
BIOMARKERS AND METHODS FOR DETERMINING EFFICACY OF ANTI-EGFR ANTIBODIES IN
CANCER THERAPY FIELD OF THE INVENTION: The invention relates to biomarkers
based on genes or gene expression products and methods for determining the
efficacy of anti-EGFR antibodies in the treatment of EGFR expressing
cancer. The invention is further related to the prediction of sensitivity
or resistance of a patient suffering from EGFR expressing cancer to the
treatment of said patient with a specific anti-EGFR antibody. The invention
is preferably related to the identification of respective biomarkers that
allow a better prediction of the clinical outcome of the treatment with
anti-EGFR antibodies in patients with KRAS wild-type tumors. In this
context, the invention especially relates to anti-EFGR antibody
c225/cetuximab (Erbitux(r)) and its use in patients suffering especially
from colorectal cancer (CRC). BACKGROUND OF THE INVENTION Monoclonal
antibodies are commonly used in the treatment of cancer. Since antibodies
are expensive drugs charging the national health care authorities, and
often cause undesired side-effects, which provoke an additional burden and
stress for the patient suffering from a severe and often terminal disease,
it would be very desirable to know in advance whether treating a specific
patient with a specific antibody drug could really improve or even cure the
patient's condition. There are already a couple of clinical and
histological parameters which are used to obtain a prognosis whether a
specific drug and / or treatment regimen may be successful for treating a
disease. However, it has been shown that tumors very often elicit a diverse
genetic pattern, which may change from one individual to another one. Thus,
a specific drug or a specific treatment, which may improve the clinical
condition of a first patient, is less or not effective in a second patient
suffering from the same cancer. For example, patients suffering from
colorectal cancer may respond to a certain specific antibody drug
differently. In the worst case a specific patient group does not respond at
all to the drug, whereas another group of patients elicit a satisfying
therapeutic response thereto dependent on a different genetic tumor pattern
and disposition. Although modem molecular biology and biochemistry have
revealed hundreds of genes whose activities influence the behavior of tumor
cells, the state of their differentiation, andtheir sensitivity or
resistance to certain therapeutic drugs, such as antibodies, the status of
these genes usually has not been exploited for the purpose of routinely
making clinical 



decisions about drug treatments. Exception are the use of ErbB2 (Her2)
protein expression in breast carcinomas to select patients with the Her2
antagonist drug Herceptin(r) (Genentech) Another exception is the finding
that mutations in the KRAS gene of EGFR expressing tumors are associated
with the lack of sensitivity or response to anti-EGFR antibodies (Allegra
et al. 2009, J Clin Oncol [Epub ahead of print]) New prognostic and
predictive markers, which would facilitate a selection of patients for
therapy , are needed to better predict patient response to treatments, such
as small molecule or biological molecule drugs, in the clinic. 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 drug, or a combination of drugs or a specific regimen may
reduce the number of patients needed in a clinical study or accelerate the
time needed to complete a clinical development program. The epidermal
growth factor receptor (EGFR) and its downstream signaling effectors,
notably members of the Ras/Raf/MAP kinase pathway, play an important role
in both normal and malignant epithelial cell biology (Normanno et al., Gene
366, 2-16 (2006)) and have therefore become established targets for
therapeutic development. Several monoclonal chimeric, humanized or fully
human monoclonal antibodies have been developed which recognize and inhibit
the EGFR . Two examples of antibodies, which have been marketed in meantime
are cetuximab (ERBITUX(r)) and panitumumab (VECTIBIX(r)) The anti-EGFR
antibody c225 (cetuximab), a chimeric IgGI , which was demonstrated to
inhibit EGF-mediated tumor cell growth in vitro and to inhibit human
colorectal tumor growth in vivo, received marked approval in 2003. Its
sequence was first disclosed in WO 96/40210. The antibody as well as in
general all anti-EGFR antibodies, appear to act, above all, in synergy with
certain chemotherapeutic agents (i.e., doxorubicin, adriamycin, taxol, and
cisplatin) to eradicate human tumors in vivo in xenograft mouse models
(e.g. EP 0667165). Furthermore, it could be shown that the combination of
the anti-EGFR antibody c225 with a second humanized anti-EGFR antibody
matuzumab (Mab h425) shows asynergistic effect in vitro models, indicating
that these two antibodies although directed to the same receptor bind to
different epitopes on the receptor (WO 2004/032960). 



It was shown in the past that about 75% of patients treated with anti-EGFR
antibodies, including cetuximab, or respective small molecule inhibitors
develop more or less severe skin rash very fast after starting treatment.
Although frequently tolerable and manageable, approximately 10% of patients
require dose interruption and/or dose reduction due to the severe symptoms,
and a few patients discontinue therapy. The increasingly apparent
association of cutaneous toxicity with favorable clinical outcomes to EGFR
inhibitors makes "achievement" of rash a desirable but potentially
troublesome toxicity in patients experiencing therapeutic benefit,
sometimes limiting the utility of these agents. Nonetheless, the occurrence
of skin rash during anti-EGFR antibody treatment can be taken as reliable
surrogate marker for therapeutic response to the treatment with said
antibody, for example, cetuximab. However, selecting skin rash occurrence
as surrogate marker is not optimal because identification of cancer
patients that generally do not respond to the treatment with an anti- EGFR
antibodies is possible not before having administered the drug to the
patient for a longer time. Therefore, the finding that mutation of the KRAS
gene (codon 12/13) and gene product in EGFR expressing tumor is responsible
for insensitivity to the treatment of metastatic colorectal cancer with
EGFR inhibitors can be regarded as improvement in the prediction whether a
treatment is successful or not. WO 2008/1 12269 reports that panitumumab, a
human Anti-EGFR antibody is effective only in KRAS wild-type tumor
patients. Khambata- Ford et al. (2007, J. Clin. Oncol. 25, 3230) describe
that metastatic colorectal cancer patients with tumors that have high gene
expression levels of epiregulin and amphiregulin, as well as patients with
wild-type KRAS tumors are more likely to have disease control on cetuximab
treatment. Despite above-said recent advances, a major challenge in cancer
treatment remains to select patients for specific treatment regimens based
on pathogenetic and / or genetic markers in order to optimize outcome. In
context of treating EGFR expressing tumors with anti-EGFR antibodies
inhibiting growth of these tumors, it would be helpful to know and better
understand which patients are able to respond to an intended treatment with
these antibodies, especially in view of newer findings that even in the
KRAS-wild type tumor groupnot all patients (ca. 40%) do respond well to the
treatment of anti-EGFR antibodies and other EGFR inhibitors. 



Therefore, a need exists for diagnostic tests, methods and tools using
biomarkers that simultaneously can provide predictive information about
patient responses to the variety of treatment options including personally
different tumor genotypes. SUMMARY OF THE INVENTION The invention discloses
predictive biomarkers for determining the efficacy of an anti-EGFR antibody
in the treatment of cancer. In one embodiment of the invention specific
biomarkers are described which can be used to predict before administration
in a patient the efficacy of an anti-EGFR antibody in the treatment of
tumors in KRAS wild-type patients or patients having a mutation in the KRAS
gene. In a further embodiment of the invention specific biomarkers are
disclosed which can be used to predict more exactly the efficacy or the
degree of efficacy of an anti-EGFR antibody in the treatment of tumors in
patients having no mutation in the KRAS gene (KRAS wild type), which
usually respond statistically but not necessarily individually positive to
an anti-EGFR antibody therapy. Another embodiment of the invention is
related to biomarkers which indicate a high likelihood of a good (positive
biomarkers) or a bad (negative biomarkers) response to an anti-EGFR
antibody treatment in patients suffering from colorectal cancer (CRC),
preferably metastatic colorectal cancer (mCRC), squamous cell head and neck
cancer (SCCHN) or non-small cell lung cancer (NSCLC). In a specific
embodiment of the invention biomarkers are disclosed which are predictive
for the efficacy or non-efficacy of a tumor related (solid or metastatic
tumors) therapy with the anti-EGFR antibody cetuximab (Erbitux(r)). In a
preferred embodiment of the invention are disclosed which are predictive
for the efficacy or non-efficacy of a tumor related (solid or metastatic
tumors) therapy with the anti-EGFR antibody cetuximab (Erbitux(r)), wherein
the tumor is CRC, mCRC, SCCHN or NSCLC.In a preferred embodiment of the
invention are disclosed which are predictive for the efficacy or
non-efficacy of a tumor related (solid or metastatic tumors) therapy with
the anti-EGFR antibody cetuximab (Erbitux(r)), wherein the tumor is CRC
mCRC, SCCHN or NSCLC, and wherein the patients suffering from said cancers
preferably show an individual KRAS wildtype gene pattern. In another
embodiment the invention relates to an in vitro method for predicting by
diagnostic 



means and / or diagnostic apparatus the likelihood that a patient suffering
from KRAS wild type EGFR expressing tumor, who is a candidate for treatment
with an EGFR antibody, will respond or not respond to the treatment with
said anti-EGFR antibody. According to the invention the method comprises
determining the expression level of one or more prognostic genes or gene
expression products thereof in a tissue sample obtained from said patient,
wherein high or low expression of the gene/gene product compared to a
clinical relevant reference value indicates that the patient is likely to
respond to said treatment or is likely not to respond to the treatment.
Genes or gene products causing high expression in a sample of a tumor
patient that has a high likelihood to respond or do respond to the
treatment with an anti-EGFR antibody, preferably cetuximab are according to
the invention selected from the group of genes consisting of: ADAMDEC1 ,
BSDC1 , C1orf144, CAPZB, CDC42, DHCR7, DNAJC8, ECSIT, EXOSC10, FADS1, GBA,
GLT25D1, GOSR2, IMPDH1, KLHL21, KPNA6, KPNB1 , LSM12, MAN1B1 , MIDN, PPAN,
SH3BP2, SQLE, SSH3, TNFRSF1B, URM1, ZFYVE26, RGMB, SPIRE2, ABCC5, ACSL5,
AOAH, AXIN2, CD24, CEACAM5, CEACAM6, ETS2, FMNL2, GPSM2, HDAC2, JUN, ME3,
MED17, MYB, MYC, NEBL1NOSIP, PITX2, POF1B, PPARG, PPP1R14C, PRR15, PSMG1,
RAB15, RAB40B, RNF43, RPS23, SLC44A3, SOX4, THEM2, VAV3, ZNF337, EPDR1 ,
KCNK5, KHDRBS3, PGM2L1 , STK38, and SHROOM2. Genes or gene products causing
high expression in a sample of a tumor patient that has a low likelihood to
respond or do not respond to the treatment with an anti-EGFR antibody,
preferably cetuximab, are according to the invention selected from the
group of genes consisting of: C7orf46, CAST, DCP2, DIP2B, ERAP1, INSIG2,
KIF21A, KLK6, NGRN, NRIP1, PHGDH, PPP1R9A, QPCT, RABEP1, RPA1.RPL22L1,
SKP1, SLC25A27, SLC25A46, SOCS6, TPD52, ZDHHC2, ZNF654, ASB6, ATM, BMH ,
CDC42EP2, EDEM3, PLLP, RALBP1, SLC4A11 , TNFSF15, TPK1, C 11orf9, C1QC,
CABLES1, CDK6, EHBP1, EXOC6, EXT1 , FLRT3, GCNT2, MTHFS, PIK3AP1 , ST3GAL1,
TK2, ZDHHC14, ARFGAP3, AXUD1, CAPZB, CHSY1, DNAJB9, GOLT1B, HSPA5, LEPROTL1
, LIMS1, MAPK6, MY06,PROSC, RAB8B, RAP2B, RWDD2B, SERTAD2, SOCS5, TERF2IP,
TIAL1, TIPARP TRIM8, TSC22D2, TGFA, VAPA and UBE2K, indicates that the
patient is likely not to respond to said treatment compared to a reference
value. In another embodiment of the invention preferred biomarkers which
are above-average expressed and indicate that the patient will likely
respond or will likely respond superior to the 



treatment with the respective anti-EGFR antibody (e.g. cetuximab), are
selected from the group consisting of EPDR1, KCNK5, KHDRBS3, PGM2L1,
SHROOM2, STK38, RGMB, SPIRE2 and VAV3 or the respective gene expression
products of said group. In another embodiment of the invention preferred
biomarkers which are above-average expressed and indicate that the patient
will not likely respond or will not likely respond superior to the
treatment with the respective anti-EGFR antibody (e.g. cetuximab), are
selected from the group consisting of ASB6, ATM, BMh, CDC42EP2, EDEM3,
PLLP, RALBP1, SLC4A11, TNFSF15, TPK1 , ARFGAP3, AXUD1, CAPZB, CHSY1,
DNAJB9, GOLT1B, HSPA5, LEPROTL1, LIMS1, MAPK6, MY06, PROSC RAB8B, RAP2B,
RWDD2B, SERTAD2, SOCS5, TERF2IP, TIAL1, TIPARP TRIM8, TSC22D2, TGFA, VAPA
and UBE2K or the respective gene expression products of said group. In a
further embodiment the preferred biomarker according to the invention
predictive for a positive response of the patient to an anti-EGFR antibody
is VAV3 and the preferred biomarker according to the invention predictive
for a negative or negligible response of the patient to an anti-EGFR
antibody is TGFa. In another embodiment a respective method is applied,
wherein at least one considerably or highly expressed first biomarker as
specified above and in the claims is used which indicates that the patient
will probably respond well or extraordinary or superior to the treatment
with the anti-EGFR antibody preferably cetuximab (compared to a clinical
average or standard response and / or expression value calculated from a
respective average patient cohort), and at least one considerably or highly
expressed second biomarker as specified above and in the claims is used
which indicates that the patient probably will not respond well or
extraordinary or superior to the treatment with the anti-EGFR antibody
preferably cetuximab (compared to a clinical average or standard response
and / or expression value calculated from a respective average patient
cohort). In another embodiment a respective method is applied for an in
vitro method for predicting the likelihood that a patient suffering from
KRAS wild type EGFR expressing tumor and is a candidate for treatment with
an EGFR antibody, will respond to the treatment with said antiEGFR
antibody, wherein expression levels of one or more of the above and below
specified biomarkers are determined in combination with a AREG and / or
EREG in context with the treatment of a tumor patient with an anti-EGFR
antibody, preferably cetuximab. Preferably, a respective method is applied,
wherein the gene or gene product expression 



levels of VAV3 and ARAG or EREG are determined in context with the
treatment of a tumor patient, preferably a CRC or mCRC tumor patient, with
an anti-EGFR antibody, preferably cetuximab. In a further specific
embodiment, a respective method is applied, wherein gene or gene product
expression levels of VAV3 and ARAG or EREG are determined in context with
the treatment of a tumor patient, preferably a CRC or mCRC tumor patient,
with an anti-EGFR antibody, preferably cetuximab. In another preferred
embodiment according to the invention, a respective method is applied,
wherein gene or gene product expression levels TGFa and ARAG or EREG are
determined in context with the treatment of a tumor patient, preferably a
CRC or mCRC tumor patient, with an anti-EGFR antibody, preferably
cetuximab. In another preferred embodiment according to the invention, a
respective method is applied, wherein gene or gene product expression
levels VAV3 and TGFa determined in context with the treatment of a tumor
patient, preferably a CRC or mCRC tumor patient, with an anti- EGFR
antibody, preferably cetuximab. In another preferred embodiment according
to the invention, a respective method is applied, wherein gene or gene
product expression levels VAV3, TGFa and ARAG or EREG are determined in
context with the treatment of a tumor patient, preferably a CRC or mCRC
tumor patient, with an anti-EGFR antibody, preferably cetuximab. In a
further aspect, the invention relates to an in vitro method for predicting
the likelihood that a patient suffering from KRAS wild type EGFR expressing
cancer will respond therapeutically to the treatment with an anti-EGFR
antibody, preferably cetuximab, the method comprises: (a) measuring by
diagnostic means and / or diagnostic apparatus in a biopsy tissue sample
from tumor tissue or plasma of said patient the expression level of one or
more biomarkers selected from the group (i) consisting of ADAMDEC1, BSDC1,
C1orf144, CAPZB, CDC42, DHCR7, DNAJC8, ECSIT, EXOSC10, FADS1, GBA, GLT25D1
, GOSR2, IMPDH1 , KLHL21 , KPNA6, KPNB1, LSM12, MAN1B1, MIDN, PPAN, SH3BP2,
SQLE, SSH3, TNFRSF1B, URM1, ZFYVE26, RGMB, SPIRE2, ABCC5, ACSL5, AOAH,
AXIN2, CD24, CEACAM5,CEACAM6, ETS2, FMNL2, GPSM2, HDAC2, JUN, ME3, MED17,
MYB, MYC, NEBL1NOSIP, PITX2, POF1B, PPARG, PPP1R14C, PRR15, PSMG1, RAB15,
RAB40B, RNF43, RPS23, SLC44A3, SOX4, THEM2, VAV3, ZNF337, EPDR1, KCNK5,
KHDRBS3, PGM2L1, STK38, SHROOM2, and / or from group (ii) consisting of
C7orf46, CAST, DCP2, DIP2B, ERAP1, 



INSIG2, KIF21A, KLK6, NGRN, NRIP1, PHGDH, PPP1R9A, QPCT, RABEP1,
RPA1.RPL22L1, SKP1 , SLC25A27, SLC25A46, SOCS6, TPD52, ZDHHC2, ZNF654,
ASB6, ATM, BMM, CDC42EP2, EDEM3, PLLP, RALBP1, SLC4A1 1, TNFSF15, TPK1, C
11orf9, C1QC, CABLES1, CDK6, EHBP1, EXOC6, EXT1, FLRT3, GCNT2, MTHFS,
PIK3AP1, ST3GAL1, TK2, ZDHHC14, ARFGAP3, AXUD1, CAPZB, CHSY1, DNAJB9,
GOLT1B, HSPA5, LEPROTL1, LIMS1, MAPK6, MY06, PROSC, RAB8B, RAP2B, RWDD2B,
SERTAD2, SOCS5, TERF2IP, TIAL1, TIPARP, TRIM8, TSC22D2, TGFA, VAPA, and
UBE2K, (b) exposing ex-vivo a tissue sample from tumor or plasma of said
patient to said anti-EGFR antibody, (c) measuring again in said exposed
tissue sample of step (b) the expression level of one or more biomarkers
specified in step (a), and (d) calculating the differences in expression
levels measured in steps(b) and (c), wherein an increase in the expression
level of the biomarkers of group (i) obtained in step (c) compared to step
(a) indicates an increased likelihood that said patient responds
therapeutically to the treatment with said anti-EGFR antibody, and wherein
an increase in the expression level of the biomarkers of group (ii)
obtained in step (c) compared to step (a) indicates a decreased likelihood
that said patient responds therapeutically to the treatment with said
anti-EGFR antibody. In another aspect, the invention relates to a
respective in vitro method as disclosed above and below, wherein the
patient does not only suffer from KRAS wild type EGFR expressing tumor but
in addition shows a mutation in the EGFR gene of the tumor tissue. In a
specific embodiment this mutation is responsible for skin rash associated
with the administration of the anti-EGFR antibody, preferably cetuximab.
This mutation causes preferably a R521K polymorphism in EGFR. In another
aspect, the invention relates to a respective in vitro method as disclosed
above and below, wherein the patient does not only suffer from KRAS wild
type EGFR expressing tumor, especially CRC / mCRC, but in addition shows a
mutation in the BRAF gene of the tumor tissue.In a further aspect, the
invention relates to DNA or RNA array comprising an arrangement of
polynucleotides presented or hybridizing to one or more of the following
genes: ADAMDEC1, BSDC1, C1orf144, CAPZB, CDC42, DHCR7, DNAJC8, ECSIT,
EXOSC10, FADS1, GBA, GLT25D1, GOSR2, IMPDH1, KLHL21, KPNA6, KPNB1, LSM12,
MAN1B1, 



MIDN, PPAN, SH3BP2, SQLE, SSH3, TNFRSF1B, URM1, ZFYVE26, RGMB, SPIRE2,
ABCC5, ACSL5, AOAH, AXIN2, CD24, CEACAM5, CEACAM6, ETS2, FMNL2, GPSM2,
HDAC2, JUN, ME3, MED17, MYB, MYC, NEBL.NOSIP, PITX2, POF1B, PPARG,
PPP1R14C, PRR15, PSMG1 , RAB15, RAB40B, RNF43, RPS23, SLC44A3, SOX4, THEM2,
VAV3, ZNF337, EPDR1, KCNK5, KHDRBS3, PGM2L1, STK38, SHROOM2,C7orf46, CAST,
DCP2, DIP2B, ERAP1, INSIG2, KIF21A, KLK6, NGRN, NRIP1, PHGDH, PPP1R9A,
QPCT, RABEP1, RPA1.RPL22L1, SKP1 , SLC25A27, SLC25A46, SOCS6, TPD52,
ZDHHC2, ZNF654, ASB6, ATM, BMH , CDC42EP2, EDEM3, PLLP, RALBP1, SLC4A1 1,
TNFSF15, TPK1 , C 11orf9, C1QC, CABLES1 , CDK6, EHBP1, EXOC6, EXT1, FLRT3,
GCNT2, MTHFS, PIK3AP1, ST3GAL1 , TK2, ZDHHC14, ARFGAP3, AXUD1 , CAPZB,
CHSY1 , DNAJB9, GOLT1B, HSPA5, LEPROTL1, LIMS1, MAPK6, MYO6, PROSC, RAB8B,
RAP2B, RWDD2B, SERTAD2, SOCS5, TERF2IP, TIAL1, TIPARP, TRIM8, TSC22D2,
TGFA, VAPA, and UBE2K, wherein the gene or gene products are immobilized on
a solid surface. In a preferred embodiment the DNA or RNA array comprises
one or more of the following genes or hybridizes to said genes: TNFRSF1B,
DNAJC8, ECSIT, GOSR2, PPP1R9A, KLK6, C7orf46, SSH3, SERTAD2, AXIN2,
C10orf99, ETS2, PITX2, PRR15, VAV3, gene coding for IKK interacting
protein, EDEM3, LY6G6D, and optionally in addition AREG and / or EREG and /
or TGFA. In another preferred embodiment the DNA or RNA array, according to
the invention, is consisting of the following arrangement of
polynucleotides presented by or hybridizing to the following genes (a)
TNFRSF1B, DNAJC8, ECSIT, GOSR2, PPP1R9A, KLK6, C7orf46, SSH3, SERTAD2,
AXIN2, C10orf99, ETS2, PITX2, PRR15, VAV3, gene coding for IKK interacting
protein, EDEM3, LY6G6D, AREG, EREG and TGFA; or (b) TNFRSF1 B, DNAJC8,
VAV3, ARAG or EREG, TNFa; or (C) VAV3; ARAG or EREG, TNFa; or (d) VAV3,
TNFa; or (e) ARAG or EREG, TNFa.SHORT DESCRIPTION OF THE FIGURES: Fig. 1:
Genes whose expression in baseline samples is significantly associated with
disease control after six weeks of cetuximab monotherapy in patients with
wildtype KRAS gene (p < 0.002, moderated t-test). Based on study EMR
62202-045 (first-line treatment of 



metastatic CRC) Fig. 2: Genes whose expression in baseline samples is
significantly associated with disease control after six weeks of cetuximab
monotherapy (p < 0.002, moderated t-test). Based on study EMR 62202-045
(first-line treatment of metastatic CRC). Fig. 3: Study EMR 62202-502
(cetuximab plus irinotecan treatment of irinotecanrefractory metastatic CRC
patients), analysis of patients with wildtype KRAS gene: genes whose
expression in baseline samples is significantly associated with best
overall response (p < 0.002, Welch t-test) Fig. 4: Study EMR 62202-502
(cetuximab plus irinotecan treatment of irinotecanrefractory metastatic CRC
patients): genes whose expression in baseline samples is significantly
associated with best overall response (p < 0.002, Welch t-test). Fig. 5:
Study EMR 62202-502 (cetuximab plus irinotecan treatment in
irinotecanrefractory metastatic CRC patients), analysis of patients with
wildtype KRAS gene: genes whose expression in baseline samples is
significantly associated with overall survival time (p < 0.002, Cox
proportional hazards regression) Fig. 6: Study EMR 62202-502 (cetuximab
plus irinotecan treatment in irinotecanrefractory metastatic CRC patients):
genes whose expression in baseline samples is significantly associated with
overall survival time (p < 0.002, Cox proportional hazards regression) Fig.
7: Study EMR 62202-502 (cetuximab plus irinotecan treatment in
irinotecanrefractory metastatic CRC patients): genes whose expression in
baseline samples is significantly associated with progression-free survival
time (p < 0.002, Cox proportional hazards regression). Fig. 8: Study EMR
62202-502 (cetuximab plus irinotecan treatment in irinotecanrefractory
metastatic CRC patients), analysis of patients with wildtype KRAS gene:
genes whose expression in baseline samples is significantly associated with
progression-free survival time (p < 0.002, Cox proportional hazards
regression)Fig. 9: Affymetrix probe sets used to evaluate the degree of
liver tissue contamination of tumor biopsies. Fig. 10: Association of
baseline expression data with disease control at week 6 in patients with
KRAS wild-type tumors: 57 probe sets with P <.002. Log-ratio values are
mean log2 expression levels of patients with disease control minus those of
patients with 



progressive disease, adjusted for the degree of liver contamination of the
samples. Fig. 11: Forty-seven probe sets showing an association of
on-treatment changes in expression from baseline to week 4 with best
overall response. Log-ratio values represent means of on-treatment changes
of patients with partial response minus those of patients with stable or
progressive disease, adjusted for the degree of liver contamination of the
samples. Fig. 12: Association of on-treatment changes in candidate gene
expression from baseline to week 4 with best overall response. Log-ratio
values represent means of ontreatment changes of patients with partial
response minus those of patients with stable or progressive disease,
adjusted for the degree of liver contamination of the samples. Fig. 13:
Association of baseline expression of candidate genes with disease control
at week 6 in tumors with KRAS wild-type status. Log-ratio values are mean
Iog2 expression levels of patients with disease control minus those of
patients with progressive disease, adjusted for the degree of liver
contamination of the samples. Fig. 14: . Results of the statistical
analysis of Luminex plasma proteomics data. Analyses refer to general
changes between baseline and week 4 samples, associations of on-treatment
changes with response at week 6 among all patients, as well as among the
patients with KRAS wild-type tumors. For each of these analyses, Iog2-ratio
values, p-values and q-values are given for each measured protein.
Log2-ratio values refer to the mean difference of Iog2 concentrations
between week 4 and baseline samples (general change), or to the difference
between these mean differences between responders and non-responders
(association with response). Fig. 15: Antibody reagents and
immunohistochemistry assay conditions. Fig. 16: Identification of RNA
samples with high (green), medium (red) and low (black) liver contamination
based on expression of genes predominantly expressed in colorectal cancer
(blue box) and normal liver (purple box). The color scale reflects the
absolute element signal intensity after normalization.Fig. 17: Association
of on-treatment changes in expression from baseline to week 4 with best
overall response (partial response vs stable disease plus progressive
disease). Forty-seven probe sets with P<0.002 are shown. Gene names,
followed by the element ID are given on the right of the image. The element
intensity represents the log2 ratio of gene expression at week 4 over gene
expression at baseline. Abbreviations; PD, progressive disease; SD, stable
disease; PR, partial response. 



Fig. 18: Association of on-treatment changes in candidate gene expression
from baseline to week 4 with best overall response (partial response vs
stable disease plus progressive disease). Gene names, followed by the
element ID are given on the right of the image. The element intensity
represents the log2 ratio of gene expression at week 4 over gene expression
at baseline. Abbreviations; PD, progressive disease; SD, stable disease;
PR, partial response. Fig. 19: Association of baseline expression of
candidate genes with disease control (partial response plus stable disease
vs progressive disease) in tumors with KRAS wild-type status. Gene names,
followed by the element ID are given on the right of the image. The
intensity scale reflects the log2 ratio for each element, relative to the
mean for each probe set across all samples Abbreviations; PD, progressive
disease; SD, stable disease; PR, partial response. Fig. 20: Correlation of
KRAS status with response rate and progression-free survival in mCRC
patients treated with cetuximab (Erbitux) Fig 2 1. lmmunohistochemical
analysis of the expression of selected EGFR signaling pathway associated
markers in skin (A) and tumor (B) samples: changes between paired
week4/baseline samples. Fig. 22. Proportion of patients free of disease
progression versus progression-free survival time in months according to
KRAS tumor mutation status. Fig. 23. Association of baseline gene
expression data with disease control (partial response plus stable disease
vs progressive disease) at week 6 in patients with KRAS wildtype tumors. 57
probe sets with P<.002 are shown. Gene names, followed by the element ID
are given on the right of the image. The color scale reflects the log2
ratio for each element, relative to the mean for each probe set across all
samples. Abbreviations; PD, progressive disease; SD, stable disease; PR,
partial response.Fig.24 . AREG (element 205239_at), EREG (element
205767_at) and TGFA (element 20501 6_at) expression levels in baseline
samples according to response at week 6 in all patients (Panel A, C, and E,
respectively) and in patients whose tumors were wild-type for KRAS (Panels
B, D, and F, respectively). P-values refer to the association with disease
control (partial response, PR and stable disease, SD versus progressive
disease, PD). Fig. 25. Association of on-treatment changes in plasma
protein concentrations from baseline to week 4 with response at week 6
(partial response, PR vs stable disease, SD plus 



progressive disease, PD) among 45 patients in the intention to treat (ITT)
population (Panel A) and among 24 ITT patients with KRAS wild-type tumors
(Panel B). All proteins with P<.01 are shown. The element intensity
represents the log2 ratio of protein concentration at week 4 over protein
concentration at baseline. Fig. 26: Boxplots showing the association of
VAV3 with response. PD: progressive disease, PR: partial response, SD:
stable disease. Green dots: Patients with KRAS and BRAF wild-type tumors,
red dots: patients with KRAS mutations, black dots: patients with BRAF
mutations, blue dots: mutation status unknown. P-values are based on Welch
t-tests. Fig. 27: Kaplan-Meier plot showing estimated progression-free
survival distribution functions stratified by VAV3 expression. Patients
have been classified as high or low VAV3 expressors, depending on whether
their baseline VAV3 expression levels were above or below the median level
across patients, respectively. The p-value is derived from a Cox
proportional hazards model. Fig. 28: Kaplan-Meier plot showing estimated
overall survival distribution functions stratified by VAV3 expression.
Patients have been classified as high or low VAV3 expressors, depending on
whether their baseline VAV3 expression levels were above or below the
median level across patients, respectively. The p-value is derived from a
Cox proportional hazards model. Fig. 29: Kaplan-Meier plot showing
estimated progression-free survival distribution functions stratified by
VAV3 expression and KRAS mutation status. Patients have been grouped into
four strata, representing all possible combinations of KRAS mutation status
and baseline VAV3 expression (above or below the median). Fig. 30: Vav3
interacts with activated EGFR. After transfection of HEK 293 cells with
VAV3 and EGFR alone or in combination, cells were lysed and subjected to
immunoprecipitation (IP) and Western blotting (WB).DETAILED DESCRIPTION OF
THE INVENTION The EGFR-targeting immunoglobulin (Ig)GI monoclonal antibody,
cetuximab, was the first monoclonal antibody to be approved for the
treatment of a solid tumor. Intensive research on usable biomarkers to
predict cetuximab response has been conducted to identify those patients
who will benefit most significantly from cetuximab treatment. Tumor EGFR
expression as assessed by immunohistochemistry has proved to be a
disappointing biomarker for the efficacy of EGFR-targeted treatment in CRC.
More promising data have 



been reported for mutations of the KRAS gene, which encodes a
GDP/GTP-binding protein linking ligand-dependent receptor activation to
intracellular pathways of the EGFR signaling cascade. Retrospective
analyses of the KRAS mutation status in a multitude of clinical studies
including two randomized studies of first-line treatment in metastatic CRC
(mCRC), EMR 62202-047 and EMR 62202-013, as well as the randomized CO.17
study (investigating cetuximab monotherapy in patients with mCRC who had
failed prior chemotherapy) have demonstrated that KRAS codon 12/13 mutation
status is predictive for cetuximab activity in CRC. Tumor responses are
predominantly seen in subgroups of patients whose tumors were wild-type for
KRAS and patients carrying a KRAS codon 12/13 mutation do not benefit from
cetuximab therapy. The mutation status of KRAS therefore appears to be a
powerful predictive biomarker for cetuximab activity in CRC, allowing the
exclusion from treatment of a subpopulation unlikely to derive a
significant benefit. Yet, not all of the about 60% of CRC patients with
KRAS wild-type tumors do benefit from cetuximab treatment. About 40% of
patients with KRAS wild-type tumors do not respond to cetuximab treatment
and a substantial fraction of these patients progresses early and has a
short overall survival. Therefore, there is a need for the identification
and use of further biomarkers that can be used in addition to the KRAS
mutation status to better predict the clinical outcome of cetuximab
treatment in CRC patients. It is further a need to identify of biomarkers
that allow a better prediction of cetuximab efficacy in the treatment of
CRC in addition to KRAS mutation status. Microarray analysis of fresh
frozen liver metastasis biopsies was performed in the two cetuximab CRC
studies EMR 62202-502 and EMR 62202-045 to identify genes whose expression
is associated with response, progression-free survival or overall survival
in the general patient population or in patients with KRAS wild-type
tumors. The expression of these genes can be used as a predictive biomarker
for efficacy of cetuximab treatment in CRC and63 15 to better identify
those patients who will derive most benefit from cetuximab treatment in
CRC. The expression of the above described genes are used as biomarkers for
predicting efficacy of cetuximab and other anti-EGFR directed therapeutic
antibodies in patients with CRC and facilitate treatment decisions in the
clinic, i.e. if a patient will receive cetuximab or other anti- 



EGFR directed therapeutic antibodies or not. The application in clinical
practice is: 1. Analysis of mRNA expression of these genes from
formalin-fixed paraffin embedded (FFPE) or fresh tumor biopsies (the latter
have to be either directly frozen in liquid nitrogen or treated with
RNA-later to conserve RNA integrity). The biopsies can be obtained from
primary tumor or metatasis. Analysis of mRNA expression is performed by
PCR-based methods (e.g. real-time PCR, qPCR) by using gene specific primers
to amplify the gene of interest or by hybridization of the mRNA of the gene
of interest to gene specific, immobilized hybridization probes on gene
arrays. 2 . Analysis of protein expression of these genes from FFPE or
fresh tumor biopsies (the latter have to be either directly frozen in
liquid nitrogen or treated with RNA-later to conserve RNA integrity). The
biopsies can be obtained from primary tumor or metatasis. Analysis of
protein expression includes methods such as immunohistochemistry,
enzyme-linked immunosorbent assay (ELISA), Luminex, blotting and detection
of proteins on membranes, mass spectrometry. For soluble proteins: Analysis
of protein expression from plasma or serum comprising methodologies such as
ELISA, Luminex, mass spectrometry. For establishing a diagnostic assay for
clinical practice, the expression levels of the candidate gene(s) or
protein(s) need to be normalized against the expression of another gene or
protein (or a combination of genes and proteins) that is (are) assessed
from the same biopsy with the same assay method. These "normalization"
genes or proteins can comprise cellular house keeping genes that are known
to display very low variation from patient to patient. Alternatively, the
ratio of the expression level of a gene or protein (or a combination of
genes or proteins) from the "good-prognosis" (or whatever terminology we
will use in the end (e.g. "sensitivity") group and the expression level of
a gene or protein (or a combination of genes or proteins) from the
"bad-prognosis" (or e.g. "resistance") group can be determined. The latter
approach offers the advantage of using only expression levels of genes or
proteins that are directly linked to the efficacy of the anti-EGFR therapy.
This approach results in a high dynamic range and is independent of
suitable house-keeping genes or proteins.Prior to implementation of the
diagnostic assays a threshold has to be defined which is the ratio of
expression levels of the applied markers (as described above) that has to
be achieved in order to trigger a positive decision for treating a patient
with the respective anti-EGFR therapy. This threshold should discriminate
between patients who benefit and patients who do 



not benefit from the anti-EGFR treatment in the best possible way. Such a
threshold has to be derived from a "training-set" of tumor samples from
patients treated with the anti-EGFR therapy. Then the threshold has to be
prospectively validated in a different set of tumor samples from a
sufficient number of patients to prove its ability to select patients who
will derive most benefit or to exclude patients who will not benefit from
treatment. In two independent clinical studies (EMR 62202-502 and EMR
62202-045) for treatment of CRC patients with cetuximab the expression of
the genes described above and in the following was found to be associated
with response and/or progression-free survival and/or overall survival.
EGFR gene amplification may predict favorable outcome to anti-EGFR therapy
Subsequent studies found a lower incidence of EGFR gene amplification
Methodology/comparability issues K-Ras mutations "override" benefit in
patients with EGFR gene amplification  Skin-rash is up to now probably the
best predictable biomarker for Erbitux activity (mCRC, NSCLC)  PhIII study
FLEX of Erbitux: early onset of skin rash (first 2 1 days) associated with
prolonged over-all survival (OS) BRAF mutations found in 5% of patients
BRAF and KRAS mutations were mutually exclusive BRAF mutation appears to be
rather a bad prognostic marker than a predictive marker for Erbitux
efficacy.  AREG and EREG expression in mCRC is independent of the KRAS
mutation status  Additional predictive power by combining AREG and EREG
expression status with KRAS mutation status Cetuximab treatment according
to the experiments of the invention was associated with substantial
downregulation of p-EGFR, p-MAPK and proliferation and substantial
upregulation of p27Kip1 and p-STAT3 levels in basal keratinocytes. No
marked difference inthese effects was noted for the different schedules of
administration and dose levels. In the cetuximab monotherapy phase,
responses were achieved only in patients whose tumors were wild-type for
KRAS (8/29 vs 0/19 for KRAS mutant tumors; P=. 0 15). Progression-free
survival was longer for patients with KRAS wild-type compared with KRAS
mutant tumors (logrank, P=.O48). Genomics/proteomics analyses identified
candidate markers associated with 



response. This translational study conducted in a phase I dose-escalation
trial of cetuximab monotherapy constitutes to our knowledge the first
attempt to use pharmacogenomic and pharmacoproteomic analyses to identify
predictive pretreatment biomarkers for cetuximabresponsive mCRC in the
first-line setting. The clinical study (to be reported elsewhere)
demonstrated that cetuximab can be safely administered as first-line
therapy to patients with mCRC every second week at doses of 400- 700 mg/m2.
The MTD was not reached at the highest dose level, and there were no marked
differences in the incidence or severity of adverse events or the activity
of cetuximab at different dose levels. Using the skin to measure target
impact, the IHC data in the pharmacodynamic biomarker evaluation showed
consistent inhibition of signaling proteins within the EGFR pathway across
the dose-escalation groups. These data provide a biological rationale
supporting the functional equivalence of weekly and every second week
dosing regimens. Retrospective analyses of single arm and randomized mCRC
studies have confirmed that the mutation status in tumors of KRAS at codons
12 and 13 is a strong predictor of cetuximab activity, with treatment
benefit tightly linked to wild-type status.4 7 13 The current study
addressed for the first time the influence of KRAS mutation status on
cetuximab monotherapy in the first-line treatment of mCRC patients.
Consistent with the data from previous series of chemorefractory patients
treated with cetuximab as a single agent or in combination with
chemotherapy, 8 11 13 objective responses in the monotherapy part of the
study were only observed in those patients with KRAS wild-type tumors (8
out of 29 patients, 28%), with no responses (0 out of 19) seen in patients
with tumors that carried mutations in the gene (P=.0 15). The best overall
response rates (including the responses after adding FOLFIRI) in patients
with KRAS wild-type tumors (55%) and KRAS mutated tumors (32%) were
comparable to results obtained in the CRYSTAL and OPUS studies, where
cetuximab was combined as first-line treatment respectively with FOLFIRI
and FOLFOX.4 12 The observed responses in mCRC patients with KRAS mutated
tumors receiving cetuximab in combination with chemotherapy as first-line
treatment in the current study are most likely attributable to
theT/EP2010/003563 18 effect of chemotherapy. Overall PFS was significantly
longer for patients whose tumors were 



wild-type for KRAS, demonstrating the clinical significance of KRAS tumor
mutation status as a predictive biomarker in relation to cetuximab
treatment. A subset of patients with KRAS wild-type tumors do not appear to
benefit from cetuximab treatment. It may therefore be possible to identify
further predictive biomarkers which will facilitate the more accurate
tailoring of treatment to those patients who will respond to cetuximab.
Recently, the negative predictive value of RAF18 and PI3K 0 mutations as
well as PTEN deregulation 19 2 1 has been preliminarily described. Other
molecular markers which have been putatively associated with the clinical
activity of cetuximab include tumor expression levels of VEGF, IL8, EGFR,
and PTGS2 (COX2);22 circulating levels of VEGF during treatment; 23
constitutional polymorphisms of PTGS2 and EGFR24 and TP53 tumor mutation
status.25 For a range of anticancer agents high-throughput genomics
technologies are increasingly being utilized in the search for predictive
biomarkers. 26 29 In the case of cetuximab, high-level expression of genes
encoding the EGFR ligands AREG (amphiregulin) and EREG (epiregulin) in
tumors has been shown to be associated with clinical activity in mCRC
patients, both by microarray 10'30 (unselected population and a population
with KRAS wild-type tumors) and quantitative reverse transcriptase-PCR 3 1
(patients receiving cetuximab plus irinotecan) approaches. Similarly, in
the current first-line study, AREG and EREG expression appeared to be
elevated in tumors of patients without disease progression, in both the
total population and the KRAS wild-type tumor subgroup. In contrast, TGFa
(encoding TGF-a) , showed lower levels of expression in patients without
disease progression. The global gene expression analysis of KRAS wild-type
tumors identified 57 genes putatively associated with disease control at
week 6 (P<.002). Among these candidates, six genes (TNFRSF1B, DNAJCb,
ECSIT, GOSR2, PPP1R9A, and KLK6) were found to have a False Discovery Rate
<0. 1. The value of these putative biomarkers for improving prediction of
cetuximab efficacy in KRAS wild-type mCRC needs further exploration.
Luminex analysis of plasma proteins revealed a strong increase in the
levels of amphiregulin and TGF-a during cetuximab monotherapy treatment, a
trend that was also seen for EGF. The upregulation of these EGFR ligands
might be a compensating reaction to EGFR inhibition. Interestingly, the
increase in amphiregulin levels was significantly lower in patients who
responded to cetuximab treatment. A significant decrease of
carcinoembryonic antigen 



and the cancer antigens 125 and 19-9 was observed under cetuximab
monotherapy in responders. Remarkably also, the decrease in IL-8 levels was
significantly associated withT/EP2010/003563 19 response in all tumors as
well as in KRAS wild-type tumors. IL-8 is a pro-inflammatory cytokine that
promotes proliferation and survival of tumor cells and has profound effects
on the tumor microenvironment. 32 IL-8 seems to be a predictive biomarker
for cetuximab efficacy. Furthermore according to the invention a direct
interaction of EGFR and VAV3 could be detected when EGFR and VAV3 were
expressed in HEK 293 cells. This indicates a direct and outstanding role
for VAV3 in EGFR signaling and a direct link between observed high VAV3
expression levels and modulation of the activity of anti-EGFR therapy with
cetuximab. The invention shows for the first time that treatment with
anti-EGFR antibodies, preferably cetuximab (every second week and weekly
administration) as a single agent in a first-line setting benefits mCRC
patients who have KRAS wild-type tumors. In addition, the global gene
expression analyses of this early-phase study have generated a number of
interesting results regarding the expression of certain genes and the
clinical activity of cetuximab. These observations enable validation on
larger patient series using different methodologies. The results of these
studies provide a rational foundation for optimizing treatment in patients
suffering from different cancers, especially CRC or mCRC with cetuximab or
anti-EGFR antibodies being similarly active. lmmunohistochemical Analysis
of EGFR Pathway Components Evaluable paired baseline/week 4 skin biopsies
to analyze pharmacodynamic changes of the assessed markers were available
from up to 35 patients. Substantial downregulation of p- EGFR, p-MAPK and
proliferation (as assessed by Ki67 staining) was observed in the 4-week
compared with baseline samples. In parallel, a substantial upregulation of
p27Kip1 and p- STAT3 was observed . In the analysis of different schedules
of administration and dose levels, no relevant differences in relation to
changes in the levels of these markers between groups of patients were
present for baseline to on-treatment timepoints (Fig. 21A). Evaluable
paired baseline/week 4 tumor biopsies were available from up to 17
patients. Reduction in proliferation and a profound downregulation of
p-EGFR and p-MAPK were observed in tumor cells after therapy (Fig. 21B).
However, p27Kip1 , p-STAT3 and p-AKT 



levels were not markedly modified by cetuximab treatment (data not shown).
The small number of available paired tumor biopsies did not allow a
comparison of changes in biomarker levels with dose groups and response
variables.KRAS Mutation Analysis KRAS codon 12 or 13 mutations were
detected in 19/48 (40%) patient samples (G12V, 9 patients; G13D, 5
patients; G12D, 4 patients; G12A, 1 patient). In the cetuximab monotherapy
phase, there were eight partial responses (PRs) among the 48 patients. All
were in patients whose tumors were wild-type for KRAS (8/29; 28%). No
responses were reported in the 19 patients whose tumors carried KRAS
mutations (P=.0 15) (Table 1). In the study overall (monotherapy and
combination therapy phases), responses were seen in 16/29 (55%) of patients
with KRAS wild-type and 6/19 (32%) with KRAS mutant tumors (P=. 144). PFS
was significantly longer in patients whose tumors were wild-type for KRAS,
compared to those whose tumors carried mutations (Fig. 22; median 9.4 vs
5.6 months, hazard ratio 0.47; logrank P=.O48). Microarray Analysis of Gene
Expression A total of 106 tumor-derived samples from baseline and 4-week
timepoints were hybridized to Affymetrix GeneChip HG-U133 Plus 2.0 arrays.
Four arrays were excluded from further analysis on the basis of general
quality control parameters and 24 samples were excluded due to presence of
normal liver tissue contamination (Fig. 16; supplemental material) and were
not further analyzed. After the exclusion of duplicates, 62 array data sets
from 42 ITT patients (36 baseline, 26 week 4: 20 pairs) remained for
analysis. For the analyzed tumor samples, the data from the 54,675 probe
sets was pre-filtered on the basis of variance, signal intensity and probe
set annotation (see Supplementary Methods). This process restricted the
tumor expression analysis to 15,230 probe sets, representing 10,538 genes.
In global comparisons of baseline pre-filtered data according to response:
progressive disease (PD; n=12) versus disease control at 6 weeks (n=23; 1
patient not evaluable) and for best overall response: PD and stable disease
(SD) (n=19) versus PR (n=14; 3 patients not evaluable), the distribution of
P values (data not shown) was essentially as expected by chance, suggesting
that a gene expression profile predictive of response had not been
identified for the global population. However, restricting the analysis to
KRAS wildtype tumors (8 patients with PD versus 11 patients with disease
control), 57 probe sets with expression patterns putatively associated with
disease control at week 6 were identified 



(P<.002; Fig 23). Imposing a False Discovery Rate (FDR) threshold of 0.1
(for FDR definition see Supplementary Methods section), six genes were
found to be significantly associated with disease control {TNFRSF1B,
P=6.90E-07; DNAJC8, P=1 .60E-06; ECSIT, P=6.80E-06;GOSR2, P=3.90E-05 with
higher expression in patients showing disease control and PPP1R9A,
P=8.90E-07 and KLK6, P=3.00E-05 with higher expression in patients with
PD). On treatment changes associated with response were examined using data
from patients with available samples from the baseline and the week 4
timepoints. No expression changes were identified that appeared to be
tightly associated with disease control at week 6 (n=12) compared with PD
(n=8). Considering the combination with chemoptherapy, the comparison of
profiles for PR (n=7) versus SD/PD (n=13), revealed 47 probe sets showing
differences in on-treatment changes (P<.002, moderated t-test, see Fig.
17). In patients with KRAS wild-type tumors, as well as in the complete set
of analyzed patients, baseline EREG (epiregulin) and AREG (amphiregulin)
expression levels were higher in those tumors responding to cetuximab (Fig.
24; Fig. 18). These findings are in line with results reported by
Khambata-Ford et al. 10 Interestingly, TGFA (TGF-D) demonstrated a
reciprocal expression pattern (Fig. 24; Fig. 18). Among other genes known
to be directly or indirectly involved in EGFR signaling such as ERBB
receptors and ligands ERBB3 (HER3) and ERBB2 (HER2) showed a trend for
stronger downregulation in tumors with a PR as best overall response (Fig.
19). Plasma Proteomics The concentrations of 97 different proteins were
analyzed in plasma samples using Luminex technology. The protein panel
included EGFR ligands, other growth factors, interleukins and a variety of
other candidate proteins. During the cetuximab monotherapy phase, the
decrease in plasma levels of interleukin (IL)-8, macrophage inflammatory
protein (MIP)-I D as well as the tumor markers carcinoembryonic antigen,
cancer antigens 125 and 19-9 between baseline and week 4 was significantly
associated (P<.01) with response at week 6 (Fig. 25A). The general strong
increase in plasma concentrations of amphiregulin was significantly (P<.01)
weaker in patients with partial response to cetuximab monotherapy (Fig.
25). The association with response at week 6 was also found for
carcinoembryonic antigen, cancer antigen 19-9, IL-8 and amphiregulin when
the analysis was restricted to patients with KRAS wild-type tumors (data
from 24 patients, Fig. 25B). Furthermore a general increase (independent of
response) of TGF-a and EGF levels and a decrease of soluble EGFR were 



observed in plasma during the first 4 weeks of cetuximab monotherapy
treatment. Among the investigated genes and candidates showing an
association between expression levels and success of therapy in patients
with metastatic colorectal cancer (mCRC) receiving cetuximab, VAV3 is of
particular interest. In study EMR 62202-502 high tumoral VAV3
mRNAexpression levels were not only strongly associated with better
response to cetuximab in combination with irinotecan (Figure 26) but also
with progression free survival (PFS) (Figure 27) and overall survival (OS)
(Figure 28). Furthermore, high tumoral VAV3 expression levels were found to
be particularly associated with response and prolonged PFS in patients with
KRAS wild-type tumors (see Figure 1 and Figure 29). Therefore, VAV3
expression appears to be a good biomarker candidate for predicting clinical
outcome of cetuximab therapy in CRC in patients with KRAS wild-type tumors
which would help to further optimize selection of patients deriving most
benefit from cetuximab therapy. Interestingly, a direct interaction of EGFR
and VAV3 could be detected when EGFR and VAV3 were expressed in HEK 293
cells (Figure 30). This suggests a direct role for VAV3 in EGFR signaling
and a direct link between VAV3 expression levels and modulation of the
activity of anti-EGFR therapy. Examples Clinical studies: EMR 62202-502:
This randomized study investigated cetuximab dose-escalation in patients
(pts) with EGFR-expressing mCRC failing irinotecan-including therapy. R s
were randomized 22 days after starting cetuximab (400 mg/m2 initial dose
then 250 mg/m2/week [w]) with I (180 mg/m2 q 2 w) if they had not
experienced >grade (G) 1 skin reaction, any other >G 2 cetuximab-related
adverse event and were tolerant to I . Randomization was to standard
cetuximab dose (Arm A; 250 mg/m2/w) or dose-escalation (Arm B; cetuximab
dose increased by 50 mg/m2 q 2 w, until >G 2 toxicity, tumor response or
dose = 500 mg/m2). Pts not randomized (Arm C) continued on standard
cetuximab dose. Primary endpoint was to compare in skin and tumor biopsies,
taken before and during treatment, the effects of doseescalation on EGFR
and downstream signalling markers with those of the standard cetuximab
regimen. Secondary endpoints were PK, efficacy, safety, tolerability,
biomarker analyses on tumor biopsies and plasma samples. The KRAS mutation
status was analyzed from tumor biopsies. EMR 62202-045: This study examined
the safety and pharmacokinetics of every second 



week administration of cetuximab in patients with metastatic colorectal
cancer. Secondary objectives included a pharmacodynamic biomarker analysis.
Patients received cetuximab monotherapy for 6 weeks, followed by cetuximab
plus FOLFIRI until disease progression.Patients in the control arm received
cetuximab as a 400 mg/m2 initial dose then 250 mg/m2/week and in the
dose-escalation arms, at 400-700 mg/m2, every second week. The KRAS
mutation status was analyzed from tumor biopsies. Tumor material for Gene
expression (Microarrav) analysis: EMR 62202-502 : Tumor material was taken
by open surgery, endoscopy or core/fine needle biopsy at baseline
(pre-treatment), at day 22 and if possible, at disease progression of
patients in the dose-escalation arm (Arm B). The samples were snap-frozen
in liquid nitrogen. EMR 62202-045 : Tumor material was taken by open
surgery, endoscopy or core/fine needle biopsy at baseline, at week 4 and if
possible, at disease progression. The samples were snap-frozen in liquid
nitrogen. RNA Expression Profiling Experimental procedures related to the
microarray analysis are detailed in the Supplementary Methods section.
Briefly, snap-frozen tumor biopsies were homogenized and total RNA was
extracted using an RNeasy Micro Kit(r) (Qiagen, Hilden). Biotinylated
target cRNAs for the array hybridization experiments were prepared from all
samples according to the Affymetrix Two-Cycle Eukaryotic Target labeling
protocol. For each tumor analyzed, an initial 50 ng of total RNA was
included in the first cDNA synthesis reaction of this cRNA
amplification/labeling process. Labeled cRNA was subsequently hybridized to
Affymetrix GeneChip HG-U133 Plus 2.0 gene expression arrays for 16 hours at
45 0C at 60 rpm. Following hybridization, arrays were stained on an
Affymetrix Fluidics Station 450 and signal quantified using a GeneChip
Scanner. Quality control and preprocessing of the raw expression data were
carried out using the proprietary Affymetrix GCOS software and the
Bioconductor package, affyPLM. EMR 62202-502: After all quality control
checks and pre-processing steps had been performed a total of 68 array data
sets from 47 subjects of the intention to treat (ITT) population were
eligible for further analysis. Baseline samples were available from 35
subjects. EMR 62202-045: After all quality control checks and
pre-processing steps had been performed a total of 62 array data sets from
42 ITT patients were eligible for further analysis. 



Baseline samples were available from 36 subjects.03563 24 Statistical
analyses were conducted for all Affymetrix probe sets with reliable gene
annotation that passed initial filters based on variability and signal
intensity in at least one of the two studies (16414 Affymetrix probe sets
representing 10785 genes). Genes whose expression is associated with
clinical response were identified with Welch t-test comparisons between
responders and non-responders (EMR 62202-502), or between patients with
disease control after six weeks of cetuximab monotherapy versus those with
progressive disease (EMR 62202-045), respectively. Genes whose expression
is associated with progression-free survival or with overall survival were
identified using Cox proportional hazards regression (EMR 62202-502). These
analyses were conducted for the complete sets of patients, as well as only
for the patients with KRAS wildtype tumors. A meta-analysis to identify
response-associated genes across both studies was conducted using the
products of single-study one-sided p-values as test statistic and deriving
p-values from the null distribution of these products. P-values in a range
below 0.01 and 0.0001, specifically below 0.01, preferably 0.005, more
preferably 0.002, most preferably 0.0005 or 0.0001 (from the meta-analysis
for association with clinical response, and from the analysis of EMR
62202-502 for the association with progression-free and overall survival),
were considered as statistically significant. This criterion was fulfilled
for 200 Affymetrix probe sets representing 179 known genes in at least one
of the comparisons. Patient Eligibility and Study Design Eligibility
criteria and study design have been reported in full in a separate
manuscript. Briefly, the study was divided into two parts; a cetuximab
monotherapy phase lasting 6 weeks and a combination therapy phase, during
which patients received cetuximab, at the same dose/schedule as during the
monotherapy phase, and the irinotecan-based schedule FOLFIRI. Patients were
assigned sequentially to either the standard weekly schedule and dose of
cetuximab (400 mg/m2, followed by weekly doses of 250 mg/m2) or a cetuximab
doseescalation treatment on a bi-weekly schedule with different cohorts
from 400 to 700 mg/m2. Clinical response was reported after 6 weeks of
cetuximab monotherapy and as best overall response (monotherapy and
combination therapy phases). 



Collection and Storage of Patient Material Skin biopsies were obtained at
baseline and on day 26-28 (week 4) . If skin rash was present, samples were
taken from a rash-free area. The biopsy was immediately immersed into
20times its volume of neutral-buffered formaldehyde solution at 4 0C and
held for 8-16 hours at room temperature. The fixed specimen was dehydrated
to xylene using a graded ethanol series and embedded longitudinally in
paraffin wax under vacuum at 60 0C. Tumor material was taken by open
surgery, endoscopy or core/fine needle biopsy at baseline, at week 4 and if
possible, at disease progression. One sample per timepoint was formalin
fixed and paraffin embedded, as previously described 138 and three samples
were snap-frozen in liquid nitrogen. To provide normal DNA, 10 ml of whole
blood was obtained from each patient at baseline and stored at -20 0C or
lower until use. Plasma (2.5 ml) was collected for Luminex analysis at
baseline and week 4, and stored at -80 0C. lmmunohistochemistry
lmmunohistochemical (IHC) analysis of formalin fixed paraffin embedded
(FFPE) tissue was used to investigate the expression of the following
proteins: EGFR, phospho(p)-EGFR, p- MAPK, Ki67 (MIB1), p27Kip1 (CDKN1B) and
p-STAT3 (skin and tumor biopsies); HER2, p- HER2 and p-AKT (tumor biopsies)
lmmunohistochemistry analysis was performed as previously described. 13
Details of the antibodies and methods used are provided in the
Supplementary Methods section. KRAS Mutation Analysis FFPE patient-derived
archival tumor tissue was available from 48 patients from the intention to
treat (ITT) population. DNA was extracted and screened for the presence of
KRAS codon 12 and 13 mutations using a polymerase chain reaction (PCR)
clamping and melting curve technique adapted from Chen et al, 200414
(LightMix, k-ras GIy12, TIB MOLBIOL, Berlin, Germany), as previously
described. 12 RNA Expression Profiling Experimental procedures related to
the microarray analysis are detailed in the Supplementary Methods section.
Briefly, snap-frozen tumor biopsies were homogenized and total RNA was
extracted using an RNeasy Micro Kit(r) (Qiagen, Hilden). Biotinylated
target cRNAs for the array hybridization experiments were prepared from all
samples according to the Affymetrix Two-Cycle Eukaryotic Target labeling
protocol. For each tumor analyzed, an initial 50 ng of total RNA was
included in the first cDNA synthesis reaction of this cRNA 



amplification/labeling process. Labeled cRNA was subsequently hybridized to
Affymetrix GeneChip HG-U133 Plus 2.0 gene expression arrays for 16 hours at
45 0C at 60 rpm. Following hybridization, arrays were stained on an
Affymetrix Fluidics Station 450 and signalquantified using a GeneChip
Scanner. Quality control of the raw expression data was carried out using
the proprietary Affymetrix GCOS software and the Bioconductor package
affyPLM.15 If replicate arrays were available from individual samples, the
data set with the best quality control assessment was selected for
analysis. Preprocessing of the raw probelevel intensity data was performed
using the GCRMA algorithm. 16 Profeomic Analysis A multiplex analysis of 97
proteins (HumanMAP version 1.6 plus amphiregulin, betacellulin, EGFR,
heparin-binding (HB)-EGF, epiregulin, interleukin-18, transforming growth
factor (TGF)-a, and thrombospondin-1) from plasma using the Luminex xMAP(r)
technology platform (as described in the Supplementary Methods section) was
performed at Rules-Based Medicine (Austin, Texas, US). Betacellulin, EGFR
and HB-EGF were only assessed in 23 samples from patients who were enrolled
later in the trial. Statistical analysis Response rates and
progression-free survival (PFS), defined as the duration from the first
infusion of cetuximab until the first radiologically confirmed disease
progression under the combination of cetuximab and FOLFIRI, for patients
whose tumors were wild-type or mutant with respect to KRAS were compared
using Fisher's exact and logrank tests, respectively. All statistical
analyses of the IHC, microarray and proteomics data (see Supplementary
Methods) were performed using Bioconductor software15 and SAS version 9.1.
These exploratory analyses were viewed as hypothesis-generating. REFERENCES
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6741, 2008PATt=NTCLAIMS: 1. An in vitro method for predicting the
likelihood that a patient suffering from KRAS wild type EGFR expressing
tumor, who is a candidate for treatment with an EGFR antibody, will respond
to the treatment with said anti-EGFR antibody, comprising determining the
expression level of one or more prognostic genes or gene expression
products thereof in a tissue sample obtained from said patient by
subjecting a nucleic acid sample from the tumor sample from the patient to
PCR or an RNA or DNA array or a comparable diagnostic tool or apparatus,
wherein (i) high expression of the gene or the gene product selected from
the group of genes consisting of: ADAMDEC1, BSDC1, C1orf144, CAPZB, CDC42,
DHCR7, DNAJC8, ECSIT, EXOSC10, FADS1, GBA1GLT25D1, GOSR2, IMPDH1, KLHL21,
KPNA6, KPNB1 , LSM12, MAN1B1 , MlDN, PPAN, SH3BP2, SQLE, SSH3, TNFRSF1B,
URM1, ZFYVE26, RGMB1 SPIRE2, ABCC5, ACSL5, AOAH1AXIN2, CD24, CEACAM5,
CEACAM6, ETS2, FMNL2, GPSM2, HDAC2, JUN1ME3, MED17, MYB, MYC, NEBL1NOSIP
PITX2, POF1B, PPARG PPP1R14C, PRR15, PSMG1, RAB15, RAB40B, 



RNF43, RPS23, SLC44A3, SOX4, THEM2.VAV3, ZNF337, EPDR1, KCNK5, KHDRBS3,
PGM2L1, STK38, and SHROOM2, indicates that the patient is likely to respond
to said treatment compared to a reference value, and (ii) high expression
of the gene or the gene product selected from the group of genes consisting
of: C7orf46, CAST, DCP2, DIP2B, ERAP1, INSIG2, KIF21A, KLK6, NGRN1 NRIP1,
PHGDH PPP1R9A, QPCT, RABEP1, RPA1.RPL22L1 , SKP1 , SLC25A27, SLC25A46,
SOCS6, TPD52, ZDHHC2, ZNF654, ASB6, ATM, BMH, CDC42EP2, EDEM3, PLLP, RALBP1
, SLC4A1 1, TNFSF15, TPK1, C11orf9, C1QC, CABLES1 , CDK6, EHBP1 , EXOC6,
EXT1 , FLRT3, GCNT2, MTHFS, PIK3AP1 , ST3GAL1 , TK2, ZDHHC14, ARFGAP3,
AXUD1, CAPZB, CHSY1, DNAJB9, GOLT1B, HSPA5, LEPROTL1, UMS1 , MAPK6, MY06,
PROSC RAB8B, RAP2B, RWDD2B, SERTAD2, SOCS5, TERF2IP, TIAL1, TIPARP, TRIM8,
TSC22D2, TGFA VAPA, and UBE2K, indicates that the patient is likely not to
respond to said treatment compared to a reference value. 2. A method of
claim 1, wherein the treatment with said anti-EGFR antibody as a first-line
therapy and the selected genes or gene expression products from genes of
group (i) are one or more of ADAMDEC1, BSDC1, C1orf144, CAPZB, CDC42,
DHCR7, DNAJC8, ECSIT EXOSC10, FADS1, GBA, GLT25D1, GOSR2, IMPDH1, KLHL21,
KPNA6, KPNB1, LSM12, MAN1B1, MIDN1PPAN, SH3BP2, SQLE, SSH3, TNFRSM B,
URM1,VAV3 and ZFYVE26, and from group (ii) are one or more of C7orf46,
CAST, DCP2, DIP2B, ERAP1, INSIG2, KIF21A, KLK6, NGRN, NRIP1, PHGDH PPP1R9A,
QPCT, RABEP1, RPA1.RPL22L1, SKP1, SLC25A27, SLC25A46, SOCS6, TPD52, TGFA,
ZDHHC2, and ZNF654. 3. A method of claim 1, wherein the treatment with said
anti-EGFR antibody is a combination therapy with a chemotherapeutic agent
after the patient has developed a chemo-refractory tumor, and the selected
genes or gene expression products from group (i) are one or more of RGMB,
SPIRE2, ABCC5, ACSL5, AOAH, AXIN2, CD24, CEACAM5, CEACAM6, ETS2, FMNL2,
GPSM2, HDAC2, JUN, ME3, MED17, MYB, MYC, NEBL NOSIP, PITX2, POF1B, PPARG,
PPP1R14C, PRR15, PSMG1, RAB15, RAB40B, RNF43, RPS23, SLC44A3, SOX4,
THEM2.VAV3, ZNF337, EPDR1, KCNK5, KHDRBS3, PGM2L1, STK38, and SHROOM2, and
from group (ii) are one or more of ASB6, ATM, BMM, CDC42EP2, EDEM3, PLLP,
RALBP1, SLC4A1 1, TNFSF15, TPK1, 



C11orf9, C1QC, CABLES1, CDK6, EHBP1, EXOC6, EXT1, FLRT3, GCNT2, MTHFS,
PIK3AP1 , ST3GAL1 , TK2, ZDHHC14, ARFGAP3, AXUD1 , CAPZB, CHSY1 , DNAJB9,
GOLT1B, HSPA5, LEPR0TL1, LIMS1, MAPK6, MYO6, PROSC, RAB8B, RAP2B, RWDD2B,
SERTAD2, S0CS5, TERF2IP, TIAL1 , TIPARP, TRIM8, TSC22D2, TGFA, VAPA, and
UBE2K. 4. A method of claim 3, wherein the clinical response is overall
survival time (OS), and the selected genes from group (i) are one or more
of EPDR1 , KCNK5, KHDRBS3, PGM2L1 , SHROOM2, STK38, and VAV3, and from
group (ii) are one or more of ASB6, ATM, BMM, CDC42EP2, EDEM3, PLLP,
RALBP1, SLC4A11, TNFSF15, and TPKI, or the respective gene expression
products of each of said groups. 5. A method of claim 3, wherein the
clinical response is progression free survival time (PFS) and the selected
genes from group (i) are one or more of ACSL5, AOAH, AXI N2, CD24, CEACAM5,
CEACAM6, ETS2, FMNL2, GPSM2, HDAC2, JUN, ME3, MED17, MYB, MYC, NEBL1NOSIP,
PITX2, P0F1B, PPARG, PPP1R14C, PRR15, PSMG1 , RAB15, RAB40B, RNF43, RPS23,
SLC44A3, SOX4, THEM2.VAV3, and ZNF337, and from group (ii) are one or more
of C 11orf9, C1QC, CABLES1 , CDK6, EHBP1, EXOC6, EXT1 , FLRT3, GCNT2,
MTHFS1 , PIK3AP1 , ST3GAL1 , TK2, and ZDHHC14, or the respective gene
expression products of each of said groups. 6. A method of claim 3, wherein
the clinical overall response (OR) is measured as partial response versus
stable or progressive disease, and the selected genes from group (i)are one
or more of VAV3, RGMB, and SPIRE2, and from group (ii) are one or more of
ARFGAP3, AXUD1, CAPZB CHSY1, DNAJB9, GOLT1B, HSPA5, LEPROTL1, LIMS1, MAPK6,
MYO6, PROSC, RAB8B, RAP2B, RWDD2B, SERTAD2, S0CS5, TERF2IP, TIAL1, TIPARP
TRIM8, TSC22D2, TGFA, VAPA, and UBE2K, or the respective gene expression
products of each of said groups. 7. A method of any of the claims 1 - 6,
wherein the reference value is defined by one or more of a specific
functional or clinical property, and / or a specific expression profile
obtained from a reference patient or reference patient group. 8. A method
of claim 7, wherein said reference value is obtained from a reference
patient or patient group that does not express or express little said gene
or gene product. 9. A method of any of the claims 1 - 8, wherein the
reference value is an expression threshold value of a control gene or the
ratio of gene expression of selected genes from 



group (i) in comparison to gene expression of selected genes from group
(ii) or the reference value is an expression threshold value defined by
specific clinical response parameters to be determined or by specific
pre-treatment or treatment conditions. 10. A method of claim 9, wherein the
clinical response parameter is progression free survival time (PFS),
overall survival time (OS), partial response (PR), stable disease (SD),
progressive disease (PD) or combinations thereof. 11. A method of any of
the claims 1 - 10, wherein the tissue samples are taken from the patient
before treatment with said anti-EGFR antibody. 12. A method of claim 11,
wherein additionally tissue samples are taken from the patient on treatment
with said anti-EGFR antibody. 13. A method of claim 12, wherein the
expression levels of the genes or gene expression products obtained on
treatment are compared with the values obtained before starting treatment
of said patient. 14. A method of any of the claims 1 - 13, wherein the
patient sample derives from tumor tissue. 15. A method of any of the claims
1 - 13, wherein the patient sample derives from plasma. 16. A method of any
of the claims 1 - 15, wherein the level of the expressed proteins encoded
by said genes is determined.17. An in vitro method for predicting the
likelihood that a patient suffering from KRAS wild type EGFR expressing
cancer will respond therapeutically to the treatment with an anti- EGFR
antibody, the method comprises: (a) measuring by diagnostic means and / or
diagnostic apparatus in a biopsy tissue sample from tumor tissue or plasma
of said patient the expression level of one or more biomarkers selected
from the group (i) consisting of ADAMDEC1, BSDC1 , C1orf144, CAPZB, CDC42,
DHCR7, DNAJC8, ECSIT, EXOSC10, FADS1 , GBA, GLT25D1, GOSR2, IMPDH1, KLHL21,
KPNA6, KPNB1, LSM12, MAN1B1, MIDN, PPAN, SH3BP2, SQLE 1SSH3, TNFRSF1B,
URM1, ZFYVE26, RGMB, SPIRE2, ABCC5, ACSL5, AOAH, AXIN2, CD24, CEACAM5,
CEACAM6, ETS2, FMNL2, GPSM2, HDAC2, JUN, ME3, MED17, MYB1MYC1NEBL NOSIP1
PITX2, POF1B, PPARG PPP1R14C, PRR15, PSMG1, RAB15, RAB40B, RNF43, RPS23,
SLC44A3, SOX4, THEM2.VAV3, ZNF337, EPDR1, KCNK5, KHDRBS3, PGM2L1 , STK38,
SHROOM2, and / or from group (ii) consisting of C7orf46, CAST, DCP2, DIP2B,
ERAP1 , INSIG2, 



KIF21A, KLK6, NGRN1 NRIP1, PHGDH1PPP1R9A, QPCT, RABEP1, RPA1.RPL22L1, SKP1
, SLC25A27, SLC25A46, SOCS6, TPD52, ZDHHC2, ZNF654, ASB6, ATM, BMM
CDC42EP2, EDEM3, PLLP, RALBP1, SLC4A1 1, TNFSF15, TPK1, C11orf9, C1QC,
CABLES1, CDK6, EHBP1, EXOC6, EXT1, FLRT3, GCNT2, MTHFS 1PIK3AP1, ST3GAL1 ,
TK2, ZDHHC14, ARFGAP3, AXUD1, CAPZB1CHSY1 , DNAJB9, GOLT1B, HSPA5,
LEPROTL1, LIMS1, MAPK6, MYO6, PROSC, RAB8B, RAP2B, RWDD2B, SERTAD2, SOCS5,
TERF2IP, TIAL1 , TIPARP TRIM8, TSC22D2, TGFA, VAPA, and UBE2K, (b) exposing
ex-vivo a tissue sample from tumor or plasma of said patient to said anti-
EGFR antibody, (c) measuring again in said exposed tissue sample of step
(b) the expression level of one or more biomarkers specified in step (a),
and (d) calculating the differences in expression levels measured in
steps(b) and (c), wherein an increase in the expression level of the
biomarkers of group (i) obtained in step (c) compared to step (a) indicates
an increased likelihood that said patient responds therapeutically to the
treatment with said anti-EGFR antibody, and wherein an increase in the
expression level of the biomarkers of group (ii) obtained in step (c)
compared to step (a) indicates a decreased likelihood that said patient
responds therapeutically to the treatment with said anti-EGFR antibody. 18.
A method of any of the claims 1 - 17, wherein the genes or gene expression
products are selected from the group consisting of TNFRSF1B, DNAJC8, ECSIT
GOSR2, PPP1R9A, VAV3 and KLK6.19. A method of any of the claims 1 - 17,
wherein one of the genes or gene expression products from group (i) and
TGFa. 20. A method of claim 19, wherein the expression levels of VAV3 and
TGFa are determined. 2 1. A method of any of the claims 1 - 17, wherein one
of the genes or gene expression products from group (ii) and AREG or EREG.
22. A method of any of the claims 19 - 2 1, the expression levels of TGFa,
and AREG or EREG and optionally of VAV3 and / or EGF are determined. 23. A
method of any of the claims 1 - 22, wherein the patient suffering from a
KRAS wild type EGFR expressing tumor additionally has a EGFR mutation in
tumor tissue. 24. A method of claim 23, wherein the EGFR mutation is a
R521K polymorphism. 25. A method of any of the claims 1 - 24, wherein the
anti-EGFR antibody is c225 



(cetuximab). 26. A method of claim 25, wherein the tumor from which the
patient suffers is colorectal cancer (CRC) or metastatic colorectal cancer
(mCRC). 27. A method of claim 26, wherein additionally the expression level
of AREG and / or EREG or their expression products is determined and
compared to one or more of the genes or gene expression products of group
(i) and / or group (ii). 28. A method of claim 27, wherein the expression
level of AREG and / or EREG and at least of TGFA and / or VAV3, and / or
EGF or of their gene expression products is determined. 29. A DNA or RNA
array comprising an arrangement of polynucleotides presented by or
hybridizing to the following genes TNFRSF 1B, DNAJC8, ECSIT, GOSR2,
PPP1R9A, KLK6, C7orf46, SSH3 immobilized on a solid surface. 30. A gene
array of claim 29 further comprising an arrangement of polynucleotides
presented by or hybridizing to the following genes SERTAD2, AXIN2,
C10orf99, ETS2, PITX2, PRR15, VAV3, gene coding for IKK interacting
protein, EDEM3, LY6G6D. 3 1. A gene array of claim 29 or 30 comprising
additionally polynucleotides hybridizing to the genes AREG and / or EREG
and / or TGFA.32. A DNA or RNA array consisting of an arrangement of
polynucleotides presented by or hybridizing to the following genes
TNFRSF1B, DNAJC8, ECSIT GOSR2, PPP1R9A, KLK6, C7orf46, SSH3, SERTAD2,
AXIN2, C10orf99, ETS2, PITX2, PRR15, VAV3, gene coding for IKK interacting
protein, EDEM3, LY6G6D, AREG, EREG and TGFA. 33. A DNA or RNA array
comprising an arrangement of polynucleotides immobilized on a solid
surface, said polynucleotides being presented by or hybridizing to the
genes arranged on the array, wherein the arrangement of polynucleotides is
selected from the group consisting of: (a) ADAMEC1, C7orf46, CAST, DHCR7,
ERAP1, FADS1, INSIG2, KLK6, MIDN, PHGDN, PPP1R9A, QPCT, RABEP1, RPL22L1,
SLC25A27, SOCS6, SQLE, TNFRSF1B, TPD52, ZDHHC2, (b) GOLT1B, HSPA5, LEPROTL1
, MAPK6, PROSC, RGMB, RWDD2B, SERTAD2, SPIRE2, (C) ASB6, ATM, BMM ,
CDC42EP2, EDEM3, KCNK5, PGM2L1, RALBP1, SHROOM2, TNFSF15; (d) ACSL5, C1QC,
CBALES1, CDK6, EHBP1, ETS2, EXOC6, EXT1, FMNL2, HDAC2, 



JUN1MED17, MTHFS, PITX2, POF1B, PRR15, PSMG1 , RAB15, RAB40B, RNF43,
SLC44A3, SOX4, TK2, TNFSF15, ZDHHC14, (e) ZDHHC14, TK2, PRR15, MTHFS,
CABLES1, EHBP1, MED17, BMM, CDC42EP2, EDEM3, PGM2L1 ,RGMB, ADAMEC1 , ERAP1
, FADS1 , KLK6, PHGDH1 PPP1 R9A, QPCT, SLC25A27, TNFRSF1B, ZDHHC2. 34. A
gene array of claim 33 comprising additionally polynucleotides presented by
or hybridizing to the genes AREG and / or EREG and / or TGFA. 35. A kit for
real-time PCR amplification of genetic anti-EGFR antibody biomarkers
comprising a first package comprising the DNA or RNA of one or more of the
genes of group (i) and / or group (ii) as specified in claim 1, a second
package comprising PCR primers which specifically hybridize with said
DNA/RNA molecules of said first package, a third package comprising a
well-plate, and a fourth package comprising diagnostic means and solvents
by means of which real-time PCR amplification can be carried out. 36. A kit
of claim 35, wherein the first package comprises DNA/RNA of the following
genes: TNFRSF1B, DNAJC8, ECSIT, GOSR2, PPP1R9A, KLK6, C7orf46, SSH3,
SERTAD2, AXIN2, C10orf99, ETS2, PITX2, PRR15, VAV3, gene coding for IKK
interacting protein, EDEM3, LY6G6D, AREG, EREG and TGFA, optionally in
addition with AREG or EREG.37. Use of one or more of the genetic biomarkers
or a gene array or a kit for real-time PCR amplification of genetic
anti-EGFR antibody biomarkers comprising one or more of said biomarkers
selected from group consisting of ADAMDEC1, BSDC1, C1orf144, CAPZB, CDC42,
DHCR7, DNAJC8, ECSIT, EXOSC10, FADS1 , GBA, GLT25D1 , GOSR2, IMPDH1 ,
KLHL21, KPNA6, KPNB1, LSM12, MAN1B1, MIDN, PPAN, SH3BP2, SQLE, SSH3,
TNFRSF1B, URM1, ZFYVE26, RGMB, SPIRE2, ABCC5.ACSL5, AOAH, AXIN2, CD24,
CEACAM5, CEACAM6, ETS2, FMNL2, GPSM2, HDAC2, JUN, ME3, MED17, MYB, MYC,
NEBL NOSIP, PITX2, P0F1B, PPARG, PPP1R14C, PRR15, PSMG1, RAB15, RAB40B,
RNF43, RPS23, SLC44A3, SOX4, THEM2, VAV3, ZNF337, EPDR1 , KCNK5, KHDRBS3,
PGM2L1 , STK38, SHROOM2; C7orf46, CAST, DCP2, DIP2B, ERAP1, INSIG2, KIF21A,
KLK6, NGRN, NRIP1 , PHGDH, PPP1R9A, QPCT, RABEP1, RPA1.RPL22L1, SKP1,
SLC25A27, SLC25A46, SOCS6, TPD52, ZDHHC2, ZNF654, ASB6, ATM, BMH, CDC42EP2,
EDEM3, PLLP, RALBP1, SLC4A1 1, TNFSF15, TPK1, Ci1orf9, C1QC, CABLES1, CDK6,
EHBP1 , 



EXOC6, EXT1, FLRT3, GCNT2, MTHFS, PIK3AP1, ST3GAL1, TK2, ZDHHC14, ARFGAP3,
AXUD1, CAPZB, CHSY1, DNAJB9, GOLT1B, HSPA5, LEPROTL1, LIMS1, MAPK6, MYO6,
PROSC, RAB8B, RAP2B, RWDD2B, SERTAD2, SOCS5, TERF2IP, TIAL1, TIPARP, TRIM8,
TSC22D2, TGFA, VAPA, and UBE2K, optionally in combination with AREG and /
or EREG, or a respective protein expression product thereof, for predicting
the pharmaceutical efficacy and / or clinical response of a patient
suffering from KRAS wild type EGFR expressing cancer to an anti-EGFR
antibody intended to be used for treatment, wherein said prediction results
from calculating the differences in expression levels towards a threshold
value to be determined from the underlying clinical determination
parameters. 38. Use of claim 37, wherein at least one of the following
biomarkers is used: TNFRSF1B, DNAJC8, ECSIT1GOSR2, PPP1R9A, KLK6, C7orf46,
SSH3, SERTAD2, AXIN2, C10orf99, ETS2, PITX2, PRR15, VAV3, gene coding for
IKK interacting protein. EDEM3, LY6G6D, TGFA or combinations thereof
including AREG and / or EREG . 39. Use of one or more of the genetic
biomarkers or a gene array or a kit for real-time PCR amplification of
genetic anti-EGFR antibody biomarkers comprising one or more of said
biomarkers selected from group consisting of TNFRSF1B, DNAJC8, ECSIT,
GOSR2, PPP1R9A, KLK6, C7orf46, SSH3, SERTAD2, AXIN2, C10orf99, ETS2, PITX2,
PRR15, VAV3, gene coding for IKK interacting protein, EDEM3, LY6G6D, TGFA
or combinations thereof including additionally AREG and / or EREG, for the
manufacture of amedicament which is an anti-EGFR antibody for the treatment
of KRAS wild type EGFR expressing CRC or mCRC in a patient when one or more
of said genes or gene products are expressed or overexpressed in a tumor
sample of said patient. 40. Use of any of the claims 37 - 39, wherein said
protein expression product is determined from a body fluid of the patient
including plasma. 4 1. Use of any of the claims 37 - 40, wherein the
intended underlying treatment is a first-line treatment. 42. Use of claim
37 - 4 1, wherein the intended underlying treatment is a combination
treatment of said anti-EGFR antibody with a chemotherapeutic agent, and
said patient has developed chemo-refractory cancer. 43. Use according to
any of the claims 37 - 42, wherein the anti-EGFR antibody is c225
(cetuximab). 



44. Use according to any of the claims 37 - 43, wherein the and the cancer
is colorectal cancer (CRC) or metastatic colorectal cancer (mCRC). 45. Use
of a monoclonal or polyclonal antibody which binds specifically to a
protein expression product of a gene or a gene product as specified in any
of the claims 37 to 39 for determining in vitro the pharmaceutical efficacy
and / or clinical response of a patient suffering from KRAS wild type EGFR
expressing cancer to an anti-EGFR antibody intended to be used for
treatment. 


