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of VEGFA, HER2 and neuropilin, relative to controls established in patients diagnosed with

gastrointestinal cancer, in particular, mCRC, to identify patients sensitive or responsive to the
addition of angiogenesis inhibitors, e.g., bevacizumab (Avastin®), to standard chemotherapies.
20 The invention further relates to methods for improving progression-free survival of a patient
suffering from gastrointestinal cancer, in particular, mCRC, by the addition of angiogenesis
inhibitors, e.g., bevacizumab (Avastin®), to standard chemotherapics, e.g., oxaliplatin-based
chemotherapies, by determining (a) tumor specific expression level(s) of one or more of
VEGFA, HER2 and neuropilin relative to control(s) in patients diagnosed with gastrointestinal
25 cancer, in particular, metastatic colorectal cancer. As an alternative or in addition to the
determination of the expression level of one or more of VEGFA, HER2 and neuropilin according
to the methods described herein, the vessel number in a tumor sample, relative to (a) control
level(s) established in patients diagnosed with gastrointestinal cancer, in particular, mCRC, can
be determined as a biomarker as an indicator of a patient sensitive or responsive to the addition
30 of angiogenesis inhibitors, e.g., bevacizumab (Avastin®), to standard chemotherapics. The

invention also provides for kits and compositions for identification of patients sensitive or



30 of angi ogenesis inhibitors, e.g., bevacizumab (Avastie), to standard
chenot herapi es. The invention also provides for kits and conpositions for
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The present invention, therefore, provides a method for improving the progression-free survival

of a patient suffering from gastrointestinal cancer, in particular, mCRC, by adding bevacizumab

to a chemotherapy regimen, said method comprising:
(a) determining the expression level of one or more of VEGFA, HER2 and neuropilin; and
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35 gastrointestinal cancer, in particular, nCRC, is indicative of a
sensitivity of the patient to the addition of bevaci zumab to said regi nen.
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"homologue" references molecules having at least 60%, more preferably at least 80% and most
preferably at least 90% sequence identity to one or more of the polypeptides as shown in SEQ ID
NO:1, SEQ ID NO:2 or SEQ ID NO:3, or (a) fragment(s) thereof.

35 The invention further encompasses the determination vessel number in a patient sample, which
number correlates with the tumor specific expression of one or markers of endothelial cells as
known in the art, e.g., the tumor specific expression level of CD31. In this context the invention

encompasses the detection of homologues, variants and isoforms of one or more of endothelial
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decreased suffering fromgastrointestinal cancer, such as a dim ni shed
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The phrase "sensitive to" in the context of the present invention indicates
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15 vol um nous research literature. The terns "treating" and "treatnent" as
used herein refer to renediation of, inprovenent of, |essening of the
severlty of or reduction in the tine course of the disease or any
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synptom thereof. Preferably said patient is a human patient and the di sease
to be treated is a 20 gastrointestinal cancer, in particular nCRC. The
terns "aswoexsimgYioor "assessnent” of such a patient rel ategreaioeishods of
determ ning the expression |evels of one or nore of the marker/indicator
prot eins described herein, including VE&A HER2, neuropilin and CD31,
and/or for selecting such patients based on the expression |evels of such
mar ker /ihdigdeCRiIRorouEaile iensovoring irino@ecan, €dmiitabinelceldthid, esjcattdbishadl platinum-
patients diagnosed with nmetastatic colorectal 25 cancer. In addition to the
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det mOEZJP?V&ﬁlzB‘Fla u‘i?oPX%‘ﬂfg%timr‘f’%%%x é‘éoélil%?Pqué‘eeTegHFe%négg‘%te e IRAEGENEY i al
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t he nR¥AtHeexptesyign dvyl slianeab inwreref WBG PG &R, mewropiliay and €D3h as Nort hern
blotting, real time PCR and RT PCR | mrunohi stochem cal - and 35 nRNA- based
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solution may al so be determ ned by physical nethods, e.qg. photonetry.
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of marker/indicator 15 proteins of the present invention in a cell or
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best determined by the treating physician according to methods known in the art.

The patients selected according to the methods of the present invention are treated with
bevacizumab in combination with a chemotherapy regimen, and may be further treated with one
30 or more additional anti-cancer therapies. In certain aspects, the one or more additional anti-

cancer therapy is radiation.

In preferred embodiments, the sample obtained from the patient is collected prior to beginning



As nentioned above, the expression |evel of the marker/indicator proteins
according to the present invention may also be reflected in a decreased
expr essi omoabiitdseroeor r espondi ng gene(s) 25 encodi ng t he PUEGEPA)1116ERR4 and/ or
neuropilin (and/or one or nore endothelial cell markers, e.g., CD31, for
determinati on of vessel nunber as desct4bed herein). Therefore, a
quantitative assessnent of the gene product prior to translation (e.g.
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concentregticon/ amount s of nNRNA encodi ng one or nore of VEGFA, HER2 and
neugfpilin (and/or one or nore endothelial cell markers, e.g., CD31, for
detet m nati on of vessel nunber as descri bed herein) can be obtained by
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or slow the growth of blood vessels. Nonlimting exanples of angiogenesis
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usezh hergkstiont Aerddr m " bevaci zunab" enconpass all correspondi ng anti - VEGF

anti bodi es or anti-VEG- anti body fragnments, that fulfil the requirenents
necessary for obtaining a marketing authorization as an identical or

count r (20 e Ayt R U ahEiebist ol Biok er s R Ly Ro Py e
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| abel ng%@%@%ﬁﬁ‘ﬁgfﬁa{ le%l'tcﬁggg ol Rt FETEERACTRASS £} RYirdpith Ah8REBhe or

i nvention. | y Erac I ] ] . ;
more endothelial cell markers, e.g., CD31). Preferably, the oligonucleotides comprise primers

and/or probes specific for the mRNA encoding one or more of the markers/indicators described
herein, and the polypeptides comprise proteins capable of specific interaction with the

marker/indicator proteins, e.g., marker/indicator specific antibodies or antibody fragments.

30 In another further embodiment, the present invention provides the use of bevacizumab for
improving progression-free survival of a patient suffering from gastrointestinal cancer, in
particular mCRC, comprising the following steps:

(a) obtaining a sample from said patient;

(b) determining the expression level of one or more of VEGFA, HER2 and neuropilin; and



in the art, hybridization probes for use in detecting nRNA | evel s and/ or
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Figure 6: SEQID NO 1, Exenplary am no acid sequence of VEGFA. Figure 7:
SEQ ID NO 2, Exenplary am no acid sequence of HER2. 25 Figure 8. SEQ ID
NO 3, Exewpl2ariyosamwiino aci d sequence of NRP-1. The preseRCTIERI@N0S@E64 | S

further illustrated by the follow ng non-limting exanples. 30 EXAVPLE 1
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patients in Lhe bi QV%?%%G rﬁ%% yﬁ'r%?% ﬁa frgé QVIJV%I%PU ofaPls tl‘gﬁi éwﬁg &} similar }% i on

characterlpsrt I'CS were THosSe o overa y pop
(see, Sdhated pdigprsa). Table 1. Baseline characteristics: biomarker
popiy ation (n=247) FOLFOX4/ XELOX + pl acebo

The terms “administration” or “administering” as used herein mean the administration of an
angiogenesis inhibitor, e.g., bevacizumab (Avastin®), and/or a pharmaceutical
composition/treatment regimen comprising an angiogenesis inhibitor, e.g., bevacizumab
(Avastin®™), to a patient in need of such treatment or medical intervention by any suitable means

20  known in the art for administration of a therapeutic antibody. Nonlimiting routes of
administration include by oral, intravenous, intraperitoneal, subcutaneous, intramuscular, topical,
intradermal, intranasal or intrabronchial administration (for example as effected by inhalation).
Particularly preferred in context of this invention is parenteral administration, e.g., intravenous
administration. With respect to bevacizumab (Avastin®™) for the treatment of colorectal cancer,

25  the preferred dosages according to the EMEA are 5 mg/kg or 10 mg/kg of body weight given
once every 2 weeks or 7.5 mg/kg or 15 mg/kg of body weight given once every 3 weeks (for
details see http://www.ema.curopa.cu/docs/en GB/document library/EPAR -
_Product_Information/human/000582/WC500029271.pdf (see page 2 bottom; formerly available
under http://www.emea.curopa.cw’humandocs/PDFs/EP AR/avastin/emea-combined-

30 h582en.pdf).

The term "antibody" is herein used in the broadest sense and includes, but is not limited to,
monoclonal and polyclonal antibodies, multispecific antibodies (e.g., bispecific antibodies),
chimeric antibodies, CDR grafted antibodies, humanized antibodies, camelized antibodies, single
35 chain antibodies and antibody fragments and fragment constructs, e.g., F(ab’), fragments, Fab-
fragments, Fv-fragments, single chain Fv-fragments (scFvs), bispecific scFvs, diabodies, single

domain antibodies (dAbs) and minibodies, which exhibit the desired biological activity, in



FOLFOX4/ XELOX + bevaci zumab Characteristic (n=157) (n=90) Medi an age, years
(range) 60 (29-84) 58.5 ( 8 78) Male/female, n %9 97 (62)/60 (3 8) 46 (5
)/ 44 (49)wBeaG/serifior nance status, n (4)) 0 80 '51) 59Ca®R011/070864 49)
30(33) 201 (1) |
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particular, specific binding to one or more of VEGFA, HER2, neuropilin and CD31, or to

homologues, variants, fragments and/or isoforms thereof.

As used herein “chemotherapeutic agent” includes any active agent that can provide an
5 anticancer therapeutic effect and may be a chemical agent or a biological agent, in particular, that
are capable of interfering with cancer or tumor cells. Preferred active agents are those that act as
anti-neoplastic (chemotoxic or chemostatic) agents which inhibit or prevent the development,
maturation or proliferation of malignant cells. Nonlimiting examples of chemotherapeutic
agents include alkylating agents such as nitrogen mustards (e.g., mechlorethamine,
10 cyclophosphamide, ifosfamide, melphalan and chlorambucil), nitrosoureas (e.g., carmustine
(BCNU), lomustine (CCNU), and semustine (methyl-CCNU)), ethylenimines/ methylmelamines
(e.g., thriethylenemelamine  (TEM),  triethylene,  thiophosphoramide  (thiotepa),
hexamethylmelamine (HMM, altretamine)), alkyl sulfonates (e.g., busulfan), and triazines (e.g.,
dacarbazine (DTIC)); antimetabolites such as folic acid analogs (e.g., methotrexate,
15 trimetrexate), pyrimidine analogs (e.g., 5-fluorouracil, fluorodeoxyuridine, gemcitabine, cytosine
arabinoside (AraC, cytarabine), 5-azacytidine, 2,2'-difluorodeoxycytidine), and purine analogs
(e.g., O6-mercaptopurine, 6-thioguanine, azathioprine, 2'-deoxycoformycin (pentostatin),
erythrohydroxynonyladenine (EHNA), fludarabine phosphate, and 2-chlorodeoxyadenosine
(cladribine, 2-CdA)); antimitotic drugs developed from natural products (e.g., paclitaxel, vinca
20 alkaloids (e.g., vinblastine (VLB), vincristine, and vinorelbine), taxotere, estramustine, and
estramustine phosphate), epipodophylotoxins (.e.g., ctoposide, teniposide), antibiotics (.e.g,
actimomycin D, daunomycin (rubidomycin), doxorubicin, mitoxantrone, idarubicin, bleomycins,
plicamycin (mithramycin), mitomycinC, actinomycin), enzymes (e.g., L-asparaginase), and
biological response modifiers (e.g., interferon-alpha, IL-2, G-CSF, GM-CSF); miscellancous
25 agents including platinum coordination complexes (e.g., cisplatin, carboplatin), anthracenediones
(e.g., mitoxantrone), substituted urea (i.e., hydroxyurea), methylhydrazine derivatives (e.g., N-
methylhydrazine (MIH), procarbazine), adrenocortical suppressants (e.g., mitotane (o,p’-DDD),
aminoglutethimide); hormones and antagonists including adrenocorticosteroid antagonists (.e.g,
prednisone and equivalents, dexamethasone, aminoglutethimide), progestins (e.g.,
30 hydroxyprogesterone caproate, medroxyprogesterone acetate, megestrol acetate), estrogens (e.g.,
diethylstilbestrol, ethinyl estradiol and equivalents thercof); antiestrogens (e.g., tamoxifen),
androgens (e.g., testosterone propionate, fluoxymesterone and equivalents thereof),
antiandrogens (e.g., flutamide, gonadotropin-releasing hormone analogs, leuprolide) and non-
steroidal antiandrogens (e.g., flutamide).
35
In the context of the present invention, "homology" with reference to an amino acid sequence is
understood to refer to a sequence identity of at least 80%, particularly an identity of at least 85%,

preferably at least 90% and still more preferably at least 95% over the full length of the sequence
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as defined by the SEQ ID NOs provided herein. In the context of this invention, a skilled person
would understand that homology covers further allelic variation(s) of the marker/indicator

proteins in different populations and ethnic groups.

5 As used herein, the term "polypeptide” relates to a peptide, a protein, an oligopeptide or a
polypeptide which encompasses amino acid chains of a given length, wherein the amino acid
residues are linked by covalent peptide bonds. However, peptidomimetics of such
proteins/polypeptides are also encompassed by the invention wherein amino acid(s) and/or
peptide bond(s) have been replaced by functional analogs, e.g., an amino acid residue other than

10  one of the 20 gene-encoded amino acids, e.g., sclenocysteine. Peptides, oligopeptides and
proteins may be termed polypeptides. The terms polypeptide and protein are used
interchangeably herein. The term polypeptide also refers to, and does not exclude, modifications
of the polypeptide, e.g., glycosylation, acetylation, phosphorylation and the like. Such
modifications are well described in basic texts and in more detailed monographs, as well as in a

15 voluminous research literature.

The terms “treating” and “treatment” as used herein refer to remediation of, improvement of,
lessening of the severity of, or reduction in the time course of the disease or any parameter or
symptom thereof. Preferably said patient is a human patient and the disease to be treated is a
20 gastrointestinal cancer, in particular mCRC. The terms “assessing” or “assessment” of such a
patient relates to methods of determining the expression levels of one or more of the
marker/indicator proteins described herein, including VEGFA, HER2, neuropilin and CD31,
and/or for selecting such patients based on the expression levels of such marker/indicator
proteins relative to control levels established in patients diagnosed with metastatic colorectal

25  cancer.

In addition to the methods described above, the invention also encompasses further
immunohistochemical methods for assessing the expression level of one or more of VEGFA,
HER2 and neuropilin, such as by Western blotting and ELISA-based detection. Similar methods
30 may be employed in alternative or additional methods for the determination of vessel number,
including the determination of tumor specific expression level of one or more endothelial cell
markers, e.g., CD31. As is understood in the art, the expression level of the marker/indicator
proteins of the invention may also be assessed at the mRNA level by any suitable method known
in the art, such as Northern blotting, real time PCR, and RT PCR. Immunohistochemical- and
35 mRNA-based detection methods and systems are well known in the art and can be deduced from
standard textbooks, such as Lottspeich (Bioanalytik, Spektrum Akademisher Verlag, 1998) or
Sambrook and Russell (Molecular Cloning: A Laboratory Manual, CSH Press, Cold Spring
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relative to control levels established in a population diagnosed with metastatic colorectal cancer.

5 The expression level of one or more of VEGFA, HER2 and neuropilin (and/or one or more
endothelial cell markers, e.g., CD31), can also be determined on the protein level by taking
advantage of immunoagglutination, immunoprecipitation (e.g., immunodiffusion,
immunelectrophoresis, immune fixation), western blotting techniques (e.g., (in situ) immuno
histochemistry, (in  situ) immuno cytochemistry, affinitychromatography, enzyme

10 immunoassays), and the like. Amounts of purified polypeptide in solution may also be
determined by physical methods, e.g. photometry. Methods of quantifying a particular
polypeptide in a mixture usually rely on specific binding, e.g., of antibodies. Specific detection
and quantitation methods exploiting the specificity of antibodies comprise for example
immunohistochemistry (in situ). For example, concentration/amount of marker/indicator

15 proteins of the present invention in a cell or tissue may be determined by enzyme linked-
immunosorbent assay (ELISA). Alternatively, Western Blot analysis or immunohistochemical
staining can be performed. Western blotting combines separation of a mixture of proteins by
electrophoresis and specific detection with antibodies.  Electrophoresis may be multi-
dimensional such as 2D electrophoresis.  Usually, polypeptides are separated in 2D

20 electrophoresis by their apparent molecular weight along one dimension and by their isoelectric

point along the other direction.

As mentioned above, the expression level of the marker/indicator proteins according to the
present invention may also be reflected in a decreased expression of the corresponding gene(s)
25 encoding the VEGFA, HER2 and/or neuropilin (and/or one or more endothelial cell markers,
e.g., CD31, for determination of vessel number as described herein). Therefore, a quantitative
assessment of the gene product prior to translation (e.g. spliced, unspliced or partially spliced
mRNA) can be performed in order to evaluate the expression of the corresponding gene(s). The
person skilled in the art is aware of standard methods to be used in this context or may deduce
30 these methods from standard textbooks (e.g. Sambrook, 2001, loc. cit.). For example,
quantitative data on the respective concentration/amounts of mRNA encoding one or more of
VEGFA, HER2 and neuropilin (and/or one or more endothelial cell markers, e.g., CD31, for

determination of vessel number as described herein) can be obtained by Northern Blot, Real



Anti body CD31 Endothelial IV i vane JCI OA DAKO 1/400 nouse mAb VEGF- A Tunor
Cytopl asm SP28 Abeam Predi luted rabbit TIM-V- -7R- 1 Tunor and endot hel i al
Menbr ane wodotymsepiiasm Y103 Abeam 1/30 PCT/EP2011/050564

220-

Time PCR and the like.

In a further aspect of the invention, the kit of the invention may advantageously be used for
carrying out a method of the invention and could be, inter alia, employed in a variety of
5 applications, e.g., in the diagnostic field or as a research tool. The parts of the kit of the
invention can be packaged individually in vials or in combination in containers or multicontainer
units. Manufacture of the kit follows preferably standard procedures which are known to the
person skilled in the art. The kit or diagnostic compositions may be used for detection of the
expression level of one or more of VEGFA, HER2 and neuropilin (and/or one or more
10  endothelial cell markers, e.g., CD31, for determination of vessel number as described herein) in
accordance with the herein-described methods of the invention, employing, for example,

immunohistochemical techniques described herein.

Although exemplified by the use of bevacizumab, the invention encompasses the use of other
15 angiogenesis inhibitors as known in the art for use in combination with standard chemotherapy
regimens. The terms "angiogenesis inhibitor" as used herein refers to all agents that alter
angiogenesis (e.g. the process of forming blood vessels) and includes agents that block the
formation of and/or halt or slow the growth of blood vessels. Nonlimiting examples of
angiogenesis inhibitors include, in addition to bevacizumab, pegaptanib, sunitinib, sorafenib and
20 vatalanib. Preferably, the angiogenesis inhibitor for use in accordance with the methods of the
present invention is bevacizumab. As used herein, the term "bevacizumab" encompass all
corresponding anti-VEGF antibodies or anti-VEGF antibody fragments, that fulfil the
requirements necessary for obtaining a marketing authorization as an identical or biosimilar
product in a country or territory selected from the group of countries consisting of the USA,

25 Europe and Japan.

For use in the detection methods described herein, the skilled person has the ability to label the
polypeptides or oligonucleotides encompassed by the present invention. As routinely practiced
in the art, hybridization probes for use in detecting mRNA levels and/or antibodies or antibody
30 fragments for use in IHC methods can be labelled and visualized according to standard methods
known in the art, nonlimiting examples of commonly used systems include the use of
radiolabels, enzyme labels, fluorescent tags, biotin-avidin complexes, chemiluminescence, and

the like.
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The person skilled in the art, for example the attending physician, is readily in a position to
administer the bevacizumab in combination with a chemotherapy regimen to the patient/patient
group as selected and defined herein. In certain contexts, the attending physician may modify,

5 change or amend the administration schemes for the bevacizumab and the chemotherapy
regimen in accordance with his/her professional experience. Therefore, in certain aspects of the
present invention, a method is provided for the treatment or improving the progression-free
survival of a patient suffering from or suspected to suffer from gastrointestinal cancer with
bevacizumab in combination with a chemotherapy regimen, whereby said patient/patient group

10  is characterized in the assessment of a biological sample (in particular a gastric tissue resection,
gastric tissue biopsy or metastatic lesion), said sample exhibiting one or more of an increased
expression level of VEGFA, a decreased expression level of neuropilin and a decreased
expression level of HER2, relative to control levels established in patients diagnosed with
metastatic colorectal cancer. The present invention also provides for the use of bevacizumab in

15 the preparation of pharmaceutical composition for the treatment of a patient suffering from or
suspected to suffer from gastrointestinal cancer, particularly mCRC, wherein the patients are
selected or characterized by the herein disclosed protein marker/indicator status (i.e., one or
more of an increased expression level of VEGFA, a decreased expression level of neuropilin,

and a decreased expression level of HER2 relative to control levels established in patients

20 diagnosed with metastatic colorectal cancer). The invention also encompasses, alternatively or
in addition the use of VEGFA, neuropilin and/or HER2 as markers as herein described, the
determination of tumor specific vessel number (that may, e.g., be characterized by an increased
level of one or more endothelial cell markers, e.g., CD31), wherein an increase in said vessel
number (and/or expression level of one or more endothelial cell markers) is indicative of a

25 patient sensitive or responsive to the addition of bevacizumab to a chemotherapeutic regimen or

is selective for the patient population to which the methods herein described are directed.

The figures show:

30 Figure 1: Forest plot of time to progression or death for bevacizumab vs. control according to

tumor cell biomarker subgroup.

Figure 2: Correlation of Tumor Biomarker Data with time to progression or death (median cut-
off) for neuropilin (Fig. 2A), HER2 (Fig. B) and VEGFA (Fig. C). For cach figure, solid black
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Figure 5: THC staining of tumor and endothelial cells in representative patients with high and

20 low microvessel densities. Nv, number of vessels; W, volume of vessels.
Figure 6: SEQ ID NO:1, Exemplary amino acid sequence of VEGFA.

Figure 7: SEQ ID NO:2, Exemplary amino acid sequence of HER2.
25
Figure 8: SEQ ID NO:3, Exemplary amino acid sequence of NRP-1.

The present invention is further illustrated by the following non-limiting examples.

30
EXAMPLE 1

Tissue samples were collected from patients participating a randomized phase-1I1 study
comparing the results of adding bevacizumab to the first-line oxaliplatin-chempterapy regimens
35 XELOX and FOLFOX4 for the treatment of metastatic colorectal cancer (the NO16966 study,
see, Saltz et al., 2008, J. Clin. Oncol. 26:2013-2019 (“Saltz”’) and Hurwitz et al., 2004, N. Engl.
J. Med. 350:2335-2342 (“Hurwitz”)). An investigation of the status of biomarkers related to

angiogenesis and tumorigenesis revealed that the expression levels of four biomarkers relative to
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control levels determined in the entire patient population correlated with an improved treatment
parameter. In particular, patients exhibiting one or more of an increased expression level of
VEGFA, an increased expression level of CD31, a decreased expression level HER2 and a
decreased expression level of neuropilin, relative to control levels determined in the entire
patient population, demonstrated a prolonged progression free survival in response to the
addition of bevacizumab to either the XELOX or FOLFOX4 regimen.

Patients and Immunohistochemical Methods
A total of 1401 patients participated in the NO169966 study, and tumor samples from 247 of the
The baseline characteristics of the 247

patients in the biomarker analysis are provided in Table 1, which characteristics were generally

participants were available for biomarker analysis.

similar to those of overall study population (see, Saltz; supra).

Table 1. Baseline characteristics: biomarker population (n=247)

of patients

FOLFOX4/XELOX + FOLFOX4/XELOX +
placebo bevacizumab
Characteristic (n=157) (n=90)
Median age, years {range) 60 {2984} 58.5 {18-78}
Male/female, n (%) 97 (62168 (38} 46 {5144 (49)
ECOQG performance status,
n (%)
0 80 5L 59 (66}
1 77 (49) 30 (33
2 0 1{1)
Primary tumor site, i (%)
Colon HO (70) 63 (70)
Recturm 3120y 16 (18)
Colorectal 16 {10) 11 {12}
Tumor stage at diagnosis, n
(%0}
Local regional 71445} 27 (3¢)
Metastatic 86 (55) 63 (70)
Alkaline phosphatase, %
Normal 39 38
Abnormal 61 62
ECOG: Eastern Cooperative Oncology Group.

Immunohistochemical analysis was performed on 5 pm sections of formalin-fixed paraffin-

embedded tissue samples.

After deparaffinization and rehydration, antigen retrieval was

performed by citrate pH 6.0 buffer at 95°C for 30 minutes in a PT module or CC1 buffer in the
Benchmark-XT (Ventana, Tucson, AZ, USA).

Table 2 provides the seven markers that were selected for immunohistochemical analysis based
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90 143 D31 Endotheclial | Membrane | JC70A DAKO 1/400 mouse mAb
VEGF-A Tumor Cytoplasm SP2E Abcam Prediluted | rabbit mAb
Turnor and Membrane
VEGFR-] UHIOT 4lic and Y103 Abcam 1730 rabbit mAb
endothehal _
cytoplasro
Tumor and Cell
VEGFR-2 Y . | Membrane 55811 Signaling 1/100 rabbit mAb
endothelial -
Fechnology
, " e e R&D e ]
Neuropihio Tumor Cytoplasm | 446915 . 1775 mouse mAb
systers
EGFR Turoor Membrane | 2-18(9 DAKO
HERZ Tumor Membrane | HercepTest DAK(O

5 Sections were stained on Autostainer or Benchmark-XT (for VEGFR-1) and primary antibodies
were incubated for 1 hour. Binding of the primary antibodies was visualized using the Envision
system (DAKO, Glostrup, Denmark) or Ultraview (Ventana, Tucson, AZ USA). All sections

were counterstained with Mayer’s hematoxylin.
10  Validation reports showing accuracy, specificity, linearity, and precision (reproducibility and
repeatability) are available for each IHC assay. Staining of external control slides and intrinsic

control elements was documented.

Statistical Analysis

15
The overall distribution of biomarkers was described using the H-score for tumor markers. The
number of markers examined was limited and each one was supported by a biological rationale;
there was no formal correction for multiple testing. The a priori cut-off was used for protein
expression level: median (below, above) and tertile (low, medium, high).

20

Treatment effects were estimated in subgroups of patients defined by biomarker level. PFS was
chosen as the primary endpoint and the primary descriptive analysis was performed using
subgroup analysis. Test of treatment by biomarker interactions (median cut-off) also provided a
secondary analysis.

25
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(0.37) 0.44 (0.27) Coefficient of variation 0.32 0.28 0.82 0.98 0.79 0.62
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Results

Tumor Markers

The tumor cell associated expression of the selected IHC markers within the sample population

is presented in Table 3.

6-

Table 3: Expression of IHC markers on samples of colorectal tumor cells

Cells with staining intensity = 0, n (%)
Baseline No. of patients All cells No cells (0%) Some cells
biomarker (100%) (>0 to <100%)
VEGF-A 241 4(2) 2 (<1) 235 (98)
VEGFR-2 240 240 (100) 0 0
HER2 237 158 (67) 1 (<1) 78 (33)
EGFR 240 88 (37) 0 152 (63)
Neuropilin 244 20 (8) 1 (<1) 223 (91)
VEGFR-1 230 223 (97) 0 703)
(membrane)
VEGFR-1 230 9(4) 52) 216 (94)
(cytoplasm)

With sole respect to tumor cells within the samples, no sample exhibited staining for VEGFR-2;
Almost no VEGFR-1 staining was

observed on the tumor cell membrane; positive staining for this protein was, however, observed

10 however VEGFR-2 was expressed on endothelial cells.

in the cytoplasm. Several samples also showed lack of expression of EGFR and HER2 on tumor
cells: 37% of the samples showed no staining for EGFR and 67% of the samples showed no
staining for HER2.
15
A forest plot of time to progression or death by tumor cell biomarker subgroup is shown in
Figure 1. According to the hazard ratios, all patient subgroups gained benefit from bevacizumab
treatment; however, patients with tumor cells having higher relative levels of VEGFA and/or low
neuropilin levels showed increased benefit, while patients having HER2 positive tumors showed
20  decreased benefit.

Kaplan—Meier curves for time to progression or death for these subgroups are shown in Figure 2
Endothelial Markers

25

The endothelial cell associated expression of the selected IHC markers within the sample

population is presented in Table 4.
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Table 4: Endothelial cell biomarker IHC data: summary statistics
CD31VN VEGFR-1VN/CD31VN VEGFR-2VN/CD31VN
Placebo Be:;?:ll)zu- Placebo | Bevacizumab Placebo Bevacizumab
No. of 152 90 143 %6 150 ]9
patients
Mean 72.51 702 (.06 {1.06 G.47 {1.44
(SD) (23.31) (19.98) (0.05) (0.06) (0.37) (0.27)
Cocthicient | 4, 0.28 0.82 0.98 0.79 0.62
()f variafion
Median 70.86 71.04 0.04 (.04 0.41 0.4
. (17.17- (9.88- PP o inniaso | roc 2z
{range) 169.67) 119.01) {0-0.21) {0-0.29} {0.01-3.39) {0.05-1.33}
25th quartile 58.26 58.27 0.02 .02 G.25 {1.26
75th quartile 84.07 85.43 (.08 .08 (.63 .57

Endothelial VEGFR-1 staining was lower than endothelial VEGFR-2 staining.

5 A forest plot of time to progression or death by endothelial biomarker subgroup is shown in
Figure 3. Kaplan—Meier curves for time to progression or death for the CD31 subgroup are
shown in Figures 4A-B. Patients having tumors exhibiting high expression of CD31, which
correlates with greater numbers of blood vessels, exhibited increased benefit from bevacizumab
treatment.

10
Figure 5 provides representative images of IHC samples of staining of tumor and endothelial

cells in samples having high and low microvessel density.

The data provided hereinbefore were presented as Abstract No. 374 at the 2010 ASCO
15 Gastrointestinal Cancers Symposium in Orlando Florida (January 22 to 24, 2010).
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15 2. An in vitro method for the identification of a patient responsive to or sensitive to the
addition of bevacizumab treatment to a chemotherapy regimen, said method comprising:
(a) obtaining a sample from a patient suspected to suffer from or being prone to suffer
from gastrointestinal cancer; and
(b) determining the expression level of one or more of VEGFA, HER2 and neuropilin;
20 whereby an increased level of VEGFA and/or CD31, and/or a decreased level of HER2
and/or neuropilin relative to control levels determined in patients suffering from
metastatic colorectal cancer is indicative of a sensitivity of the patient to the addition of

bevacizumab to said regimen.

25 3. The method of claim 1 or 2, wherein the protein expression level of VEGFA is detected.
4. The method of any one of claims 1-3, wherein the protein expression level of HER2 is
detected.
30 5. The method of any one of claims 1-4, wherein the protein expression level of neuropilin

is detected.

6. The method of any one of claims 3-5, wherein said protein expression level is detected by
an immunohistochemical method (IHC).
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(b) determ ning the expression |evel of one or nore of VEGFA, HER2 and
neuropi lin; 20 whereby an increased | evel of VEGFA and/or CD31, and/or a
decr easedwbevalosefol1HER2 and/ or neuropilin relative to cecrmeRoleyehs
determned in patients suffering fromnetastatic col orectal cancer is
indicative of a sensitivity of the patent to the additi on of bevaci zunab
to said reginmen. 25 3. The nethod of claiml1 or 2, wherein the protein
expressi.on Iiahctadbd VEGMAohS ofietaddt ads, whelbie saklt aghlols sact@nfosl theleaours
1-3, wherein the protein expressign Ievel of HER2 is detected, 30 5. The
met hod of awn%ﬁ@g&rf ZASLHE HESULTASCCliRib 2astHC fl?ﬁéle&a%%phn@%ﬁ%giqsm | evel of
neuropilin is detected. 6. The nethod of any one of clainms 3-5, wherein said
protein expression level is detected by an i munohi sto chem cal nethod
(1HO) . 8. WO 20t 1moBedOodfPay ER20dfl cRE05a47,- @Bereth sdidechomicibatapf regimenns of
cl ai 1-6, wherei.n said sanple is selected fromthe group consisting of
gasttic ti s%éhﬁlété‘ééi‘ﬁegﬁherﬁ‘g{g?rrapiirq@@%e bi opsy or netastatic |esion. 8.
The net hod of any one of clainms 1-7, wherein said chenotherapy reginen is
an 5oxal i pl ati n-based chenot her apy regi men. 9. The nethod of claim8,
wher ei 9. sai dhoxakihpt aefi nlabasﬁedWhetreimosdi@m(p;ipla‘e‘lgibmd i:lmna)tlneagimgimfsn is a
oxallplatlnln cor%ina@]%lon wth emtgtglne F a regimen offoxaIHJ L atin
in combi nat i"BHTR N PEUREBVL M ﬁOIB GhrAEpine, ‘iro Ieimen of Raipig i
claim 9, whebgibhatibe withdewRRo8h aRKsUflubtakddn. i N conbi nation with
capecitabine is the XELOX regi nen. 11. The nethod of claim9, wherein the
reng'ren of oxaliplatin in conbination with 15l eucovorin and 5-fl uorouracil
is the 1'(:)0":%% ﬁloﬁegf cil&% gh%v {{' tﬂe Olfeg%% 8? ox%[ ]3 1&“ 1%50 %lﬁatlél}@%lﬁ{ n
sai d pati ent el ng reate NE=0r nor e anti - cancer era

13. The et h@dp@ﬁtamhansrﬂl&XEDMEIf@mnemal d anti-cancer therapy is radiation.

11.  The method of claim 9, wherein the regimen of oxaliplatin in combination with
15 leucovorin and 5-fluorouracil is the FOLFOX4 regimen.
12.  The method of any one of claims 1-11, wherein said patient is being co-treated with one

or more anti-cancer therapies.

20 13.  The method of claim 12, wherein said anti-cancer therapy is radiation.

14.  The method of any one of claims 1-13, wherein said sample is obtained before

neoadjuvant or adjuvant therapy.

25 15. A kit useful for carrying out the method of any one of claims 1-14, comprising
oligonucleotides or polypeptides capable of determining the expression level of one or

more of VEGFA, HER2 and neuropilin.

16.  Use of an oligonucleotide or polypeptide for determining the expression level of one or

30 more of VEGFA, HER2 and neuropilin in any one of claims 1-14.

17. The kit of claim 15 or the use of claim 16 comprising a polypeptide capable of

determining the expression level of one or more of VEGFA, HER2 and neuropilin,



14. The nethod of any one of clainms 1-13, wherein said sanple is obtained
bef ore neoadjuvant or adjuvant therapy. 25 15. A kit useful for carrying out
t he net howoahiizsyioone of cl ainms 1-14, conprising ol i goneCra&EPRI1dOSI564

pol ypepti des capabl e of determ ning the expression |evel of one or nore of
VEGFA, HER2 and neuropilin. 16.Use of -3 ol i gonucl eoti de or pol ypeptide for
determ ning the expression |level of one or 30nore of VEGFA, HER2 and
neuropilin iWheaew s&i0 @obpepticl iFBuilablédfor UMDl RGHhMIREGEMETAP hbiiod 2864 is 30-
wherein said %/ peptide i s suitable for use in an inmunohi stochem cal

net hod and/ é# aP§ %Y%ﬁ@lﬁﬁ&ryvgﬁgér HIER 2t o noyraytl®). HER2, or neur opi | i n.

18. Use of bevaci zunab for inproving progression-free survi val of a patient
suffering from 5gastrointestinal cancer conprising the follow ng steps: (a)
obt ai nildg a Isanydlbevidnmabaiod ipatavant progivpsicetrec sunviva of heatxprsessiing foevel
of one or nore of VEGFA, HER2 and neurqpil.in; and (c) adm nistering

bevati zumab S UBTHITRAFASH %r@mlsglgctﬁﬁﬁﬂqg%?%ﬂﬁpsregl men to the 10 pati ent
havi ng an i:zére lged | evel f VE nd‘or a decreased |l evel of HER2 and/or
neuropilin aPPORSA SpRly o “Yet ermined in patients diagnosed with
netastatic cb) odet(etrmhlrrgatheexpressﬁhnﬂwehofmatoir owrast N&GHABEER? endleacopibed.
15

and
(¢) administering bevacizumab in combination with a chemotherapy regimen to the
10 patient having an increased level of VEGFA, and/or a decreased level of HER2
and/or neuropilin relative to control levels determined in patients diagnosed with

metastatic colorectal cancer.

19. The invention as hereinbefore described.
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