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20 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

25  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

30 on a different genetic tumor pattern and disposition.

Although modern molecular biology and biochemistry have revealed hundreds of genes

whose activities influence the behavior of tumor cells, the state of their differentiation, and



deci si ons about drug treatments. Exception are the use of ErbB2 (Her2)

protein expression in breast carcinomas to select patients with the Her2

ant agoni swodnuglastascepti n(r) (Genentech) Anot her except ipom/EPg010i0a3sh3 ndi ng

that mutations in the KRAS gene of EGFR expressing tunors are associ ated

\év![tgl t h(zaoi)ngJOfCI senat [ ?/i Hé o[) response to anti-EGFR anti bodies (Allegra
. , I n co ub ahead of prin '

predictive markers, which Woﬁld.f : LL oo Prognost; ¢ and

Fher apier ssratvigerses panteta o Barer BednBretri g st M GBI 0 (o1
as s ”?‘#Hes@’@.leﬁ&élh A 1B AbOSHEFAlxplBREE 3#ltke Plinggse of ity makingclinitale
classitication of patient sanples is a crucial _aspect of cancer diagnosis

anfl tr lelad:isiensc;i abdUi @rugsseatingniso Fxegptian geg theise of EERBROWISE2) RIOISIN ¢XPLE Mi t h
nol ecul ar and | ti ker. it
Gever opriast DA R drRlEnE AindfF BekDaMadinfiRAG Holckbfite (Gendriem) Tent

( _ _ atreatnment's
i ndiCalngiheR BRELDLIOH Rethe Fin@AY R mutitivne &rsthed(RAS gené ohEGRBrexpassingdwoers n

the efficacy. Further, the pre-selecti f ' '
r esponaraassociascth trg ks o pepahnrraretes AGESER ABadeT AESRGden ray
re uce@bggdwféﬁ)@hcafﬁ&%éﬁ%di%f%ﬁ din aclinical study or accelerate the

time n ohplete a ni cal” devel opnment program The epi der mal

growt h factor receptor (. I, b3 : ' '
ot abl NCHBEPRE AR Rt Rk ARURAELAE 5 soRANIar & IR o1
i N bot hherapyrparearddedia bpttentpredictipatientapspoape toiredtagpts; mm%a'wo cule Gene

3064, 2t Bictdaien ol e BYE if IR SR PO eESifodidh SPbatihe Saples ® & ciuaal

the?‘hpé’lﬁ ' : >3everal nonoclonal chimeric, humanized or fully
human nipectappahcenntizghosis @sd raatmant ctherssesiafirrtohmPIE  LESHRTSFhd i nhi bi t

t he EGER Two .exa k ' | ' [
o AL, e LR 5 SRS vy g gudentnane
an':1 | bodjeveRBmettiatnoniresinding revientsr Pcdistiygrish affratRenks! ﬁ‘éﬁi{ﬂ%i‘m%}%g £o

! nl | bi tt{e%%q:%rﬁerfg\:p%teg%\%%%ﬁgrof ?\E{;\Ier S5rhakRcd iR thé bfita@N®uftRer thel grelsefeati@mof -

col orectd DI "gr O\ I'n vi'vo, received marked approval in 2003. Its
sequenqeatients Wha are lidely ¢o tesednd welhd @GVWOQ&@POW@”&E} *fishgs Y2 SRECf"Cas in
general all a“%%;e%%@wm 'ogﬁ?tie%e%%%e& th #6fnicAbRYE oRhtceldratedyatmgy Wit h

O re

cert ai i eSOl eI apeut i c agent ., doxorubicin, adrianycin, taxol, and
ci spl athewdeti to esrapletesa dinfnahdevelapmans PiograMvo i n xenograft nouse nodel s
(e.g. EP 0667165). Furthernore, it could be shown that the conbination of

the anti-EG: | ' it ot ling-Efé '
mat uzur S O o) e et | 1 6 moel & i-al cat i
t hat t hmsmbersoofdne RBe/BREMAR) K'Wﬁ?ﬁg%?ﬂHYaryeE'?lé&”f’BP‘frp?é‘Yé%\w @c@ﬁﬁ%ar‘ a@l nd to )
di f£.6r eLy &Rint QRGN BRISHRRHASNAIE 0B4HH3IBSED)6 (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®) and panitumumab (VECTIBIX®)

25 The anti-EGFR antibody c225 (cetuximab), a chimeric 19G1, 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

30 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
¢225 with a second humanized anti-EGFR antibody matuzumab (Mab h425) shows a
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EGFR expressing tumor is responsible for insensitivity to the treatment of metastatic
20 colorectal cancer with EGFR inhibitors can be regarded as improvement in the prediction
whether a treatment is successful or not. WO 2008/112269 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
25 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

30 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 group
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therapy.

Another embodiment of the invention is related to biomarkers which indicate a high likelihood
20 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 (NCRC), 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
25  the efficacy or non-efficacy of a tumor related (solid or metastatic tumors) therapy with the

anti-EGFR antibody cetuximab (Erbitux®).

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®), wherein the tumor is CRC, mCRC, SCCHN or NSCLC.
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25 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,
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20 patientto an anti-EGFR antibody is TGFa.

used

In another embodiment a respective method is applied, wherein at least one considerably or

rst biomarker as specified above and in the claims is used which indicates

highly expressed fi
ent with

that the patient will probably respond well or extraordinary or superior to the treatm

the anti-EGFR antibody preferably cetuximab (compared to a clinical average or standard

25 response and / or expression value calculated from a respective average patient cohort), and

derably or highly expressed second biomarker as specified above and in the
ordinary

at least one consi
claims is used which indicates that the patient probably will not respond well or extra

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

30 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 andis a

candidate for treatment with an EGFR antibody, will respond to the treatment with said anti-
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the treatment of a tumor patient, preferably a CRC or mCRC tumor patient, with an anti-

EGFR antibody, preferably cetuximab.

20 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
25 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,
30 DHCR7, DNAJCS8, 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, CEACAMS,
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MANLBL, therapeutically to the treatment with said anti-EGFR antibody, and wherein an increase in the
20 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.

J.

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

25 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
30 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.
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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, DNAJCS, ECSIT, GOSR2, PPP1R9A, KLK6,
20 C7orf46, SSH3, SERTAD2, AXIN2, C100rf99, ETSZ, PITX2, PRR15, VAV3, gene coding for

IKK interacting protein, EDEM3, LYBGBD, 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
25 following genes
(a) TNFRSF1B, DNAJC8, ECSIT, GOSR2, PPP1R9A, KLKS, C7orf46, SSH3, SERTADZ,
AXIN2, C100rf99, ETS2, PITX2, PRR15, VAV3, gene coding for IKK interacting protein,
EDEM3, LY6G6D, AREG, EREG and TGFA; or
(b) TNFRSF1B, DNAJC8, VAV3, ARAG or EREG, TNFa; or
30 (c) VAV3; ARAG or EREG, TNFa; or
(d) VAV3, TNFa; or
(e) ARAG or EREG, TNFa.
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Fig. 5: Study EMR 62202-502 (cetuximab plus irinotecan treatment in irinotecan-
refractory 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)

20 Fig. 6: Study EMR 62202-502 (cetuximab plus irinotecan treatment in irinotecan-
refractory 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 irinotecan-
25 refractory 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 irinotecan-
refractory metastatic CRC patients), analysis of patients with wildtype KRAS gene: genes

30 whose expression in baseline samples is significantly associated with progression-free
survival time (p < 0.002, Cox proportional hazards regression)
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20 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, log,-ratio values, p-values
and g-values are given for each measured protein. Log2-ratio values refer to the mean
difference of log2 concentrations between week 4 and baseline samples (general change), or

25 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
30 cancer (blue box) and normal liver (purple box). The color scale reflects the absolute element

signal intensity after normalization.
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Fig. 20: Correlation of KRAS status with response rate and progression-free survival in

20 mCRC patients treated with cetuximab (Erbitux)

Fig 21. Immunohistochemical 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

25 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 wild-
type 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 log, ratio for each element,

30 relative to the mean for each probe set across all samples.
Abbreviations; PD, progressive disease; SD, stable disease; PR, partial response.
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Nor e pr&rgresslsg% ggygeandln% &h whether their baseline VAV3 expression levels were above or
below the median level across patients, respectively. The p-value is derived from a Cox

20 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

25 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).

30 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).



been reported for nutations of the KRAS gene, which encodes a

GDP/ GTP- bi ndi ng protein |inking |igand-dependent receptor activation to

i ntracel Iwbaniopastyways of the EGFR signaling cascade. ReCTEPP&00)3S63
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clinic, ecel ve cet uxi nd ot her anti -
subpopulation unlikely to derive a significant benefit.

20  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
25 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

30 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 and



EGFR directed therapeutic anti bodies or not. The application in clinical
practice is: 1. Analysis of nRNA expression of these genes from
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20 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

25 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

30 proteins) from the “bad-prognosis” (or €.9. “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.
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. 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
(mMCRC, NSCLC)

20 «  Phlll study FLEX of Erbitux: early onset of skin rash (first 21 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

25 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
30 substantial downregulation of p-EGFR, p-MAPK and proliferation and substantial
upregulation of p27%®* and p-STAT3 levels in basal keratinocytes. No marked difference in
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20 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.*”"® 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

25 chemorefractory patients treated with cetuximab as a single agent or in combination with
chemotherapy,®'"'® 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=.015). The best overall response rates (including the responses after adding FOLFIRI) in

30 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.*'? 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 the
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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 (TNFRSF18B,

25 DNAJCS, 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.

30 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 with
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p- EGFR and p- MAPK were observed in tunor cells after therapy (Fig. 21B).

Fovever Im un&lgtochen?lcg%-rﬁls?sn& E%%Fathway Components

Evaluable paired baseline/week 4 skin biopsies to analyze pharmacodynamic changes of the
20 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 p27¥P! 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

25 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, p27XP! p-STAT3 and p-AKT

levels were not markedly modified by cetuximab treatment (data not shown). The small
30 number of available paired tumor biopsies did not allow a comparison of changes n

biomarker levels with dose groups and response variables.
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For the analyzed tumor samples, the data from the 54,675 probe sets was pre-filtered on the

20 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

25 (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 wild-
type 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

30 (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; DNAJCS8, P=1.60E-06; ECSIT, P=6.80E-06;
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technology. The protein panel mcluded EGFR hgands other growth factors mter ukins and a

20 variety of other candidate proteins. During the cetuximab monotherapy phase, the decrease
in plasma levels of interleukin (IL)-8, macrophage inflammatory protein (MIP)-10 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

25 (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

30 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 mRNA
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(pts) with EGFR-expressing mCRC failing lrmotecan including therapy. Pts were randomized
22 days after starting cetuximab (400 mg/m2 initial dose then 250 mg/m2/week [w]) with |
(180 mg/m2 q 2 w) if they had not experienced >grade (G) 1 skin reaction, any other >G 2

20 cetuximab-related adverse event and were tolerant to |. 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 dose-

25 escalation 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
30 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 FOLF IRI until disease progression.
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amplification/labeling process. Labeled cRNA was subsequently hybridized to Affymetrix
GeneChip HG-U133 Plus 2.0 gene expression arrays for 16 hours at 45 °C at 60 rpm.
20 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
25 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.

30 Baseline samples were available from 36 subjects.
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criterion was fulfilled for 200 Affymetrix probe sets representing 179 known genes in at least

one of the comparisons.

20 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

25 FOLFIRI. Patients were assigned sequentially to either the standard weekly schedule and
dose of cetuximab (400 mg/m?, followed by weekly doses of 250 mg/m?) or a cetuximab dose-
escalation treatment on a bi-weekly schedule with different cohorts from 400 to 700 mg/m?.
Clinical response was reported after 6 weeks of cetuximab monotherapy and as best overall

response (monotherapy and combination therapy phases).

30 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 220
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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
20 12 and 13 mutations using a polymerase chain reaction (PCR) clamping and melting curve

technique adapted from Chen et al, 2004™ (LightMix, k-ras Gly12, TiB MOLBIOL, Berlin,

Germany), as previously described. "

RNA Expression Profiling

Experimental procedures related to the microarray analysis are detailed in the Supplementary

25 Methods section. Briefly, snap-frozen tumor biopsies were homogenized and total RNA was
extracted using an RNeasy Micro Kit® (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

30 amplification/labeling process. Labeled cRNA was subsequently hybridized to Affymetrix
GeneChip HG-U133 Plus 2.0 gene expression arrays for 16 hours at 45 °C at 60 rpm.
Following hybridization, arrays were stained on an Affymetrix Fluidics Station 450 and signal



anplification/labeling process. Label ed cRNA was subsequently hybridized to
Affymetrix GeneChip HG U133 Plus 2.0 gene expression arrays for 16 hours at
45 0C at WO 20pm45P6l | owi ng hybridi zati on, arrays were sParmPd010/003563
Affymetrix Fluidics Station 450 and siégnal quantified using a GeneChip
Scanner. Quality control of the raw expression data was carried out using
the proprietary Affynetrix GCOS software and the Bi oconductor package

af f yPLNLAmifielH usPBld GaheCHp sayﬁnewe«neamy abAtadd bEthe ramekprtissiod data waspareed t he

data set with the best u rol. asses for

anal ysiost UWQ&&B‘@%@%’@% hﬁ‘ég@%ﬁo feee% mé:ﬁ%??%‘%{"a% é%ék% &s perfor med
usi ng %F?F(’W Fl)lg@télatrdws wbaie6 Ev?rbmmcm;] Ma/icuial sarﬁpltmlthe dhiseawithied s of 97
roteins uman versi o anphi requl i

Eeparl PEBY qwilt(yg:op}rg)asg@;smqé, 5 FFJ?BE?% il ?‘P? éS%f aér{g'%"%%m Ergégr owt h
factor dvbFlerit amw&ymé@nﬁhgfﬁéGCmApﬂgasm isi ng the Luni nex xMAP(r)
t echnol ogy pl at¥or m (as described in the Suppl enentary Methods section) was
perfornmed at Rul es- Based Medicine (Austin, Texas, US). Betacellulin, EGR
and H-Arefeafir 'lﬂi’( §/Sassessed in 23 sanpl es from patients who were enrol | ed

later in the trial. Statistical analysis Response rates and
pr ogr egsinatipfexemalysis\if ealprc(taﬁstumehMAEdzemon hé riug ampliregulinaetare!lelins st

i nf usi cet uxi as
o 0gr e, Hrrat-oimna bR E S g, EHekAH e Sahitoliinh ofdiRf riebao™,
whose t(UEH)-&, erdmlb@bpbylme 1c)|frorrup|asmawsm9 tm@bmmvaﬂwgpwmvmﬁ%‘ed

using Fis xact I cal
anal'@se‘?s HFscc”rS?gg r”% p@ e %rgif\géggéés?%etcé WMeéé&ek%ﬁeB@ldgﬁgm ary
Met hods\iedigine (mmtlhprem us). rB;t@edjulan@ﬁﬁR)aanﬁ@Fm any a%S@@r’%?—%n 9.1.

These e r Y;got hesi s- gener ati ng. REFERENCES
(rel evaﬁ??“pg‘?%‘} %aﬁ%fﬁsﬁ‘%t e\’?@ gfao\s{%gmﬁ‘g%&f Cunni ngham D, Hunbl et Y1
Siena S, et al: Cetuximb m)not herapy and cetuxi mab plus irinotecan in

I ri not estatistiedlramatysisy net astatic col orectal cancer. N Engl J Med 351: 337-

345, 2004 2. Jonker DJ, O Callaghan CJ, Karapetis CS, et al: Cetuxinmab for
the t 2ioAOrbn ti2TDat 3.
© rgﬁ%\%ﬂ%}apﬁef 955’5@%?}&50@ ﬁuwn%l@gﬂ @eﬁm a?éi?te |o

Sobr er et a

cet usi ninfusjpinu cetup(mbew&lh“@fftf%trfa@'P@SW@MWW’H?‘?\ Q'sSﬁ% U)?HT“‘ISB'PB nﬂe'{‘tglgl ure in
pati ent s Wit Iy NELASH Rfhdb &R POEEIRR fof fétRAts wHosel tumofdwere viid:tBd ol mREhY,

2008
with respect to KRAS were compared using Fisher's exact and logrank tests, respectively.

Al statistical analyses of the IHC, microarray and proteomics data (see Supplementary
Methods) were performed using Bioconductor software'® and SAS version 9.1. These

20 exploratory analyses were viewed as hypothesis-generating.
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RNF43, RPS23, SLC44A3, SOX4, THEM2. VAV3, ZNF337, EPDR1, KCNK5, KHDRBS3,
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RALBPL, SLdmh3lrpdD HikoaabPkbxa, THEM2 VAV3, ZNF337, EPDR1, KCNK5, KHDRBS3,

PGM2L1, STK38, and SHROOM?Z, indicates that the patient is likely to respond to said
treatment compared to a reference value, and

20 (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, KLKE, NGRN,
NRIP1, PHGDH, PPP1R9A, QPCT, RABEP1, RPA1,RPL22L1, SKP1, SLC25A27,
SLC25A46, SOCS6, TPD52, ZDHHC2, ZNF654, ASB6, ATM, BMI1, CDC42EP2,
EDEM3, PLLP, RALBP1, SLC4A11, TNFSF15, TPK1, C110rf9, C1QC, CABLES1,

25 CDKSB, EHBP1, EXOC8, EXT1, FLRT3, GCNT2, MTHFS, PIK3AP1, ST3GAL1, TKZ,
ZDHHC14, ARFGAP3, AXUD1, CAPZB, CHSY1, DNAJBSY, GOLT1B, HSPAS,
LEPROTL1, LIMS1, MAPKS, MYOS8, PROSC, RAB8B, RAP2B, RWDD2B, SERTADZ,
SOCS5, TERF2IP, TIAL1, TIPARP, TRIM8, TSC22D2, TGFA, VAPA, and UBEZ2K,
indicates that the patient is likely not to respond to said treatment compared to a

30 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, Clorf144, CAPZB, CDC42, DHCR7, DNAJCS,
ECSIT, EXOSC10, FADS1, GBA, GLT25D1, GOSR2, IMPDH1, KLHL21, KPNAS,

35 KPNB1, LSM12, MAN1B1, MIDN, PPAN, SH3BP2, SQLE, SSH3, TNFRSF1B, URM1,
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4 A method of claim 3, wherein the clinical response is overall survival time (OS), and the
20 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,
BMI1, CDC42EP2, EDEM3, PLLP, RALBP1, SLC4A11, TNFSF15, and TPK1, 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
25 (PFS) and the selected genes from group (i) are one or more of ACSL5, AOAH, AXIN2,
CD24, CEACAMS5, CEACAMS, ETS2, FMNL2, GPSMZ2, HDAC2, JUN, ME3, MED17,
MYB, MYC, NEBL,NOSIP, PITX2, POF1B, PPARG, PPP1R14C, PRR15, PSMG1,
RAB15, RAB40B, RNF43, RPS23, SLC44A3, SOX4, THEM2,VAV3, and ZNF337, and
from group (i) are one or more of C110rf9, C1QC, CABLES1, CDK6, EHBP1, EXOCS,
30 EXT1, FLRT3, GCNT2, MTHFS1, PIK3AP1, ST3GALA1, 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)



group (i) in conparison to gene expression of selected genes from group
(ii) or the reference value is an expression threshold value defined by
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clinical response parameter is progression free survival time (PFS),

overall survival tinme (0S), partial response (PR), stable disease (SD),
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from the group (i) consisting of ADAVMDEC1, BSDCl1 , Clorf144, CAPZB, CDCA2,
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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

20 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

25 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

30 encoded by said genes is determined.
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20 HSPAS, LEPROTL1, LIMS1, MAPK6, MYOS6, PROSC, RAB8B, RAP2B, RWDD2B,
SERTAD2, SOCS5, TERF2IP, TIAL1, TIPARP, TRIM8, TSC22D2, TGFA, VAPA, and
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(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
25 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
30 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, GOSRZ,

35 PPP1R9A, VAV3 and KLKB6.



(cetuxi mab). 26. A nethod of claim 25, wherein the tunor from which the
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, I\/APK625 mw@womy qwmgmsmmhergnltmantt- RA@B@odAWZZQNM
CDCA2EP2, Cg%m ﬁéCNKS PGWL1, RALBP1, SHROOWR, TNFSF15; (d) ACSL5 Cc1QC,
CBALESL1, EHBP1. ETS2, EXOCB, EXT1, FMNL2, HDAC2,

26. A method of claim 25, wherein the tumor from which the patient suffers is colorectal
cancer (CRC) or metastatic colorectal cancer (mCRC).

15 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.

20 29. A DNA or RNA array comprising an arrangement of polynucleotides presented by or
hybridizing to the following genes TNFRSF1B, DNAJCS8, ECSIT, GOSR2, PPP1R9A,
KLKS, 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, C100rf98, ETS2,
25 PITX2, PRR15, VAV3, gene coding for IKK interacting protein, EDEM3, LYEGED.

31. A gene array of claim 29 or 30 comprising additionally polynucleotides hybridizing to the
genes AREG and / or EREG and / or TGFA.



JUNLMED17, MIHFS, PITX2, POF1B, PRR15, PSMGL , RABL5, RAB40B, RNF43,
SLC44A3, SOX4, TK2, TNFSF15, ZDHHC14, (e) ZDHHCl4, TK2, PRR15, MIHFS,
CABLES1, WwoBPW/14BBR17, BMM] CDC42EP2, EDEMB, PGW2L1 , RGeBI/ERDAWECH63 ERAP1
, FADS1 , KLK6, PHGDH1 PPP1 ROA, QPCT35 SLC25A27, TNFRSF1B, ZDHHC2. 34. A
gene array of claim33 conprising additionally polynucleotides presented by
or hybridizing to the genes AREG and / or EREG and / or TGFA. 35. A kit for
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Sfe ng kai graNé,g Dl%@rr m arta§ ciéhcfspﬁ_gl_mgaﬂm@am gg:ggmrdfwsjnwebm imndbilieed ohlaowi ng
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addition with AREG or EREG 37. Use of one or nore of the genetic biomarkers
or a gene YPHRGORNSWGIG™ for real-time PCR anplification of genetic

gglt L C tESI;Rf @ntADAEChHI om@mmm%@,@m FADSIINSKE2, KaKa, MiDNar ker s

Si f.14 PZB, CDC42,
o o RBON R RO T Rles BRI, St Esbay SOESERS Lo |
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, Pl R 4,
CEncals. AR TP A S RO TP A S G RE M NP2 R S ek TA Ty
SEEL_LSNOSL gspmg@,(z, POF1B, PPARG, PPP1R14C, PRR15, PSMGl, RAB15, RAB40B,

, : , X4 T , V3, 3 BS3,
PG\WRLL | ﬁ@%@%@ﬁ“ggwcﬁ@@&éﬁoﬁﬁﬁ ng?gﬂ\gﬁﬁ Ml F21A,
Et?;?éA??R“””W'E PHGDH, PPP1R9A, QPCT, RABEP1, RPAL.RPL22L1, SKP1,

, , T 5 AT, 2EP2,
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EHBP1 | JUN, MED17, MTHFS, PITX2, POF1B, PRR15, PSMG1, RAB15, RAB40B, RNF43,

SLC44A3, SOX4, TK2, TNFSF15, ZDHHC14,

(e) ZDHHC14, TK2, PRR15, MTHFS, CABLES1, EHBP1, MED17, BMI1, CDC42EP2,
20 EDEM3, PGM2L1,RGMB, ADAMEC1, ERAP1, FADS1, KLK6, PHGDH, PPP1R9A,

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 ampilification of genetic anti-EGFR antibody biomarkers
25 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.

30 36. A kit of claim 35, wherein the first package comprises DNA/RNA of the following genes:
TNFRSF1B, DNAJCS, ECSIT, GOSR2, PPP1R9A, KLK6, C70rf46, SSH3, SERTAD2,
AXIN2, C100rf99, ETS2, PITX2, PRR15, VAV3, gene coding for IKK interacting protein,
EDEM3, LY6G6D, AREG, EREG and TGFA, optionally in addition with AREG or EREG.



EXOC6, EXT1l, FLRT3, GCNT2, MIHFS, Pl K3APl1l, ST3GALl1, TK2, ZDHHC14, ARFGAP3,
AXUD1l, CAPZB, CHSY1l, DNAJB9, GOLT1B, HSPA5, LEPROTL1, LIMS1, MAPK6, MY(6,
PROSC, RABBBRI10RAPAB, RWDD2B, SERTAD2, SOCS5, TERF2I P, TIPATKEP20i0M#RE3 TRI VB,
TSC22D2, TGFA, VAPA, and UBE2K, optioseally in conbination with AREG and /
or EREG or a respective protein expression product thereof, for predicting
the pharnaceutical efficacy and / or clinical response of a patient
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20 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

25 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, ECSIT, GOSR2, PPP1RYA, KLKS6, C70rf46, SSH3, SERTAD2,
AXIN2, C100rf99, ETS2, PITX2, PRR15, VAV3, gene coding for IKK interacting protein,
EDEMS3, LYBGBED, TGFA or combinations thereof including AREG and/or EREG .

30 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, DNAJCS8, ECSIT, GOSR2,
PPP1R9A, KLKB, C7orf46, SSH3, SERTAD2, AXIN2, C100rf99, ETS2, PITX2, PRR15,
VAV3, gene coding for IKK interacting protein, EDEM3, LY6GED, TGFA or combinations

35 thereof including additionally AREG and / or EREG, for the manufacture of a



44. Use according to any of the clains 37 - 43, wherein the and the cancer
I's colorectal cancer (CRC) or netastatic colorectal cancer (nCRC). 45. Use
of a nonosbansl148m6pol ycl onal antibody which binds specipCirEzé1g/ov356a
protein expression product of a gene ¥r a gene product as specified in any
of the clainms 37 to 39 for determning in vitro the pharnmaceutical efficacy
and / or clinical response of a patient suffering fromKRAS wild type EGFR

teﬁg;tefrz L?%Wm WRicANs anbihtiEGHR amitody et thertreatetreht HOKRAS wilddyeoEGFR
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
5 from a body fluid of the patient including plasma.

41. Use of any of the claims 37 — 40, wherein the intended underlying treatment is a first-line

treatment.

42. Use of claim 37 — 41, wherein the intended underlying treatment is a combination
treatment of said anti-EGFR antibody with a chemotherapeutic agent, and said patient
10 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).

15 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.
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