimeric forms (121, 145,
165, 189, and 206 amino acids per monomer) resulting from alternative RNA splicing.
VEGF;; is a soluble mitogen that does not bind heparin; the longer forms of VEGF bind
heparin with progressively higher affinity. The heparin-binding forms of VEGF can be
cleaved in the carboxy terminus by plasmin to release a diffusible form(s) of VEGF. Amino
acid sequencing of the carboxy terminal peptide identified after plasmin cleavage is Argjio-
Alay;;. Amino terminal "core" protein, VEGF (1-110) isolated as a homodimer, binds
neutralizing monoclonal antibodies (such as the antibodies referred to as 4.6.1 and 3.2E3.1.1)
and soluble forms of VEGF receptors with similar affinity compared to the intact VEGF¢5
homodimer.

Several molecules structurally related to VEGF have also been identified recently,
including placenta growth factor (PIGF), VEGF-B, VEGF-C, VEGF-D and VEGF-E. Ferrara
and Davis-Smyth (1987) Endocr. Rev., supra; Ogawa et al. J. Biological Chem. 273:31273-
31281(1998); Meyer et al. EMBO J., 18:363-374(1999). A receptor tyrosine kinase, Flt-4
(VEGFR-3), has been identified as the receptor for VEGF-C and VEGF-D. Joukov et al.
EMBO. J. 15:1751(1996); Lee et al. Proc. Natl. Acad. Sci. USA 93:1988-1992(1996); Achen
et al. (1998) Proc. Natl. Acad. Sci. USA 95:548-553. VEGF-C has been shown to be
involved in the regulation of lymphatic angiogenesis. Jeltsch et al. Science 276:1423-
1425(1997).

Two VEGEF receptors have been identified, Flt-1 (also called VEGFR-1) and KDR
(also called VEGFR-2). Shibuya et al. (1990) Oncogene 8:519-527; de Vries et al. (1992)
Science 255:989-991; Terman et al. (1992) Biochem. Biophys. Res. Commun. 187:1579-1586.
Neuropilin-1 has been shown to be a selective VEGF receptor, able to bind the heparin-

binding VEGF isoforms (Soker et al. (1998) Cell 92:735-45). Both Flt-1 and KDR belong to
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the family of receptor tyrosine kinases (RTKs). The RTKs comprise a large family of
transmembrane receptors with diverse biological activities. At present, at least nineteen (19)
distinct RTK subfamilies have been identified. The receptor tyrosine kinase (RTK) family
includes receptors that are crucial for the growth and differentiation of a variety of cell types
(Yarden and Ullrich (1988) Ann. Rev. Biochem. 57:433-478; Ullrich and Schlessinger (1990)
Cell 61:243-254). The intrinsic function of RTKSs is activated upon ligand binding, which
results in phosphorylation of the receptor and multiple cellular substrates, and subsequently in
a variety of cellular responses (Ullrich & Schlessinger (1990) Cell 61:203-212). Thus,
receptor tyrosine kinase mediated signal transduction is initiated by extracellular interaction
with a specific growth factor (ligand), typically followed by receptor dimerization,
stimulation of the intrinsic protein tyrosine kinase activity and receptor trans-phosphorylation.
Binding sites are thereby created for intracellular signal transduction molecules and lead to
the formation of complexes with a spectrum of cytoplasmic signaling molecules that facilitate
the appropriate cellular response. (e.g., cell division, differentiation, metabolic effects,
changes in the extracellular microenvironment) see, Schlessinger and Ullrich (1992) Neuron
9:1-20. Structurally, both Flt-1 and KDR have seven immunoglobulin-like domains in the
extracellular domain, a single transmembrane region, and a consensus tyrosine kinase
sequence which is interrupted by a kinase-insert domain. Matthews et al. (1991) Proc. Natl.
Acad. Sci. USA 88:9026-9030; Terman et al. (1991) Oncogene 6:1677-1683.

(ii) Anti-VEGF Antibodies

Anti-VEGF antibodies that are useful in the methods of the invention include any
antibody, or antigen binding fragment thereof, that bind with sufficient affinity and specificity
to VEGF and can reduce or inhibit the biological activity of VEGF. An anti-VEGF antibody
will usually not bind to other VEGF homologues such as VEGF-B or VEGF-C, nor other
growth factors such as PIGF, PDGF, or bFGF.

In certain embodiments of the invention, the anti-VEGF antibodies include, but are
not limited to, a monoclonal antibody that binds to the same epitope as the monoclonal anti-
VEGF antibody A4.6.1 produced by hybridoma ATCC HB 10709; a recombinant humanized
anti-VEGF monoclonal antibody generated according to Presta et al. (1997) Cancer Res.
57:4593-4599. In one embodiment, the anti-VEGF antibody is “Bevacizumab (BV)”, also
known as “rhuMAb VEGF” or “AVASTIN®”. It comprises mutated human IgG1 framework

regions and antigen-binding complementarity-determining regions from the murine anti-
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hVEGF monoclonal antibody A.4.6.1 that blocks binding of human VEGEF to its receptors.
Approximately 93% of the amino acid sequence of bevacizumab, including most of the
framework regions, is derived from human IgG1, and about 7% of the sequence is derived

from the murine antibody A4.6.1.

Bevacizumab and other humanized anti-VEGF antibodies are further described in
U.S. Pat. No. 6,884,879 issued Feb. 26, 2005. Additional antibodies include the G6 or B20
series antibodies (e.g., G6-31, B20-4.1), as described in PCT Publication No.
W02005/012359, PCT Publication No. W02005/044853, and US Patent Application
60/991,302, the content of these patent applications are expressly incorporated herein by
reference. For additional antibodies see U.S. Pat. Nos. 7,060,269, 6,582,959, 6,703,020;
6,054,297, W098/45332; WO 96/30046; W094/10202; EP 0666868B1; U.S. Patent
Application Publication Nos. 2006009360, 20050186208, 20030206899, 20030190317,
20030203409, and 20050112126; and Popkov et al., Journal of Immunological Methods
288:149-164 (2004). Other antibodies include those that bind to a functional epitope on
human VEGF comprising of residues F17, M18, D19, Y21, Y25, Q89, 191, K101, E103, and
C104 or, alternatively, comprising residues F17, Y21, Q22, Y25, D63, 183 and Q89.

In one embodiment of the invention, the anti-VEGF antibody comprises a heavy chain

variable region comprising the following amino acid sequence:

EVQLVESGGG LVQPGGSLRL SCAASGYTFT NYGMNWVRQA PGKGLEWVGW
INTYTGEPTY AADFKRRFTF SLDTSKSTAY LOMNSLRAED TAVYYCAKYP
HYYGSSHWYF DVWGQGTLVT VSS (SEQ ID NO: 1)

and a light chain variable region comprising the following amino acid sequence:

DIQMTQSPSS LSASVGDRVT ITCSASQDIS NYLNWYQQKP GKAPKVLIYF
TSSLHSGVPS RFSGSGSGTD FTLTISSLQP EDFATYYCQQ YSTVPWTFGQ
GTKVEIKR (SEQ ID NO: 2).

A “G6 series antibody” according to this invention, is an anti-VEGF antibody that is
derived from a sequence of a G6 antibody or G6-derived antibody according to any one of
Figures 7, 24-26, and 34-35 of PCT Publication No. W02005/012359, the entire disclosure of
which is expressly incorporated herein by reference. See also PCT Publication No.
W02005/044853, the entire disclosure of which is expressly incorporated herein by reference.

In one embodiment, the G6 series antibody binds to a functional epitope on human VEGF
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comprising residues F17, Y21, Q22, Y25, D63, 183 and Q89. In some embodiments the G6
series antibody is G6.31.

A “B20 series antibody” according to this invention is an anti-VEGF antibody that is
derived from a sequence of the B20 antibody or a B20-derived antibody according to any one
of Figures 27-29 of PCT Publication No. W02005/012359, the entire disclosure of which is
expressly incorporated herein by reference. See also PCT Publication No. W02005/044853,
and US Patent Application 60/991,302, the content of these patent applications are expressly
incorporated herein by reference. In one embodiment, the B20 series antibody binds to a
functional epitope on human VEGF comprising residues F17, M18, D19, Y21, Y25, Q89,
191, K101, E103, and C104.

A “functional epitope” according to this invention refers to amino acid residues of an
antigen that contribute energetically to the binding of an antibody. Mutation of any one of the
energetically contributing residues of the antigen (for example, mutation of wild-type VEGF
by alanine or homolog mutation) will disrupt the binding of the antibody such that the relative
affinity ratio (IC50mutant VEGF/IC50wild-type VEGF) of the antibody will be greater than 5
(see Example 2 of W02005/012359). In one embodiment, the relative affinity ratio is
determined by a solution binding phage displaying ELISA. Briefly, 96-well Maxisorp
immunoplates (NUNC) are coated overnight at 4°C with an Fab form of the antibody to be
tested at a concentration of 2ug/ml in PBS, and blocked with PBS, 0.5% BSA, and 0.05%
Tween20 (PBT) for 2h at room temperature. Serial dilutions of phage displaying hVEGF
alanine point mutants (residues 8-109 form) or wild type hVEGF (8-109) in PBT are first
incubated on the Fab-coated plates for 15 min at room temperature, and the plates are washed
with PBS, 0.05% Tween20 (PBST). The bound phage is detected with an anti-M13
monoclonal antibody horseradish peroxidase (Amersham Pharmacia) conjugate diluted
1:5000 in PBT, developed with 3,3°, 5,5 -tetramethylbenzidine (TMB, Kirkegaard & Perry
Labs, Gaithersburg, MD) substrate for approximately 5 min, quenched with 1.0 M H3PO4,
and read spectrophotometrically at 450 nm. The ratio of IC50 values (IC50,ala/IC50,wt)
represents the fold of reduction in binding affinity (the relative binding affinity).
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(iii) VEGF receptor molecules

The two best characterized VEGF receptors are VEGFR1 (also known as Flt-1) and
VEGFR?2 (also known as KDR and FLK-1 for the murine homolog). The specificity of each
receptor for each VEGF family member varies but VEGF-A binds to both Flt-1 and KDR.
The full length Flt-1 receptor includes an extracellular domain that has seven Ig domains, a
transmembrane domain, and an intracellular domain with tyrosine kinase activity. The
extracellular domain is involved in the binding of VEGF and the intracellular domain is
involved in signal transduction.

VEGF receptor molecules, or fragments thereof, that specifically bind to VEGF can be
used in the methods of the invention to bind to and sequester the VEGF protein, thereby
preventing it from signaling. In certain embodiments, the VEGF receptor molecule, or VEGF
binding fragment thereof, is a soluble form, such as sFlt-1. A soluble form of the receptor
exerts an inhibitory effect on the biological activity of the VEGF protein by binding to VEGF,
thereby preventing it from binding to its natural receptors present on the surface of target
cells. Also included are VEGF receptor fusion proteins, examples of which are described
below.

A chimeric VEGF receptor protein is a receptor molecule having amino acid
sequences derived from at least two different proteins, at least one of which is a VEGF
receptor protein (e.g., the flt-1 or KDR receptor), that is capable of binding to and inhibiting
the biological activity of VEGF. In certain embodiments, the chimeric VEGF receptor
proteins of the invention consist of amino acid sequences derived from only two different
VEGF receptor molecules; however, amino acid sequences comprising one, two, three, four,
five, six, or all seven Ig-like domains from the extracellular ligand-binding region of the flt-1
and/or KDR receptor can be linked to amino acid sequences from other unrelated proteins, for
example, immunoglobulin sequences. Other amino acid sequences to which Ig-like domains
are combined will be readily apparent to those of ordinary skill in the art. Examples of
chimeric VEGF receptor proteins include, e.g., soluble Flt-1/Fc, KDR/Fc, or FLt-1/KDR/Fc
(also known as VEGF Trap). (See for example PCT Application Publication No.
WO097/44453)

A soluble VEGF receptor protein or chimeric VEGF receptor proteins of the invention
includes VEGF receptor proteins which are not fixed to the surface of cells via a

transmembrane domain. As such, soluble forms of the VEGF receptor, including chimeric
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receptor proteins, while capable of binding to and inactivating VEGF, do not comprise a
transmembrane domain and thus generally do not become associated with the cell membrane

of cells in which the molecule is expressed.
HI.  Therapeutic Uses

The invention encompasses the use of antiangiogenic therapy for treating or preventing
AAA. Specifically, provided herein are methods of preventing AAA in a subject comprising
administering an anti-VEGF antibody, wherin said administration prevents occurrence of
AAA in the subject. Also provided is a method of reducing the likelihood of a subject
developing AAA, comprising administering an anti-VEGF antibody, wherin said
administration reduces the likelihood of the subject developing AAA. In some embodiments,
the subject is at risk for developing AAA. The invention also provides a method of treating
AAA in a subject, comprising administering an anti-VEGF antibody, wherin the AAA in the
subject is treated. Further provided herein are uses of an anti-VEGF antibody in the

manufacture of a medicament for treating or preventing or reducing the likelihood of AAA.

IV.  Dosages and Duration

The VEGF-specific antagonist composition will be formulated, dosed, and
administered in a fashion consistent with good medical practice. Factors for consideration in
this context include the particular disorder being treated, the particular subject being treated,
the clinical condition of the individual patient, the cause of the disorder, the site of delivery of
the agent, the method of administration, the scheduling of administration, and other factors
known to medical practitioners. The “therapeutically effective amount” of the VEGF-specific
antagonist to be administered will be governed by such considerations, and is the minimum
amount necessary to prevent, ameliorate, or treat, or stabilize, the AAA.

Depending on the type and severity of the disease, about 1 pg/kg to 100 mg/kg (e.g.,
0.1-20 mg/kg) of VEGF-specific antagonist is an initial candidate dosage for administration
to the patient, whether, for example, by one or more separate administrations, or by
continuous infusion. A typical daily dosage might range from about 1 ng/kg to about 100
mg/kg or more, depending on the factors mentioned above. Particularly desirable dosages
include, for example, 7.5 mg/kg, 10 mg/kg, and 15 mg/kg. For repeated administrations over
several days or longer, depending on the condition, the treatment is sustained until the AAA

is treated, as measured by the methods described above or known in the art. However, other
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dosage regimens may be useful. In one example, if the VEGF-specific antagonist is an
antibody, the antibody of the invention is administered once every week, every two weeks, or
every three weeks, at a dose range from about 5 mg/kg to about 15 mg/kg, including but not
limited to 7.5 mg/kg or 10 mg/kg. The progress of the therapy of the invention is easily
monitored by conventional techniques and assays.

The duration of therapy will continue for as long as medically indicated or
until a desired therapeutic effect (e.g., those described herein) is achieved. In some
embodiments the therapy is continued for more than one year. In certain
embodiments, the VEGF-specific antagonist therapy is continued for 2 months, 4
months, 6 months, 8 months, 10 months, 1 year, 2 years, 3 years, 4 years, 5 years, or
for a period of years up to the lifetime of the subject.

The VEGF-specific antagonists of the invention are administered to a subject, e.g., a
human patient, in accord with known methods, such as intravenous administration as a bolus
or by continuous infusion over a period of time, by intramuscular, intraperitoneal,
intracerobrospinal, subcutancous, intra-articular, intrasynovial, intrathecal, oral, topical, or
inhalation routes. Local administration is particularly desired if extensive side effects or
toxicity is associated with VEGF antagonism. An ex vivo strategy can also be used for
therapeutic applications. Ex vivo strategies involve transfecting or transducing cells obtained
from the subject with a polynucleotide encoding a VEGF antagonist. The transfected or
transduced cells are then returned to the subject. The cells can be any of a wide range of
types including, without limitation, hematopoietic cells (e.g., bone marrow cells,
macrophages, monocytes, dendritic cells, T cells, or B cells), fibroblasts, epithelial cells,
endothelial cells, keratinocytes, or muscle cells.

For example, if the VEGF-specific antagonist is an antibody, the antibody is
administered by any suitable means, including parenteral, subcutaneous, intraperitoneal,
intrapulmonary, and intranasal, and, if desired for local immunosuppressive treatment,
intralesional administration. Parenteral infusions include intramuscular, intravenous,
intraarterial, intraperitoneal, or subcutancous administration. In addition, the antibody is
suitably administered by pulse infusion, particularly with declining doses of the antibody.
Preferably the dosing is given by injections, most preferably intravenous or subcutaneous

injections, depending in part on whether the administration is brief or chronic.
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In another example, the VEGF-specific antagonist compound is administered locally,
e.g., by direct injections, when the disorder or location of the tumor permits, and the
injections can be repeated periodically. The VEGF-specific antagonist can also be delivered
systemically to the subject or directly to the appropriate cells.

Alternatively, an inhibitory nucleic acid molecule or polynucleotide containing a
nucleic acid sequence encoding a VEGF-specific antagonist can be delivered to the
appropriate cells in the subject.

The nucleic acid can be introduced into the cells by any means appropriate for the
vector employed. Many such methods are well known in the art (Sambrook et al., supra, and
Watson et al., Recombinant DNA, Chapter 12, 2d edition, Scientific American Books, 1992).
Examples of methods of gene delivery include liposome mediated transfection,

electroporation, calcium phosphate/DEAE dextran methods, gene gun, and microinjection.

V. Pharmaceutical Formulations

Therapeutic formulations of the antibodies used in accordance with the present
invention are prepared using standard methods known in the art, e.g., by mixing the antibody
having the desired degree of purity with optional physiologically acceptable carriers,
excipients or stabilizers (Remington’s Pharmaceutical Sciences (20" edition), ed. A. Gennaro,
2000, Lippincott, Williams & Wilkins, Philadelphia, PA), in the form of lyophilized
formulations or aqueous solutions. Acceptable carriers, excipients, or stabilizers are nontoxic
to recipients at the dosages and concentrations employed, and include buffers such as
phosphate, citrate, and other organic acids; antioxidants including ascorbic acid and
methionine; preservatives (such as octadecyldimethylbenzyl ammonium chloride;
hexamethonium chloride; benzalkonium chloride, benzethonium chloride; phenol, butyl or
benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol; resorcinol;
cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less than about 10 residues)
polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic
polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine,
histidine, arginine, or lysine; monosaccharides, disaccharides, and other carbohydrates
including glucose, mannose, or dextrins; chelating agents such as EDTA; sugars such as
sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal
complexes (e.g. Zn-protein complexes); and/or non-ionic surfactants such as TWEEN™,

PLURONICS™ or polyethylene glycol (PEG). Preferred lyophilized anti-VEGF antibody
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formulations are described in WO 97/04801, expressly incorporated herein be reference.

Optionally, but preferably, the formulation contains a pharmaceutically acceptable salt,
typically, e.g., sodium chloride, and preferably at about physiological concentrations.
Optionally, the formulations of the invention can contain a pharmaceutically acceptable
preservative. In some embodiments the preservative concentration ranges from 0.1 to 2.0%,
typically v/v. Suitable preservatives include those known in the pharmaceutical arts. Benzyl
alcohol, phenol, m-cresol, methylparaben, and propylparaben are examples of preservatives.
Optionally, the formulations of the invention can include a pharmaceutically acceptable
surfactant at a concentration of 0.005 to 0.02%.

In one embodiment, bevacizumab is supplied for therapeutic uses in 100 mg and 400
mg preservative-free, single-use vials to deliver 4 ml or 16 ml of bevacizumab (25 mg/ml).
The 100 mg product may be formulated in 240 mg a, a-trehalose dehydrate, 23.2 mg sodium
phosphate (monobasic, monohydrate), 4.8 mg sodium phosphate (dibasic, anhydrous), 1.6 mg
polysorbate 20, and Water for Injection, USP. The 400 mg product may be formulated in 960
mg o, o-trehalose dehydrate, 92.8 mg sodium phosphate (monobasic, monohydrate), 19.2 mg
sodium phosphate (dibasic, anhydrous), 6.4 mg polysorbate 20, and Water for Injection, USP.

The active ingredients may also be entrapped in microcapsule prepared, for example,
by coacervation techniques or by interfacial polymerization, for example,
hydroxymethylcellulose or gelatin-microcapsule and poly-(methylmethacylate) microcapsule,
respectively, in colloidal drug delivery systems (for example, liposomes, albumin
microspheres, microemulsions, nano-particles and nanocapsules) or in macroemulsions. Such
techniques are disclosed in Remington’s Pharmaceutical Sciences, supra.

Sustained-release preparations may be prepared. Suitable examples of sustained-
release preparations include semipermeable matrices of solid hydrophobic polymers
containing the antibody, which matrices are in the form of shaped articles, e.g., films, or
microcapsule. Examples of sustained-release matrices include polyesters, hydrogels (for
example, poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat.
No. 3,773,919), copolymers of L-glutamic acid and y ethyl-L-glutamate, non-degradable
ethylene-vinyl acetate, degradable lactic acid-glycolic acid copolymers such as the LUPRON
DEPOT™ (injectable microspheres composed of lactic acid-glycolic acid copolymer and
leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid. While polymers such as ethylene-

vinyl acetate and lactic acid-glycolic acid enable release of molecules for over 100 days,
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certain hydrogels release proteins for shorter time periods. When encapsulated antibodies
remain in the body for a long time, they may denature or aggregate as a result of exposure to
moisture at 37°C, resulting in a loss of biological activity and possible changes in
immunogenicity. Rational strategies can be devised for stabilization depending on the
mechanism involved. For example, if the aggregation mechanism is discovered to be
intermolecular S-S bond formation through thio-disulfide interchange, stabilization may be
achieved by modifying sulfhydryl residues, lyophilizing from acidic solutions, controlling
moisture content, using appropriate additives, and developing specific polymer matrix
compositions.

The formulations to be used for in vivo administration must be sterile. This is readily

accomplished by filtration through sterile filtration membranes.

VI. Antibody Production
(i)  Polyclonal antibodies

Polyclonal antibodies are preferably raised in animals by multiple subcutaneous (sc) or
intraperitoneal (ip) injections of the relevant antigen and an adjuvant. It may be useful to
conjugate the relevant antigen to a protein that is immunogenic in the species to be
immunized, e.g., keyhole limpet hemocyanin, serum albumin, bovine thyroglobulin, or
soybean trypsin inhibitor using a bifunctional or derivatizing agent, for example,
maleimidobenzoyl sulfosuccinimide ester (conjugation through cysteine residues), N-
hydroxysuccinimide (through lysine residues), glutaraldehyde, succinic anhydride, SOCl,, or

R'N=C=NR, where R and R' are different alkyl groups.

Animals are immunized against the antigen, immunogenic conjugates, or derivatives by
combining, e.g., 100 ug or 5 pg of the protein or conjugate (for rabbits or mice, respectively)
with 3 volumes of Freund's complete adjuvant and injecting the solution intradermally at
multiple sites. One month later the animals are boosted with 1/5 to 1/10 the original amount
of peptide or conjugate in Freund's complete adjuvant by subcutaneous injection at multiple
sites. Seven to 14 days later the animals are bled and the serum is assayed for antibody titer.
Animals are boosted until the titer plateaus. Preferably, the animal is boosted with the
conjugate of the same antigen, but conjugated to a different protein and/or through a different

cross-linking reagent. Conjugates also can be made in recombinant cell culture as protein
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fusions. Also, aggregating agents such as alum are suitably used to enhance the immune

response.
(ii) Monoclonal antibodies

Various methods for making monoclonal antibodies herein are available in the art. For
example, the monoclonal antibodies may be made using the hybridoma method first described
by Kohler et al., Nature, 256:495 (1975), or by recombinant DNA methods (U.S. Patent No.
4,816,567).

In the hybridoma method, a mouse or other appropriate host animal, such as a hamster
or macaque monkey, is immunized as hereinabove described to elicit lymphocytes that
produce or are capable of producing antibodies that will specifically bind to the protein used
for immunization. Alternatively, lymphocytes may be immunized in vitro. Lymphocytes
then are fused with myeloma cells using a suitable fusing agent, such as polyethylene glycol,
to form a hybridoma cell (Goding, Monoclonal Antibodies: Principles and Practice, pp.59-
103 (Academic Press, 1986)).

The hybridoma cells thus prepared are seeded and grown in a suitable culture medium
that preferably contains one or more substances that inhibit the growth or survival of the
unfused, parental myeloma cells. For example, if the parental myeloma cells lack the enzyme
hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the culture medium for
the hybridomas typically will include hypoxanthine, aminopterin, and thymidine (HAT
medium), which substances prevent the growth of HGPRT-deficient cells.

Preferred myeloma cells are those that fuse efficiently, support stable high-level
production of antibody by the selected antibody-producing cells, and are sensitive to a
medium such as HAT medium. Among these, preferred myeloma cell lines are murine
myeloma lines, such as those derived from MOPC-21 and MPC-11 mouse tumors available
from the Salk Institute Cell Distribution Center, San Diego, California USA, and SP-2 or
X63-Ag8-653 cells available from the American Type Culture Collection, Rockville,
Maryland USA. Human myeloma and mouse-human heteromyeloma cell lines also have
been described for the production of human monoclonal antibodies (Kozbor, J. Immunol.,
133:3001 (1984); Brodeur et al., Monoclonal Antibody Production Techniques and
Applications, pp. 51-63 (Marcel Dekker, Inc., New York, 1987)).
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Culture medium in which hybridoma cells are growing is assayed for production of
monoclonal antibodies directed against the antigen. Preferably, the binding specificity of
monoclonal antibodies produced by hybridoma cells is determined by immunoprecipitation or
by an in vitro binding assay, such as radioimmunoassay (RIA) or enzyme-linked

immunoabsorbent assay (ELISA).

After hybridoma cells are identified that produce antibodies of the desired specificity,
affinity, and/or activity, the clones may be subcloned by limiting dilution procedures and
grown by standard methods (Goding, Monoclonal Antibodies: Principles and Practice, pp.59-
103 (Academic Press, 1986)). Suitable culture media for this purpose include, for example,
D-MEM or RPMI-1640 medium. In addition, the hybridoma cells may be grown in vivo as

ascites tumors in an animal.

The monoclonal antibodies secreted by the subclones are suitably separated from the
culture medium, ascites fluid, or serum by conventional immunoglobulin purification
procedures such as, for example, protein A-Sepharose, hydroxylapatite chromatography, gel

electrophoresis, dialysis, or affinity chromatography.

DNA encoding the monoclonal antibodies is readily isolated and sequenced using
conventional procedures (e.g., by using oligonucleotide probes that are capable of binding
specifically to genes encoding the heavy and light chains of the monoclonal antibodies). The
hybridoma cells serve as a preferred source of such DNA. Once isolated, the DNA may be
placed into expression vectors, which are then transfected into host cells such as E. coli cells,
simian COS cells, Chinese hamster ovary (CHO) cells, or myeloma cells that do not
otherwise produce immunoglobulin protein, to obtain the synthesis of monoclonal antibodies
in the recombinant host cells. Recombinant production of antibodies will be described in

more detail below.

In a further embodiment, antibodies or antibody fragments can be isolated from
antibody phage libraries generated using the techniques described in McCafferty et al.,
Nature, 348:552-554 (1990). Clackson et al., Nature, 352:624-628 (1991) and Marks et al.,
J. Mol. Biol., 222:581-597 (1991) describe the isolation of murine and human antibodies,
respectively, using phage libraries. Subsequent publications describe the production of high
affinity (nM range) human antibodies by chain shuffling (Marks et al., Bio/Technology,

10:779-783 (1992)), as well as combinatorial infection and in vivo recombination as a strategy

31



10

15

20

25

30

WO 2011/119656 PCT/US2011/029497

for constructing very large phage libraries (Waterhouse et al., Nuc. Acids. Res., 21:2265-2266
(1993)). Thus, these techniques are viable alternatives to traditional monoclonal antibody

hybridoma techniques for isolation of monoclonal antibodies.

The DNA also may be modified, for example, by substituting the coding sequence for
human heavy- and light-chain constant domains in place of the homologous murine sequences
(U.S. Patent No. 4,816,567; Morrison, et al., Proc. Natl Acad. Sci. USA, 81:6851 (1984)), or
by covalently joining to the immunoglobulin coding sequence all or part of the coding

sequence for a non-immunoglobulin polypeptide.

Typically such non-immunoglobulin polypeptides are substituted for the constant
domains of an antibody, or they are substituted for the variable domains of one antigen-
combining site of an antibody to create a chimeric bivalent antibody comprising one antigen-
combining site having specificity for an antigen and another antigen-combining site having

specificity for a different antigen.
(iii) Humanized and human antibodies

A humanized antibody has one or more amino acid residues introduced into it from a
source which is non-human. These non-human amino acid residues are often referred to as
"import" residues, which are typically taken from an "import" variable domain.
Humanization can be essentially performed following the method of Winter and co-workers
(Jones et al., Nature, 321:522-525 (1986); Riechmann et al., Nature, 332:323-327 (1988);
Verhoeyen et al., Science, 239:1534-1536 (1988)), by substituting rodent CDRs or CDR
sequences for the corresponding sequences of a human antibody. Accordingly, such
"humanized" antibodies are chimeric antibodies (U.S. Patent No. 4,816,567) wherein
substantially less than an intact human variable domain has been substituted by the
corresponding sequence from a non-human species. In practice, humanized antibodies are
typically human antibodies in which some CDR residues and possibly some FR residues are

substituted by residues from analogous sites in rodent antibodies.

The choice of human variable domains, both light and heavy, to be used in making the
humanized antibodies is very important to reduce antigenicity. According to the so-called
"best-fit" method, the sequence of the variable domain of a rodent antibody is screened
against the entire library of known human variable-domain sequences. The human sequence

which is closest to that of the rodent is then accepted as the human framework (FR) for the
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humanized antibody (Sims et al., J. Immunol., 151:2296 (1993); Chothia et al., J. Mol. Biol.,
196:901 (1987)). Another method uses a particular framework derived from the consensus
sequence of all human antibodies of a particular subgroup of light or heavy chains. The same

framework may be used for several different humanized antibodies (Carter et al., Proc. Natl.

Acad. Sci. USA, 89:4285 (1992); Presta et al., J. Immnol., 151:2623 (1993)).

It is further important that antibodies be humanized with retention of high affinity for
the antigen and other favorable biological properties. To achieve this goal, according to a
preferred method, humanized antibodies are prepared by a process of analysis of the parental
sequences and various conceptual humanized products using three-dimensional models of the
parental and humanized sequences. Three-dimensional immunoglobulin models are
commonly available and are familiar to those skilled in the art. Computer programs are
available which illustrate and display probable three-dimensional conformational structures of
selected candidate immunoglobulin sequences. Inspection of these displays permits analysis
of the likely role of the residues in the functioning of the candidate immunoglobulin
sequence, i.e., the analysis of residues that influence the ability of the candidate
immunoglobulin to bind its antigen. In this way, FR residues can be selected and combined
from the recipient and import sequences so that the desired antibody characteristic, such as
increased affinity for the target antigen(s), is achieved. In general, the CDR residues are

directly and most substantially involved in influencing antigen binding.

Humanized anti-VEGF antibodies and affinity matured variants thereof are described in,

for example, U.S. Pat. No. 6,884,879 issued February 26, 2005.

It is now possible to produce transgenic animals (e.g., mice) that are capable, upon
immunization, of producing a full repertoire of human antibodies in the absence of
endogenous immunoglobulin production. For example, it has been described that the
homozygous deletion of the antibody heavy-chain joining region (Ji) gene in chimeric and
germ-line mutant mice results in complete inhibition of endogenous antibody production.
Transfer of the human germ-line immunoglobulin gene array in such germ-line mutant mice
will result in the production of human antibodies upon antigen challenge. See, e.g.,
Jakobovits et al., Proc. Natl. Acad. Sci. USA, 90:2551 (1993); Jakobovits et al., Nature,
362:255-258 (1993); Bruggermann et al., Year in Immuno., 7:33 (1993); and Duchosal et al.
Nature 355:258 (1992).

33



10

15

20

25

30

WO 2011/119656 PCT/US2011/029497

Alternatively, phage display technology (McCafferty et al., Nature 348:552-553 (1990))
can be used to produce human antibodies and antibody fragments in vitro, from
immunoglobulin variable (V) domain gene repertoires from unimmunized donors. According
to this technique, antibody V domain genes are cloned in-frame into either a major or minor
coat protein gene of a filamentous bacteriophage, such as M13 or fd, and displayed as
functional antibody fragments on the surface of the phage particle. Because the filamentous
particle contains a single-stranded DNA copy of the phage genome, selections based on the
functional properties of the antibody also result in selection of the gene encoding the antibody
exhibiting those properties. Thus, the phage mimics some of the properties of the B-cell.
Phage display can be performed in a variety of formats; for their review see, e.g., Johnson,
Kevin S. and Chiswell, David J., Current Opinion in Structural Biology 3:564-571 (1993).
Several sources of V-gene segments can be used for phage display. Clackson et al., Nature,
352:624-628 (1991) isolated a diverse array of anti-oxazolone antibodies from a small
random combinatorial library of V genes derived from the spleens of immunized mice. A
repertoire of V genes from unimmunized human donors can be constructed and antibodies to
a diverse array of antigens (including self-antigens) can be isolated essentially following the
techniques described by Marks et al., J. Mol. Biol. 222:581-597 (1991), or Griffith et al.,
EMBO J. 12:725-734 (1993). See, also, U.S. Patent Nos. 5,565,332 and 5,573,905.

As discussed above, human antibodies may also be generated by in vitro activated B

cells (see U.S. Patents 5,567,610 and 5,229,275).

Human monoclonal anti-VEGF antibodies are described in U.S. Patent No. 5,730,977,
issued March 24, 1998.

(iv) Antibody fragments

Various techniques have been developed for the production of antibody fragments.
Traditionally, these fragments were derived via proteolytic digestion of intact antibodies (see,
e.g., Morimoto et al. , Journal of Biochemical and Biophysical Methods 24:107-117 (1992)
and Brennan ef al., Science, 229:81 (1985)). However, these fragments can now be produced
directly by recombinant host cells. For example, the antibody fragments can be isolated from
the antibody phage libraries discussed above. Alternatively, Fab'-SH fragments can be
directly recovered from E. coli and chemically coupled to form F(ab'), fragments (Carter et

al., Bio/Technology 10:163-167 (1992)). According to another approach, F(ab'), fragments
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can be isolated directly from recombinant host cell culture. Other techniques for the
production of antibody fragments will be apparent to the skilled practitioner. In other
embodiments, the antibody of choice is a single chain Fv fragment (scFv). See WO
93/16185.

(vi) Other amino acid sequence modifications

Amino acid sequence modification(s) of the antibodies described herein are
contemplated. For example, it may be desirable to improve the binding affinity and/or other
biological properties of the antibody. Amino acid sequence variants of the antibody are
prepared by introducing appropriate nucleotide changes into the antibody nucleic acid, or by
peptide synthesis. Such modifications include, for example, deletions from, and/or insertions
into and/or substitutions of, residues within the amino acid sequences of the antibody. Any
combination of deletion, insertion, and substitution is made to arrive at the final construct,
provided that the final construct possesses the desired characteristics. The amino acid
changes also may alter post-translational processes of the antibody, such as changing the
number or position of glycosylation sites.

A useful method for identification of certain residues or regions of the antibody that
are preferred locations for mutagenesis is called "alanine scanning mutagenesis" as described
by Cunningham and Wells Science, 244:1081-1085 (1989). Here, a residue or group of
target residues are identified (e.g., charged residues such as arg, asp, his, lys, and glu) and
replaced by a neutral or negatively charged amino acid (most preferably alanine or
polyalanine) to affect the interaction of the amino acids with antigen. Those amino acid
locations demonstrating functional sensitivity to the substitutions then are refined by
introducing further or other variants at, or for, the sites of substitution. Thus, while the site
for introducing an amino acid sequence variation is predetermined, the nature of the mutation
per se need not be predetermined. For example, to analyze the performance of a mutation at a
given site, ala scanning or random mutagenesis is conducted at the target codon or region and
the expressed antibody variants are screened for the desired activity.

Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions
ranging in length from one residue to polypeptides containing a hundred or more residues, as
well as intrasequence insertions of single or multiple amino acid residues. Examples of
terminal insertions include antibody with an N-terminal methionyl residue or the antibody

fused to a cytotoxic polypeptide. Other insertional variants of the antibody molecule include
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the fusion to the N- or C-terminus of the antibody to an enzyme (e.g. for ADEPT) or a
polypeptide which increases the serum half-life of the antibody.

Another type of variant is an amino acid substitution variant. These variants have at
least one amino acid residue in the antibody molecule replaced by a different residue. The
sites of greatest interest for substitutional mutagenesis include the hypervariable regions, but

FR alterations are also contemplated.

Substantial modifications in the biological properties of the antibody are accomplished
by selecting substitutions that differ significantly in their effect on maintaining (a) the
structure of the polypeptide backbone in the area of the substitution, for example, as a sheet
or helical conformation, (b) the charge or hydrophobicity of the molecule at the target site, or
(c) the bulk of the side chain. Amino acids may be grouped according to similarities in the
properties of their side chains (in A. L. Lehninger, in Biochemistry, second ed., pp. 73-75,
Worth Publishers, New York (1975)):

(1) non-polar: Ala (A), Val (V), Leu (L), Ile (I), Pro (P), Phe (F), Trp (W), Met (M)
(2) uncharged polar: Gly (G), Ser (S), Thr (T), Cys (C), Tyr (Y), Asn (N), Gln (Q)
(3) acidic: Asp (D), Glu (E)

(4) basic: Lys (K), Arg (R), His(H)

Alternatively, naturally occurring residues may be divided into groups based on

common side-chain properties:
(1) hydrophobic: Norleucine, Met, Ala, Val, Leu, Il¢;
(2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gln;
(3) acidic: Asp, Glu;
(4) basic: His, Lys, Arg;
(5) residues that influence chain orientation: Gly, Pro;
(6) aromatic: Trp, Tyr, Phe.

Non-conservative substitutions will entail exchanging a member of one of these classes

for another class.

Any cysteine residue not involved in maintaining the proper conformation of the
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antibody also may be substituted, generally with serine, to improve the oxidative stability of
the molecule and prevent aberrant crosslinking. Conversely, cysteine bond(s) may be added
to the antibody to improve its stability (particularly where the antibody is an antibody

fragment such as an Fv fragment).

A particularly preferred type of substitutional variant involves substituting one or more
hypervariable region residues of a parent antibody (e.g. a humanized or human antibody).
Generally, the resulting variant(s) selected for further development will have improved
biological properties relative to the parent antibody from which they are generated. A
convenient way for generating such substitutional variants involves affinity maturation using
phage display. Briefly, several hypervariable region sites (e.g. 6-7 sites) are mutated to
generate all possible amino substitutions at each site. The antibody variants thus generated
are displayed in a monovalent fashion from filamentous phage particles as fusions to the gene
I product of M13 packaged within each particle. The phage-displayed variants are then
screened for their biological activity (e.g. binding affinity) as herein disclosed. In order to
identify candidate hypervariable region sites for modification, alanine scanning mutagenesis
can be performed to identify hypervariable region residues contributing significantly to
antigen binding. Alternatively, or additionally, it may be beneficial to analyze a crystal
structure of the antigen-antibody complex to identify contact points between the antibody and
human VEGF. Such contact residues and neighboring residues are candidates for substitution
according to the techniques claborated herein. Once such variants are generated, the panel of
variants is subjected to screening as described herein and antibodies with superior properties

in one or more relevant assays may be selected for further development.

Another type of amino acid variant of the antibody alters the original glycosylation
pattern of the antibody. By altering is meant deleting one or more carbohydrate moicties
found in the antibody, and/or adding one or more glycosylation sites that are not present in the

antibody.

Glycosylation of antibodies is typically either N-linked or O-linked. N-linked refers to
the attachment of the carbohydrate moiety to the side chain of an asparagine residue. The
tripeptide sequences asparagine-X-serine and asparagine-X-threonine, where X is any amino
acid except proline, are the recognition sequences for enzymatic attachment of the

carbohydrate moiety to the asparagine side chain. Thus, the presence of either of these
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tripeptide sequences in a polypeptide creates a potential glycosylation site. O-linked
glycosylation refers to the attachment of one of the sugars N-aceylgalactosamine, galactose,
or xylose to a hydroxyamino acid, most commonly serine or threonine, although 5-

hydroxyproline or 5-hydroxylysine may also be used.

Addition of glycosylation sites to the antibody is conveniently accomplished by altering
the amino acid sequence such that it contains one or more of the above-described tripeptide
sequences (for N-linked glycosylation sites). The alteration may also be made by the addition
of, or substitution by, one or more serine or threonine residues to the sequence of the original

antibody (for O-linked glycosylation sites).

Where the antibody comprises an Fc region, the carbohydrate attached thereto may be
altered. For example, antibodies with a mature carbohydrate structure that lacks fucose
attached to an Fc region of the antibody are described in US Pat Appl No US 2003/0157108
Al, Presta, L. See also US 2004/0093621 A1 (Kyowa Hakko Kogyo Co., Ltd). Antibodies
with a bisecting N-acetylglucosamine (GIcNAc) in the carbohydrate attached to an Fc region
of the antibody are referenced in WO03/011878, Jean-Mairet et al. and US Patent No.
6,602,684, Umana et al. Antibodies with at least one galactose residue in the oligosaccharide
attached to an Fc region of the antibody are reported in WO97/30087, Patel et al. See, also,
WO098/58964 (Raju, S.) and W099/22764 (Raju, S.) concerning antibodies with altered
carbohydrate attached to the Fc region thereof.

It may be desirable to modify the antibody of the invention with respect to effector
function, e.g. so as to enhance antigen-dependent cell-mediated cyotoxicity (ADCC) and/or
complement dependent cytotoxicity (CDC) of the antibody. This may be achieved by
introducing one or more amino acid substitutions in an Fc region of the antibody.
Alternatively or additionally, cysteine residue(s) may be introduced in the Fc region, thereby
allowing interchain disulfide bond formation in this region. The homodimeric antibody thus
generated may have improved internalization capability and/or increased complement-
mediated cell killing and antibody-dependent cellular cytotoxicity (ADCC). See Caron et al.,
J. Exp Med. 176:1191-1195 (1992) and Shopes, B. J. Immunol. 148:2918-2922 (1992).
Homodimeric antibodies with enhanced anti-tumor activity may also be prepared using
heterobifunctional cross-linkers as described in Wolft et al. Cancer Research 53:2560-2565

(1993). Alternatively, an antibody can be engineered which has dual Fc regions and may
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thereby have enhanced complement lysis and ADCC capabilities. See Stevenson et al. Anti-

Cancer Drug Design 3:219-230 (1989).

WO000/42072 (Presta, L.) describes antibodies with improved ADCC function in the
presence of human effector cells, where the antibodies comprise amino acid substitutions in
the Fc region thereof. Preferably, the antibody with improved ADCC comprises substitutions
at positions 298, 333, and/or 334 of the Fc region (Eu numbering of residues). Preferably the
altered Fc region is a human IgG1 Fc region comprising or consisting of substitutions at one,
two or three of these positions. Such substitutions are optionally combined with

substitution(s) which increase C1q binding and/or CDC.

Antibodies with altered C1q binding and/or complement dependent cytotoxicity (CDC)
are described in W099/51642, US Patent No. 6,194,551B1, US Patent No. 6,242,195B1, US
Patent No. 6,528,624B1 and US Patent No. 6,538,124 (Idusogie ef al.). The antibodies
comprise an amino acid substitution at one or more of amino acid positions 270, 322, 326,

327, 329, 313, 333 and/or 334 of the Fc region thereof (Eu numbering of residues).

To increase the serum half life of the antibody, one may incorporate a salvage receptor
binding epitope into the antibody (especially an antibody fragment) as described in US Patent
5,739,277, for example. As used herein, the term "salvage receptor binding epitope” refers to
an epitope of the Fc region of an IgG molecule (e.g., 1gGi, 1gG,, 1gGs, or IgGy) that is

responsible for increasing the in vivo serum half-life of the IgG molecule.

Antibodies with improved binding to the neonatal Fc receptor (FcRn), and increased
half-lives, are described in W0O00/42072 (Presta, L.) and US2005/0014934A1 (Hinton et al.).
These antibodies comprise an Fc region with one or more substitutions therein which
improve binding of the Fc region to FcRn. For example, the Fc region may have substitutions
at one or more of positions 238, 250, 256, 265, 272, 286, 303, 305, 307, 311, 312, 314, 317,
340, 356, 360, 362, 376, 378, 380, 382, 413, 424, 428 or 434 (Eu numbering of residues).
The preferred Fc region-comprising antibody variant with improved FcRn binding comprises
amino acid substitutions at one, two or three of positions 307, 380 and 434 of the Fc region
thereof (Eu numbering of residues). In one embodiment, the antibody has 307/434

mutations.

Engineered antibodies with three or more (preferably four) functional antigen binding

sites are also contemplated (US Appln No. US2002/0004587 A1, Miller et al.).
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Nucleic acid molecules encoding amino acid sequence variants of the antibody are
prepared by a variety of methods known in the art. These methods include, but are not
limited to, isolation from a natural source (in the case of naturally occurring amino acid
sequence variants) or preparation by oligonucleotide-mediated (or site-directed) mutagenesis,
PCR mutagenesis, and cassette mutagenesis of an earlier prepared variant or a non-variant

version of the antibody.
(v) Immunoconjugates

The invention also pertains to immunoconjugates comprising the antibody described
herein conjugated to a cytotoxic agent such as a chemotherapeutic agent, toxin (e.g. an
enzymatically active toxin of bacterial, fungal, plant or animal origin, or fragments thercof),

or a radioactive isotope (i.e., a radioconjugate).

Chemotherapeutic agents useful in the generation of such immunoconjugates have been
described above. Enzymatically active toxins and fragments thereof which can be used
include diphtheria A chain, nonbinding active fragments of diphtheria toxin, exotoxin A
chain (from Pseudomonas aeruginosa), ricin A chain, abrin A chain, modeccin A chain,
alpha-sarcin, Aleurites fordii proteins, dianthin proteins, Phytolaca americana proteins
(PAPI, PAPII, and PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria
officinalis inhibitor, gelonin, mitogellin, restrictocin, phenomycin, enomycin and the
tricothecenes. A variety of radionuclides are available for the production of radioconjugate

antibodies. Examples include 22 B By % and "™Re.

Conjugates of the antibody and cytotoxic agent are made using a variety of bifunctional
protein coupling agents such as N-succinimidyl-3-(2-pyridyldithiol) propionate (SPDP),
iminothiolane (IT), bifunctional derivatives of imidoesters (such as dimethyl adipimidate
HCL), active esters (such as disuccinimidyl suberate), aldehydes (such as glutareldehyde),
bis-azido compounds (such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium
derivatives (such as bis-(p-diazoniumbenzoyl)-ethylenediamine), diisocyanates (such as
tolyene 2,6-diisocyanate), and bis-active fluorine compounds (such as 1,5-difluoro-2,4-
dinitrobenzene). For example, a ricin immunotoxin can be prepared as described in Vitetta et
al. Science 238: 1098 (1987). Carbon-14-labeled 1-isothiocyanatobenzyl-3-methyldiethylene
triaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent for conjugation of

radionucleotide to the antibody. See W094/11026.
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In another embodiment, the antibody may be conjugated to a "receptor” (such
streptavidin) for utilization in tumor pretargeting wherein the antibody-receptor conjugate is
administered to the patient, followed by removal of unbound conjugate from the circulation
using a clearing agent and then administration of a "ligand" (e.g. avidin) which is conjugated

to a cytotoxic agent (e.g. a radionucleotide).
(vi) Immunoliposomes

The antibody disclosed herein may also be formulated as immunoliposomes.
Liposomes containing the antibody are prepared by methods known in the art, such as
described in Epstein et al., Proc. Natl. Acad. Sci. USA, 82:3688 (1985); Hwang et al., Proc.
Natl Acad. Sci. USA, 77:4030 (1980); and U.S. Pat. Nos. 4,485,045 and 4,544,545.

Liposomes with enhanced circulation time are disclosed in U.S. Patent No. 5,013,556.

Particularly useful liposomes can be generated by the reverse phase evaporation method
with a lipid composition comprising phosphatidylcholine, cholesterol and PEG-derivatized
phosphatidylethanolamine (PEG-PE). Liposomes are extruded through filters of defined pore
size to yield liposomes with the desired diameter. Fab' fragments of the antibody of the
present invention can be conjugated to the liposomes as described in Martin et al. J. Biol.

Chem. 257: 286-288 (1982) via a disulfide interchange reaction.

VII. Articles of Manufacture and Kits

In another embodiment of the invention, an article of manufacture containing
materials useful for the treatment of the disorders described above is provided. The article of
manufacture comprises a container, a label and a package insert. Suitable containers include,
for example, bottles, vials, syringes, etc. The containers may be formed from a variety of
materials such as glass or plastic. The container holds a composition which is effective for
treating the condition and may have a sterile access port (for example the container may be an
intravenous solution bag or a vial having a stopper pierceable by a hypodermic injection
needle). At least one active agent in the composition is an anti-VEGF antibody. The label
on, or associated with, the container indicates that the composition is used for treating the
condition of choice. The article of manufacture may further comprise a second container
comprising a pharmaceutically-acceptable buffer, such as phosphate-buffered saline, Ringer's
solution and dextrose solution. It may further include other materials desirable from

a commercial and user standpoint, including other buffers, diluents, filters, needles, and
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syringes. In addition, the article of manufacture comprises a package insert with instructions
for use, including for example a warning that the composition is not to be used in
combination with another composition, or instructing the user of the composition to
administer to a patient the anti-VEGF antibody composition alone or in combination with

5  another therapeutic composition.

The VEGF-specific antagonist can be packaged alone or in combination with other
therapeutic compounds as a kit. The kit can include optional components that aid in the
administration of the unit dose to patients, such as vials for reconstituting powder forms,
syringes for injection, customized IV delivery systems, inhalers, etc. Additionally, the unit

10 dose kit can contain instructions for preparation and administration of the compositions. The
kit may be manufactured as a single use unit dose for one patient, multiple uses for a
particular patient (at a constant dose or in which the individual compounds may vary in
potency as therapy progresses); or the kit may contain multiple doses suitable for
administration to multiple patients (“bulk packaging”). The kit components may be

15 assembled in cartons, blister packs, bottles, tubes, and the like.

Deposit of Materials

The following hybridoma cell line has been deposited under the provisions of

the Budapest Treaty with the American Type Culture Collection (ATCC), Manassas,

VA, USA:
20  Antibody Designation ATCC No. Deposit Date
A4.6.1 ATCC HB-10709 March 29, 1991

The following example is intended merely to illustrate the practice of the present

25  invention and is not provided by way of limitation.

EXAMPLES

Example 1 Evaluation of the effects of anti-VEGF antibody in a murine
model of abdominal aortic aneurysm
30 The effects of treatment with anti-VEGF antibody in a murine AAA model that

mimics the human disease were evaluated. All experiments were carried out with local
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institutional animal care and use committee approval. For all surgical procedures and
imaging, animals were anesthetized with 2% isoflurane in 2 L/min of medical air. Animal
temperature was maintained between 36° and 38°C using a heating pad during surgery and
warm air during imaging.
Murine Aneurysm Model

AAAs were created using a well-described murine model (Daugherty A. et al., J Clin
Invest 2000;105(11):1605-1612). Briefly, male 13- to 20-week-old apoE™ mice (n = 17) had
osmotic pumps (model 2004, Durect Co., Cupertino, CA, USA) surgically implanted that
delivered angiotensin II subcutancously at a rate of 1000ng/kg/min. These mice typically
develop AAAs directly above the right renal artery. Nine animals received murine anti-
VEGF (G6.31) twice a week (10 mg/kg, intraperitoneal) starting on the day of pump
implantation. Eight animals were dosed similarly but with an irrelevant, iso-type matched
control antibody. All mice underwent MR imaging prior to pump implantation and days 7,
14, 21, and 28 after pump implantation.
Magnetic Resonance Imaging

All imaging was performed at 4.7 T using a Direct Drive console (Varian, Inc., Palo
Alto, CA, USA) and a 4 cm inner diameter transmit-receive volume coil (Morris Instruments
Inc., Ottawa, Ontario, Canada). A 2D time-of-flight (TOF) sequence (Repetition time/Echo
time 15/2.4 ms, Field of view (3 cm)’, flip angle 90°, matrix 128> zero-filled to 2567, slice
thickness 1 mm, number of excitations 8) was used to acquire 15 slices in the suprarenal
region of the abdominal aorta to visualize and quantify the effective diameter of the aorta
over 28 days. Image analysis involved using a thresholding value to initially segment the
luminal cross sectional area of the aorta, followed by manual correction if needed. The
effective diameter at each of the 15 locations along the aorta was calculated from: effective
diameter = 2*(area/n)”. The maximum effective diameter for cach animal was determined
and a Student’s t-test was performed to compare data acquired at the day 28 timepoint. P <
0.05 was considered significant.
RESULTS

Mice treated with murine anti-VEGF antibody had significantly reduced aortic
enlargement over 28 days (see Figure 1 and Figure 2). Murine anti-VEGF antibody
significantly reduced aneurismal growth. This study indicates that anti-angiogenic therapies

can be used to prevent and/or treat abdominal aortic aneurysms.
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From the foregoing description, it will be apparent that variations and modifications
may be made to the invention described herein to adopt it to various usages and conditions.

Such embodiments are also within the scope of the following claims.
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What is claimed is:

1. A method of preventing abdominal aortic ancurysm (AAA) in a subject, comprising
administering an anti-VEGF antibody, wherein said administration prevents occurrence of
AAA in the subject.

2. A method of reducing likelihood of a subject developing AAA, comprising

administering an anti-VEGF antibody, wherein said administration reduces likelihood of the

subject developing AAA.
3. The method of claim 1 or 2, wherein the subject is at risk for developing AAA.
4. A method of treating AAA in a subject, comprising administering an anti-VEGF

antibody, wherein the AAA in the subject is treated.

5. The method of any one of claims 1-4, wherein the anti-VEGF antibody is a
monoclonal antibody.

6. The method of any one of claims 1-4, wherein the anti-VEGF antibody is a humanized
antibody.

7. The method of any one of claims 1-4, wherein the anti-VEGF antibody is a human
antibody.

8. The method of any one of claims 1-4, wherein the anti-VEGF antibody is an antibody
fragment selected from a Fab, Fab’-SH, Fv, scFv or (Fab’), fragment.

9. The method of any one of claims 1-4, wherein the anti-VEGF antibody is
bevacizumab.

10.  The method of any one of claims 1-4, wherein the anti-VEGF antibody binds the same
epitope as the monoclonal anti-VEGF antibody A4.6.1 produced by hybridoma ATCC HB
10709.

11.  The method of any one of claims 1-4, wherein the anti-VEGF antibody competes with
the monoclonal anti-VEGF antibody A4.6.1 produced by hybridoma ATCC HB 10709 for
binding to VEGF.

12.  The method of any one of claims 1-11, wherein the anti-VEGF antibody has a heavy

chain variable region comprising the following amino acid sequence:

EVQLVESGGG LVQPGGSLRL SCAASGYTFT NYGMNWVRQA
PGKGLEWVGWINTYTGEPTY AADFKRRFTF SLDTSKSTAY LQMNSLRAED
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TAVYYCAKYPHYYGSSHWYF DVWGQGTLVT VSS (SEQ ID NO: 1)
and a light chain variable region comprising the following amino acid sequence:

DIQMTQSPSS LSASVGDRVT ITCSASQDIS NYLNWYQQKP GKAPKVLIYF
TSSLHSGVPS RFSGSGSGTD FTLTISSLQP EDFATYYCQQ YSTVPWTFGQ
GTKVEIKR (SEQ ID NO: 2).
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