Modul ators for HER2 signaling in HER2 expressing patients with gastric
cancer TheopnagBrieei nvention relates to neans and net hodsTEPRotis7429
identification of responders for or a patient sensitive to a nodul ator of
t he HER2/ neu (ErbB2) signaling pathway. Al so described herein are
correspondi ng net hods of treatnent of a group of patients determ ned and
defined in accordance with the identification nethod of the present

i nvention, whereby said group of patients is known or suspected to suffer
fromor being prone to suffer fromagastric cancer, in particular invasive
gastric cancer. The nmenbers of the HER fam |y of receptor tyrosine kinases
are inportant nediators of cell growh, differentiation and survival. The
receptor famly includes four distinct nmenbers including epidermal growth
fact or rechptdmlatoEGeR HIERD Bignalbng HHRER?2 adpR2sihEmlaB2newigh §6tric adnceHER3
(ErbB3) and HER4 (ErbB4). EGFR, encoded by the erbBl gene, has been
causally inplicated in human malignancy. In particular, increased
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44 1002-2356%59"?‘? 8%5 AN sty gt TR0 Vet . 95: 1897. 1005 (1995) .
The second nenber of the HER famly, r185 neu, was originally identified as
the product of the tr formn ene from neurobl astomas of chem cal
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causally implicated in human malignancy. In particular, increased expression of EGFR has
been observed in breast, bladder, lung, head, neck and stomach cancer as well as
glioblastomas. Increased EGFR receptor expression is often associated with increased
production of the EGFR ligand, transforming growth factor alpha (TGF-o), by the same
tumor cells resulting in receptor activation by an autocrine stimulatory pathway. Baselga and
Mendelsohn, Pharmac. Ther. 64:127-154 (1994). Monoclonal antibodies directed against the
EGFR or its ligands, TGF-o. and EGF, have been evaluated as therapeutic agents in the
treatment of such malignancies. See, e.g., Baselga and Mendelsohn, supra; Masui et al.

Cancer Research 44:1002-1007 (1984); and Wu et al. J. Clin. Invest. 95:1897-1905 (1995).

The second member of the HER family, p185™", was originally identified as the product of
the transforming gene from neuroblastomas of chemically treated rats. Amplification of the
human homolog of the neu gene (also known as HER?2) is observed in breast and ovarian
cancers and correlates with a poor prognosis (Slamon et al., Science, 235:177-182 (1987);
Slamon et al., Science, 244:707-712 (1989); and US Pat No. 4,968,603). Overexpression of
HER2 has also been observed in other carcinomas including carcinomas of the stomach,

endometrium, salivary gland, lung, kidney, colon, thyroid, pancreas and bladder. See, among
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bl adder . ypeeo102¥p590t hers, King et al, Science, 229:974pcia$3010/0¥2koOt a et
al, Lancet: 1:765-767 (1986); Fukushige et al., Ml Cell Biol., 6:955-958

(1986); Cuerin et al., Oncogene Res., 3:21-31 (1988); Cohen et al.,
Oncogene, 4:81-88 (1989); Yonenura et %l ., Cancer Res., 51:1034 (1991);
Borst et al., Gynecol. Oncol, 38:364 (1990); Winer et al., Cancer Res.,
50: 421-AR&s( K990k dKerSeiemte,al29:9TBaNLERs);R¥okota58: alsmar(cmgny@s -Par k1886)al .
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Hudzi akoherdrans@srenei WIHNBT3 cells implanted into nude mice; see also U.S. Patent 5,824,311
issued October 20, 1998.

Hudziak et al., Mol. Cell. Biol. 9(3):1165-1172 (1989) describe the generation of a panel of
HER?2 antibodies which were characterized using the human breast tumor cell line SK-BR-3.
Relative cell proliferation of the SK-BR-3 cells following exposure to the antibodies was
determined by crystal violet staining of the monolayers after 72 hours. Using this assay,
maximum inhibition was obtained with the antibody called 4D5 which inhibited cellular
proliferation by 56%. Other antibodies in the panel reduced cellular proliferation to a lesser
extent in this assay. The antibody 4D5 was further found to sensitize HER2-overexpressing
breast tumor cell lines to the cytotoxic effects of TNF-q; see also U.S. Patent No. 5,677,171
issued October 14, 1997. The HER2 antibodies discussed in Hudziak et al. are further
characterized in Fendly et al. Cancer Research 50:1550-1558 (1990); Kotts et al. In Vitro
26(3):59A (1990); Sarup et al. Growth Regulation 1:72-82 (1991); Shepard et al. J. Clin.
Immunol. 11(3):117-127 (1991); Kumar et al. Mol. Cell. Biol. 11(2):979-986 (1991); Lewis
et al. Cancer Immunol. Immunother. 37:255-263 (1993); Pietras et al. Oncogene 9:1829-1838§
(1994); Vitetta et al. Cancer Research 54:5301-5309 (1994); Sliwkowski et al. J. Biol. Chem.
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Mol ecul ar Car ci nogenesi s 3:350-362 (1990); Stancovski et al. PNAS (USA)
88:8691-8695 (1991); Bacus et al. Cancer Research 52:2580- 2589 (1992); Xu
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(1994); Harwerth et al. J. Biol. Chem. 267:15160-15167 (1992); U.S. Patent No. 5,783,186;
and Klapper et al. Oncogene 14:2099-2109 (1997).

Homology screening has resulted in the identification of two other HER family members;
HER3 (US Pat. Nos. 5,183,884 and 5,480,968 as well as Kraus et al. PNAS (USA) 86:9193-
9197 (1989)) and HER4 (EP Pat Appln No 599,274; Plowman et al., Proc. Natl. Acad. Sci.

USA, 90:1746-1750 (1993); and Plowman et al., Nature, 366:473-475 (1993)). Both of these
receptors display increased expression on at least some breast cancer cell lines. The HER
receptors are generally found in various combinations in cells and heterodimerization is
thought to increase the diversity of cellular responses to a variety of HER ligands (Earp et al.
Breast Cancer Research and Treatment 35: 115-132 (1995)). EGFR is bound by six different
ligands; epidermal growth factor (EGF), transforming growth factor alpha (TGF-a),
amphiregulin, heparin binding epidermal growth factor (HB-EGF), betacellulin and epiregulin
(Groenen et al. Growth Factors 11:235-257 (1994)). A family of heregulin proteins resulting
from alternative splicing of a single gene are ligands for HER3 and HER4. The heregulin

family includes alpha, beta and gamma heregulins (Holmes et al., Science, 256:1205-1210
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bi nd HER2, EGF stinulates EGFR to forma heterodi mer with HER2, which
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1431- 14334i(id298) iheatHnieW BERB 8} heregulin (HRG) is increased to a higher affinity state
when co-expressed with HER2. See also, Levi et al., Journal of Neuroscience 15:1329-1340
(1995); Morrissey et al., Proc. Natl. Acad. Sci. USA 92: 1431-1435 (1995); and Lewis et al.,,
Cancer Res., 56:1457-1465 (1996) with respect to the HER2-HER3 protein complex. HER4,

like HER3, forms an active signaling complex with HER2 (Carraway and Cantley, Cell 78:5-
8 (1994)). Patent publications related to HER antibodies include: US 5,677,171, US
5,720,937, US 5,720,954, US 5,725,856, US 5,770,195, US 5,772,997, US 6,165,464, US
6,387,371, US 6,399,063, US2002/0192211A1, US 6,015,567, US 6,333,169, US 4,968,603,
US 5,821,337, US 6,054,297, US 6,407,213, US 6,719,971, US 6,800,738,
US2004/0236078A1, US 5,648,237, US 6,267,958, US 6,685940, US 6,821,515,
WQ098/17797, US 6,127,526, US 6,333,398, US 6,797,814, US 6,339,142, US 6,417,335, US
6,489,447, WQ099/31140, US2003/0147884A1, US2003/0170234A1, US2005/0002928A1,
US 6,573,043, US2003/0152987A1, W099/48527, US2002/0141993A1, WO01/00245,
US2003/0086924, US2004/0013667A1, WO00/69460, WO0O01/00238, WOO01/15730, US
6,627,196B1, US6,632,979B1, WO01/00244, US2002/0090662A1, WO01/89566,
US2002/0064785, US2003/0134344, WO 04/24866, US2004/0082047, US2003/0175845A1,
WO003/087131, US2003/0228663, WO2004/008099A2, US2004/0106161, W0O2004/048525,
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09/ 55367, WD 01/ 20033, US 2002/ 0076695 Al , WD 00/ 78347, VO 01/09187, WO

01/ 2119B2, WO 02/436355WON2/017 198358, 200/ 52586 A1 20993/015866 300 08709791,
VO 02/ 16 T3 /088580 S8 3012072, WO 03/028638, US 2003/0068318, WO 03/041736, EP

1,357,132, US 2003/0202973, US 2004/0138160, US 5,705,157, US 6,123,939, EP 616,812
B1, US 2003/0103973, US 2003/0108545, US 6,403,630 B1, WO 00/61145, WO 00/61185,
US 6,333,348 B1, WO 01/05425, WO 01/64246, US 2003/0022918, US 2002/0051785 Al,
US 6,767,541, WO 01/76586, US 2003/0144252, WO 01/87336, US 2002/0031515 A1, WO
01/87334, WO 02/05791, WO 02/09754, US 2003/0157097, US 2002/0076408, WO
02/055106, WO 02/070008, WO 02/089842 and WO 03/86467.

Breast cancer patients treated with the HER2 antibody Trastuzumab are selected for therapy
based on HER2 overexpression/amplification; see, for example, W099/31140 (Paton et al.),
US2003/0170234A1 (Hellmann, S.), and US2003/0147884 (Paton et al.); as well as
WO001/89566, US2002/0064785, and US2003/0134344 (Mass et al.).

The prior art was focused on the eligibility of breast cancer patients for

rastuzumab/Herceptin therapy based on a high HER2 protein expression level (e.g.
HER2(3+) by IHC). Yet, little information is available on the eligibility of gastric cancer
patients for such an antibody therapy. There is also dispute in the art whether the scoring

system and the criteria developed for screening and identifying breast cancer patients which
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152987, al . 004/ 05 us2004/ 024815A1. ( B , as
el | aoURNB0RS)  FotBHS M B bR G W Iech B et B er AP OB 70
predi ct ARGer @ aRORESs toPbidmasetbZihaBheth SR faPYetedBANRALAIBA BB IEGER s b RIr, al . )
concerns determning or predicting response to ABX0303 .
erlotinib HCIL. US2004/0209290, Cobleigh et al., concerns gene expression markers for breast
cancer prognosis. Breast cancer patients to be treated with Pertuzumab (a HER2 dimerisation
inhibitor described herein below in more detail) can be selected for therapy based on HER
overexpression/amplification, activation or dimerization. Patent publications concerning
pertuzumab and selection of patients for therapy therewith include: WO01/00245 (Adams et
al.); US2003/0086924 (Sliwkowski, M.); US2004/0013667A1 (Sliwkowski, M.); as well as

W02004/008099A2, and US2004/0106161(Bossenmaier et al.).

Pertuzumab (formerly 2C4) is the first of a new class of agents known as HER dimerisation
inhibitors (HDIs). Pertuzumab binds to HER2 at its dimerization domain, thereby inhibiting
its ability to form active dimer receptor complexes and thus blocking the downstream signal
cascade that ultimately results in cell growth and division; see Franklin (2004), Cancer Cell 5,
317 - 328. Pertuzumab is a fully humanized recombinant monoclonal antibody directed
against the extracellular domain of HER2. Binding of Pertuzumab to the HER2 on human
epithelial cells prevents HER2 from forming complexes with other members of the HER
family (including EGFR, HER3, HER4) and probably also HER2 homodimerization. By
blocking complex formation, Pertuzumab prevents the growth stimulatory effects and cell
survival signals activated by ligands of HERI, HER3 and HER4 (e.g. EGF, TGFa,

o~ £

amphiregulin, and the heregulins). Another name for Pertuzumab is 2C4. Pertuzumab is a



EGFR anti body therapy. W2004/ 000094 (Bacus et al.) is directed to
det er m niWe 20890656 to GNB72016, a snmall nol ecul e, EGFRcidERZ0 10584 NE
ki nase inhibitor. WX2004/063709, Amier et al., refers to biomarkers and
met hods for determning sensitivity to EGFR inhibitor, erlotinib HO.
US2004/ 0209290, Cobl eigh et al., concel ns gene expression markers for
breast cancer prognosis. Breast cancer patients to be treated with
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of a néW?tass of agents known as HER dinerisation inhibitors (HDIs).
Pertuzumab binds to HER2 at its dinerization domain, thereby inhibiting its
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of HERI by Hﬁﬂana}ndoﬂ'&lﬁ‘ﬁcz(lang:howc g. TEER? (&H‘BD]IOII‘ R 2 rg;enaradlphﬁeathmr @ggjl ins).

Anot h f Pert b 2C4. Pert ful l
roconti HARE &8 6EPONANDAT G AFbASEH bR RO TRGAEA B8 Ry dnkub

Sequencipng Tllf' @alﬁ le F%Bfé'fﬂ%dqfrorﬁ) &hd gﬁﬁ’&ﬁb sRANS Bk sSst sl BiopaavYr BlRAiNSs1A449

resi dues) and i ght chains 14 residues). Conpared to Trastuzumab
(Herceptsazr(xm)s)orll@eustu@zimatﬂﬁam m@aﬁmcrm)t acid differences in the light chain
and 29 amno acid differences in the 1gd heavy chain. Herceptin is wdely
used and known in the art for the treatnent of patients with early as well

However, it is not known whether gastric cancer patients having an equivocal or high HER2
protein expression level e.g. HER2(2+) or HER2(3+) can successfully be treated with
Herceptin and whether the amplification status of HER2 might indicate a sensitivity to the

treatment of gastric cancer.

Thus, the technical problem underlying the present invention is the provision of means and
methods of identification of a patient or a group of patients suffering from or being prone to
suffer from gastric cancer who may be responsive to a treatment of gastric cancer with a
modulator of the HER2/neu (ErbB2) signaling pathway, in particular to a treatment with a

HER?2 antibody such as Trastuzumab/Herceptin.
The technical problem is solved by provision of the embodiments characterized in the claims.

Accordingly, the present invention relates to an in vitro method for the identification of a
patient suspected to suffer from gastric cancer as a responder for or a patient sensitive to a
modulator of the HERZ2/neu (ErbB2) signaling pathway, said method comprising the

following steps:



as netastatic breast cancer whose tunors overexpress HER2 protein or have

HER 2 gengoadf)isticeation. In the art, the treatnent of breapboiodswes
patients with Herceptin/ Trastuzumab is, for exanple, recommended and

routine for patients having HER2-positive di sease. HER2- positive di sease
in breast cancer is present if a high HER2 (protein) expression |evel

det ected by i nmmunohi stochem cal nethods (e.g. HER2 (+++) or HER2 gene
anpl i fi@adbtaimiees gumpde HERZagignaectomyd nunber hi gher than 4 copies of the
HER2 gene per tunor cell) or both is found in sanples obtained fromthe
pati ent® %YP@‘F‘F‘% breast tissue biopsies or breast tissue resections or in

tissue @@y ind@dpleiPtn RBEIAR HAIR LpdichPHr saldOMRYES, and T 1S not known whet her
gastric cancer patients havi ng an equi vocal or high HER2 protein expression

l'evel ebg) thelgrag 2npliforatipER2(18 €Y theahERUgoesisfullsymble; treat ed with Herceptin

and whet her, the a ication st ndi cat e;. ensitivity
fo t he YraananedBrogLe e R aRed b PR At o MBE hish it B BH Rl i 1
the presant HERVERhE ANindigatiREfoPh QpSAdRMY PiticABTS uﬁr@unefchmnﬁfwuy of said
identification o ngE)atl ent or a group of patients suffering fromor being

prone tRAtiguifPepidfm fgafsqfrth%%ﬁé@ﬂ (W%&gn%iélgr@%’o%’m ve to a treatment of
gastric cancer with a nodul ator of the HER2/ neu (ErbB2) signaling pathway,

in particular to a treatment with a HER2 anti body such as

Tr ast uziyigfefdeled eptomext tiehd pekoni aaknisoibetie icspeolivedvayfHER2 piaeinod t he

enbodi nents characterized in the clains. Accordi , the present invention
r el at esdatestedby An yinpgokitopsaniey rmethed, |V6*é’1‘i‘ﬁsfsf‘“@aﬁg%§ g5he ém]B&?Faé‘rﬂn LY8bect ed
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a nodul at or t he HER2/ neu signal i ng pat hway, said nethod
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gene anplification status
The present invention solves the above identified technical problem since, as described herein
below, it was surprisingly found that an unexpected group of patients that is characterized by
an equivocal expression level of HER2 protein, i.e. HER2 (2+) as, e.g., determined by IHC,
and a high gene amplification status of the HER2 gene (e.g. an average copy number of the
HER?2 gene higher than 4 per tumour cell or an average gene copy number of the HER2 gene
equal to or higher than 2 per chromosome 17 copy (per tumour cell)) is responsive to a
treatment with a modulator of the HER2/neu (erbB2) signaling pathway, in particular with a
HER?2 antibody, like Herceptin/Trastuzumab.

The term “average” as used herein, e.g., in context with an average copy number of the HER2
gene, relates to the average number of HER2 gene copies per tumour cells of at least two
tumour cells of a biological sample to be examined or to the average number of HER2 gene
copies per chromosome 17 copy in at least two tumour cells of a biological sample to be

examined.

In the present invention it was surprisingly found that gastric cancer patients which have both
an equivocal level of HER2 protein expression in a biological sample (e.g. biopsies or

resectats) and at the same time a high amplification of the HER2 gene in a biological sample



of the HER2 gene is indicative for a responding patient or is indicative

for a sengohow/izyscof said patient to said nodul ator of pae/HiERd/0EARY ( Er bB2)
signaling pathway. It is preferred in context of the present invention that

the expression | evel of HER2 protein is detected by an inmunohi st ochem cal
met hod, whereas said HER2 gene arrplifi%ati on status can be neasured with in
situ hybridization (I SH nethods, |ike fluorescence in situ hybridization

t echni qleas HibpsHid) or ese@ampgentespomsivei tou tHey biedtohemtatvitb nsuck ch fERPe sni@i@IdSH) or
silver jn situ hybridization techni que S| SH) . Corres.agndi n@ ssays, and
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"average" as used herein, e.g., in context with an average copy nunber of
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| east two tunour cells of a biological sanple to be exani ned.
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conpared fTo gastric cancer patients
testing of the amplification status for samples showing an equivocal or intermediate level of
HER?2 protein expression. ISH testing of the HER2 gene amplification status is not performed
on a routinely basis in gastric cancer patients. The prior art does not suggest further testing of
the amplification status of HER2 gene after determination and finding of an intermediate or

equivocal expression level of HER2 protein in gastric cancer samples.

Surprisingly, it was found herein that patients with an equivocal expression level of HER2
protein and a high gene amplification status of the HER2 gene can successfully be treated
with a modulator of the HER2/neu (ErbB2) signaling pathway. Moreover, a patient/ the
patient group to be identified and treated in accordance with the present invention is
preferably characterized by an equivocal expression level of HER2 protein (e.g. a “2+” score
as defined herein, i.e. HER2(2+) determined by THC (equivocal assessment, see the tables
below) having at the same time a high amplification status of the HER2 gene. As illustrated in
the appended Example, this patient group with an equivocal expression level of HER2 protein
(e.g. HER2(2+) determined by IHC) and a high amplification status of the HER2 gene as
defined herein (e.g. copy number of the HER2 gene of higher than 4 or a gene copy number

of HER?2 equal to or higher than 2 per chromosome 17 copy) is surprisingly more responsive/



having a high anplification of the HER2 gene but only | ow or noderate

st ai ni ng wo 2btaszesee t he appended exanpl e and fi gures, ipaTE@®bdto®sH426
Figures 2 and 3. The novel patient group identified in accordance with the

present invention shows a better response to treatnment with a HER2

nodul at or conpared to the | ow HER2 prdPein expressing group (e.g. |HC(O or

|HC(1+) by IHC) which is, in addition, characterized by a high HER2 gene
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of the HERAsBENEERS protein group also having an amplification of the HER2 gene was an

unexpected finding in gastric cancer treatment.

Accordingly, the present invention relates in one embodiment to an in vitro method for the
identification of a patient suspected to suffer from gastric cancer and having an equivocal
expression of HER2 protein as a responder for or a patient sensitive to a modulator of the
HER2/neu (ErbB2) signaling pathway, said method comprising the following steps:

(a) obtaining a sample from said patient; and

(b) evaluating

the gene amplification status of the HER?2 gene in said sample,

whereby an equivocal expression level of HER2 protein and a high gene amplification status
of the HER2 gene is indicative for a responding patient or is indicative for a sensitivity of said

patient to said modulator of the HER2/neu (ErbB2) signaling pathway.

As also documented in the appended Example, not only the patient/patient group having a
“HER2(2+)” score in THC as defined herein and at the same time amplification of the HER2

gene, but also the patient group with a “3+” IHC score can successfully be treated and is



defined herein (e.g. copy nunber of the HER2 gene of higher than 4 or a

gene copywobuiheniessh HER2 equal to or higher than 2 per ¢brars0/sE7429 COpy)
is surprisingly nore responsive/shows a higher sensitivity to a nodul at or

of the HER2/ neu (ErbB2) signaling pathway, in particular to

Her ceptin/ Trast uzumab than patients with a | ow HER2 expression | evel of HER
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detected by IHC. An even superior response to a HER2 nodul ator in patients

wi th gastric cancer as conpared to standard therapy (e.g.
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cligibility criteria for HER2 modulator treatment in breast cancer. However and surprisingly,

this 1s not true for patients with gastric cancer.

Accordingly, the present invention relates in a further embodiment to an in vitro method for
the identification of a responder for or a patient sensitive to a modulator of the HER2/neu
(ErbB2) signaling pathway, said method comprising the following steps:

(a) obtaining a sample from a patient suspected to suffer from or being prone to suffer from
gastric cancer; and

(b) evaluating

(bl) in a first step the expression level of HER2 protein; and

(b2) in a second step the gene amplification status of the HER2 gene in said sample, if the
expression level of HER2 protein evaluated in the first step is equivocal;

whereby an equivocal expression level of HER2 protein and a high gene amplification status
of the HER?2 gene is indicative for a responding patient or is indicative for a sensitivity of said

patient to said modulator of the HER2/neu (ErbB2) signaling pathway

The level for HER2 protein or gene expression can be assessed either on the protein or on the

nucleic acid level. The HER2 protein expression level is preferably evaluated using



of the HER2 gene is indicative for a responding patient or is indicative

for a sengohow/izyscof said patient to said nodul ator of pae/HiERd/0EARY ( Er bB2)
signaling pathway. As al so docunented in the appended Exanple, not only the

patient/patient group having a "HER2(2+)" score in IHC as defined herein
and at the same time anplification of 1fhe HER2 gene, but al so the patient
group with a "3+" I HC score can successfully be treated and i sresponsive
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| HC result (e.g., HER2(2+) as neasured for exanple by IHC), also represents
a preferred enbodi nent of the present invention. In other words, the nethod
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Accordingly, the present invention rel ates i rther enbodipent to an in
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met hod conprising the follow ng steps: (a) obtaining a sanple froma
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cancer, (ager}‘glge()tgzop}? Xgrlngcgrtdf r'tllggher than 4) 1s sensitive to said modulator.

Patients with an equivocal expression of HERZ protein (e.g. HER2(2+)) and high
amplification status of the HER2 gene can easily be separated from patients with low
expression of HER2 protein (e.g. HER2(0) or HER2(1+))), since a person skilled in the art is
aware of standard tests, in particular of immunohistochemical tests, for such a determination
of the expression level of HER2 protein. This means that a sub-group of the large patient
group showing an equivocal HER2 protein expression level can be successfully subjected to
treatment with a HER2 antibody, i.e. the patients having an equivocal HER2 protein
expression and high amplification status of the HER2 gene. As described herein below in
more detail, a successful treatment of gastric cancer patients, in particular invasive gastric
cancer patients, having an equivocal HER2 protein expression level has neither been
described nor proposed in the state of the art. To the contrary, a person skilled in the art would
not have believed that certain individuals out of the isolated patient group with an equivocal
HER?2 protein expression level can be more successfully treated, if these patients have a high

amplification status of the HER2 gene.



(bl') in a first step the expression Ievel of HER2 protein; and (u2) in a

second stwgzt)hﬁmﬁae anplification status of the HER2 geae/mp@()l@@gﬂzg;arrpl e,
if the expression |evel of HER2 protein evaluated in the first step is

equi vocal ; whereby an equi vocal expression |evel of HER2 protein and a high
gene anplification status of the HER218ene is indicative for a responding
patient or is indicative for a sensitivity of said patient to said
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(e.g. & &?T‘ %@9?&%% I%d%)@/mﬂbfh%}er of higher than 4) is sensitive to said

nodul ator. Patients with an equivocal expression of HER2 protein (e.qg.

HER2( 2 %%p and high anplification status of the HER2 gene can easily be
separ at € presentpavandan slepdrities Ifonthexiprie S8 dhatogasHERENEPIOPRICALS( &) QamFER‘Z( 0)
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tests r O I nurioht' s tests or s erm-nati on
HbKZ(z-&) mn 1mmunohlstochem1cal detection of HER2 protein in a biological sample such as

a gastric cancer cell/tissue) and high amplification of the HER2 gene in a biological sample
can successfully be treated with a modulator of the HER2/neu (ErbB2) signaling pathway.
Particularly useful are therapeutic antibodies, e.g., an HER2 antibody such as
Herceptin/Trastuzumab. The group of patients identified by the method of the present
application surprisingly shows a response rate to HERZ treatment which is higher than the
response rate in patients having low level of HER2 protein expression (e.g. HER2((0) or
HER2(1+) by IHC) and a high amplification of the HER2 gene. As a consequence, a sub-
group of patients having an equivocal expression level of HER2 protein can be subject to
successful treatment with a modulator of the HER2/neu (erbB2) signaling pathway, thus
increasing the survival rate and the progression free survival of these patients. The finding of
the present invention therefore represents a major contribution to the art and provides an
important benefit to many gastric cancer patients, in particular invasive gastric cancer
patients. Furthermore, the present invention relates to a method of treatment of patients
having an equivocal level of expression of HER2 protein (HER2(2+)) and highly amplified

HER?2 genes and corresponding means and methods.



of the expression level of HER2 protein. This neans that a sub-group of the
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be successfully subjected to treatnent with a HER2 anti body, i.e. the
pati ents having an equivocal HER2 protein expression and high anplification
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the art, the results of the stud prelsent,ed gerei n ,(Ssee Figures 2 and 3)
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unexpectedly, successfu e treated, whereas patients with | ow expression
of HERZnqondeam tifdrapy. HER2( 0) or HER2(1+)) appear not to benefit from
treatnent wwth a HER2 nodul ator even if the HER2 gene is anplified. The
present invention describes for the first tinme that gastric cancer

pati entSimijaRyPaHet ictH! GaribMVRtivee 985t MoBulGRRGRhO HERDAS: (NBB2NGigRAling
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grcal sanple can successtully pe treated wW a ulator o e
HER2/ neprofidumeB2 )wishgsvahpang! pathaesyonder as described herein above. For example, the
patient may experience less suffering from gastric cancer though no reduction in tumor
growth may be measured. The reaction of the patient to the modulator may also be only of a
transient nature, i.e. growth of (a) tumor and/or (a) metastasis(es) may only be temporarily
reduced or halted. It is preferred that a responder for a modulator will not suffer from gastric
cancer after treatment with the modulator. Preferably, (a) gastric cancer tumor(s) and/or (a)
gastric cancer metastasis(es) which has been treated with a HER2 modulator will not recur
within 1 year after termination of the treatment of the responder with the modulator, also,

preferably, not within 15 months, 18 months or 2 years after termination of the treatment.

The term “gastric cancer” as used in the present invention relates to all types of gastric cancer
including gastro-esophageal junction (GEJ) carcinomas. In one preferred embodiment, the
gastric cancer in the sense of the present invention relates to inoperable cancer, e.g. to locally
advanced or recurrent and/or metastatic cancer of the stomach or the gastro-oesophageal

junction.



Particularly useful are therapeutic antibodies, e.g., an HER2 anti body such
as Her cepypnbhilydsisszumab. The group of patients identifipeg/mpyoib/asisp®et hod of
the present application surprisingly shows a response rate to HER2
treatnment which is higher than the resgonse rate in patients having | ow
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way having, for example, low HER2 protein (preferably assessed by IHC) and high HERZ2 gene

amplification. In one embodiment the improvement in response relates to a better response
rate. In other embodiments the improvement in response relates to PES or OS, respectively, as

e.g. evident from Figures 2 and 3, respectively.

As mentioned above, it is preferred herein that the expression level of HER2 protein is
detected by an immunohistochemical method. Such methods are well known in the art and
corresponding commercial Kits are easily available. Exemplary kits which may be used in
accordance with the present invention are, inter alia, HerceptTest™, produced and distributed
by the company Dako, Denmark, or the test called Ventana Pathway™, produced and
distributed by Ventana, Tucson, USA. Preferably the level of HER2 protein expression is
assessed by using the reagents provided with and following the protocol of the HercepTest' ™.
A skilled person will be aware of further means and methods for determining the expression
level of HERZ protein by immunohistochemical methods; see for example WO 2005/117553.
Therefore, the expression level of HER2 protein can be easily and reproducibly determined by

a person skilled in the art without undue burden. However, to ensure accurate and



a positive reaction when treated wth the nodulator. This reaction of the
patient n®p08/436%6 pPronounced when conpared to a respopderrpagiodssss i bed
herei n above. For exanple, the patient may experience |less suffering from
gastric cancer though no reduction in tunor growth nay be neasured. The
reaction of the patient to the nodul attér nmay al so be only of a transient
nature, i.e. growth of (a) tunor and/or (a) netastasis(es) may only be
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the gastric cancer in the sense of the present invention relates to
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cancer of the stomach or the gastro-oesophageal junction.The term
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surgery. As the skilled artisan fully appreciates, a positive test for HER2
gene aniieip; @atl@qutﬁnt%@reﬁm@lea%lﬁéﬁiiﬁ&w&@éﬁh%warpéqfsmaﬁéwsapﬂéevteb this
inventi@@ﬁg{)ﬁ@vot translate 1:1 into a successful treatnent. By these

met hods sub-groups of patients are identified that have a hi gher chance of
response to a treatnment with a HER2 signaling inhibitor as conpared to the

sub-groups of patients not show t hese posjti test results.
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In one embodiment of the present invention, the scoring of a low, an equivocal or a high
protein expression level of HER2 (e.g., HER2(0/1+), HER2(2+) or HER2(3+), respectively)

is determined in a resection sample and scoring is based on the criteria of the table below.

Score Staining Pattern (resection sample) classification
0 No reactivity or membranous reactivity in < 10 % of cells | negative
1+ Faint/barely perceptible membranous reactivity in > 10 % |negative

of cells; cells are reactive only in part of their membrane

2+ Weak to moderate complete or basolateral membranous equivocal

reactivity in > 10 % of tumour cells

3+ Moderate to strong complete or basolateral membranous positive

reactivity in > 10 % of tumour cells




in response is at least 25 %or 30 % Wth other words, a positive result
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Wi t hout undue DU deactivigwely ap , mepbenguy ecagdeily ar eanamdr epr oduci bl e resjul ts,
the testi n% shpul d“bpplﬁerfor med in a specialized | alborat oﬁf?,gam ch can
ensur e| val i dat { On Of “the testi ng procedures. The expression | evel of |[HER2
protei i T n gasiThfoGdREEEuGBNWIE L£FaAsSI bdr8d poicedtibey expression [evel| an
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protei h expression level is HER2 (0/1+) and the high protein exPressi on
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irrespective of percentage of tumour cells stained

Tumour cell cluster with a strong complete,
3+ basolateral or lateral membranous reactivity Positive

irrespective of percentage of tumour cells stained

Preferably, the biopsy sample comprises at least five stained tumor cells. The at least five
tumour cells are preferably cohesive tumour cells. Intermediate or equivocal staining is
acknowledged if a tumour cell cluster with a weak to moderate complete, basolateral or lateral

membranous staining is present in a biopsy specimen.

The terms HER2(+), HER2(++) and HER2(+++) used herein are equivalent to the terms
HER2(1+), HER2(2+) and HER2(3+). A “low protein expression level” used in context of
this invention corresponds to a “0” or “1+” score (“negative assessment” according to the
tables shown herein above), an “equivocal protein expression level” corresponds to a “2+
“score and a “high protein expression level” corresponds to a “3+” score. As described
hereinabove in detail, the evaluation of the protein expression level (i.e. the scoring system as

shown in the tables) is based on results obtained by immunohistochemical methods. As a
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No expr&sasiion wyishdleft BY it &Rl Wy “equivocal” HER2 protein expression and, in

addition, by a high HER2 gene amplification. Just for completeness of information it shall be

In

mentioned that the group of patients identified as having a “high” HER2 expression is also

sensitive to treatment with a modulator of HER2-signaling.

A high HER2 gene amplification status may, inter alia, relate to a gene copy number of the
HER?2 gene of higher than 4, in particular an average HER2 gene copy number higher than 4
copies of the HER2 gene per tumor cell (for those test systems without an internal centromere
control probe) or to an average gene copy number of the HER2 gene equal to or higher than 2
per chromosome 17 copy (per tumor cell), in other words to a HER2/CEP17 ratio of higher
than 2 (for those test systems using an internal chromosome 17 centromere control probe) (per
tumor cell). The high HER?2 gene amplification status preferably also relates to a HER2 gene
copy number of at least 5, 6, 7, 8 or higher or to a HER2/CEP17 ratio of at least 3,4, 5 or 6. A
HER? gene copy number of 5 may, for example, arise from a duplication of 2 copies of the
HER2 gene (e.g. duplication of two genes on two chromosomes or by duplication of the
chromosomes carrying a copy of the HER2 gene), and an additional duplication of one copy

of the HER2 gene within the same chromosome. Preferably, a sample shows a high



1+ (-100, 000 receptors per cell, partial nmenbrane staining, < 10% of cells

over expr egdi200/13683), 2+ (~500, 000 receptors per cell, Ilpcghir2619/05029€r at e
conpl ete menbrane staining, > 10% of cells overexpressing HER2), and 3+

(-2,000,000 receptors per cell, strong conpl ete menbrane staining, > 10% of
cells overexpressing HER2). Alternati 8Iy, further nethods for the

eval uation of the protein expression |evel of HER2Z may be used, e.g.
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The HER2/neu (ErbB2) signaling pathway is well known in the art and a skilled person is
readily in the position to identify such modulators based on his general knowledge and the
teaching provided herein. Non-limiting examples of modulators to be used in accordance of
this invention are antibodies, preferably monoclonal or humanized antibodies, like
Herceptin/Trastuzumab or pertuzumab (see, e.g. W0O2007/145862). A preferred embodiment
according to this invention is the administration of Herceptin/Trastuzumab to the sub-group of

gasstric cancer patients characterized by an equivocal protein expression level of HER?2

protein (e.g. HER2(2+) by IHC) and a high amplification of the HER2 gene as defined herein.

In a preferred embodiment of the invention, the modulator of the HER2/neu (ErbB2)
signaling pathway is a HER dimerization/signaling inhibitor or an inhibitor of shedding of the

HER?2 extracellular domain (ECD).

Preferably the HER dimerization/signaling inhibitor is a HER2 dimerization inhibitor. It is
also preferred herein that the HER dimerization inhibitor inhibits HER heterodimerization,

HER homodimerization, or both.



For exanple, cells with a high anplification status as defined herein cover

nor e t hanygQofeBksbhe tunour areal/cells assessed i n accer@apesionsiybo t he
present invention. These tunour cells with a high anplification status nmay

al so be cohesive. In a preferred enbodi nent of the present invention, the
anplification status of HER2 gene is éPaluated by in situ hybrldlzatlon
(ISH). Preferably, the in situ hybridization is fluorescent in situ
hybridi zation (FISH), chronmogenic in situ hybridization (CSH and silver
in situ hybridization (SIS met hods are known to the skj|led
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and Zyt glaaii(d)HRCES HeRRu Br @Pbsaiki t fron1ZytOV|S|pn A preferred Sl SH assay
is the "Infornm(tm" HER2 DNA probe from Ventana in conbination with the

ultraView(tnm SISH detection kit from Ventana. The HER2/ neu (ErbB2)
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the adm ni stration rceptim rast Uzuna gr oup o gasstric
cancer patients characterized by an equivocal proteln expression | evel of

HER2 pr ot b and a high anplificatjon q HER2
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di meri zation/signaling inhibitor or an inhibitor of sheddi ng of the HER2

ext race‘rdrlahathedmﬁaﬁVHO(E@%SPm@madblw thieehyiERodianestli Hag idepgsstied naith ribe

I nhi bi t/g"nen naType pufjure LOI%GCEIOH alQaslsas 9A dStA uRder ATCC HB- 12697), which

binds to a region in the extracellular domain of HERZ (e.g. , any one or more residues in the
region from about residue 22 to about residue 584 of HER2, inclusive). Examples of
humanized 2C4 antibodies are provided in Example 3 of WO 01/00245. The humanized

antibody 2C4 is also called Pertuzumab.

Preferably, the inhibitor of HER shedding is a HER2 shedding inhibitor. It is also preferred
herein that the HER shedding inhibitor inhibits HER heterodimerization or HER

homodimerization.

In a particuiar preferred embodiment of the present invention the HER shedding inhibitor is a
HER antibody. The HER antibody may bind to a HER receptor, such as EGFR, HER2 and
HER3. Preferably, the antibody binds to HER2. Also preferred, the HER2 antibody binds to
sub-domain IV of the HER2 extracellular domain (ECD).

In a further preferred embodiment, the HER2 antibody to be employed as a modulator of the
HER?2 signaling pathway by inhibiting ECD shedding in accordance with this invention is

Herceptin/Trastuzumab.



al so preferred herein that the HER dinerization inhibitor inhibits HER
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such as EGFR, HER2 and HER3. Preferabl?y, the antibody binds to HER2. The
HER2 anti body may bind to Domain Il of HER2 extracel |l ul ar domai n and/ or nmay
bind to a junction between donmains I, Il and Il of HER2 extracellul ar
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a further preferred enbodi nent, the HER2 anti body to be enpl oyed as a
nmodul at gnticnf tothgessessed for its HER2 gene amplification status and protein expression level. The

biological sample to be tested and assessed for said HER?2 status/level may in particular be a

tissue sample obtained through gastric tissue biopsy or resection.

The term "antibody" herein is used in the broadest sense and specifically covers intact
monoclonal antibodies, polyclonal antibodies, multispecific antibodies (e.g., bispecific
antibodies) formed from at least two intact antibodies, and antibody fragments, so long as
they exhibit the desired biological activity. Also human and humanized as well as CDR-

grafted antibodies are comprised.

The term "monoclonal antibody" as used herein refers to an antibody obtained from a
population of substantiaily homogeneous antibodies, i.e., the individual antibodies comprising
the population are identical except for possible naturally occurring mutations that may be
present in minor amounts. Monoclonal antibodies are highly specific, being directed against a
single antigenic site. Furthermore, in contrast to polyclonal antibody preparations which
include different antibodies directed against different determinants (epitopes), each
monoclonal antibody is directed against a single determinant on the antigen. In addition to
their specificity, the monoclonal antibodies are advantageous in that they may be synthesized

mn

uncontaminated by other antibodies. The modifier "monoclonal” indicates the character of the



HER2 signaling pathway by inhibiting ECD shedding in accordance with this
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HER?2 protein as a responder for or a patient sensitive to a modulator of the HER2/neu
(ErbB2) signaling pathway, said method comprising the step of evaluating the gene
amplification status of the HER2 gene in a sample, whereby an equivocal expression level of
HER?2 protein and a high gene amplification status of the HER2 gene is indicative for a
responding patient or is indicative for a sensitivity of said patient to said modulator of the
HER2/meu (ErbB2) signaling pathway. The sample is preferably a resection sample or a

biopsy sample.

The terms “biopsy” and “resection” are well known to those skilled in the art. In context with
the present invention, a biopsy sample is a biological sample obtained by removal of single
cells or (parts of) tissue from a subject using a needle, a brush, a scraper or a punch. Examples
are aspiration biopsy, brush biopsy, core biopsy, vacuum biopsy, core needle biopsy, needle
biopsy or punch biopsy. A resection sample is a biological sample obtained by surgical
excision or cutting of (parts of) an organ or tissue from a subject using a scalpel, a knife,
scissors or other instrument designed for cutting. Examples are gastric tissue resection,
comprising at least part of a primary tumour, and a metastatic lesion resection. A biological

sample may also comprise circulating tumor cells.

nst



single antigenic site. Furthernore, in contrast to polyclonal antibody
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determ nants (epitopes), each nonoclonal antibody is directed against a

single determnant on the antigen. In addition to their specificity, the
nmonocl onal antibodi es are advantageoug3in that they may be synthesized
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sanpl e.pathway is initiated. However, also neo-adjuvant or adjuvant therapy and testing of

corresponding samples is envisaged.

In a further embodiment of the present invention, a method for the treatment of gastric cancer
patients (in particular invasive gastric cancer) is provided, said treatment comprising a step of
administering an effective amount of a modulator of the HER2/neu (ErbB2) signaling
pathway to a subject identified by the method as provided herein above and a subject in need
of such a treatment. Said subject is, in accordance with this invention, preferably a human
subject. Biological samples, in particular gastric tissue biopsies/resections of said
subject/patient are characterized in having an equivocal expression level of HER?2 protein and
a high amplification/amplification level of the HER2 gene. As documented herein, the person
skilled in the art is readily in a position to determine said HER?2 protein expression levels in
said biological sample, in particular by immunohistochemical methods known in the art. The
same applies, mutatis mutandis, for the determination of the given HER2
amplification/amplification level. Here, as pointed out above, the preferred (but not limiting)
determination method is an in situ hybridization technique, like fluorescent in situ

hybridization (FISH), chromogenic in situ hybridization (CISH) or silver in situ hybridization
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As defined hereinabove in context of the inventive in vitro method for the identification of a
responder for or a patient sensitive to a modulator of the HER2/neu (ErbB2) signaling
pathway, the person skilled in the art can easily deduce with known methods which “HER2
expression status” is present in a biological sample of said patient. The patient to be treated
with the herein defined modulator of the HER2/neu (ErbB2) signaling pathway shows in the
biological samples an equivocal protein expression level and a high amplification level/status
of the HER?2 gene. Again, an “equivocal protein expression level” of HER2 corresponds to a
2+ score (“equivocal classification”, see the tables above) in immunohistological tests as
described hereinabove and a high HER2 amplification status relates to an average HER?2 gene
copy number higher than 4 copies of the HER2 gene per tumor cell (for those test systems
without an internal centromere control probe) or to a HER2/CEP17 ratio of higher than 2 per
copy (for those test systems using an internal chromosome 17 centromere control probe) in a
sample obtained from said patient suspected to suffer from or being prone to suffer from a

gastric cancer.

The person skilled in the art can also easily detect and/or verify the gene amplification status



pathway to a subject identified by the method as provided herein above and
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defined herein) suspected to suffer from or being prone to suffer from gastric cancer, also

invasive gastric cancer, show in accordance with this invention a positive survival benefit, a
prolongation in time to progression, and/or show less recurrent gastric cancers when treated
with the herein defined modulator(s) of the HER2/neu (ErbB2) signaling pathway, in

particular with Herceptin/Trastuzumab.

The medical uses and methods as described herein relate to the use of the herein described
modulator of the HER2/neu (ErbB2) signaling pathway, in particular antibodies against or
directed to HER2, like and preferably Herceptin/Trastuzumab, on patients that show the
herein determined HER2 “equivocal protein expression status” (versus a “low protein
expression level” as defined herein above) and that have a “high HER2 gene amplification
status as defined herein, e.g. on average more than 4 copies per tumour cell. In context of this
invention, said HER2/neu (ErbB2) signaling pathway, in particular antibodies against or
directed to HER2, like and preferably Herceptin/Trastuzumab may be employed in anti-
metastatic, adjuvant as well as in neo-adjuvant gastric cancer therapies. Accordingly, said

“HER2-modulator” may be administered to a patient in need of such a treatment and having
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accessi ﬁ' for treatnment with the herein defined nodul ators of the HER2
signaling pathway are gastric cancer patients that show a high gene
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derived from a healthy {control) individual or from non-diseased tissue.

Accordingly, the present invention relates to a modulator of the HER2/neu (ErbB2) signaling
pathway for use in treating gastric cancer in a patient identified by the method described and
defined herein. Also the use of a modulator of the HER2/neu (ErbB2) signaling pathway for
the preparation of a pharmaceutical composition for the treatment of gastric cancer in a

patient identified by the method of the present invention is envisaged.

In context of the medical embodiments provided herein, i.e. methods and uses, the modulator
of the HER2/neu (ErbB2) signaling pathway to be administered to the herein defined patient
group (gastric cancer patients/patients with invasive gastric cancer and having equivocal
expression level of the HER2 protein (HER2 (2+) and at the same time a “high” HER2 gene
amplification status) may be administered as a single anti-tumor agent. However, also co-
therapeutic approaches are envisaged and of use, which comprise, inter alia, the
administration of further pharmaceuticals, in particular anti-cancer drugs, e.g. in form of a

combination therapy. Such an additional therapy may be a chemotherapy and may comprise
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The person skilled in the art, for example the attending physician, is readily in a position to
administer the herein defined modulator of the HER2/neu (ErbB2) signaling pathway to
patient/patient group as defined herein. Such an administration may comprise the parenteral
route, the oral route, the intravenous route, the subcutaneous route, the intranasal route or the
transdermal route. In case of Herceptin/Trastuzumab, the preferred administration route is an
intravenous administration. Moreover, the modulator of the HER2/neu (ErbB2) signaling
pathway may be administered in an anti-metastatic, neoadjuvant or adjuvant setting. Such an
administration of Herceptin/Trastuzumab may, in the novel gastric cancer patients (group)
/invasive gastric cancer patients (patient group) as defined herein comprise, inter alia, an
administration every day, every other day, every third day, every forth day, every fifth day,

once a week, once every second week, once every third week, once every month, etc.

Again, the attending physician may modify, change or amend the administration schemes for
modulator of the HER2/neu (ErbB2) signaling pathway in accordance with his/her

professional experience. In a particular preferred embodiment of the present invention, a
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Methods

Study design

The ToGA trial is a randomized, open-label, multicentre, Phase III study designed to
investigate the safety and efficacy of trastuzumab in combination with cisplatin plus a
fluoropyrimidine (capecitabine or S5-fluorouracil) versus cisplatin plus a fluoropyrimidine

alone in HER2-positive advanced GC.

Patients

Inclusion criteria:

— Histologically confirmed adenocarcinoma of the stomach or gastro-oesophageal junction
(GEJI) with inoperable locally advanced or recurrent and/or metastatic disease not amenable to

curative therapy

— Measurable disease according to the Response Evaluation Criteria in Solid Tumors

(RECIST), assessed using imaging techniques (computed tomography or magnetic resonance
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adm nistration sch s f I f .t he HER2/ neu (ErbB2) signaling
pathmaymfﬁmgf%%Fﬁ%ﬁ%&aﬂfﬁﬁ*ﬁ?@ﬁﬁgiép%%?%%%ional experience. In a particul ar

preferred enbodi nent of the present invention, anethod for the treatnent of
gastric cancer patient or patient group is provided, said nethod caonprising
the adnPhi smeuri swes Mere dpmainTfized wadnptialfis smberldsdt iToat Y25 MIsSe FRIMEF oup,
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show ngHamegTHsiVpaad FESID(ErahDR™;d¥ab) af determine HER?2 status, as recommended by
the validation study for HER2 testing in GC. THC HER?2 scoring used the following modified
HercepTest™ parameters: staining intensity; complete/incomplete membrane staining;
percentage of stained cells; incomplete membrane staining due to lumen/other reason. For the
FISH analysis, HER2 positivity was defined as a HER2:CEP17 ratio of 2 or greater. In this

study a HER2-positive result was defined as IHC 3+ and/or FISH positive

Results

The HER2-screening process in ToGA is now complete: 3807 tumour samples from 24
countries have been assessed for HERZ2 status in a central laboratory using the modified
system described. Of these, 3667 samples were evaluable and 810 have been defined as HER2
positive, giving an overall HER2-positivity rating of 22.1%. An unexpectedly high number of
cases were found to be FISH positive/IHC 0/1+ and these were randomized between
treatment arms (Figure 1). In breast cancer HER2 testing, most IHC 0/1+ samples are found
to be FISH negative, but in ToGA the frequency of IHC 0/1+/FISH-positive samples was
almost as high as IHC 2+/FISH-positive samples (25% vs 28%, respectively). Of the cases
that were THC 3+, 5% were found to be FISH negative.



HER2 protein (HER2(2+)) and a "high HER2 gene anplification status".
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present” invention Is further descri by ref erence to the foll ow ng
non- | i nfnt=bhy figures and exanpl es. thhods Study design The ToGA trial is a
random zed, open-label, multicentre, Phase Ill study designed to

investigate the safety and efficacy of trastuzumab in combination with
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the UK (ratio 0.33; 25.8% HER?2 positive). Similarly, there was a significant difference in
HER2 positivity (p<0.001) based on histological subtype (Lauren classification): 32.2% in
intestinal vs 6.1/20.4% in diffuse/mixed cancer. Again, countries with higher ratios of
intestinal: diffuse/ mixed cancer had increased HER2-positivity rates, such as the UK (ratio
3.4; 25.8% HER?2 positive), Australia (ratio 2.6; 32.8% HER?2 positive), Japan (ratio 2.8;

28.1% HER?2 positive) and Portugal (ratio 3.33; 22.4% HER?2 positive).

The ToGA trial is the first Phase HI trial to provide information on the incidence of HER2
positivity in a prospective manner in advanced GC. The ToGA screening program observed a
HER2-positivity rate of 22.1% in advanced GC, which is comparable to rates previously
observed in breast cancer. Data also show that variations in HER2 positivity in GC across
countries can be explained by differences in histological subtype and tumour site. Gastric
tumours tend to be much more heterogeneous than breast tumours, hence HER?2 testing in GC
is different to that in breast cancer. Comparisons of this screening data against ToGA efficacy

has lead to the novel treatment algorithm as disclosed in the present invention
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For further information on efficacy assessnents see abstract LBA4509. 10
HER2 t €Blid Figure&thdwtnour sanpl es were formalin fixed and paraffin enbedded.
The sanples (either resection or biopsy) were anal yzed at a central

| aborat ory using both IHC (nodified HercepTest(tm) and FI SH (pharnDx(tm;
Dako) tmw.getierm ne HER2 status, as recommended by the validation study for
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in ToGA is now conpl ete: 3807 tunour sanples from 24 countries have been
assesseﬁ {u%r HER2 status in a central |aboratory using the nodified system
descri bed. (% t hese, 3667 sanpl es were eval uabl e and 810 have been defi ned
as HERZ2Hpasd Rave(HR) andngl fan HERErsabrobpddv@aR istivisiat gO$)at i ng of 22. 1% An
unexpect edly hi gh nunber of cases were found to be FISH positive/lHC 0/ 1+
and these were random zed between treatnent arns (Figure 1). In breast
cancer festing, nost IHC 0/ 1+ sanples are found to be FI SH negati ve,
but in TOoGA the frequency of IHC O/I+/Fl SH positive sanples was al nost as
hi gh asHa4@l Rati¢-(I8R) puisTh fov BERImpbgoups pearessp8deesaypet Pl y) . O the
cases that were IHC 3+, 5% were found to be FISH negative. The
HER2-positivity rate was sim |l ar between Europe (23.6% and Asia (23.5%.
HER2- positivity rates varied between countries, from5.9%in Taiwan (n=34)
to 32.8%in Australia



(n=61). HER2 positivity varied according to tunour site, wth higher rates
of HER2 pweibiovistseoi N GEJ (gastroesophageal junction) caocar2ii0ag74en
stomach cancer (33.2%vs 20.9% respectively; p<0.001). In general, the
countries with the highest ratio of GEJ: stomach cancer were found to have
above- average HER2-positivity rates, &PRthough the patient nunbers were |ow.
These included France (ratio 0.56; 26.9% HER2 positive), Germany (ratio
0.53; 23. 7% HER2 positive) and the UK (ratio 0.33; 25 8% HER2 positive).
Simlarly, there was a significant difference in HER2 positivity (p<0.001)
based on hi stol ogi cal subtype (Lauren classification): 32.2%in intestinal
vs 6.1/20.4%in diffuse/ mxed cancer. Again, countries wth higher ratios
of intestinal: diffuse/ mxed cance Iﬁg,[g ncreased HER2-positivity rates,
such as the UK (ratio 3.4; 25.8% HERZ positive), Australia (ratio 2.6;

32. 8% HER2 positive), Japan (ratio 2.8; 28.1% HER2 positive) and Portugal
(ratio 3.33; 22.4% HER2 positive). The ToGA trial is the first Phase Il
trial té provhBé Viicorahps &1 thhidepliatien @eapatgy Sweﬁ&?qffe\‘?if’@n Epptiac

prospective r@aﬂ@&fatnhmagﬂg%g%a)ﬂw% X %ss,%?ﬁé%eﬁ?ﬁ@%r&éiﬁgi%%%%@érvf%g a

HER2- positivity rate o I n advance ich is conparable to rates
previ ousl y obsex patkni seibiteast < andelator Déttee HERQ/mhofirbBidt sigmingtiadngayi n

HER2 positivity in acrQss co ries can be explained by differences in
hi st ol ogi cal %F’ﬁ@@%&ﬂﬂmfﬂ%ﬁ?&gh?@ng@f@f'ri c tunours tend to be nuch nore

het er ogeneous .t BaRi LASImJILITBHY Sid eREEHER2 testing in GCis different to
that in breast cancer. Conparisons of this screening data agai nst ToGA
ef fi cacy has (beadhit@inghe novel treatnment algorithmas disclosed in the

present inventionThe FEigur.es show.  Fi 1. .3807 ur sanmples fromthe
TOGA study f r%‘%gﬁ%: %ﬂh@%’#‘% Stﬁgl%’f g’éé%@%%‘&%%@%&‘%ﬁw status in a
central |aborah@ely usi nguivoea medibisesh Syl esn desr? i pecii randhe Tadi eeabove.
O these, 584 patients were included to the study. Figure 2. . A
amplification status of the HER2 gene 1s indicativé for a tesponding patient or is
indicative for a sensitivity of said patient to said modulator of the HER2/neu (ErbB2)

signaling pathway.

2. The method of claim 1, wherein said protein expression level of HER2 is or was

determined by an immunohistochemical (IHC) method.

3. The method of claim 1 or 2, wherein said equivocal protein expression level of

HER?2 is HER2(2+), as determined in a biopsy sample.

4. The method of claim 1 or 2, wherein said equivocal protein expression level of

HER2 is HER2(2+), as determined in a resection sample.

S. The method of any of claims 1 to 4, wherein said gene amplification status of the

HER?2 gene is detected by an in situ hybridization (ISH) method.

6. The method of any one of claims 1 to 5, wherein said high amplification status of the
HER?2 gene is an average gene copy number of the HER2 gene of higher than 4 or an

average gene copy number of HER2 equal to or higher than 2 per chromosome 17

copy.



Hazard Ratio (HR) and CI for HER2 subgroups: overall survival (0OS) Figure
3. Hazar dyBabigmsbdd) and Cl for HER2 subgroups: progresscokphéi9fszns vi val
(PFS)CLAIMS 1. An in vitro nethod for the identification of a patient
suspected to suffer fromgastric cancer and having an equi vocal expression
| evel of HER2 protein as a responder £8r or a patient sensitive to a

nodul at or of the HER2/ neu (ErbB2) signaling pathway, said nethod conprising
the follow ng steps: (a) obtaining a sanple fromsaid patient; and (b)

eval uating the gene anplification status of the HER2 gene in said sanple,
wher eby’7-an eqgtic/Bedod it piasied qlapsi L B O Heherepy %‘FéFW%B?Fdraée H?@rﬁraﬂhg})
anpli f1cation, gl Yedirichey cRAcBBNS &yl AALGAN Yaol @k, 3 HESARBHIAGN.
patient or is indicative for a sen3|t|V|tyy of said patient to said

modul at or of HBR2HERPEHBA) {iEndB2)pativgyas atdepspd® Fway. 2. The net hod of claim
1, wherein said protein expression |level of HER2 is or was determ ned by an
i mmunohi st ochem cal (I1HC) nethod. 3. The nethod of claiml1l or 2, wherein
sai d eqgli vocathdfethsl bf eXPIdRs Hif @i Vel RfwhdrRR shisl JaFRR( B+klechs flgheansi ned
in a biopsy sanple. 4. The nethod of claim1l or 2, wherein said equivocal
protein expremsiprohssisly of ShERD tissueHERRYDA) cagsc dissey Mianey Hifua FeBetti on
sanple. 5. The thod .of any.of clai : , erein said gene
anplificati onmgttgg[f‘tﬁ%gts)lfm{%ggtwﬁﬁ?ﬁ@tl@g %‘grfolélg ]\gg by an in situ
hybridi zation (1SH) nmethod. 6. The nethod of any one of clains 1 to 5,
wherein said high anplification status of the HER2 gene is an aver

copy nufber ofhg lﬁéthﬁRﬁ e of Clmgireto & meieran 8iid ammypehisigeheguiny @%Bgd
nunber of HE%@%@B‘%#MR%&P&@ri%eg{kg)'{%tshﬁr&ssza"per chronmosone 17 copy. 7. The

met hod of any clai ns whereéin the response rate of a group of

gene

10. The method of claim 5, wherein said in situ hybridization is selected from the group
consisting of fluorescent in situ hybridization (FISH), chromogenic in situ

hybridization (CISH) and silver in situ hybridization (SISH).

1. The method of claim 10, wherein said FISH test is selected from the group consisting

113 3% 1, 1. TS . Moss 5,2 « TMsy 1, -
of “Inform®” kit, “Pathvysion™™ kit or phzurmeTM kit.

12.  The method of claim 10, wherein said CISH test is selected from the group consisting

of SPoT-Light® HER2 CISH™ and ZytoDot® SPEC HER2 Probe kit.

13.  The method of claim 10, wherein said SISH test is the “Inform™" HER2 DNA probe

in combination with the ultraView ™ SISH detection kit

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

anti-metastatic, neoadjuvant or adjuvant therapy.

15. A modulator of the HER2/neu (ErbB2) signaling pathway for use in treating gastric

cancer in a patient identified by the method of any one of claims 1 to 14.

16. Use of a modulator of the HER2/neu (ErbB2) signaling pathway for the preparation

of a pharmaceutical composition for the treatment of gastric cancer in a patient



patients identified by the nethod of any of clains 1 to 6 to a nodul ator of

t he HER2/\weuo{oaspRsd) signaling pathway is at |east 20 %pc@rpifvensabhod of
any one of claims 1 to 7, wherein said sanple is selected fromthe group

consisting of gastric tissue resection, gastric tissue biopsy, tissue from
a netastatic | esion resection and cirééllating tunor cells. 9. The nethod of
any one of clains 2 to 8, wherein said i nmunohi stochem cal nethod is
per f or med w tildedtlfedHgricepeihed bf tun) oresEayaimi0.to The net hod of cl aim5,
wherein said in situ hybridization is selected fromthe group consisting of
fluorescent in situ hybridization (FISH), chronmogenic in situ hybridization

(CISH and sidvVghndd o thd! rBAREhObZ 8strRNcdnR =dmpriking AhGnTREREAnAI il m 10,

wherein said FISH test is selected " fromthe group consisting of "Inforn(r)
kit, "Pathvysinonft wf"a fiotluletor "ofHae MK Y/ mgu’ (lkbB2) $i2naliflgepatevinodd ef subjeai m 10,

wherein said .Cl test. is selected fr t he gr consi.sting of

SPoT- Li gt ( 1)/ Trisest &g Brou AL s S i P T S R Em e e

met hod of claim 10, wherein said SISH test is the "Inform(tm" HER2 DNA
probe in conmbination with the ultraView(tm SISH detection kit 14. The

met hod b¥ anylherectbed ef dpims 17 vhsraigsaidpeiedtss shydasanpl e is obtai ned before
anti-netastatic, neoadjuvant or adjuvant therapy. 15. A nodul ator of the
HER2/ neu (ErbB2) signaling pathway for use in treating gastric cancer in a

pati ent (9. dentTHe @ethby df gaifelhod 18f thanyodul@oodf clhiat 18 ot tho© udddof BimUse of a
nodul at or of the HER2/ neu (ErbB2) signalin athway for the preparation of
a phar naceut i ¥hgreiasagdepqylgar eigthe /pedi ) HENRE PRthway ssraEpinisiered

patienti dentiJsiaes%é?%/aﬁtpﬁjrﬁH?tﬂQ%. of any one of clains 1 to 14. 17. A nethod
for the treatnment of gastric~cancer conprising adm nistering a effective

anount of a nodul ator of the HER2/ neu (ErbB2) signaling pathway to a
subj ect_identified by the nethod of an e of claing 1 to 14 in need of
such o ¥ eat i mengd ofnifiernon! §r g i ot fafely € abgustiel Bt 12, o
human. wherein said modulator of the HER2/neu (ErbB2) signaling pathway is administered

in form of a combination therapy.

21. The method of claim 20, the modulator of claim 20 or the use of claim 20, wherein

the therapy used in said combination therapy is chemotherapy.

22. The method of claim 21, the modulator of claim 21, or the use of claim 21, wherein
said chemotherapy is selected from the group consisting of fluoropyrimidine in
combination with cisplatin, anthracycline/taxane chemotherapy, therapy with an
anti-metabolite agent, therapy with an anti-hormonal compound, therapy with a
tyrosine kinase inhibitor, therapy with a raf inhibitor, therapy with a ras inhibitor,
therapy with a dual tyrosine kinase inhibitor, therapy with taxol, therapy with
taxane, therapy with doxorubicin, therapy with adjuvant (anti-) hormone drugs, and

therapy with cisplatin.

23. The method of any one of claims 17 to 22, the modulator of any one of claims 15 and
19 to 22 or the use of any one of claims 16 and 19 to 22, wherein said modulator of
the HERZ/neu (ErbB2) signaling pathway is administered by any one of a parenteral
route, oral route, intravenous route, subcutaneous route, intranasal route or

transdermal route.



19. The nmethod of claim 17 or 18, the nodul ator of claim 15 or the use of

cl ai m 16, wohe{wispsedai d nodul ator of the HER2/ neu (ErbB2pcsip#b@bjosazpat hnay
is adm nistered as a single anti-tunor agent. 20. The nethod of claim 17 or
18, the nodul ator of claim 15 or the use of claim 16, wherein said

nodul at or of the HER2/ neu (ErbB2) sigdaling pat hway is adm nistered in form
of a conbination therapy. 21- The nethod of claim 20, the nodul ator of
claim 20 or the use of claim 20, wherein the therapy used in said

conbinatjon t era s, chenot 22.. The thod f clai 1, e

modul At of BeaniRled 51 &5 ! GLETGA7 &1 21 RO oty SaF T ChbbL heihpy | s
sel ected fromg te%%r%@ugeomn%tdne%f@falﬁlk 4GLARYD kT8l WRerkin samabmgﬂ«oef Wi th
cisplatin, anthracycline/taxane chenot herapy, therapy with a

anti - net abol ithe Higetbeu t(RedRpysigualing arttarey 4She¢lmmm¢re@orrp@unm metastagisy Wit h

a tyrosine ki Jase | nhi_bi er apy with a raf inhibitor, therapy with a
ras i nhibitor’® Cﬁ%Yaé‘w ?Iéj?‘f?nése& tyrosi ne kinase inhibitor, therapy wth

t axol , therapy wi th taxane, therapy w th doxorubicin, therapy wth adjuvant

(anti -) hor mone drugs, and therapy with cisplatin. 23. The net hod of any
one of %-ai melEMmebodof aphengeidiitizisor ot | bise2bthemarwator st apyongot o 22

or the use of %%é%%%dqb & Q'o%ejlgﬁ%?gnfgné Azims oS8! 1® (534 dy Aot %E(Pr of

t he HER2/ neu si'gnaling pa m ni stered by any one o
parenteral r Qﬁ(t)(ﬁl.latOﬂ’ alofr att e H]‘EM/hawer(Erlﬂ%Z’)ouixgahsgbcpaﬂaM@ows r aut &lER

i ntranasal route or transdermal route.24, The Iﬁé gd of any one of clains
17 to 23, thelimsazAtensiEnatngmNiREoH#n @hibitggolBER sheddng o 23 or the use of
any one of clainms 16 and 19 to 23, wherein said nodul ator of the HER2/ neu
(ErbB2) signaling pathway is admnistered in an anti -netastatic,

neoadj uXant ofThadjethodmnif céaélntZSngae mﬁdula'theoﬁeltaimQS of ttenye@helaph 28| aihpeil t o

14 and 17 to 24 modul at ar nme. 15.and 19 to 24 or the
use of any on@&! %ﬁ% M2 Ay %@r F%?Z létg”th"“s‘éil“d’“‘”

27. The method of claim 25 or 26, the modulator of claim 25 or 26 or the use of claim 25
or 26, wherein said HER dimerization inhibitor inhibits HER heterodimerization or

HER homodimerization.

28. The method of any one of claims 25 to 27, the modulator of any one of claims 25 to
27 or the use of any one of claims 25 to 27, wherein said HER dimerization inhibitor

is a HER antibody.
29. The method of claim 28, the modulator of claim 28 or the use of claim 28, wherein
said HER antibody binds to a HER receptor selected from the group consisting of

EGFR, HER2 and HER3.

30. The method of claim 29, the modulator of claim 29 or the use of claim 29, wherein

said antibody binds to HER2 .

31. The method of claim 30, the modulator of claim 30 or the use of claim 30, wherein

said HER?2 antibody binds to domain II of HER2 extracellular domain.

32. The method of claim 31, the modulator of claim 31 or the use of ciaim 31, wherein



nmodul at or of the HER2/neu (ErbB2) signaling pathway is a HER

di meri zatwenbhfgegbi ng 1 nhibitor or an inhibitor of HERpgha®ds10@57426. The
nmet hod of claim25, the nodul ator of claim?25 or the use of claim 25,

wherein said HER dinmerization inhibitor is a HER2 di meri zation inhibitor.
27. The method of claim25 or 26, the3fodul ator of claim25 or 26 or the
use of claim25 or 26, wherein said HER dinerization inhibitor inhibits HER
het er odi mer i zatd snibody binls tonpatier bezatdnodomazes I, Thedelt SfGER] camycebular of
claims 25 to 27, .the nodul ator of any one of clains 25 to 27 or the use of
any one of cl®M#N-25 to 27, wherein said HER dinerization inhibitor is a
HER anti body. 29. The nethod of claim28, the nodulator of claim28 or the
use of claim 28, wherein said HER anti body binds to a HER receptor sel ected
f rom t h#3. gr oufhecoetbod bf ag afe cE@RRms HEFEQ 3antie IﬂERt&lat@Oaf difenpef hkadnmfw ¢ ai m
29, the nodul gtor of clai.m 29 or antlbod
bi nds to HERQ5 Oéifi?ﬁéoﬁépﬁdﬂm 0&>§% ﬁﬂﬁﬁ? %£§$9 REBES or Y
the use of cl@,@Qap Wherein said HER2 antlbody binds to donaln II of HER2
extracel | ul ar donaln 32. The nethod of claim 31, the nodul ator of claim3
1 or the use of claim 31, whereinsaid antibody binds to a junction between
donains , and | | extr eIIu i 33. e t any
one of é{alns%gﬁanKgéﬁc%ﬂ EE? ﬁia mo gﬁ?“%%g%o elﬁéﬂfznﬁ5qgoqggﬂ%ﬁ t he

use of any ongi@inhetditr 6b HER sth@dcaa mmgr«:aarsh@mmg inERAoAaNt i body i s
Pertuzumab. 34. The net hod of cIa|n125 the nodul ator of claim25 or the
use of cIa|n125 wherein said inhibitor of HER shedding is a HER2 sheddlng

i nhi bi tof. t f 5@ Firel %,nggg,qg Ul -ay
34 or the use o H%}gﬁﬁ? 222%224 &ﬁkﬁfggﬁhgaf ib?fﬁr oitﬂ ﬁggg%ﬁ
i nhi bits HER bgbeBdéddwharinzaid mhibitor of HER sheddmg 1nh1b1ts HER heterodimerization

or HER homodimerization.

36. The method of any one of claims 25, 34 and 35, the modulator of any one of claims
25, 34 and 35, or the use of any one of claims 25, 34 and 35, wherein said inhibitor

of HER shedding is a HER antibody.

37. The method of claim 36, the modulator of claim 36, or the use of claim 36, wherein
said HER antibody binds to a HER receptor selected from the group consisting of
EGFR, HER2 and HER3.

38. The method of claim 37, the modulator of claim 37, or the use of claim 37, wherein

said antibody binds to HERZ.

The method of claim 38, the modulator of claim 38, or the use of claim 38, wherein

said HER2 antibody binds to sub-domain IV of the HER2 extracellular domain.

(]
Ne

40. The method of any one of claims 37 to 39, the modulator of any one of claims 37 to
39, or the use of any one of claims 37 to 39, wherein said HER2 antibody is

Herceptin/Trastuzumab.

41. The method of any one of claims 1 to 14 and 17 to 40, the modulator of any one of



or HER honodi neri zation. 36. The nethod of any one of clains 25, 34 and 35,
t he nodulwbaniifzsapy one of clains 25, 34 and 35, or th@cq@mm}/ggﬂyg one of
clainms 25, 34 and 35, wherein said inhibitor of HER shedding is a HER

anti body. 37. The nethod of cl aim 36, the nmodul ator of claim 36, or the use
of claim 36, wherein said HER antlbod§ binds to a HER receptor sel ected
fromthe group consisting of EGFR, HER2 and HER3. 38. The nethod of claim
37, the noduk&ﬁnmldmnduannﬁeivtMmehéam$en®®f@waBdﬁgmdlﬂﬁeﬂéiwh@@ﬁdﬁﬁd
antlbody bi nds to HER2. met hod of claim 38, the nodul ator of claim
38, or the us@St&FCé??f”ﬁl%amwté’icﬁagcﬂd HER2 anti body binds to sub-domain
IV of the HER2 extracel lular domain. 40. The nethod of any one of clainms 37

to 39, the nodul ator of any one of claims 37 to 39, or the use of any one
of clai4® 37 The Bethodebeleim 43 athg midatanet duay4] ot fsruseof chimmids isishab.

41. The net hod. pf__an f..Cc 17 h r of
any one ofclaﬁﬁg r% ggE@P '8 E%é (%Ruéé ggggnfogﬁgégfOEI§?%Eg%é§gﬁd 19
to 40, wher eldﬁleﬁ@iaﬁbnﬂﬁﬁi, rnhxﬁed‘:@@@@ﬂeﬂo%aﬂchmaﬁuamé difasenie aencercindgifa. The

met hod of claim4l, the nodulator of claim4 1 or the use of claim4l,
wherein said gastric cancer is selected fromthe group consisting of

i ntestinal -type adenocarci nona, m xed-type adenocarci nona and diffuse-type
adenocar ci noma.



