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ANTI-ANGIOGENESIS THERAPY FOR THE TREATMENT OF
PREVIOUSLY TREATED BREAST CANCER

RELATED APPLICATION

This application claims priority to and the benefit of United States Provisional
Application Serial No. 61/266,343, filed December 3, 2009 and United States Provisional
Application Serial No. 61/234,281, filed August 15, 2009, the specifications of which are
incorporated herein in their entirety.

FIELD OF THE INVENTION

This invention relates in general to treatment of human diseases and pathological
conditions. More specifically, the invention relates to anti-angiogenesis therapy, either alone
or 1n combination with other anti-cancer therapies, for the treatment of previously treated

breast cancer.

BACKGROUND

Cancer remains to be on¢ of the most deadly threats to human health. In the U.S., cancer
atfects nearly 1.3 million new patients each year, and 1s the second leading cause of death
after heart disease, accounting for approximately 1 in 4 deaths. It 1s also predicted that cancer
may surpass cardiovascular diseases as the number one cause of death within 5 years. Solid
tumors are responsible for most of those deaths. Although there have been significant
advances 1n the medical treatment of certain cancers, the overall 5-year survival rate for all
cancers has improved only by about 10% 1n the past 20 years. Cancers, or malignant tumors,
metastasize and grow rapidly in an uncontrolled manner, making timely detection and

treatment extremely difficult.

Breast cancer 1s a disease that kills many women each year in the United States.
According to the American Cancer Society, approximately 40,000 will die from the disease 1n
2008. Over 180,000 new cases of breast cancer are diagnosed annually, and 1t 1s estimated
that one 1n e1ght women will develop breast cancer. These numbers indicate that breast cancer
1s on¢ of the most dangerous discases facing women today. Metastatic breast cancer 1s

generally incurable with only a few patients achieving long-term survival after standard

chemotherapy. Greenberg et al., J. Clin. Oncol. 14:2197-2205 (1996).

Knowledge of the basic biology of breast cancer has expanded exponentially over the
1
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last three decades with some having an impact on therapy. A multinational, open-label phase
II trial of 222 women with HER2 overexpressing metastatic breast cancer found a response
rate of 15% with six confirmed complete responses using a recombinant humanized
monoclonal antibody (trastuzumab, also known as Herceptin®, Genentech, South San
Francisco) directed against HER2 (Cobleigh et al., Proc. Am. Soc. Clin. Oncol. 17:97 (1998)).
A randomized phase III trial evaluated the safety and efficacy of adding Herceptin to first-line
chemotherapy with either paclitaxel or the combination of doxorubicin plus
cyclophosphamide. Overall response rate and time to progression significantly improved with

the addition of Herceptin to chemotherapy compared to chemotherapy alone (Slamon et al.,
Proc. Am. Soc. Clin. Oncol. 17:98 (1998)). The addition of Herceptin prolonged overall
survival (Norton et al., Proc. Am. Soc. Clin. Oncol. 18:127a (1999)).

Though trastuzumab 1s the first novel, biologically-based therapeutic agent approved for
the treatment of a subpopulation of breast cancer patients having HER2 overexpressing
cancers, several other approaches have shown promise and have entered the clinic. However,
there are estimates that 75 percent of women will newly diagnosed metastatic breast cancer
arc HER2-negative. Compounds which inhibit angiogenesis have generated particular interest
for reaching additional breast cancer populations and have been and are the subject of clinical

trials both 1n the US and abroad.

Since cancer 1S still one of the most deadly threats, additional cancer treatments for
patients are needed. The invention addresses these and other needs, as will be apparent upon

review of the following disclosure.
SUMMARY

Uses of an ant1-VEGF antibody for effectively treating breast cancer patients with
previously treated metastic breast cancer are provided. In particular, the invention provides
data from a randomized phase III clinical trial of bevacizumab (AVASTIN®) in combination
with chemotherapy regimes in subjects with previously treated metastic breast cancer in
human subjects. Such chemotherapy regimes include taxane therapy (e.g., paclitaxel g3wk or
weekly, paclitaxel protein-bound particles (e.g., Abraxane®) or docetaxel), gemcitabine,
vinorelbine or capecitabine therapy. The success of the trial shows that adding anti-VEGF
antibody to chemotherapy provides statistically significant and clinically meaningful benefits

as a second line therapy for previously treated breast cancer patients.
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The results obtained 1n clinical studies of the use of bevacizumab 1n human subjects with
metastatic breast cancer show that the efficacy, as evaluated by progression free survival
(PES) was positive especially when compared to PFS data for chemotherapeutic agents alone.
Subjects 1n the clinical trials who received bevacizumab in combination with chemotherapy
(taxane therapy, capecitabine, gemcitabine or vinorelbine) had an increase in progression free
survival compared to subjects treated with chemotherapy alone. The difference was

significantly significant.

Accordingly, the invention provides a method of treating a patient diagnosed with
previously treated metastatic breast cancer, comprising subjecting the patient to a treatment
regimen combining a chemotherapy with the administration of an effective amount of an anti-
VEGEF antibody. The treatment regimen combining the chemotherapy with the administration

of the anti-VEGF effectively extends the progression free survival (PFS) of the patient.

In certain embodiments, the PES 1s extended about 0.5 months, 1 month, 1.2 months, 2
months, 2.1 months, 2.2 months, 2.8 months, 3 months, etc. In one embodiment, the PES 1s
extended about 2.1 months. In one embodiment, the PFES 1s extended about 2.2 months. In

onc embodiment, the PFS 1s extended about 2.8 months.

Any chemotherapeutic agent exhibiting anticancer activity can be used according to the
invention. In certain embodiments, the chemotherapeutic agent 1s selected from the group
consisting of alkylating agents, antimetabolites, folic acid analogs, pyrimidine analogs, purine
analogs and related inhibitors, vinca alkaloids, epipodopyyllotoxins, antibiotics, L-
Asparaginase, topoisomerase inhibitor, interferons, platinum cooridnation complexes,
anthracenedione substituted urea, methyl hydrazine derivatives, adrenocortical suppressant,
adrenocorticosteroides, progestins, estrogens, antiestrogen, androgens, antiandrogen, and
gonadotropin-releasing hormone analog. In certain embodiments, the chemotherapeutic agent
1s for example, capecitabine, taxane, paclitaxel, docetaxel, paclitaxel protein-bound particles
(¢.g., Abraxane®), gemcitabine, vinorelbine or combinations thercof. In certain
embodiments, the chemotherapeutic agent 1s for example, capecitabine, taxane, paclitaxel,
docetaxel, paclitaxel protein-bound particles (e.g., Abraxane®), gemcitabine, or combinations
thercof. In certain embodiments, the chemotherapeutic agent 1s for example, capecitabine,
taxane, paclitaxel, docetaxel, paclitaxel protein-bound particles (¢.g., Abraxane®), or
combinations thercof. Two or more chemotherapeutic agents can be used 1n a cocktail to be

administered 1n combination with administration of the anti-VEGF antibody.
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Clinical benefits of the treatments according to the invention can be measured by, for
example, duration of progression free survival (PES), time to treatment failure, objective

response rate and duration of response.

Accordingly, the invention features a method of instructing a human subject with
previously treated, ¢.g., breast, cancer by providing 1nstructions to receive treatment with an
ant1-VEGF antibody so as to increase progression free survival of the subject, to decrease the
subject’s risk of cancer recurrence or to increase the subject’s likelihood of survival. In some
embodiments the method further comprises providing instructions to receive treatment with at
least one chemotherapeutic agent. The treatment with the anti-VEGF antibody may be
concurrent with or sequential to the treatment with the chemotherapeutic agent. In certain

embodiments the subject 1s treated as instructed by the method of instructing.

The mvention also provides a promotional method, comprising promoting the
administration of an anti-VEGF antibody for treatment of previously treated, ¢.g., breast,
cancer 1n a human subject. In some embodiments, the method further comprises promoting
the administration of at least one chemotherapeutic agent. Administration of the anti-VEGF
antibody may be concurrent with or sequential to administration of the chemotherapeutic
agent. Promotion may be conducted by any means available. In some embodiments, the
promotion 18 by a package insert accompanying a commercial formulation of the anti-VEGF
antibody. The promotion may also be by a package insert accompanying a commercial
formulation of the chemotherapeutic agent. Promotion may be by written or oral
communication to a physician or health care provider. In some embodiments, the promotion
1S by a package insert where the package inset provides instructions to receive therapy with
ant1-VEGF antibody. In some embodiments, the promotion is followed by the treatment of
the subject with the anti-VEGF antibody with or without the chemotherapeutic agent.

The invention provides a business method, comprising marketing an anti-VEGF
antibody for treatment of previously treated, ¢.g., breast, cancer 1n a human subject so as to
Increase progression free survival, or decrease the subject’s likelihood of cancer recurrence or
increase the subject’s likelihood of survival. In some embodiments the method further
comprises marketing a chemotherapeutic agent for use in combination with the anti-VEGF
antibody. In some embodiments the marketing 1s followed by treatment of the subject with
the ant1-VEGF antibody with or without the chemotherapeutic agent.

Also provided 1s a business method, comprising marketing a chemotherapeutic agent

in combination with an anti-VEGF antibody for treatment of previously treated, ¢.g., breast,
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cancer 1n a human subject so as to increase progression free survival, or decrease the subject’s
likelihood of cancer recurrence or increase the subject’s likelithood of survival. In some
embodiments, the marketing 1s followed by treatment of the subject with the combination of

the chemotherapeutic agent and the anti-VEGF antibody.

In each of the methods of the invention the anti-VEGF antibody may be substituted with
a VEGF specific antagonist, ¢.g., a VEGF receptor molecule or chimeric VEGF receptor
molecule as described below. In certain embodiments of the methods of the invention the
ant1-VEGF antibody 1s bevacizumab. The anti-VEGF antibody, or antigen-binding fragment
therecof, 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
certain embodiments, the anti-VEGF antibody has a heavy chain variable region comprising

the following amino acid sequence:

EVQLVESGGG LVQPGGSLRL SCAASGYTFT NYGMNWVRQA PGKGLEWVGW
INTYTGEPTY AADFKRRFTF SLDTSKSTAY LOQMNSLRAED 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 thercof, can also be an antibody that lacks
an Fc portion, an F(ab’), an Fab, or an Fv structure.

In one embodiment, the treatment 18 a combination of a VEGF-specific antagonist,
c.g., ant1-VEGF antibody, and at least one chemotherapeutic agent.

Each of the methods of the invention may be practiced in relation to the treatment of
cancers including, but not limited to, carcinoma, lymphoma, blastoma, sarcoma, and
lcukemia. More particular examples of such cancers include breast cancer, squamous cell
cancer, small-cell lung cancer, non-small cell lung cancer, adenocarcinoma of the lung,
squamous carcinoma of the lung, cancer of the peritoneum, hepatocellular cancer,

gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer, liver
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cancer, bladder cancer, hepatoma, colon cancer, colorectal cancer, endometrial or uterine
carcinoma, salivary gland carcinoma, kidney cancer, liver cancer, prostate cancer, renal
cancer, vulval cancer, thyroid cancer, hepatic carcinoma, gastric cancer, melanoma, and
various types of head and neck cancer. In some embodiments, the subject has HER2-negative
metastic previously treated breast cancer.

Each of the above aspects can further include monitoring the subject for recurrence of
the cancer. Monitoring can be accomplished, for example, by evaluating progression free
survival (PFS) or overall survival (OS) or objective response rate (ORR). In one embodiment,
the PFS or the OS or the ORR 1s evaluated after 1nitiation of treatment.

Depending on the type and severity of the disease, preferred dosages for the ant1-VEGF
antibody, ¢.g., bevacizumab, are described herein and can range from about 1ug/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 1s sustained until the cancer 1s
treated or the desired therapeutic effect 1s achieved, as measured by the methods described
herein or known 1n the art. In one example, the anti-VEGF antibody of the invention 1s
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 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 mnvention 1s easily monitored by conventional techniques and assays.

In additional embodiments of each of the above aspects, the VEGF-specific antagonist,
¢.g., ant1-VEGF antibody 1s administered locally or systemically (e.g., orally or
intravenously). In other embodiments, one aspect of the treatment 1s with the VEGF-specific
antagonist in extended treatment phase or maintenance therapy, as assessed by the clinician or
described herein.

In other embodiments, treatment with the VEGF-specific antagonist for previously
treated metastatic breast cancer 1s 1n combination with an additional anti-cancer therapy,
including but not limited to, surgery, radiation therapy, chemotherapy, differentiating therapy,
biotherapy, immune therapy, an anglogenesis inhibitor, a cytotoxic agent and an anti-
proliferative compound. Treatment with the VEGF-specific antagonist can also include any
combination of the above types of therapeutic regimens. In some embodiments, the

chemotherapeutic agent and the VEGF-specific antagonist are administered concurrently.
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In the embodiments which include an additional anti-cancer therapy, the subject can be
further treated with the additional anti-cancer therapy before, during (e.g., simultancously), or
after administration of the VEGF-specific antagonist. In one embodiment, the VEGF-specific
antagonist, administered either alone or with an anti-cancer therapy, can be administered as
maintenance therapy.

Other features and advantages of the invention will be apparent from the following

Dectailed Description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts the study design for the previously treated metastatic breast cancer
trial using bevacizumab (Arm A) or placebo (Arm B) with various chemotherapies.

Figure 2 depicts the primary endpoint analysis of PFS of the study in Figure 1.

Figure 3 depicts the cohort-specific analyses of PFS of the study in Figure 1.

Figure 4 depicts the objective response rate of the study in Figure 1.

DETAILED DESCRIPTION

I. DEFINITIONS

The term “VEGF” or “VEGF-A" 1s 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, ¢.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 thercof. VEGF-A 1s 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 1dentified as a receptor for heparin-binding VEGF-A
1soforms, and may play a role 1n vascular development. The term “VEGF” or “VEGF-A” also
refers to VEGFEs from non-human species such as mouse, rat, or primate. Sometimes the
VEGF from a specific species 1s indicated by terms such as hVEGF for human VEGF or
mVEGF for murine VEGF. The term “VEGF” 1s 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
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may be 1dentified 1n the application, e¢.g., by “VEGF (8-109),” “VEGF (1-109)” or
“VEGF165.” The amino acid positions for a “truncated” native VEGF are numbered as
indicated 1n the native VEGF sequence. For example, amino acid position 17 (methionine) 1n

truncated native VEGF 1s 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 “ant1-VEGF antibody” 1s 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 1n targeting and interfering with diseases or conditions wherein the VEGF activity 1s
involved. Also, the antibody may be subjected to other biological activity assays, ¢.g., In
order to evaluate 1ts effectiveness as a therapeutic. Such assays are known 1n the art and
depend on the target antigen and intended use for the antibody. Examples include, but are not
limited to, the HUVEC 1nhibition assay; tumor cell growth inhibition assays (as described in
WO 89/06692, for example). 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
VEGEF receptors. VEGF antagonists include anti-VEGF antibodies and antigen-binding
fragments thercof, receptor molecules and derivatives which bind specifically to VEGF
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.

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 1solated 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

3
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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 1identity 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 1dentity, more preferably at least about 90% amino acid sequence 1dentity, and even
more preferably at least about 95% amino acid sequence 1dentity with the native sequence

polypeptide.

The term "antibody" 18 used 1n 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 specification and claims, the numbering of the residues in an
immunoglobulin heavy chain 1s that of the EU 1ndex as 1in Kabat ¢t al., Sequences of Proteins
of Immunological Interest, Sth Ed. Public Health Service, National Institutes of Health,
Bethesda, Md. (1991), expressly incorporated herein by reference. The “EU index as 1n
Kabat” refers to the residue numbering of the human IgG1 EU antibody.

The “Kd” or “Kd value” according to this invention 1s 1n 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) 1n the presence of a titration series of unlabeled VEGF, then capturing bound
VEGF with an anti-Fab antibody-coated plate (Chen, et al., (1999) J. Mol Biol 293:865-881).
In one example, 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 ['“’TJVEGF(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
1s then incubated overnight; however, the incubation may continue for 65 hours to insure that
equilibrium 1s reached. Thereafter, the mixtures are transferred to the capture plate for
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incubation at room temperature for one hour. The solution 1s then removed and the plate
washed eight times with 0.1% Tween-20 1n PBS. When the plates had dried, 150 ul/well of
scintillant (MicroScint-20; Packard) 1s added, and the plates are counted on a Topcount
gamma counter (Packard) for ten minutes. Concentrations of cach 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 1s 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) CM35 chips at ~10 response units (RU).

Briefly, carboxymethylated dextran biosensor chips (CM35, 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 1s diluted
with 10mM sodium acetate, pH 4.8, into Sug/ml (~0.2uM) before 1njection at a flow rate of
Sul/minute to achieve approximately 10 response units (RU) of coupled protein. Following the
injection of human VEGF, 1M cthanolamine 18 injected to block unreacted groups. For
kinetics measurements, two-fold serial dilutions of Fab (0.78 nM to 500 nM) are injected 1n
PBS with 0.05% Tween 20 (PBST) at 25°C at a flow rate of approximately 25ul/min.
Association rates (ko) and dissociation rates (Koer) are calculated using a simple one-to-one
Langmuir binding model (BIAcore Evaluation Software version 3.2) by simultancous fitting
the association and dissociation sensorgram. The equilibrium dissociation constant (Kd) was
calculated as the ratio kog/kon, See, €.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
1S can be determined by using a fluorescent quenching technique that measures the increase or
decrease 1n 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 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. The
“Kd” or “Kd value” according to this invention in one embodiment 1s measured by techniques
known 1n the art.

A “blocking” antibody or an antibody ‘“‘antagonist” 1s one which 1nhibits or reduces
biological activity of the antigen 1t binds. For example, a VEGF-specific antagonist antibody
binds VEGF and 1nhibits 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.
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Unless indicated otherwise, the expression “multivalent antibody” 1s used throughout
this specification to denote an antibody comprising three or more antigen binding sites. For
example, the multivalent antibody 1s engineered to have the three or more antigen binding

sites and 18 generally not a native sequence 1gM 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: (1) the Fab
fragment, having VL, CL, VH and CH1 domains; (11) the Fab’ fragment, which 1s a Fab
fragment having one or more cysteine residues at the C-terminus of the CH1 domain; (111) the
Fd fragment having VH and CH1 domains; (1v) 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; (v1) the dAb
fragment (Ward et al., Nature 341, 544-546 (1989)) which consists of a VH domain; (vi1)
1solated CDR regions; (vii1) F(ab'), fragments, a bivalent fragment including two Fab’
fragments linked by a disulphide bridge at the hinge region; (1x) single chain antibody
molecules (e.g. single chain Fv; scFv) (Bird ef 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) 1n 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)); (x1) “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).

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 1dentical except for possible naturally occurring mutations that may be
present 1n minor amounts. Monoclonal antibodies are highly specific, being directed against a
single antigen. Furthermore, 1n 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" 1s not to be construed as requiring production of the antibody by any particular
method. For example, the monoclonal antibodies to be used 1n accordance with the invention

may be made by the hybridoma method first described by Kohler et al., Nature 256:495

11



10

15

20

25

30

CA 02771086 2012-02-13
WO 2011/022264 PCT/US2010/045147

(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 1solated from phage antibody libraries using the
techniques described 1in Clackson ef al., Nature 352:624-628 (1991) or Marks et al., J. Mol.
Biol. 222:581-597 (1991), for example.

An “Fv” fragment 18 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
1s 1n this configuration that the three CDRs of each variable domain interact to define an
antigen binding site on the surface of the Vy-Vi dimer. Collectively, the six CDRSs or a subset
thercof confer antigen binding specificity to the antibody. However, even a single variable
domain (or half of an Fv comprising only three CDRSs 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; 1¢., 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 1s also according to that of
Kabat.

As used herein, the term “Complementarity Determining Regions” (CDRs; 1.¢., CDRI,
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 1dentified 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 (LL3) 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, Sth 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 (L1), 50-52 (L2) and 91-96 (L3) 1n the light
chain variable domain and 26-32 (H1), 53-55 (H2) and 96-101 (H3) 1n the heavy chain
variable domain; Chothia and Lesk J. Mol. Biol. 196:901-917 (1987)). In some 1nstances, a

complementarity determining region can include amino acids from both a CDR region defined
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according to Kabat and a hypervariable loop. For example, the CDRHI1 of the heavy chain of
antibody 4D35 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) 1n 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) 1n 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) 1n 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 CDRHI1 includes amino acids H26-H335, 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
carboxy termini by hinge cysteines between them. Other chemical couplings of antibody
fragments are also known 1n the art.

“Single-chain Fv” or “scFv” antibody fragments comprise the Vg 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
cnables the scFv to form the desired structure for antigen binding. For a review of scFv, sece
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) 1n the same polypeptide chain (Vg and Vi). By using a linker that
1s 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 1n, for example, EP 404,097, WO 93/11161;
and Hollinger et al., Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993).
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The expression “linecar antibodies™ refers to the antibodies described 1n Zapata et al.,
Protein Eng., 8(10):1057-1062 (1995). Briefly, these antibodies comprise a pair of tandem Fd
segments (Vy-Cpl-Vip-Cyl) which, together with complementary light chain polypeptides,
form a pair of antigen binding regions. Linear antibodies can be bispecific or monospecific.

The monoclonal antibodies herein specifically include “chimeric” antibodies
(1immunoglobulins) in which a portion of the heavy and/or light chain 1s 1dentical with or
homologous to corresponding sequences 1n antibodies derived from a particular species or
belonging to a particular antibody class or subclass, while the remainder of the chain(s) 1s
1dentical with or homologous to corresponding sequences 1n 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 (¢.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
nonhuman primate having the desired specificity, atfinity, 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 1n the recipient antibody or 1n 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
ct al., Nature 332:323-329 (1988); and Presta, Curr. Op. Struct. Biol. 2:593-596 (1992).

A “human antibody” 1s 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 1n the art. In

14



10

15

20

25

30

CA 02771086 2012-02-13
WO 2011/022264 PCT/US2010/045147

one embodiment, the human antibody 1s 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, ¢.g., mice 1n
which the endogenous immunoglobulin genes have been partially or completely inactivated.
Upon challenge, human antibody production 1s observed, which closely resembles that seen 1n
humans 1n all respects, including gene rearrangement, assembly, and antibody repertoire. This
approach 1s 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 1n the following scientific publications: Marks et al.,
Bio/Technology 10: 779-783 (1992), Lonberg ¢t 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 via immortalization of
human B lymphocytes producing an antibody directed against a target antigen (such B
[ymphocytes may be recovered from an individual or may have been immunized 1n 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 1s one with one or more alterations 1n 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 atfinities 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 1s 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 ¢t 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 1s one which is capable of binding a
target antigen. The antigen binding affinity of the antigen binding site 1s not necessarily as
strong as the parent antibody from which the antigen binding site 1s 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. Morecover, the antigen binding affinity of cach of the antigen
binding sites of a multivalent antibody herein need not be quantitatively the same. For the
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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 1s calculated assuming differing numbers of functional binding sites. These
theoretical values are compared to the actual experimental values obtained 1n order to evaluate
the number of functional binding sites.

An antibody having a “biological characteristic” of a designated antibody 1s one which
possesses one or more of the biological characteristics of that antibody which distinguish 1t
from other antibodies that bind to the same antigen.

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” 1s one which has a stronger binding affinity for an
antigen from a first mammalian species than 1t has for a homologue of that antigen from a
second mammalian species. Normally, the species-dependent antibody “binds specifically” to
a human antigen (e.g., has a binding affinity (Ky) value of no more than about 1 x 10" M, or
no more than about 1 x 10° M or 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 1s at least
about 50 fold, or at least about 500 fold, or at Ieast about 1000 fold, weaker than 1ts binding
atfinity for the human antigen. The species-dependent antibody can be any of the various
types of antibodies as defined above, but typically 1s a humanized or human antibody.

As used herein, “antibody mutant” or “antibody variant” refers to an amino acid
sequence varlant 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 1dentity or similarity with the species-dependent antibody. In
on¢ embodiment, the antibody mutant will have an amino acid sequence having at least 75%
amino acid sequence identity or stmilarity 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 1s defined herein as the percentage of amino
acid residues 1n the candidate sequence that are 1dentical (1.¢ same residue) or similar (1.¢.
amino acid residue from the same group based on common side-chain properties, see below)
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with the species-dependent antibody residues, after aligning the sequences and introducing
gaps, 1f necessary, to achieve the maximum percent sequence 1dentity. 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 1increase the haltf-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
(especially an antibody fragment), as described, ¢.g., in US Patent 5,739,277. For example, a
nucleic acid molecule encoding the salvage receptor binding epitope can be linked 1n 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., 1gGy,
IgGo,, IgGa, or 1gGy) that 1s 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 1n
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, €.g., such polypeptide
sequences are disclosed in WOO01/45746. 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 1s 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” 1s a VEGF receptor molecule having amino acid
sequences derived from at Ieast two different proteins, at least one of which 1s as VEGF
receptor protein. In certain embodiments, the chimeric VEGF receptor protein 1s capable of
binding to and inhibiting the biological activity of VEGF.

An “1solated” antibody 1s one that has been 1dentified and separated and/or recovered
from a component of 1ts natural environment. Contaminant components of 1ts 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
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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 Ieast 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.
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,
1solated antibody will be prepared by at least one purification step.

By “fragment” 1S 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-anglogenesis agent” or “angilogenesis inhibitor’” refers to a small molecular
welght substance, a polynucleotide, a polypeptide, an 1solated protein, a recombinant protein,
an antibody, or conjugates or fusion proteins thercof, 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 1s an antibody or other antagonist to an anglogenic agent as defined throughout the
specification or known 1n the art, ¢.g., but are not limited to, antibodies to VEGF-A or to the
VEGF-A receptor (e.g., KDR receptor and/or Flt-1 receptor), VEGF-trap, anti-PDGFR
inhibitors such as Gleevec' " (Imatinib Mesylate). Anti-angiogensis agents also include native
angiogenesis mnhibitors, €.g., angiostatin, endostatin, etc. See, ¢.g., Klagsbrun and D’ Amore,
Annu. Rev. Physiol., 53:217-39 (1991); Streit and Detmar, Oncogene, 22:3172-3179 (2003)
(c.g., Table 3 listing anti-angiogenic therapy in malignant melanoma); Ferrara & Alitalo,
Nature Medicine 5:1359-1364 (1999); Tonini ¢t al., Oncogene, 22:6549-6556 (2003) (¢.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 1n clinical trials).

A “maintenance” dose herein refers to one or more doses of a therapeutic agent
administered to the patient over or after a treatment period. Usually, the maintenance doses
are administered at spaced treatment intervals, such as approximately every week,

approximately every 2 weeks, approximately every 3 weeks, or approximately every 4 weeks.
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“Survival” refers to the patient remaining alive, and includes progression free survival
(PFS) and overall survival (OS). Survival can be estimated by the Kaplan-Meier method, and
any differences in survival are computed using the stratified log-rank test.

“Progression free survival (PFS)” refers to the time from treatment (or randomization)
to first disease progression or death. For example 1t 18 the time that the patient remains alive,
without return of the cancer, ¢.g., for a defined period of time such as about 0.5 months, 1
month, 2 months, 2.1 months, 2.2. months, 2.8 months, 3 months, ctc., from 1nitiation of
treatment or from 1nitial diagnosis. In one embodiment, the PFS 1s extended about 2.1
months. In one aspect of the invention, PFS can be assessed by Response Evaluation Criteria
in Solid Tumors (RECIST).

“Overall survival” refers to the patient remaining alive for a defined period of time,
such as about 1 year, about 2 years, about 3 years, about 4 years, about 5 years, about 10
years, etc., from 1nitiation of treatment or from 1nitial diagnosis.

By “extending survival” or “increasing the likelihood of survival” 1s meant increasing
PFS and/or OS 1n a treated patient relative to an untreated patient (i.e. relative to a patient not
treated with a VEGF-specific antagonist, ¢.g., a VEGF antibody), or relative to a control
treatment protocol, such as treatment only with the chemotherapeutic agent, such as those use
1n the care for breast cancer. Survival 1s monitored for at least about one month, two months,
four months, six months, nine months, or at least about 1 year, or at least about 2 years, or at
lecast about 3 years, or at least about 4 years, or at least about 5 years, or at least about 10
years, ctc., following the 1nitiation of treatment or following the 1nitial diagnosis.

Hazard ratio (HR) 1s a statistical definition for rates of events. For the purpose of the
invention, hazard ratio 1s defined as representing the probability of an event 1n the
experimental arm divided by the probability of an event 1n the control arm at any specific
point in time. “Hazard ratio” 1n progression free survival analysis 18 a summary of the
difference between two progression free survival curves, representing the reduction in the risk
of death on treatment compared to control, over a period of follow-up.

The term “concurrently’ 1s 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 “maintenance therapy’ 1s meant a therapeutic regimen that 1s given to reduce the
likelihood of discase recurrence or progression. Maintenance therapy can be provided for any
length of time, including extended time periods up to the life-span of the subject.
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Maintenance therapy can be provided after initial therapy or in conjunction with initial or
additional therapies. Dosages used for maintenance therapy can vary and can include

diminished dosages as compared to dosages used for other types of therapy.

The terms “cancer” and “‘cancerous’ refer to or describe the physiological condition 1n
mammals that 1s typically characterized by unregulated cell growth. Included in this
definition are benign and malignant cancers as well as dormant tumors or micrometastatses.
Examples of cancer include but are not limited to, carcinoma, lymphoma, blastoma, sarcoma,
and leukemia. More particular examples of such cancers include breast cancer, squamous cell
cancer, lung cancer (including small-cell lung cancer, non-small cell lung cancer,
adenocarcinoma of the lung, and squamous carcinoma of the lung), cancer of the peritoncum,
hepatocellular cancer, gastric or stomach cancer (including gastrointestinal cancer), pancreatic
cancer, glioblastoma, cervical cancer, ovarian cancer, liver cancer, bladder cancer, hepatoma,
colon cancer, colorectal cancer, endometrial or uterine carcinoma, salivary gland carcinoma,
kidney or renal cancer, liver cancer, prostate cancer, vulval cancer, thyroid cancer, hepatic
carcinoma and various types of head and neck cancer, as well as B-cell lymphoma (including
low grade/follicular non-Hodgkin's lymphoma (NHL); small lymphocytic (SL) NHL;
intermediate grade/follicular NHL; intermediate grade diffuse NHL; high grade
immunoblastic NHL; high grade lymphoblastic NHL; high grade small non-cleaved cell NHL;
bulky disease NHL; mantle cell lymphoma; AIDS-related lymphoma; and Waldenstrom's
Macroglobulinemia); chronic lymphocytic leukemia (CLL); acute lymphoblastic leukemia
(ALL), Hairy cell leukemia; chronic myeloblastic leukemia; and post-transplant
lymphoproliferative disorder (PTLD), as well as abnormal vascular proliferation associated

with phakomatoses, edema (such as that associated with brain tumors), and Meigs' syndrome.

By “metastasis 1s meant the spread of cancer from its primary site to other places 1n
the body. Cancer cells can break away from a primary tumor, penetrate into lymphatic and
blood vessels, circulate through the bloodstream, and grow in a distant focus (metastasize) in
normal tissues elsewhere 1n the body. Metastasis can be local or distant. Metastasis 1s a
sequential process, contingent on tumor cells breaking off from the primary tumor, traveling
through the bloodstream, and stopping at a distant site. At the new site, the cells establish a
blood supply and can grow to form a life-threatening mass. Both stimulatory and inhibitory
molecular pathways within the tumor cell regulate this behavior, and interactions between the

tumor cell and host cells 1n the distant site are also significant.
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By “subject” 1s 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 1s a
human. Patients are also subjects herein.

For the methods of the invention, the term “instructing” a subject means providing
directions for applicable therapy, medication, treatment, treatment regimens, and the like, by
any means, but preferably 1in writing, such as 1n the form of package 1nserts or other written
promotional material.

For the methods of the invention, the term “promoting” means offering, advertising,
selling, or describing a particular drug, combination of drugs, or treatment modality, by any
means, including writing, such as in the form of package inserts. Promoting herein refers to
promotion of a therapeutic agent, such as a VEGF antagonist, ¢.g., anti-VEGF antibody or
chemotherapeutic agent, for an indication, such as breast cancer treatment, where such
promoting 1s authorized by the Food and Drug Administration (FDA) as having been
demonstrated to be associated with statistically significant therapeutic efficacy and acceptable
safety 1n a population of subjects

The term “marketing” 1s used herein to describe the promotion, selling or distribution
of a product (e.g., drug). Marketing specifically includes packaging, advertising, and any
business activity with the purpose of commercializing a product.

A “population” of subjects refers to a group of subjects with cancer, such as 1n a
clinical trial, or as seen by oncologists following FDA approval for a particular indication,
such as breast cancer therapy.

The term “anti-cancer therapy” refers to a therapy useful 1n treating cancer. Examples
of anti-cancer therapeutic agents include, but are limited to, €.g., surgery, chemotherapeutic
agents, growth 1inhibitory agents, cytotoxic agents, agents used 1n radiation therapy, anti-
anglogenesis agents, apoptotic agents, anti-tubulin agents, and other agents to treat cancer,
such as anti-HER-2 antibodies, ant1-CD20 antibodies, an epidermal growth factor receptor
(EGFR) antagonist (¢.g., a tyrosine kinase inhibitor), HER1/EGFR inhibitor (¢.g., erlotinib
(Tarceva®), platelet derived growth factor inhibitors (e.g., Gleevec  (Imatinib Mesylate)), a
COX-2 imhibitor (e.g., celecoxib), interferons, cytokines, antagonists (e.g., neutralizing
antibodies, small molecule inhibitors, etc.) that bind to one or more of the following targets
ErbB2, ErbB3, ErbB4, PDGFR-beta, BlyS, APRIL, BCMA or VEGF receptor(s), VEGF,
TRAIL/Apo2, and other bioactive and organic chemical agents, etc. Combinations thereof are

also included in the invention.
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The term "cytotoxic agent” as used herein refers to a substance that inhibits or prevents
the function of cells and/or causes destruction of cells. The term 1s intended to include
radioactive 1sotopes (e.g. At2”, I 1, , Y90, Rel%, Relgg, Sm ' , Bim, P** and radioactive
1sotopes of Lu), chemotherapeutic agents, and toxins such as small molecule toxins or
enzymatically active toxins of bacterial, fungal, plant or animal origin, including fragments

and/or variants thereof.

A “chemotherapeutic agent” 1s a chemical compound useful in the treatment of cancer.
Examples of chemotherapeutic agents include 1s a chemical compound useful in the treatment
of cancer. Examples of chemotherapeutic agents include alkylating agents such as thiotepa
and CYTOXAN® cyclosphosphamide; alkyl sulfonates such as busulfan, improsulfan and
piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and uredopa;
cthylenimines and methylamelamines including altretamine, tricthylenemelamine,
trictylenephosphoramide, tricthiylencthiophosphoramide and trimethylolomelamine;
acetogenins (especially bullatacin and bullatacinone); a camptothecin (including the synthetic
analogue topotecan); bryostatin; callystatin; CC-1065 (including 1ts adozelesin, carzelesin and
bizelesin synthetic analogues); cryptophycins (particularly cryptophycin 1 and cryptophycin
8); dolastatin; duocarmycin (including the synthetic analogues, KW-2189 and CB1-TM1);
cleutherobin; pancratistatin; a sarcodictyin; spongistatin; nitrogen mustards such as
chlorambucil, chlornaphazine, cholophosphamide, estramustine, 1fosfamide,
mechlorethamine, mechlorethamine oxide hydrochloride, melphalan, novembichin,
phenesterine, prednimustine, trofostamide, uracil mustard; nitrosureas such as carmustine,
chlorozotocin, fotemustine, lomustine, nimustine, and ranimnustine; antibiotics such as the
enediyne antibiotics (€. g., calicheamicin, especially calicheamicin gammall and
calichcamicin omegall (see, ¢.g., Agnew, Chem Intl. Ed. Engl., 33: 183-186 (1994));
dynemicin, including dynemicin A; bisphosphonates, such as clodronate; an esperamicin; as
well as neocarzinostatin chromophore and related chromoprotein enediyne antiobiotic
chromophores), aclacinomysins, actinomycin, authramycin, azaserine, bleomycins,
cactinomycin, carabicin, carminomycin, carzinophilin, chromomycinis, dactinomycin,
daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, ADRIAMY CIN® doxorubicin
(including morpholino-doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin
and deoxydoxorubicin), epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins such
as mitomycin C, mycophenolic acid, nogalamycin, olivomycins, peplomycin, potfiromycin,
puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex,

zinostatin, zorubicin; anti-metabolites such as methotrexate and S-fluorouracil (5-FU); folic
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acid analogues such as denopterin, methotrexate, pteropterin, trimetrexate; purine analogs
such as fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as
ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine,
enocitabine, floxuridine; androgens such as calusterone, dromostanolone propionate,
epitiostanol, mepitiostane, testolactone; anti-adrenals such as aminoglutethimide, mitotane,
trilostane; folic acid replenisher such as frolinic acid; aceglatone; aldophosphamide glycoside;
aminolevulinic acid; eniluracil; amsacrine; bestrabucil; bisantrene; edatraxate; defofamine;
demecolcine; diaziquone; elfornithine; elliptintum acetate; an epothilone; etoglucid; gallium
nitrate;, hydroxyurea; lentinan; lonidainine; maytansinoids such as maytansine and
ansamitocins; mitoguazone; mitoxantrone; mopidanmol; nitracrine; pentostatin; phenamet;
pirarubicin; losoxantrone; podophyllinic acid; 2- ethylhydrazide; procarbazine; PSK®
polysaccharide complex (JHS Natural Products, Eugene, OR); ra<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>