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BIOMARKERS AND METHODS FOR DETERMINING SENSITIVITY TO
VASCULAR ENDOTHELIAL GROWTH FACTOR RECEPTOR-2

MODULATORS

SEQUENCE LISTING:

A compact disc labeled "Copy 1" contains the Sequence Listing as 10661

PCT.ST25.txt. The Sequence Listing is 828 KB in size and was recorded August 30,

2006. The compact disk is 1 of 2 compact disks. A duplicate copy of the compact

disc is labeled "Copy 2" and is 2 of 2 compact discs.

The compact disc and duplicate copy are identical and are hereby incorporated

by reference into the present application.

FIELD OF THE INVENTION:

The present invention relates generally to the field of pharmacogenomics, and

more specifically, to methods and procedures used to monitor response or determine

sensitivity in patients to allow the identification of individualized genetic profiles

which will aid in treating diseases and disorders.

BACKGROUND OF THE INVENTION:

Cancer is a disease with extensive histoclinical heterogeneity. Although

conventional histological and clinical features have been correlated to prognosis, the

same apparent prognostic type of tumors varies widely in its responsiveness to therapy

and consequent survival of the patient.

New prognostic and predictive markers, which would facilitate an

individualization of therapy for each patient, are needed to accurately predict patient

response to treatments, such as small molecule or biological molecule drugs, in the

clinic. The problem may be solved by the identification of new parameters that could

better predict the patient's sensitivity to treatment. The classification of patient

samples is a crucial aspect of cancer diagnosis and treatment. The association of a

patient's response to a treatment with molecular and genetic markers can open up new

opportunities for treatment development in non-responding patients, or distinguish a

treatment's indication among other treatment choices because of higher confidence in

the efficacy. Further, the pre-selection of patients who are likely to respond well to a



medicine, drug, or combination therapy may reduce the number of patients needed in a

clinical study or accelerate the time needed to complete a clinical development

program (M. Cockett et al., Current Opinion in Biotechnology, 11:602-609 (2000)).

The ability to determine which patients are responding to anti-angiogenesis

therapies (such as VEGFR-2 modulators) or predict drug sensitivity in patients is

particularly challenging because drug responses reflect not only properties intrinsic to

the target cells, but also a host's metabolic properties. Efforts to use genetic

information to predict or monitor drug response have primarily focused on individual

genes that have broad effects, such as the multidrug resistance genes mdrl and mrpl

(P. Sonneveld, J. Intern. Med., 247:521-534 (2000)).

The development of microarray technologies for large scale characterization of

gene mRNA expression pattern has made it possible to systematically search for

molecular markers and to categorize cancers into distinct subgroups not evident by

traditional histopathological methods (J. Khan et al., Cancer Res., 58:5009-5013

(1998); A.A. Alizadeh et al., Nature, 403:503-51 1 (2000); M. Bittner et al., Nature,

406:536-540 (2000); J . Khan et al., Nature Medicine, 7(6):673-679 (2001); and T.R.

Golub et al., Science, 286:531-537 (1999); U. Alon et al., P. N. A. S. USA, 96:6745-

6750 (1999)). Such technologies and molecular tools have made it possible to

monitor the expression level of a large number of transcripts within a cell population

at any given time (see, e.g., Schena et al., Science, 270:467-470 (1995); Lockhart et

al., Nature Biotechnology, 14:1675-1680 (1996); Blanchard et al., Nature

Biotechnology, 14:1649 (1996); U.S. Patent No. 5,569,588 to Ashby et al.).

Recent studies demonstrate that gene expression information generated by

microarray analysis of human tumors can predict clinical outcome (LJ. van't Veer et

al., Nature, 415:530-536 (2002); M. Shipp et al., Nature Medicine, 8(l):68-74 (2002);

G. Glinsky et al., The Journal of Clin. Invest, 113(6):913-923 (2004)). These

findings bring hope that cancer treatment will be vastly improved by better predicting

and monitoring the response of individual tumors to therapy.

Needed are new and alternative methods and procedures to determine drug

sensitivity or monitor response in patients to allow the development of individualized

diagnostics which are necessary to treat diseases and disorders based on patient

response at a molecular level.



SUMMARY OF THE INVENTION:

The invention provides methods and procedures for deteπnining patient

sensitivity or monitor response at the molecular level to one or more vascular

endothelial growth factor receptor 2 (VEGFR-2) modulators. The invention also

provides methods of determining or predicting whether an individual requiring

therapy for a disease state such as cancer will or will not respond to treatment, prior to

administration of the treatment, wherein the treatment comprises administration of

one or more VEGFR-2 modulators. The one or more VEGFR-2 modulators are

compounds that can be selected from, for example, one or more VEGFR-2 specific

ligands, one or more small molecule VEGFR-2 inhibitors, or one or more VEGFR-2

binding monoclonal antibodies.

hi one aspect, the invention provides a method for identifying a mammal that

will respond therapeutically to a method of treating cancer comprising administering

an VEGFR-2 modulator, wherein the method comprises: (a) measuring in the

mammal the level of at least one biomarker selected from the biomarkers of Table 1;

(b) exposing a biological sample from the mammal to the VEGFR-2 modulator; (c)

following the exposing in step (b), measuring in said biological sample the level of the

at least one biomarker, wherein a difference in the level of the at least one biomarker

measured in step (c) compared to the level of the at least one biomarker measured in

step (a) indicates that the mammal will respond therapeutically to said method of

treating cancer.

A difference in the level of the biomarker that is sufficient to indicate whether

the mammal will or will not respond therapeutically to the method of treating cancer

can be readily determined by one of skill in the art using known techniques. The

increase or decrease in the level of the biomarker can be correlated to determine

whether the difference is sufficient to identify a mammal that will respond

therapeutically. The difference in the level of the biomarker that is sufficient can, in

one aspect, be predetermined prior to determining whether the mammal will respond

therapeutically to the treatment. In one aspect, the difference in the level of the

biomarker is a difference in the mRNA level (measured, for example, by RT-PCR or a

microarray), such as at least a two-fold difference, at least a three-fold difference, or at



least a four-fold difference in the level of expression. In another aspect, the difference

in the level of the biomarker is determined by IHC. In another aspect, the difference

in the level of the biomarker refers to a p-value of <0.05 in Anova analysis. In yet

another aspect, the difference is determined in an ELISA assay.

As used herein, respond therapeutically refers to the alleviation or abrogation

of the cancer. This means that the life expectancy of an individual affected with the

cancer will be increased or that one or more of the symptoms of the cancer will be

reduced or ameliorated. The term encompasses a reduction in cancerous cell growth

or tumor volume. Whether a mammal responds therapeutically can be measured by

many methods well known in the art, such as PET imaging.

The mammal can b e for example, a human, rat, mouse, dog rabbit, pig sheep,

cow, horse, cat, primate, or monkey.

The method of the invention can be, for example, an in vitro method wherein

the step of measuring in the mammal the level of at least one biomarker comprises

taking a biological sample from the mammal and then measuring the level of the

biomarker(s) in the biological sample. The biological sample can comprise, for

example, at least one of serum, whole fresh blood, peripheral blood mononuclear

cells, frozen whole blood, fresh plasma, frozen plasma, urine, saliva, skin, hair

follicle, bone marrow, or tumor tissue.

The level of the at least one biomarker can be, for example, the level of protein

and/or mRNA transcript of the biomarker(s).

hi another aspect, the invention provides a method for identifying a mammal

that will respond therapeutically to a method of treating cancer comprising

administering an VEGFR-2 modulator, wherein the method comprises: (a) exposing a

biological sample from the mammal to the VEGFR-2 modulator; (b) following the

exposing of step (a), measuring in said biological sample the level of at least one

biomarker selected from the biomarkers of Table I5wherein a difference in the level

of the at least one biomarker measured in step (b), compared to the level of the

biomarker in a mammal that has not been exposed to said VEGFR-2 modulator,

indicates that the mammal will respond therapeutically to said method of treating

cancer.



In yet another aspect, the invention provides a method for testing or predicting

whether a mammal will respond therapeutically to a method of treating cancer

comprising administering an VEGFR-2 modulator, wherein the method comprises:

(a) measuring in the mammal the level of at least one biomarker selected from the

biomarkers of Table 1; (b) exposing the mammal to the VEGFR-2 modulator; (c)

following the exposing of step (b), measuring in the mammal the level of the at least

one biomarker, wherein a difference in the level of the at least one biomarker

measured in step (c) compared to the level of the at least one biomarker measured in

step (a) indicates that the mammal will respond therapeutically to said method of

treating cancer.

In another aspect, the invention provides a method for determining whether a

compound inhibits VEGFR-2 activity in a mammal, comprising: (a) exposing the

mammal to the compound; and (b) following the exposing of step (a), measuring in

the mammal the level of at least one biomarker selected from the biomarkers of Table

1, wherein a difference in the level of said biomarker measured in step (b), compared

to the level of the biomarker in a mammal that has not been exposed to said

compound, indicates that the compound inhibits VEGFR-2 activity in the mammal.

In yet another aspect, the invention provides a method for determining whether

a mammal has been exposed to a compound that inhibits VEGFR-2 activity,

comprising (a) exposing the mammal to the compound; and (b) following the

exposing of step (a), measuring in the mammal the level of at least one biomarker

selected from the biomarkers of Table 1, wherein a difference in the level of said

biomarker measured in step (b), compared to the level of the biomarker in a mammal

that has not been exposed to said compound, indicates that the mammal has been

exposed to a compound that inhibits VEGFR-2 activity.

In another aspect, the invention provides a method for determining whether a

mammal is responding to a compound that inhibits VEGFR-2 activity, comprising (a)

exposing the mammal to the compound; and (b) following the exposing of step (a),

measuring in the mammal the level of at least one biomarker selected from the

biomarkers of Table 1, wherein a difference in the level of the at least one biomarker

measured in step (b), compared to the level of the at least one biomarker in a mammal



that has not been exposed to said compound, indicates that the mammal is responding

to the compound that inhibits VEGFR-2 activity.

As used herein, "responding" encompasses responding by way of a biological

and cellular response, as well as a clinical response (such as improved symptoms, a

therapeutic effect, or an adverse event), in a mammal

The invention also provides an isolated biomarker selected from the

biomarkers of Table 1. The biomarkers of the invention comprise sequences selected

from the nucleotide and amino acid sequences provided in Table 1 and the Sequence

Listing, as well as fragments and variants thereof.

The invention also provides a biomarker set comprising two or more

biomarkers selected from the biomarkers of Table 1.

The invention also provides kits for determining or predicting whether a

patient would be susceptible or resistant to a treatment that comprises one or more

VEGFR-2 modulators. The patient may have a cancer or tumor such as, for example,

a colon cancer or tumor.

In one aspect, the kit comprises a suitable container that comprises one or

more specialized microarrays of the invention, one or more VEGFR-2 modulators for

use in testing cells from patient tissue specimens or patient samples, and instructions

for use. The kit may further comprise reagents or materials for monitoring the

expression of a biomarker set at the level of mRNA or protein.

In another aspect, the invention provides a kit comprising two or more

biomarkers selected from the biomarkers of Table 1.

In yet another aspect, the invention provides a kit comprising at least one of an

antibody and a nucleic acid for detecting the presence of at least one of the biomarkers

selected from the biomarkers of Table 1. In one aspect, the kit further comprises

instructions for determining whether or not a mammal will respond therapeutically to

a method of treating cancer comprising administering a compound that inhibits

VEGFR-2 activity. In another aspect, the instructions comprise the steps of (a)

measuring in the mammal the level of at least one biomarker selected from the

biomarkers of Table 1, (b) exposing the mammal to the compound, (c) following the

exposing of step (b), measuring in the mammal the level of the at least one biomarker,

wherein a difference in the level of the at least one biomarker measured in step (c)



compared to the level of the at least one biomarker measured in step (a) indicates that

the mammal will respond therapeutically to said method of treating cancer.

The invention also provides screening assays for determining if a patient will

be susceptible or resistant to treatment with one or more VEGFR-2 modulators.

The invention also provides a method of monitoring the treatment of a patient

having a disease, wherein said disease is treated by a method comprising

administering one or more VEGFR-2 modulators.

The invention also provides individualized genetic profiles which are

necessary to treat diseases and disorders based on patient response at a molecular

level.

The invention also provides specialized microarrays, e.g., oligonucleotide

microarrays or cDNA microarrays, comprising one or more biomarkers having

expression profiles that correlate with either sensitivity or resistance to one or more

VEGFR-2 modulators.

The invention also provides antibodies, including polyclonal or monoclonal,

directed against one or more biomarkers of the invention.

The invention will be better understood upon a reading of the detailed

description of the invention when considered in connection with the accompanying

figures.

BRIEF DESCRIPTION OF THE FIGURES:

FIG. 1 illustrates the method used for the discovery and validation of genes co-

expressed with VEGFR-2 in human tumor gene expression profiles.

FIG. 2 illustrates hierarchal clustering of the 94 co-expressed VEGFR-2 genes

in human colon cancer and the identification of two distinct subgroups of patients.

FIG. 3 illustrates gene expression profiling data (mRNA levels).

FIG. 4 illustrates validation of the gene expression data by IHC.

FIG. 5 illustrates validation of the gene expression data by ELISA.

FIG. 6 illustrates collagen type IV ELISA results (3 patients per cohort

measured the difference between Day 0 & 26).

FIG. 7 illustrates individual patient collagen type IV blood level ELISA

results.



FIG. 8 illustrates disease free survival comparison results based on collagen

type IV (COL4A1) mRNA Expression Levels in primary colorectal tumors.

FIG. 9 illustrates the example VEGFR-2 inhibitor efficacy in a L2987 tumor

xenograft model.

DETAILED DESCRIPTION OF THE INVENTION:

Identification of biomarkers that provide rapid and accessible readouts of

efficacy, drug exposure, or clinical response is increasingly important in the clinical

development of drug candidates. Embodiments of the invention include measuring

changes in the levels of secreted proteins, or plasma biomarkers, which represent one

category of biomarker. In one aspect, plasma samples, which represent a readily

accessible source of material, serve as surrogate tissue for biomarker analysis.

The invention provides biomarkers that respond to the modulation of a specific

signal transduction pathway and also correlate with VEGFR-2 modulator sensitivity or

resistance. These biomarkers can be employed for predicting and monitoring response

to one or more VEGFR-2 modulators. In one aspect, the biomarkers of the invention

are those provided in Tables 1 and 2 and the Sequence Listing, including both

polynucleotide and polypeptide sequences.

TABLE 1-VEGFR-2 Biomarkers







































The biomarkers listed in Table 1 are strongly co-expressed with VEGFR-2 in tumor

gene expression profiles. The biomarkers serve as useful molecular tools for

predicting and monitoring response to VEGFR-2 modulators that affect VEGFR-2

activity or the VEGFR-2 signal transduction pathway.



The biomarkers listed in Table 2 are a subset of the markers listed in Table 1

and were identified as being significantly modulated by treatment with the "example

VEGFR-2 modulator" as defined in the Examples.

TABLE 2 - VEGFR-2 Co-Expressed Biomarkers Identified to be Modulated by

Treatment with the Example VEGFR-2 Inhibitor





VEGFR-2 MODULATORS:

As used herein, the term "VEGFR-2 modulator" is intended to mean a

compound or drug that is a biological molecule or a small molecule that directly or

indirectly modulates VEGFR-2 activity or the VEGFR-2 signal transduction pathway.

Thus, compounds or drugs as used herein is intended to include both small molecules

and biological molecules. Direct or indirect modulation includes activation or



inhibition of VEGFR-2 activity or the VEGFR-2 signal transduction pathway. In one

aspect, inhibition refers to inhibition of the binding of VEGFR-2 to an VEGFR-2

ligand such as, for example, VEGF. In another aspect, inhibition refers to inhibition

of the kinase activity of VEGFR-2.

VEGFR-2 modulators include, for example, VEGFR-2 specific ligands, small

molecule VEGFR-2 inhibitors, and VEGFR-2 monoclonal antibodies h one aspect,

the VEGFR-2 modulator inhibits VEGFR-2 activity and/or inhibits the VEGFR-2

signal transduction pathway. In another aspect, the VEGFR-2 modulator is an

VEGFR-2 monoclonal antibody that inhibits VEGFR-2 activity and/or inhibits the

VEGFR-2 signal transduction pathway.

VEGFR-2 modulators include biological molecules or small molecules.

Biological molecules include all lipids and polymers of monosaccharides,

amino acids, and nucleotides having a molecular weight greater than 450. Thus,

biological molecules include, for example, oligosaccharides and polysaccharides;

oligopeptides, polypeptides, peptides, and proteins; and oligonucleotides and

polynucleotides. Oligonucleotides and polynucleotides include, for example, DNA

and RNA.

Biological molecules further include derivatives of any of the molecules

described above. For example, derivatives of biological molecules include lipid and

glycosylation derivatives of oligopeptides, polypeptides, peptides, and proteins.

Derivatives of biological molecules further include lipid derivatives of

oligosaccharides and polysaccharides, e.g., lipopolysaccharides. Most typically,

biological molecules are antibodies, or functional equivalents of antibodies.

Functional equivalents of antibodies have binding characteristics comparable to those

of antibodies, and inhibit the growth of cells that express VEGFR-2. Such functional

equivalents include, for example, chimerized, humanized, and single chain antibodies

as well as fragments thereof.

Functional equivalents of antibodies also include polypeptides with ammo acid

sequences substantially the same as the amino acid sequence of the variable or

hypervariable regions of the antibodies. An amino acid sequence that is substantially

the same as another sequence, but that differs from the other sequence by means of

one or more substitutions, additions, and/or deletions, is considered to be an



equivalent sequence. Preferably, less than 50%, more preferably less than 25%, and

still more preferably less than 10%, of the number of amino acid residues in a

sequence are substituted for, added to, or deleted from the protein.

The functional equivalent of an antibody is preferably a chimerized or

humanized antibody. A chimerized antibody comprises the variable region of a non-

human antibody and the constant region of a human antibody. A humanized antibody

comprises the hypervariable region (CDRs) of a non-human antibody. The variable

region other than the hypervariable region, e.g., the framework variable region, and

the constant region of a humanized antibody are those of a human antibody.

Suitable variable and hypervariable regions of non-human antibodies may be

derived from antibodies produced by any non-human mammal in which monoclonal

antibodies are made. Suitable examples of mammals other than humans include, for

example, rabbits, rats, mice, horses, goats, or primates.

Functional equivalents further include fragments of antibodies that have

binding characteristics that are the same as, or are comparable to, those of the whole

antibody. Suitable fragments of the antibody include any fragment that comprises a

sufficient portion of the hypervariable (i.e., complementarity determining) region to

bind specifically, and with sufficient affinity, to VEGFR-2 tyrosine kinase to inhibit

growth of cells that express such receptors.

Such fragments may, for example, contain one or both Fab fragments or the

F(ab')2 fragment Preferably, the antibody fragments contain all six complementarity

determining regions of the whole antibody, although functional fragments containing

fewer than all of such regions, such as three, four, or five CDRs, are also included

m one aspect, the fragments are single chain antibodies, or Fv fragments.

Single chain antibodies are polypeptides that comprise at least the variable region of

the heavy chain of the antibody linked to the variable region of the light chain, with or

without an interconnecting linker. Thus, Fv fragment comprises the entire antibody

combining site. These chains may be produced in bacteria or in eukaryotic cells.

The antibodies and functional equivalents may be members of any class of

immunoglobulins, such as IgG, IgM, IgA, IgD, or IgE, and the subclasses thereof.



In one aspect, the antibodies are members of the IgGl subclass. The

functional equivalents may also be equivalents of combinations of any of the above

classes and subclasses.

In one aspect, the VEGFR-2 antibody is CDP-791 (UCB). In another aspect,

the VEGFR-2 antibody is IMC-1121b (ImClone Systems) . In yet another aspect, the

VEGFR-2 modulator is AVE-005 (VEGF trap, Regeneron Pharmaceuticals).

In addition to the biological molecules discussed above, the VEGFR-2

modulators useful in the invention may also be small molecules. Any molecule that is

not a biological molecule is considered herein to be a small molecule. Some

examples of small molecules include organic compounds, organometallic compounds,

salts of organic and organometallic compounds, saccharides, amino acids, and

nucleotides. Small molecules further include molecules that would otherwise be

considered biological molecules, except their molecular weight is not greater than

450. Thus, small molecules may be lipids, oligosaccharides, oligopeptides, and

oligonucleotides and their derivatives, having a molecular weight of 450 or less.

It is emphasized that small molecules can have any molecular weight. They

are merely called small molecules because they typically have molecular weights less

than 450. Small molecules include compounds that are found in nature as well as

synthetic compounds. In one embodiment, the VEGFR-2 modulator is a small

molecule that inhibits the growth of tumor cells that express VEGFR-2. In another

embodiment, the VEGFR-2 modulator is a small molecule that inhibits the growth of

refractory tumor cells that express VEGFR-2.

Numerous small molecules have been described as being useful to inhibit

VEGFR-2.

In one aspect, the VEGFR-2 modulator is [(Ii?), 2S]-2-Aminopropionic acid 2-

[4-(4-fluoro-2-methyl-lH-indol-5-yloxy)-5-methylpyrrolo[2,l-fJ[l,2,4]triazin-6-

yloxy]-l-methylethyl ester having the structure:



In another aspect, the VEGFR-2 modulator is selected from the compounds described

in U.S. Patent No. 6,869,952, hereby incorporated by reference. In yet another aspect,

the VEGFR-2 modulator is selected from the compounds described in PCT

Publication No. WO00/71 129 or WO2004/009601, hereby incorporated by reference.

In another aspect, the VEGFR-2 modulator is selected from CHIR-258

(Chiron), AZD-2171 (AstraZeneca), GW786034 (GlaxoSmithKline), AMG 706

(Amgen), BIBF 1120 (Boehringer Ingelheim), AE788 (Novartis), ZD6474

(AstraZeneca), BAY 43-9006 (Sorafenib, Bayer), and SUl 1248 (Sutent, Pfizer).

BIOMARKERS AND BIOMARKER SETS:

The invention includes individual biomarkers and biomarker sets having both

diagnostic and prognostic value in disease areas in which signaling through VEGFR-2

or the VEGFR-2 pathway is of importance, e.g., in cancers or tumors, in

immunological disorders, conditions or dysfunctions, or in disease states in which cell

signaling and/or cellular proliferation controls are abnormal or aberrant. The

biomarker sets comprise a plurality of biomarkers such as, for example, a plurality of

the biomarkers provided in Table 1 that highly correlate with resistance or sensitivity

to one or more VEGFR-2 modulators.

The biomarkers and biomarker sets of the invention enable one to predict or

reasonably foretell the likely effect of one or more VEGFR-2 modulators in different

biological systems or for cellular responses. The biomarkers and biomarker sets can

be used in in vitro assays of VEGFR-2 modulator response by test cells to predict in

vivo outcome. In accordance with the invention, the various biomarkers and

biomarker sets described herein, or the combination of these biomarker sets with other

biomarkers or markers, can be used, for example, to predict and monitor how patients



with cancer might respond to therapeutic intervention with one or more VEGFR-2

modulators.

A biomarker and biomarker set of cellular gene expression patterns correlating

with sensitivity or resistance of cells following exposure of the cells to one or more

VEGFR-2 modulators provides a useful tool for screening one or more tumor samples

before treatment with the VEGFR-2 modulator. The screening allows a prediction of

cells of a tumor sample exposed to one or more VEGFR-2 modulators, based on the

expression results of the biomarker and biomarker set, as to whether or not the tumor,

and hence a patient harboring the tumor, will or will not respond to treatment with the

VEGFR-2 modulator.

The biomarker or biomarker set can also be used as described herein for

monitoring the progress of disease treatment or therapy in those patients undergoing

treatment for a disease involving an VEGFR-2 modulator.

The biomarkers also serve as targets for the development of therapies for

disease treatment. Such targets may be particularly applicable to treatment of cancer,

such as, for example, hepatocellular carcinoma, colorectal cancer (CRC), NSCLC, and

metastatic breast cancer.

Indeed, because these biomarkers are differentially expressed in sensitive and

resistant cells, their expression patterns are correlated with relative intrinsic sensitivity

of cells to treatment with VEGFR-2 modulators. Accordingly, the biomarkers highly

expressed in resistant cells may serve as targets for the development of new therapies

for the tumors which are resistant to VEGFR-2 modulators, particularly VEGFR-2

inhibitors. The level of biomarker protein and/or mRNA can be determined using

methods well known to those skilled in the art. For example, quantification of protein

can be carried out using methods such as ELISA, 2-dimensional SDS PAGE, Western

blot, immunopreciptation, immunohistochemistry, fluorescence activated cell sorting

(FACS), or flow cytometry. Quantification of mRNA can be carried out using

methods such as PCR, array hybridization, Northern blot, in-situ hybridization, dot-

blot, Taqman, or RNAse protection assay.



MICROARRAYS:

The invention also includes specialized microarrays, e.g., oligonucleotide

microarrays or cDNA microarrays, comprising one or more biomarkers, showing

expression profiles that correlate with either sensitivity or resistance to one or more

VEGFR-2 modulators. Such microarrays can be employed in in vitro assays for

assessing the expression level of the biomarkers in the test cells from tumor biopsies,

and determining whether these test cells are likely to be resistant or sensitive to

VEGFR-2 modulators. For example, a specialized microarray can be prepared using

all the biomarkers, or subsets thereof, as described herein and shown in Table 1. Cells

from a tissue or organ biopsy can be isolated and exposed to one or more of the

VEGFR-2 modulators, h one aspect, following application of nucleic acids isolated

from both untreated and treated cells to one or more of the specialized microarrays,

the pattern of gene expression of the tested cells can be determined and compared

with that of the biomarker pattern from the control panel of cells used to create the

biomarker set on the microarray. Based upon the gene expression pattern results from

the cells that underwent testing, it can be determined if the cells show a resistant or a

sensitive profile of gene expression. Whether or not the tested cells from a tissue or

organ biopsy will respond to one or more of the VEGFR-2 modulators and the course

of treatment or therapy can then be determined or evaluated based on the information

gleaned from the results of the specialized microarray analysis.

ANTBODIES:

The invention also includes antibodies, including polyclonal or monoclonal,

directed against one or more of the polypeptide biomarkers. Such antibodies can be

used in a variety of ways, for example, to purify, detect, and target the biomarkers of

the invention, including both in vitro and in vivo diagnostic, detection, screening,

and/or therapeutic methods.

KITS:

The invention also includes kits for determining or predicting whether a

patient would be susceptible or resistant to a treatment that comprises one or more

VEGFR-2 modulators. The patient may have a cancer or tumor such as, for example,



a breast cancer or tumor. Such kits would be useful in a clinical setting for use in

testing a patient' s biopsied tumor or cancer samples, for example, to determine or

predict if the patient's tumor or cancer will be resistant or sensitive to a given

treatment or therapy with an VEGFR-2 modulator. The kit comprises a suitable

container that comprises: one or more microarrays, e.g., oligonucleotide microarrays

or cDNA microarrays, that comprise those biomarkers that correlate with resistance

and sensitivity to VEGFR-2 modulators, particularly VEGFR-2 inhibitors; one or

more VEGFR-2 modulators for use in testing cells from patient tissue specimens or

patient samples; and instructions for use. In addition, kits contemplated by the

invention can further include, for example, reagents or materials for monitoring the

expression of biomarkers of the invention at the level of mRNA or protein, using

other techniques and systems practiced in the art such as, for example, RT-PCR

assays, which employ primers designed on the basis of one or more of the biomarkers

described herein, immunoassays, such as enzyme linked immunosorbent assays

(ELISAs), immunoblotting, e.g., Western blots, or in situ hybridization, and the like,

as further described herein.

APPLICATION OF BIOMARKERS AND BIOMARKER SETS:

The biomarkers and biomarker sets may be used in different applications.

Biomarker sets can be built from any combination of biomarkers listed in Tables 1

and 2 to make predictions about the likely effect of any VEGFR-2 modulator in

different biological systems. The various biomarkers and biomarkers sets described

herein can be used, for example, as diagnostic or prognostic indicators in disease

management, to predict how patients with cancer might respond to therapeutic

intervention with compounds that modulate the VEGFR-2, and to predict how patients

might respond to therapeutic intervention that modulates signaling through the entire

VEGFR-2 regulatory pathway.

While the data described herein were generated in cell lines that are routinely

used to screen and identify compounds that have potential utility for cancer therapy,

the biomarkers have both diagnostic and prognostic value in other diseases areas in

which signaling through VEGFR-2 or the VEGFR-2 pathway is of importance, e.g., in



immunology, or in cancers or tumors in which cell signaling and/or proliferation

controls have gone awry.

In accordance with the invention, cells from a patient tissue sample, e.g., a

tumor or cancer biopsy, can be assayed to determine the expression pattern of one or

more biomarkers prior to treatment with one or more VEGFR-2 modulators. Success

or failure of a treatment can be determined based on the biomarker expression pattern

of the cells from the test tissue (test cells), e.g., tumor or cancer biopsy, as being

relatively similar or different from the expression pattern of a control set of the one or

more biomarkers. Thus, if the test cells show a biomarker expression profile which

corresponds to that of the biomarkers in the control panel of cells which are sensitive

to the VEGFR-2 modulator, it is highly likely or predicted that the individual's cancer

or tumor will respond favorably to treatment with the VEGFR-2 modulator. By

contrast, if the test cells show a biomarker expression pattern corresponding to that of

the biomarkers of the control panel of cells which are resistant to the VEGFR-2

modulator, it is highly likely or predicted that the individual's cancer or tumor will not

respond to treatment with the VEGFR-2 modulator.

The invention also provides a method of monitoring the treatment of a patient

having a disease treatable by one or more VEGFR-2 modulators. The isolated test

cells from the patient's tissue sample, e.g., a tumor biopsy or blood sample, can be

assayed to determine the expression pattern of one or more biomarkers before and

after exposure to an VEGFR-2 modulator wherein, preferably, the VEGFR-2

modulator is an VEGFR-2 inhibitor. The resulting biomarker expression profile of

the test cells before and after treatment is compared with that of one or more

biomarkers as described and shown herein to be highly expressed in the control panel

of cells that are either resistant or sensitive to an VEGFR-2 modulator. Thus, if a

patient's response is sensitive to treatment by an VEGFR-2 modulator, based on

correlation of the expression profile of the one or biomarkers, the patient's treatment

prognosis can be qualified as favorable and treatment can continue. Also, if, after

treatment with an VEGFR-2 modulator, the test cells don't show a change in the

biomarker expression profile corresponding to the control panel of cells that are

sensitive to the VEGFR-2 modulator, it can serve as an indicator that the current

treatment should be modified, changed, or even discontinued. This monitoring



process can indicate success or failure of a patient's treatment with an VEGFR-2

modulator and such monitoring processes can be repeated as necessary or desired.

The biomarkers of the invention can be used to predict an outcome prior to

having any knowledge about a biological system. Essentially, a biomarker can be

considered to be a statistical tool. Biomarkers are useful primarily in predicting the

phenotype that is used to classify the biological system. In an embodiment of the

invention, the goal of the prediction is to classify cancer cells as having an active or

inactive VEGFR-2 pathway. Cancer cells with an inactive VEGFR-2 pathway can be

considered resistant to treatment with an VEGFR-2 modulator.

EXAMPLES:

Methods and Samples:

In the following examples, the compound [(Ii?), 25]-2-Aminopropionic acid 2-

[4-(4-fluoro-2-methyl- 1H-indol-5-yloxy)-5-methylρyrrolo[2, 1-fj [1,2,4]triazin-6-

yloxy] -1-methylethyl ester was used:

This compound is referred to herein as the "example VEGFR-2 inhibitor."

Human Cancer Tumor Samples:

The use of these samples was approved by the Local Ethics Committee and

informed consent was given by all patients prior to surgery. The study population

consisted of 26 patients with 30 colorectal liver metastases and 118 patients (age

range, 27-91 years; mean 69 ± 13.67 years) with primary colorectal tumors operated

at the Royal London Hospital between December 1997 and March 2003 . 92 patients

underwent a potentially curative surgery, and 24 patients underwent non-curative or

palliative surgery. The following parameters were recorded for all patients with

primary CRC: age; cancer site (right-sided or left-sided); type of surgical resection



(curative or non-curative); tumor-node-metastasis (TNM) classification and Dukes'

stage, degree of histological differentiation (well, moderate, or poor); DNA

microsatellite stability status (stable or unstable, as assessed by analysis of BAT26

mononucleotide repeat as previously reported; Ref. 15); therapies received pre- and

post surgery; recurrences; and survival time after resections.

Human Cancer Blood Samples:

Blood samples (plasma) for ELISA analysis were obtained from Bristol-Myers

Squibb Co. sponsored clinical study CAl 82-002, which is a phase I dose escalation

study to determine the safety, pharmacokinetic, and pharmacodynamics of the

example VEGFR-2 inhibitor in patients with advanced or metastatic solid tumors.

Blood samples were drawn from patients at screening, pre-dose, and post-dose at 4

hours, Day 1, Day 8, Day 26, and end of treatment. Approximately 60 ml of blood

was collected for the protocol specific sampling. Detailed instructions regarding the

collection, processing, labeling, handling, storage, and shipment of the specimens

were provided in the CAl 82-002 Laboratory Manual.

Mouse Xenograft Tumor Models:

Tumors were propagated in nude mice as subcutaneous (sc) transplants using

L2987 and HCT-1 16 cancer cell lines. Tumor passage occurred approximately every

two to four weeks. Tumors were then allowed to grow to the pre-determined size

window (100-200 mm3, tumors outside the range were excluded) and animals were

evenly distributed to various treatment and control groups. Animals were treated with

the example VEGFR-2 inhibitor (100 mg/kg lqd X 14 days). Treated animals were

checked daily for treatment related toxicity/mortality. Each group of animals was

weighed before the initiation of treatment (WtI) and then again following the last

treatment dose (Wt2). The difference in body weight (Wt2-Wtl) provided a measure

of treatment-related toxicity. Tumor response was determined by measurement of

tumors with a caliper twice a week, until the tumors reached a predetermined target

size. Animals that were distributed to various treatment and control groups during the

study were eventually sacrificed to obtain tumor and blood samples for genomic and

protein analysis.



Mouse Xenograft Blood Samples:

Approximately 100-200 micro liters of whole blood were obtained from the

un-treated and the example VEGFR-2 inhibitor treated xenograft tumor models. The

whole blood collected was transferred to 2 ml vials containing 5 µl of a protease

inhibitor cocktail and mixed several times by inverting. The vials were spun down at

10,000 rpm for 10 minutes in a tabletop micro centrifuge. After centrifugation, two

distinct phases of blood were formed, an upper phase and a lower phase. The upper

phase was carefully removed from the vial and placed into a new 2 ml vial, thereafter

stored at -80 0C to be used for ELISA analysis. The bottom phase was discarded.

RNA isolation:

The colon tumor samples obtained from cancer patients were snap frozen in

liquid nitrogen within 20 minutes of resection and stored thereafter at -80 °C. The

mouse xenograft tumor samples were split into two halves. One half was mixed in a

vial of 10% formalin to be used for IHC and the other half was mixed in 1.0 ml of

RNA/ r™ RNA Stabilization Reagent (Ambion, Inc., Austin, Texas) held at room

temperature for 30 minutes then stored at -80 0C. Total RNA was extracted from the

tumor samples using the RNeasy Kit™ (Qiagen, Valencia CA). At least 1 µg total

RNA with a 260/280 ratio > 1.8 by spectrophotometry (DU640 UV, Beckman

Coulter, Fullerton, California) was required for transcriptional profiling. Briefly, the

tumor samples were homogenized in a lysis-binding solution supplied by Qiagen. An

equal volume of ethanol was mixed into each sample, the mixture was passed through

the filter cartridges provided, and the rest of the extraction protocol was followed

(Ambion). RNA yield and quality were assessed on a standard 1% agarose gel. A

ratio 28s/18s RNA in the range of 1.5 to 2.5 indicated high quality RNA that is free of

degradation. RNA samples were stored at -80 0C.

Gene Expression Profiling:

Transcriptional profiling was performed on the RNA obtained from the tumor

samples. The Affymetrix GeneChip system (Affymtrix, Santa Clara, California) was

used for hybridization and scanning of the human U l 33A and mouse 430A arrays.



Data were preprocessed using the MAS 5.0 software. Generation of cRNA followed a

standard T7 amplification protocol. Total RNA was reverse-transcribed with

Superscript II (Gibco, Carlsbad, California) in the presence of T7-(dT)24 primer to

generate first strand cDNA. A second-strand cDNA synthesis was performed in the

presence of DNA Polymerase I, DNA ligase, and RNase H (Gibco). The resulting

double-stranded cDNA was blunt-ended using T4 DNA polymerase. This double-

stranded cDNA was then transcribed into cRNA in the presence of biotin-

ribonucleotides using the BioArray High Yield RNA transcript labeling kit (Enzo Life

Sciences, Farmingdale, New York). The amplified, biotin-labeled cRNA was purified

using Qiagen RNeasy columns (Qiagen Sciences), quantified and fragmented at 94 0C

for 35 minutes in the presence of fragmentation buffer (IX). Fragmented cRNA was

hybridized to the Affymetrix U l 13A and 430A arrays overnight at 42 °C. The arrays

were then placed in the fluidics stations for staining and washing as recommended by

Affymetrix protocols. The chips were scanned and raw intensity values were

generated for each probe on the arrays. The trimmed mean intensity for each array

was scaled to 1,500 to account for minor differences in global chip intensity so that

the overall expression level for each sample was comparable.

Transcriptional Profiling Data Analysis:

For the identification of genes co-expressed with VEGFR-2 in human cancer,

a Pearson correlation metric was used to compare the gene expression values for each

probe set on the human U133A gene chip with the selected VEGFR-2 probe set

(probe ID = 203934_at). All probe sets included in the H-Ul 33A gene chip data were

ranked in descending order of their Pearson values for correlation with VEGFR-2

(203934_at). Probe sets having correlation with VEGFR-2 > 0.55 (Pearson

correlation results) were considered to be strongly co-expressed with VEGFR-2. The

markers of Table 1 were identified as being strongly co-expressed with VEGFR-2

(probe ID = 203934_at) from 59 colon tumor gene expression profiles.

The 94 co-expressed VEGFR-2 genes identified from human cancers profiled

on U l 33A arrays were used to identify their corresponding mouse homolog from

mouse xenografts tumors profiled on mouse 430A arrays. A T-test analysis was

performed on the gene expression profile data generated from un-treated and the



example VEGFR-2 inhibitor treated xenograft tumors that were profiled on 430A

arrays. A total of 18 markers (probes) were identified, from the list of 94 co-

expressed VEGFR-2 genes studied, that significantly changed in mRNA abundance

following treatment with a VEGFR-2 modulator (p-value <0.05; T-test results; Table

2). Seven candidate markers from the list of 18 were chosen based on fold-change

and T-test scores (ClQRl, COL4A1, CAVl 5AGTRLl, TE, CDH5, NID2) for further

analysis at the protein level by IHC and ELISA based assays.

Immunohistochemistry:

Tissue specimens collected for IHC were fixed by using 10% formalin. After

fixation, the chemical fixative was discarded and the specimens were submerged in

70% ethanol before being embedded in paraffin blocks. Five micron tissue sections

were cut from each block and placed on positively charged microscope slides. The

tissue slides were de-paraffined by immersing in xylene. The slides were re-hydrated

in 100% ethanol, 95% ethanol, and 70% ethanol. After re-hydration, the slides were

washed several times with deionized water at room temperature. Multiple antigen

retrieval conditions (Citra, Citra Plus, and ARlO) were tested by use of the BioGenex

EZ-retriever microwave to determine the best conditions. Staining optimization was

performed in an automated BioGenex i6000 IHC system for each of the candidate

marker antibodies independently. Both treated and un-treated xenografts were stained

in the same run to minimize slide to slide variations. As a control, a rabbit or mouse

IgG was used instead of the primary antibody for the candidate marker being studied.

All the negative controls gave no staining in the Xenografts.

Enzyme-linked immunosorbent assay (ELISA):

An ELISA method for the detection and measurement of Collagen Type IV

and VE-Cadherin on human plasma or any biological sample where the proteins must

be detected and measured is described. For collagen type IV ELISA, the ldt was

provided by Kamiya biomedical company (cat no. KT-035) and the principle method

of the assay, a solid phase one-step sandwich ELISA, was as follows. Collagen Type

rV in the sample was bound simultaneously by a solid phase monoclonal antibody and

a monoclonal antibody-enzyme conjugate, each directed at a different antigenic site.



This resulted in the collagen type IV molecule being sandwiched between the solid

phase and enzyme-labeled antibodies. After removing unbound enzyme-labeled

antibody and samples, the plate was incubated with the enzyme substrate 3, 3', 5, 5'-

tetramethylhylbenzidine (TMB). The resultant color development was directly

proportional to the amount of collagen IV in the sample. The reaction was terminated

by addition of acid and absorbance was measured at 450 nm. A standard curve was

prepared from collagen type IV standard dilutions and collagen type IV samples

concentration determined. For VE-Cadherin ELISA the kit provided by Bender

Medsystems (cat no. BMS253) was used and the principle method of the assay was as

follows. An anti-VE-cadherin coating antibody was adsorbed onto the microwells.

VE-cadherin present in the sample bound to antibodies adsorbed to the microwells; a

biotin conjugated anti-VE-cadherin antibody was added and bound to VE-cadherin

captured by the first antibody. Following incubation, unbound biotin conjugated anti-

VE-cadherin was removed during a wash step. Streptavidin-HRP was added and

bound to the biotin conjugated anti-VE-cadherin. Following incubation, unbound

streptavidin-HRP was removed during a wash step and substrate solution reactive

with HRP was added to the wells. A colored product was formed in proportion to the

amount of VE-cadherin present in the sample. The reaction was terminated by

addition of acid and absorbance was measured at 450 nm. A standard curve was

prepared from VE-cadherin standard dilutions and VE-cadherin samples concentration

determined.

EXAMPLE 1 - Identification and Use of Biomarkers

These experiments were performed on human cancers and mouse xenograft

tumor specimens obtained through routine experimental procedures. The expression

of known human and mouse genes was examined with Affymetrix U133A and 430A

gene chips (Affymetrix, Santa Clara, California) following standard RNA extraction

and hybridization procedures. A total of 118 human colon cancer gene expression

profiles were used to discover and validate the expression of genes co-expressed with

vascular endothelial growth factor receptor 2 (VEGFR-2). The samples were

randomized and then split into two separate groups each consisting of 59 samples.

Ninety-four genes were identified by a Pearson correlation metric to be co-expressed



with VEGFR-2 in 59 human colon cancer gene expression profiles (Table 1) and the

next 59 human colon cancer gene expression profiles were used as an independent

validation set to see if the initial expression pattern was reproducible (FIG. 1). The

results demonstrate that transcriptional profiling has the potential to identify a

VEGFR-2 gene expression signature in colon cancer that defines two subgroups of

patients (FIG. 2). One subgroup of patients over expressed the 94 VEGFR-2 co-

expressed genes (i.e., showed higher expression mRNA levels as indicated with the

"+" sign) and the other subgroup showed lower mRNA expression levels (as indicated

by a "-" sign). Most of the 94 genes identified to be co-expressed with VEGFR-2

have been previously reported to be expressed by endothelial cells, blood vessels, and

stroma.

The 94 genes identified to be co-expressed with VEGFR-2 in human cancer

were further studied by use of pre-clinical models to determine if any of the genes

were modulated by treatment with the example VEGFR-2 inhibitor.

Eighteen candidate markers from the list of 94 co-expressed VEGFR-2 genes

studied were identified by unequal variance two-sample t-statistics on the ranks of the

gene expression data to have significant differences in mRNA expression levels

between un-treated and the example VEGFR-2 inhibitor treated tumors (Table 2).

Box plots were generated from the gene expression profiling data for five of the top

biomarkers listed in Table 2. The box plot data graphically shows the difference in

mRNA expression levels before and after treatment with the example VEGFR-2

inhibitor (FIG. 3). Greater than 50% of the markers identified to be modulated by the

example VEGFR-2 inhibitor had mRNA expression levels reduced or lowered. This

information indicates that patients who over express the VEGFR-2 co-expressed

markers are more likely to have levels reduced by treatment with the example

VEGFR-2 inhibitor. This information is useful in selecting the patient population that

will be most likely benefit from the example VEGFR-2 inhibitor therapy.

Seven candidate markers from the list of 18 were selected based on fold-

change and T-test scores to be further validated at the protein level in the pre-clinical

and clinical samples that were treated with the example VEGFR-2 inhibitor.

Pre-clinical IHC results for candidate genes Collagen type IV (COL4A1),

complement component 1, q subcomponent, receptor 1 (CIqRl), and angiotensin



receptor-like 1 (AGTRLl) showed positive staining around blood vessels located with

in the tumor burden prior to any treatment with the example VEGFR-2 inhibitor.

Following treatment with the example VEGFR-2 inhibitor, the tumor samples showed

negative or lesser degree of staining relative to the un-treated tumors that had more

tumor blood vessels (FIG. 4). These results indicate that Collagen type IV, CIqRl,

and angiotensin receptor-like 1 are expressed predominately around tumor blood

vessels and the markers are modulated at the protein level by treatment with the

example VEGFR-2 inhibitor. The extent to which these markers are affected by

treatment with the example VEGFR-2 inhibitor could be reflective of the amount of

tumor blood vessel loss or disruption.

Two commercially available ELISA kits were obtained for two (Collagen type

IV and VE-Cadherin) of the eighteen markers identified by gene expression profiling

to be modulated by the example VEGFR-2 inhibitor. The ELISA assays were

performed with blood samples collected from un-treated and the example VEGFR-2

inhibitor treated tumor bearing mice. Blood samples from healthy mice bearing no

tumors were also collected as a control. The results showed that Collagen type IV and

VE-Cadherin levels were elevated in the blood samples obtained from the tumor-

bearing mice relative to the healthy mice bearing no tumors. This data suggest that

the increase levels of Collagen type FV and VE-Cadherin detected in the blood

obtained from tumor bearing mice are likely due to the increased number of tumor

blood vessels in the organism with tumors since both healthy and tumor bearing mice

are otherwise genetically similar. The tumor bearing mice with elevated Collagen

type IV and VE-Cadherin blood levels were treated with the example VEGFR-2

inhibitor (100 mg/kg lqd X 14 days). Following treatment with the example

VEGFR-2 inhibitor, the amount of Collagen type IV and VE-Cadherin proteins

detected in the blood decreased to levels observed in the healthy mice bearing no

tumors (FIG. 5).

Thus, the ELISA results show that blood levels for Collagen type IV and VE-

Cadherin are elevated in tumor bearing mice relative to normal mice with no tumors

and, following treatment with the example VEGFR-2 inhibitor, the blood levels

detected in the tumor bearing mice are reduced or lowered to levels seen in normal



mice. This reduction in Collagen Type IV and VE-Cadherin blood levels may be

reflective of the extent to which tumor blood vessels growth is inhibited or disrupted.

Based on the pre-clinical studies, the Collagen type IV ELISA kit was

examined as a potential molecular assay to monitor response and validate its

expression on specimens obtained from cancer patients who received the example

VEGFR-2 inhibitor. Biological samples from twelve cancer patients treated with the

example VEGFR-2 inhibitor in protocol CAl 82002, which is a single agent dose

escalation study, three patients each at 180 mg/day, 320 mg/day, 600 mg/day and

800mg/day, were examined. Collagen Type IV blood levels were determined by an

ELISA based assay for each patient at Day 0 (before therapy) and at Day 26 (after

treatment). Collagen type IV levels increased on average by 24% at Day 26 in the 180

mg/day cohort; it increased on average only by 7% at Day 26 in the 320 mg/day

cohort. In the 600mg/day cohort, it was reduced on average by 26% at Day 26. In the

800 mg/day cohort, it was reduced only marginally, when compared to the 600 mg/day

cohort, by 29% at Day 26. These data showed that increasing the amount of the

example VEGFR-2 inhibitor reduced the levels of collagen type IV detected in the

blood in a dose-dependent manner (FIG. 6). This information supports the pre¬

clinical data and provides the necessary information to show that the example

VEGFR-2 inhibitor is able to reduce the amount of collagen type IV detected in the

blood obtained from actual clinical subjects who were treated with a VEGFR-2

modulator. This result indicates that collagen type IV blood levels serves as a useful

pharmacodynamic (PD) biomarker for the example VEGFR-2 inhibitor, as well as

other VEGFR-2 modulators.

Collagen type FV ELISA assays were also examined to see if collagen type IV

was useful as a biomarker for clinical response to the example VEGFR-2 inhibitor.

The results for one patient who was diagnosed with ampulla of vater carcinoma and

treated at 600 mg/day (this patient also had the highest levels of collagen type FV

detected amongst the twelve patients tested) showed that pre-treatment collagen type

IV blood levels were significantly reduced (P=O.006; >50%) between Day 0 and Day

26 (FIG. 7). The reduction in collagen type FV blood levels correlated with clinical

evidence of anti-tumor activity. This patient had a partial response to the example

VEGFR-2 inhibitor which was defined as a 50% or more decrease in the sum of all



target lesion areas compared to the baseline sum, no unequivocal progression of

existing non-target lesions and no appearance of new lesions. Additional follow up

data showed that this patient remained on the example VEGFR-2 inhibitor therapy for

an extended period of time (a total of 126 days). The results for another patient who

was treated at the same dose level (600 mg/day) had no significant reduction in

collagen type IV levels (P=O.632) between Day 0 and Day 26. This patient did not

achieve a clinical response to the example VEGFR-2 inhibitor. Additional follow up

data showed that the patient was on the example VEGFR-2 inhibitor for a shorter

period of time (a total of 32 days) which further indicated that this patient most likely

did not benefit from the example VEGFR-2 inhibitor therapy. Overall, the clinical

results from these two evaluable patients confirm the pre-clinical data and indicate

that collagen type IV ELISA assay is a clinically useful method to monitor response to

a VEGFR-2 modulator(s) such as the example VEGFR-2 inhibitor.

Collagen type IV blood levels as determined by an ELISA based assay or by

gene expression profiling and IHC in the tumor serve as a surrogate biomarker that is

reflective of the extent to which tumor blood vessel or cancer growth has been

inhibited by use of a VEGFR-2 modulator. The degree to which Collagen type FV is

reduced by a VEGFR-2 modulator (e.g., the example VEGFR-2 inhibitor) may lead to

a meaningful clinical benefit and improved outcome for patients diagnosed with

cancer or other VEGFR-2 related diseases.

Also provided are additional data on collagen type FV (COL4A1) as a potential

prognostic marker in cancer. The results show that colon cancer patients who have

higher expression levels of COL4A1 also have a poorer disease-free survival as

compared to patients with lower expression levels of COL4A1 (FIG. 8).

Thus, these data coupled with the pre-clinical and clinical studies suggest that

patients who express collagen type IV at higher levels may be able to improve their

outcome by being treated with the example VEGFR-2 inhibitor which can reduce the

collagen type FV levels an inhibit tumor growth. Collagen type FV can be used as a

prognostic marker and as a predictive marker to select patients who are more likely to

benefit from VEGFR-2 modulator therapy.

Collagen type FV is the major component that makes up the basement

membrane of cells. The basement membrane is composed of two subunits of



Collagen type IV. One subunit is collagen type IV alphal (COL4A1) and the other

subunit is collagen type IV alpha 2 (COL4A2). When referencing the effects that the

example VEGFR-2 modulator has on collagen type IV5 it most likely is affecting both

subunits since the two proteins work together to make up the basement membrane

EXAMPLE 2 - Xenografts and the Example VEGFR-2 Inhibitor Efficacy

In this example, the Table 2 biomarkers were identified using mouse xenograft

tumor models that were treated with the example VEGFR-2 inhibitor. This provided

efficacy data for the example VEGFR-2 inhibitor in the mouse xenograft tumor model

used (L2987) which is highly responsive to the example VEGFR-2 inhibitor (FIG. 9).

In Vivo Antitumor Testing:

Tumors were propagated in nude mice as subcutaneous (sc) transplants using

tumor fragments obtained from donor mice. Tumor passage occurred approximately

every two to four weeks. Tumors were then allowed to grow to the pre-determined

size window (usually between 100-200 mg, tumors outside the range were excluded)

and animals were evenly distributed to various treatment and control groups. Animals

were treated with the example VEGFR-2 inhibitor (100 mg/kg lqd X 26). Treated

animals were checked daily for treatment related toxicity/mortality. Each group of

animals was weighed before the initiation of treatment (WtI) and then again following

the last treatment dose (Wt2). The difference in body weight (Wt2-Wtl) provided a

measure of treatment-related toxicity. Tumor response was determined by

measurement of tumors with a caliper twice a week, until the tumors reached a

predetermined target size of 1 gm or became necrotic. Tumor weights (mg) were

estimated from the formula:

Tumor weight = (length x width2)/2

Antitumor activity was determined in terms of primary tumor growth

inhibition. This was determined in two ways: (i) calculating the relative median

tumor weight (MTW) of treated (T) and control (C) mice at various time points

(effects were expressed as %T/C); and (ii) calculating the tumor growth delay (T-C

value), defined as the difference in time (days) required for the treated tumors (T) to

reach a predetermined target size compared to those of the control group (C).



Statistical evaluations of data were performed using Gehan's generalized Wilcoxon

test for comparisons of time to reach tumor target size. Statistical significance was

declared at p < 0.05. Antitumor activity was defined as a continuous MTW %T/C <

50% for at least 1 tumor volume doubling time (TVDT) any time after the start of

treatment, where TVDT (tumor volume doubling time) = median time (days) for

control tumors to reach target size - median time (days) for control tumors to reach

half the target size. In addition, treatment groups had to be accompanied by a

statistically significant tumor growth delay (T-C value) (p < 0.05) to be termed active.

Treated animals were checked daily for treatment related toxicity/mortality.

When death occurred, the day of death was recorded. Treated mice dying prior to

having their tumors reach target size were considered to have died from drug toxicity.

No control mice died bearing tumors less than target size. Treatment groups with

more than one death caused by drug toxicity were considered to have had excessively

toxic treatments and their data were not included in the evaluation of the compound's

antitumor efficacy.

EXAMPLE 3 - PRODUCTION OF ANTIBODIES AGAINST THE BIOMARKERS:

Antibodies against the biomarkers can be prepared by a variety of methods.

For example, cells expressing an biomarker polypeptide can be administered to an

animal to induce the production of sera containing polyclonal antibodies directed to

the expressed polypeptides. In one aspect, the biomarker protein is prepared and

isolated or otherwise purified to render it substantially free of natural contaminants,

using techniques commonly practiced in the art. Such a preparation is then introduced

into an animal in order to produce polyclonal antisera of greater specific activity for

the expressed and isolated polypeptide.

hi one aspect, the antibodies of the invention are monoclonal antibodies (or

protein binding fragments thereof). Cells expressing the biomarker polypeptide can

be cultured in any suitable tissue culture medium, however, it is preferable to culture

cells in Earle's modified Eagle's medium supplemented to contain 10% fetal bovine

serum (inactivated at about 56 0C), and supplemented to contain about 10 g/1



nonessential amino acids, about 1,00 U/ml penicillin, and about 100 µg/ml

streptomycin.

The splenocytes of immunized (and boosted) mice can be extracted and fused

with a suitable myeloma cell line. Any suitable myeloma cell line can be employed in

accordance with the invention, however, it is preferable to employ the parent myeloma

cell line (SP2/0), available from the ATCC. After fusion, the resulting hybridoma

cells are selectively maintained in HAT medium, and then cloned by limiting dilution

as described by Wands et al. (1981, Gastroenterology, 80:225-232). The hybridoma

cells obtained through such a selection are then assayed to identify those cell clones

that secrete antibodies capable of binding to the polypeptide immunogen, or a portion

thereof.

Alternatively, additional antibodies capable of binding to the biomarker

polypeptide can be produced in a two-step procedure using anti-idiotypic antibodies.

Such a method makes use of the fact that antibodies are themselves antigens and,

therefore, it is possible to obtain an antibody that binds to a second antibody. In

accordance with this method, protein specific antibodies can be used to immunize an

animal, preferably a mouse. The splenocytes of such an immunized animal are then

used to produce hybridoma cells, and the hybridoma cells are screened to identify

clones that produce an antibody whose ability to bind to the protein-specific antibody

can be blocked by the polypeptide. Such antibodies comprise anti-idiotypic antibodies

to the protein-specific antibody and can be used to immunize an animal to induce the

formation of further protein-specific antibodies.

EXAMPLE 4 - IMMUNOFLUORESCENCE ASSAYS:

The following immunofluorescence protocol may be used, for example, to

verify VEGFR-2 biomarker protein expression on cells or, for example, to check for

the presence of one or more antibodies that bind VEGFR-2 biomarkers expressed on

the surface of cells. Briefly, Lab-Tek II chamber slides are coated overnight at 4 °C

with 10 micrograms/milliliter (µg/ml) of bovine collagen Type II in DPBS containing

calcium and magnesium (DPBS++). The slides are then washed twice with cold

DPBS++ and seeded with 8000 CHO-CCR5 or CHO pC4 transfected cells in a total



volume of 125 µl and incubated at 37 °C in the presence of 95% oxygen / 5% carbon

dioxide.

The culture medium is gently removed by aspiration and the adherent cells are

washed twice with DPBS++ at ambient temperature. The slides are blocked with

DPBS++ containing 0.2% BSA (blocker) at 0-4 0C for one hour. The blocking

solution is gently removed by aspiration, and 125 µl of antibody containing solution

(an antibody containing solution may be, for example, a hybridoma culture

supernatant which is usually used undiluted, or serum/plasma which is usually diluted,

e.g., a dilution of about 1/100 dilution). The slides are incubated for 1 hour at 0-4 0C.

Antibody solutions are then gently removed by aspiration and the cells are washed

five times with 400 µl of ice cold blocking solution. Next, 125 µl of 1 µg/ml

rhodarnine labeled secondary antibody (e.g., anti-human IgG) in blocker solution is

added to the cells. Again, cells are incubated for 1 hour at 0-4 0C.

The secondary antibody solution is then gently removed by aspiration and the

cells are washed three times with 400 µl of ice cold blocking solution, and five times

with cold DPBS++. The cells are then fixed with 125 µl of 3.7% formaldehyde in

DPBS++ for 15 minutes at ambient temperature. Thereafter, the cells are washed five

times with 400 µl of DPBS++ at ambient temperature. Finally, the cells are mounted

in 50% aqueous glycerol and viewed in a fluorescence microscope using rhodamine

filters.



CLAIMS:

What is claimed is:

1. A method for identifying a mammal that will respond therapeutically to

a method of treating cancer comprising administering an VEGFR-2 modulator,

wherein the method comprises:

(a) measuring in the mammal the level of at least one biomarker selected

from the biomarkers of Table 1;

(b) exposing the mammal to the VEGFR-2 modulator;

(c) following the exposing of step (b), measuring in the mammal the level

of the at least one biomarker,

wherein a difference in the level of the at least one biomarker measured in step

(c) compared to the level of the at least one biomarker measured in step (a) indicates

that the mammal will respond therapeutically to said method of treating cancer.

2. The method of claim 1 wherein the method is an in vitro method, and

wherein the at least one biomarker is measured in at least one mammalian biological

sample from the mammal.

3. A method for identifying a mammal that will respond therapeutically to

a method of treating cancer comprising administering an VEGFR-2 modulator,

wherein the method comprises:

(a) exposing the mammal to the VEGFR-2 modulator;

(b) following the exposing of step (a), measuring in the mammal the level

of the at least one biomarker selected from the biomarkers of Table 1,

wherein a difference in the level of the at least one biomarker measured in step

(b), compared to the level of the biomarker in a mammal that has not been exposed to

said VEGFR-2 modulator, indicates that the mammal will respond therapeutically to

said method of treating cancer.
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