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GROUPING FOR CLASSIFYING GASTRIC CANCER.

Cfoss;Reference To:Rolated Applications
. This'applicétion claiméAthe benefit of pfiorityvof
Singapore patenp' application No. 201206943-1, filed
September.ols,- 2612, the_'contents~.of it being hereby
incorporated by reference 1in its entirety for all

purposes.

Technical Field
The present invention - generally '_relates_ to
biochemistry and medical applications of Dbiochemical

molecules.

'Backgrouod ‘
.'oGastric'adenocarcinoﬁé (a type of gastrictcahcer) is
the second leading cause -of . caricer death worldwide, with
partioularly high incidence and}mortality in Eastern Asia,
Eastern Europe, and Latin America.: Surgery remains the
 mainstay of -treatment but-vis_'effective only in early
-stages; However, dué' to the'~lack of »sympfoms in early
1sﬁages; most patients are!diagnoééd with advanced disease
‘andvhave_very.poor prognoses.t
. The underlying mechanisms of gastric carcinogenesis
are still poorly . understood. Like many other cancors,
gaétric cancer is heterogeneouspvand it arises from and
precipitates a multitude of genetic and epigenetic
alterations. It exhibits differences between patients in
aggressiveness, histopathologic features, and responses to
therapy. Consequently, there is a need for - genomic
taxonomies .of gastrfc cancor that provide insight. into
oncogenic mechanisms and pfedict disease béhavior and

treatment response.
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Several histopathological classifications of gastric

cancers have been proposed.  Among these, the Lauren and
WHO systems are widely used. The Lauren classification
recognizes two main subtypes, “intestinal”  and “diffuse”,

‘which difier in their epidemiology. In parallel with the

histology-based classification systems, there is a widely

" used “tumor-node-metastasis” (TNM) staging system. The TNM

system assigns gastric cancers to stages by combining
information on size and invasiveness of the primary tumor)
the presenCe and number of lymph node metastases, and the
presence or absence of distant ‘metastases. However, the

prognostic value of the histological classification

‘\schemes (e.g. Lauren or WHO),' in addition to the TNM

stages appears to be limited, and it has not been possible

to use them as a »basis on which to choose particular
therapies '
Beyond . these histopathological classification

schemes, there have been efforts to use microarray-based

gene expression profiling to discover new. molecular

~subtypes of gastric cancer Dby . unsuperv1sed clustering

‘However, these studies relied on relatively small numbers
of tumor samples (22 to 47)

' In addition, unsupervised clustering on gastric
cancer cell- lines (as contrasted with:surgically removed
tumors) was recently carried out. Two subtypes were found
that were differentiated by the levels of 171 transcripts.
These transcripts then served  as the basis for
constructing a predictor which was applied to the

expression profiles of surgically removed gastric tumors.

One of the strengths of this study was that the initial:

unsupervised clustering was based not on primary tumors

. consisting of mixtures of malignant and non-malignant

cells, but rather on gastric cancer cell lines, with no

admixture of non-malignant cells. However, this approach

2.
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may not have captured the full diversity of gastric cancer
subtypes. In particular,' it is difficult to derive an‘.
immortal cell line from pfimary gastric tumors.
Furthermore, almost all gaétrié canéer cell lines' are
derived from metastases or ascites. |

| There is therefore a need to provide an alternative
cancer classification -that‘ overcémes, or at least
ameliorates;' one or more of the disadVantageS‘ described

above.

Summary _
In a first aspect, there is provided a grouping for
classifying a gastric cancer tumor‘sample obtained from a
patiénf suffering .or suspected‘ to suffer from gastric

cancer, wherein the  grouping comprises an invasive

~ subtype, a'proliferative subtype and a metabolic subtype,

" wherein the invasive subtype is characterized by any
one oxr more or éll of the following:

a. compared to the proliferative subtype and the

metabolic subtype,/the up-regulated genes in the invasive

Subtype are aSsociatéd_ with any one of the following

-pathways: focal adhesion, extracellular—matrix—receptor

interaction, gap juﬁction,v calcium signaling ' pathway,
complement cascades, éoagulation cascades, tight junction,
regulation' of actin cytoskeletbn, cell adhesion,
vasculature ‘development, blood vessel development,
regulatién of cell motion, cell motility, extracellular
matrix organization, cell-matrix adhesion, angiogenesis,
response to wounding, wound healing, and BMP signaling-
pathway;

b. compared to the proliferative subtype and the
métabolic Subtype, gene sets that have increased gene set
activities in the invasive subtype are selected from the

group consisting of: p53, EMT (epithelial-mesenchymal
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‘transition), . TGF-B, 1 VEGF, NFKB ‘ mTOR, SHH (sonic
‘hedgehog), and. CSC (cancer stem cell), '

c. compared to "the proliferative subtype and the

metabolic subtype, invasive subtype tumors are
significantly enriched with low-CNA (copy . number

alteration) tumors;

d. compared to non—malignant tissues, the number of
aberrently methylated CpG sites in the invasive subtype is
higher, than - those in the proliferative subtype and
metabolic subtype; | |

e. the number‘ of aberrantly' hypermethylated 51tes
in the invasive subtype is higher than ~in  the
proliferative subtype and the metabolic subtype; |

£. invasive subtype tumors are not or. almost not
enriched for TP53 missense mutations compared to the
proliferative subtype; o »

g. the invasive subtype shows strong association to
the = ‘diffuse’ tumor . .type according to Lacren
clasSificatiCn;

h. compared to the proliferetive subtype‘ and the

" metabolic subtype, - the cellular differentiation . of

invasive subtype tumors is undifferentiated or poorly
differentiated; A | |

i; the invasive .suthpe is more sensitive to
compounds targeting the PI3K/AKT/mTOR pathway than in the
proliferative and the metaboliC‘subtype; and

j.»— the invasive subtype shows cancer-stem-cell-like
properties; | ’

wherein the proliferative sﬁbtype is characterized by
any one or more or all of the foilowing:

a. compared to the invasive  subtype and the
metabolic Subtype, the up-regulated genes in proliferative

subtype are associated with any one of the following
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pathways: cell cycle pathway, nuclear division‘and cell
division; |

b. compared to the invasive -subtype and the
metabolic subtype, gene Setsythat‘have increased gene set

'activ1t1es in the proliferative subtype are selected from
the group consisting of: E2F, MYC, and RAS;

C. compared to tbe invasive subtype and the
metabolic  subtype, - proiiferative subtype tumors are
significantly enriched in high-CNA tumors;

d. compared to the invasive subtype  and the
metabolic subtype, the proliferative subtype is enriched
with genomlc ampllflcations of CCNE1, MYC, KRAS, and ERBB2
(also known as HER2);

e. the number of aberrantly -hypomethylated CpG
31tes in the proliferative subtype is hlgher than ‘in the
invasive subtype and the metabolic subtype

£. proliferative subtype tumors are enriched with
hypomethylated CpG sites compared to the invasive subtype
and the metabolic subtype;

g. prollferatlve subtype tumors ‘are enriched with
TP53 missense mutations compared to the invasive subtype
and the metabolicpsubtype, _

h. - the proliferative subtype * shows strong
association to the ‘intestinal’ tumor type according to
Lauren classification; and

i. compared to the invasive ' subtype and fthe
metabolic subtype, the cellular differentiation ? of
proliferative subtype tumors is well-differentiated or
moderately-differentiated;

wherein the metabolic subtype is characterized by any
one or more or all of the following:

a.. ‘compared. to the proliferative subtype and the

invasive subtype) the up—regulated genes 1in metabolic
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subtype are associated ~with any one of the following
pathways:‘metabolio processes, . dlgestlon and secretlon
b. compared to. = the- 1nvas1ve_ subtype and the

proliﬁerative subtype, the: gene set of_» spasmolytlc'

"polypeptide/(TFF2)Fexpressiné—metaplasia (SPEM) in the

metabollc subtype has 1ncreased gene set act1v1ty,

¢. metabollc subtype tumors are not  or almost- not
enriched for TP53 'mlssense mutatlons compared to the
proliferative'subtype;

d. . metabolic subtype_‘tumors have significantly
lower expression of both thymidylate synthase - (Ts) and
dihydropyrimidine dehydrogenase_(DPD) transcripts compared
to the invasive subtype and‘the proliferative subtype; and

e. the chance of surv1va1 of patients suffering -
from gastrlc cancer or suspectad to suffer from gastrlcp.

cancer is higher when treated w1th adjuvant 5- fluorourac11

ﬂcompared to when undergoing surgery alone.

In a second aspect, there is provided a predictor for

'classifying a patient based on the gene expression profile = .

to one of the gastric cancer subtypes disclosed herein,
whereln the predictor comprlses an ensemble of three
predlctors, wherein each of the three predictors comprises

genes that are differentially expressed between one pair

of_the disclosed subtypes.

In a third aspect, there is provided.'a metnod of

,olassify}ng_ a patient based on the patient’s gene

eipression profile, wherein the patient is suffering or
suspected. to suffer from gastric cancer, to one of the
gastric cancer subtypes disclosed -herein, wherein ,the
method comprises:'vassigning the gene expression profile
obtained from the patient to either the invasive subtype, .
the -proliferative' subtype or the metabolic subtype when

two of the three disclosed ‘predictOrs make the same
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‘classification and at 1eaSt one false discovery rate (FDR)
is «0.05,

In a fourth.aspeet, there  is provided a mefhod for
predicting responsevto'treatment in a patient with gastric
cancer, | the ﬁethod comprising assigning - the gene
expression profile*:obtained- from a gastric tumbre sample
from. the patient to either ‘the invasive subtype, the
proliferative subtype or the metabolic subtype disclosed
herein when two of the three disclesed predictors make the
same classification and at least one false discovery rate
(FDR) is <0.05. o

In a £fifth aspect, there is provided a method of
treating a patient suffering or suspected to suffer from
gastric cancer, comprising: admiﬁiStering’or recommending
oru-preseribing to the patient an anti—cencer drug, or
'initiafing: active”.tfeaﬁmeht, specific"for» the disclosed
gestric cancer suﬁtype of the patient. | '

In a sixth aspect, there 1is provided a method of
treating a petiept suffefing‘or suspected to suffer from
gastric cancer,“ cehbkising{ «a. "determining the gastric
cancer subtype of the patient aCCOrding.to_thewqgsclosed
method of elassifying the petieqﬁ based on the patient’s
gene expression profile; and Db. | administering or

recommending or prescribing to the patient an anti-cancer

- drug, or initiating active treatment, specific for the

gastric cancer subtype of determined in step a.

In a seventh aspect, there is provided the use of the
gastric cancer subtype of e patient suffering or suspected
to suffer from gastric cancer determined according to the
disclosed method of classifying the patient based on the
patient’s gene expression .profile to recommend or
prescribe ~an anti-cancer drug or to initiate active

treatment specifie for said gastric cancer subtype.
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In an eighth aspect, there is provided a computer

" readable medium having stored therein éccomputer program:

comprising a set of.executable’instructions, when executed
byAa éomputer pchessof,.contrdls the processor to perform
the'disélosed method of classifying thé patient. based on
the patient’ s gene eXpreésion profile.v »

In a ninth aspect, there is provided a computer -

program comprisirig a set of executable instructions, .when

executed by a computer processor, controls the processor
to perform the disclosed method of classifying the patient

based on the patient’ s gene expression profile.’

Detailed Description

Exemplary, non-limiting embodiments of classifying

' gastric cancer will now be disclosed.'

- In an embodiment, there is pr‘ovi'ded' a grouping for
classifying a gastric'éahcer tumor sample obtained from a
patient sufféring or suspectéd to suffer from gastric
cancer, wherein the grouping compfises an invasive
subtype,:g proiiferative subtype and a metabolicAsubtype,

‘ wheféin the invasive subtype is characterized by any
one or more or all of thé'following}
a. compared to ﬁhe proliferative subtype and the
metabolic subtype, the up-fegulated genes.in'the invasive
subtype are asso;iatéd with any one of the following

pathways: focal adhesion, eXtracellulaeratrix—receptor‘

-interaction, gap Jjunction, <calcium signaling pathway,

cqmplement cascades, coagulation cascades, tight junction,

regulation of ‘“actin - cytoskeleton, cell adhesion,

vasculature development, blood . vessel  development,

'regﬁlation.vof cell motion, c¢ell wmotility, extracellular

matrix organization, cell-matrix adhesion, angiogenesis,

response to wounding, wound healing, and BMP signaling

pathway;
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b. compared to the proliferative subtype and the
metabolic 5ubtype, gene sets that have increased gene set-

activities in the invasive subtype are selected from the,

\grohp consisting of: p53, EMT (epithelial-mesenchymal

transition), TGF-B, VEGF, NFxB, mTOR, SHH (sonic

hedgehog), and CSC (cancer stem cell);

c. compared to the proliferative subtype ‘and the
metabolic subtypé, invasive subtype tumors are

- significantly  enriched with.  low-CNA (copy number

alteration) tumors; }
| d. compared to non-maligmant tissues,  the number of
aberrantly methylated'CpG sites in thé_invasive subtype is
higher than those in - the. proliferati#e subtype and
metabolic subtype; :

e. thefnumber of aberrantly hypermethylated sites
in- the invasive - subtype is higher than in the
pfoliferative subtype and the metabolic.subtype} o

- £. invasive subtype tumors are not or almost not

enriched for TP53 missense mutations compared to the

proliférative subtype;

g. the invasive subtype shows strong association to
the ‘diffuse’ tumor type accbrding to Lauren
classification;

h. compared to the proliferative subtype and the
metabolic. subtype, the cellular differentiation of

invasive subtype tumors is undifferentiated or ' poorly

- differentiated;

i. the invasive subtype is more sensitive to

compounds‘targeting the PI3K/AKT/mTOR pathway than in the

proliferative and the metabolic subtype; and

j. the invasive subtype shows cancer-stem-cell-like

- properties;

wheréin the proliferative subtype is characterized by

any one or more or all of the following:

9
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a. compared to the invasive subtype and the

metabolic subtype, the up-regulated genes in prollferatlven

subtype ‘are associated with - any one of the following

pathways: cell cycle pathway, nuclear division and cell
division; -

b. compared - to the invasive subtype and the
metabolic subtype, gene sets that’have increased gene set
actiVities'in the pfblifefetive subtype are selected from
the”gKQUp censisting of : E2F, MYC, and RAS;

| c. compared to the invasive subtype and = the
metebolic subtype, prbliferétive subtype tumors are
significantly enriched in high-CNA tumors;

d. compared to the invasive subtype and the
metabolic subtype, the proliferative subtype is enriched

with genomic amplifications of CCNEl, MYC, KRAS, and ERBB2 .

,(also known as HER2);

ie: B the= number' bf' aberrantly hypomethylated CpG
s1tes in- the prollferatlve subtype is higher ‘than in the
invasive subtype and the metabolic subtype;

£. proliferative subtype tumors. are enriched with’

'hypomethylated CpG sites compared to the invasive subtype

and the metabolic subtype;
g. proliferative subtype tnmors afe enriched with
TP53 missense mutations compared to the invasive subtype
and the metabolic subtype}
~ h. - the ~ proliferative  subtype  shows = strong
association to the ‘intestinal’ tumor type according to
Lauren-classification;'and
i. compared to the invasive subtype and the
metabolic  subtype, the cellular differentiation of
proliferative subtype tumors is well-differentiated or
modératelyedifferentiated;
wherein the metabolic subtype is characterized by any

one or more or all of the following:

- 10
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a. compared to the proliferative subtype and the , 

invasive subtype, the up-regulated genes 1in metabolic
subtype are -associated with any one of the following
pathways: metabolic processes, digestion and secretion;

| b. | ccmpared to the invasive subtype and the
proliferative subtype, "thev gene set of spasmolytic
polypeptide/KTFFz)—expressing{hetaplasia _ (SPEM) in _ the
metabolic subtype has increased gene set activity;

c. metabollc subtype tumors are not or almost not
enriched for TP53 missense mutations compared to the
prollferatlve subtype; _ _

d. metabolic subtype tumors> have significantly

lower expression of‘ both thymidylate synthase (TS) and

:'vdihydrqpyrimidine dehydrogenase:(DPD)'transcripts compared

to the invasive subtype and the proliferative subtype; and
'ie.- the chance of .surv1val of patlents suffering__
:from gastric cancer or suspected to suffer from gastric
cancer is higher when treated with adjuvant 5- fluorouraCil
¢compared to when under901ng surgery alone.
- The tumor sample may be obtained frcm -a primary
tumcr) ~a secondary tumor or a metastatic tumor. In 'an
embodiment, the tumor sample is obtained from a primary
tumor. Advantageously, expressionf prbfiles based on
primary tumors may capture a more complete array of
gastric cancer subtypes, as opposed to cancer ceil lines
that have no admixture of non- -malignant cells.

The tumor sample obtained from the tumor of a patient
may be processed to get a gene expression profile. Any
suitable processor may be used. For example, ‘DNA'
‘microarrays or sequence based techniques may be used. In
an example, Affymetrix U133 Plus 2.0 expression - arrays
. were used. The gene expression profile of the sample may

then be used as a basis to obtain the grouping subtype.

11
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The term “classify”, and variants thereof, refers to

the segregation of data into subcategories. Accordingly,

the term “classify” in relation to gastric cancer refers

to the segregation of different gene expfession profiles_
of gastfic cancer tumors according to subcategories as
described herein; There are- three subcategories oxr groups
of gastricv‘céncer‘ disclosed herein, namely the invasive
subtype, the prolifefativev_subtype and the metabolic
subtype. The naming of these groups is derived from the
function of the genes that' ere up-regulated in the
particular group. :

The . terms = "gene  expression profile" .or "gene
signature" refer to a vgroup of' genes expfessed by a

particular cell or tissue type wherein presence of the

genes - or transcriptional products thereof, taken

individually (as with a single gene marker) or together or
the  differential ‘ expression of such, is
indicatiﬁe/predictiVe of a‘certain condition.

The phrase “suffering from gastric canCer”.meaﬁs that
the patient has already been diagnosed with gastric

cancer. The phrase “suspected to suffer” refers to a

 subject that presents one or more symptoms indicative of a

cancer (e.g., a noticeable 1lump or 'mass). A patient
suspected of having cancer may also have one or more risk
factors. A patient suspected of having cancer has

generally not been tested for cancer. However, a patient

suspected of having cancer encompasses an individual who

has received an initial diagnosis (e.g., a CT scan showing
a mass) but for whom the sub-type or stage of cancer is
not known. The term further includes patients who once had
cancer (e.g., an individual in remission) .

The term “patient” refers to a person suffering or is

suspected to suffer from gastric cancer.

12
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Gene_transcfipts of each subtype are compared against

the other two subtypes to determine the genes»that are up-

reQﬁlated in that subtype. It is understood that an up-

regulation of'genes refers to an increased expression of
the genes. Accordingly, -anA up-regulation of the gene

increases the expreésion of - the corresponding prétein that
the gene encodes for. Conversely, a down-regulation of

genes refers to ‘a decreased expression of the genes.

‘Accordingly, a down-regulation of the gene dedreases-the~

expression of the corresponding protein that the gene
encodes for. ‘ ‘ _
The term "gene" as used herein refers to a polymer in

which nucleotides encoding the amino acids constituting a

'.polypeptide' (e.g., “enzyme) are joined into a 1linear

structure with directionality. The(ﬂgenéWVmay be single-
stranded~le.g{,‘RNA)Vor'double4stranded'(e.g;,.DNA). DNA
may be, for. example, cDNA which is enzymatically pfepared,

from ,a ‘transcribed" RNA (mRNA), genomic DNA from

. chromosomes, dr‘chemically synthesized DNA. Such genes may

include a promoter region for-regulating‘thé transcription
of a coding region, an enhancer region affecting the

promoter region, and other regulatory_ regions (e.g., a

terminator and a poly A region) as well as intron or the

like, in addition to a sequence corresponding to a coding
region or a translational region encoding a polypeptide
(e.g.('gpzyme). It is known in the art that modifications

to these genes, e.g., addition, deletion, substitution,

‘may be performed as long as the modified genes'retain the

activities of the aforementioned regions. The term “gene
transcript” is referred to as an RNA transcribed from
genomic gene or a CcDNA s?ntheéized from this mRNA or can
be a non—cdding RNA (ncRNA) such as a micro-RNA (miRNA).‘.
The determination of the up-regulation of genes may

be analyied by suitable models known in the art. In an

13
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example, the determination of the up-regulation of genes

is analyzed by the limma linear model with cutoffs of

-false discovery rate (FDR) set to less than 0.001 and fold;

change set to more than 1.5. An FDR corrects for multible
comparisbns in a multiple hypothesis testing. N

The .genes up-regulated -in the invasive gastric cancer
subtype may be aésociated with pathways under the Kyoto
Encyclopedia of Genes and 'Genomes (KEGG) database;’ The
genes up-regulated in the'invaSive gastric cancer suthpe
may be associated with pathways in the biological procéSSy"
domain under the Gene Ontology: (GO) annotations. The up-
regulated genes of the invasive subtype may be associated
with ‘the ' following . KEGG pathways: focal adhesion,
extracéllular—matrix—receptor interaction, gap Jjunction,’

calcium signaling pathway, complement caséades,

v'coagulation cascades, tight junction, regulation  of actin

cytbskeleton, mitogen-activated protéin - kinases (MAPK)
signaling pathway, and® Wnt- signaling pathWay.' The upF
regulated genes of the’invasive'subtype may be associated
with‘thé following GO biologiecal process anﬁotationéf cell

adhesion, vasculature development, . blood vessel

development, regulation of cell motion, cell motility[

~extracellular matrix organization, cell-matrix adhesion,

angiogenesis, - response to ‘wognding,‘ wound héaiing;”'and
bone morphogeneticvprotéiﬁs'(BMP)1signaiin§'pathway.' '

In embodiments, the vgenes up-regulated in the
invasive gastric cancer subtype compfise the genes listéd
in Figure 11. ’

In embodiments, at least 99%, or at least 95%, of at
least 90%, or at least 85%, or at least 80% of the gehés
lis.tved in Figure 11 may be up-regulated in the invasive
gastric cancer subtype. | |

The genes up-regulated in the proliferative gastric

cancer subtype may be associated with pathways under the

14



10

LA5

20

30

WO 2014/046619 PCT/SG2013/000409

Kyoto Encyclopedia of Genes and Genomes - (KEGG) database.

The genes up-regulated in the proliferative gastric cancer

.suthpe may be associated with pathways in the biological

process domain under~the Gene Ontology (GO) annotations.
Tne up—regulated genes of the proliferative subtype may be .
associated‘4with the KEGG -cell cycle pathway. The up-
regulated genes of the proliferative subtype may - be

assoc1ated w1th the following GO biologic¢al process

Vannotations- cell <cycle, nuclear division, . and cell
lelSlon
In embodlments,'fth i genes”'up regulated in fthe'

prollferatlve gastric cancer subtype ‘comprise the genesAA
listed in Figure 12. ' ‘

In embodiments, at least.99%, oxr at_least 95%, orfat
least-90%,“or at least 85%,,or at least 80% of the genes
listed in Figure 12 .may be up-regulated in " the
proliferative gastric cancexr subtype. ’ |

The genes :up regulated in the metabolic gastric
cancer subtype may be assoc1ated w1th pathways under the
Kyoto Encyclopedia of Genes and Genomes (KEGG) database.
The genes up-regulated 'in the‘ metabolic gastric cancer
subtype may be associated with pathways in the'biological

process domain under the Gene Ontology (GO)'annotations

‘;The Sup- regulated genes of the metabollc subtype _may' be

'25"fassoc1ated w1th ‘various metabollsm ‘processées ' under the_

KEGG database The up—regulated genes of the metabolic
subtype may be associated w1th the follow1ng GO blologlcal

process annotations: dlgestlon and secretion.

In embodiments, the genes up-regulated in the

Metabolic‘gastric cancer subtype comprise the genes listed

in Figure 13.

In embodiments, at least 99%, or at least 95%, or at

least 90%, or at least 85%, or at least 80% of the genes

15
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listed iﬁ Figure 13 may be up-reguléted in the metabolic
gastric cancer subtybe. ‘ ‘ |

| The term '"pathway" is used herein to refer to a
sequence of eﬁzymétic ‘or other reactions by which ‘oﬁe:

biological material is converted to another or by which an

effect is achieved..

Gene set activities of each subtype are ébmpared '
against thé other two subtypes to determine the géne sets
that are increased in that - subtype. The term “gene set”
refers to a set of genes, péghaps 5, 10 or more genes,
whoée patternzéf ekpreésion in' a cell is moduiated by a
giVen set of biologically. active agents, eSpecially where
said agents exert the activity by a common molecular
mechanism.

Gene sets may be related td'gene expréssion‘levels.
Specific gene sets may  have specific activities. An-
increased gehe' set ’activity_ refers to an increased

expreséion of the proteins that up-regulated genes in the

- gene set encode for. Conversely, a decreased gene set

‘activity refers to a decreased ekpression of the proteins

that down-regulated genes in the gene set encode for.

There are several techniques to determine the

- activity of a gene set. In an -example; Bayesian Factor

'Regression Models (BFRM) can be used. BFRM attempts to

model observed gene expreSSion levels as conSequences of
underiyipg latent factbrs that'canrbe viewed as “gene-set
activities”. BFRM starts with an initial set of genes that
have expresSion levels partly governed by a particular
pathway and then generates a regression model in which the
expressioh leveis of these genes are a function of a
latent factor (the gene-set activity). The latent factor
in the model is related to only a relatively small number
of‘génes relatéd to a specific pathway and therefore, a

latent factor model is used in which the factor loadings

" 16
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matrix is sparsé. In an example, the maximﬁnl-number' of
latent factorsiis one.vHénce, the model can diséo&er the
main '1atent' factor which overlays thé known biological
structure and genes dppearing to be linked_tgia specific
patHway.v_BFRM aiso refines the model by adding further
genes . that alsowappéar to be associated with the latent
factor. | '

The invasive subtype méy”be associated with high gene
set activities for the gene sets selected from the group

consisting of:  p53, EMT (epithelial#meSenchymal

transition), . TGE-§, VEGF, NFkB, mTOR, SHH  (sonic-

hedgehdg),'and CSC (cancer ‘stem cell). _

| Examples' of sources of the pS53 gene set . include
target geneé up-regulated by p53; and geneé up-regulatedf'
by expression of p53 in p53-null, brcal—nﬁil mouse
embryonic fibroblasts (MEFs) and - further up—regﬁlateé by‘:
simultaﬁeous expression of BRCAl. An example of-; source

of the EMT gene' set 1includes genes up?reguiated for

epithelial plasticity in tumor progression. An example of

gsources of the'TGF—ﬁ gene Set4includgs genes up-regulated
by TGF-f treatment of skin fibroblasts. Examples of
isourcésAof the VEGF gene set include ‘genes up-regulated
after VEGF treatment in'human.umbilical vein endothelialb
" cells 'ana human myometrial microvascular endothelial

cells; and genes overexpressed 3-fold or more in freshly

isolated CD31+ and CD31- cells. An example of a source of
the NFxB gene set includes genes up-regulated by NFxB. An
example of a source of the mTOR gene set includes genes
up-regulated in HepaRG cells (liver cancer) expressing
constitutively aétive.form of mTOR. An example of a source
of the SHH gene set includes'genes up-regﬁlated in the

activated Hedgehqgs (Hh) signaling pathway; ‘Examples of

~sources of the cse gene set include genes up—regulated in

the prostatein and breast cancer stem cell population. In
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view that the invasive subtype may be associated with high>
gene set activity for the cancer stem cell (CSC) gene set,-
the invasive subtype may be shown to have’ csc-like
properties. 'Further, as ‘the epithelial—mesench&mal
transition confers stem-cell-like properties, .the high
gene set activity for the related epithelial-mesenchymal
transition (EMT) gene set also may indicate that the
invasive subtype may be shown to have CSC-like properties.
EMT descrlbes the process dr1v1ng epithelial cells to

form cells exhibiting a flbroblastlc like morphology

(mesenchymal) . This mechanism~~ involves multlple steps

including the loss of an aplco basolateral polarlty The‘

llcss of _epithelial <cell polarity is induced by the

dissolution of Jjunctional complexes (desmosomes  and
adherens junctions) and. tight junctions, and the

concomltant remodeling of the ~ actin cytoskeleton

‘A”Eplthellal cells also delocallze polarity gene products

and -modulate their 1ntegr1n ~adhesome to favor cell

substrate adhes1ons to eventually acqulre a mesenchymal

_phenotype This critical . transdifferentiation program

leads to cells ‘with 1low .intefcellula; adhesion . and
equipped with rear4front'polarit§ favoring.cell locomotion
and . invasion: In particdlar; in 'cence:"prcgressioh, EMT
explains how‘_carcinoma _cells -invade and metastasize by
transforming the ‘epithelial state via an intermediate
potentially metastable state to the mesenchymal state.

The proliferative subtype may be associated with high
gene set activities: for the gene sets selected from the‘

group 'cohsisting of:- E2F, MYC, and RAS. Examples of"

. sources of the E2F gene set include genes up-regulated by

infection with adenovirus expressing activated E2F3; DNA

replication genes up-regulated by E2F1 induction; genes

up-regulated in hepatoma tissue of Myc+E2f1: transgenic

‘micé and Myc+Tgfa transgenic mice; and genes up—regulated
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by E2F1 in Saos2 (osteosarcoma). Examples of sources of
the MYC gene set include genes up-regulated in hepatoma

tissue of Myc transgeniC' mice and Myc+Tgfa transgenic
mice; genes up-regulated by MYC in HUVEC (umbilical vein
endothelial cell) and P493-6 (B-cell); genes up-regulated
by infection with adenovirus. expressing human o-Myc; and

other genes up- regulated by MYC. An example of a. source of

Athe RAS gene set includes genes up- regulated by 1nfectlon“'

with- adenov1rus expre551ng actlvated H-Ras.

- The metabollc subtype may be associated w1th. high
gene set  activities for the - gene set ”of“ spasmolytlc.
poiypeptide/(TFFz)—expressing—Metaplasia‘"' (SPEM) An
example of a source of the SPEM gene set includes genes
up-regulated in SPEM. A '

Copy-number alteration (CNA)‘refers to alterations of
the deoxyribonucleic acid (DNA) of a genome that result in
theyceli;having an abnormal number of copies of one or
‘moreisectfbns'of the DNA. CNA.may be 'due to'large—sCalei
.genomic deletions, dupllcatlons and ampllflcatlons

Invas1ve subtype tumors may be 51gn1flcantly enrlched

with low-CNA tumors - when compared ‘with the other subtypes.
N Prollferatlve subtype tumors may be ‘enriched w1th
more CNA gain than'CNA loss. Thus, proliferative subtype
tumorsbmay be significantly enricbed with high-CNA tumors
when comparedlywith the other subtypes. Proliferative
subtype tumors may' also  be enriched for genomic
amplifications of CCNE1l, MYC, KRAS, and ERBB2 (also. known
as HER2) . | '

The,term "enriched" in referenoe-to a property of a
tumor belonging . .to a particular subtype meahs that the
specific property constitutes ‘a significantly higher
fraction (about 2 to 5 fold or more) of the tumor than in
a tumor belonglng to another subtype unless otherwise

spec1f1ed However,, it should be noted- that “enriched”
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does not imply that there are no other properties present,

just that the relative amount of the property of interest.

- has been‘significantly increased when comparad to other

properties.

The term ‘"significant" -im the . context of the

specification generally means an increase in a specific

property relative to other properties of about at least 2

fold' at least 5 to 10 fold. or more, unless otherw1se

dspec1f1ed The term also does not 1mply that the 1ncrease;

in the spec1f1ed property does not come from other
sources.

“CpG” refers to a reglon of DNA - where a cyt081ner(C)?

'nucleotlde occursl next ‘to a- guanlne (G) nucleotlde[

separated by one llnker phosphate (p), in the 1linear
sequence of bases along its length. | |
Aberrant methylation of CpG sites can lead to
malignancies. Hence,h aberrantly' methylated CpG sites of
eaoh subtype may be compared ‘against non-malignant
tissues. The methylation levels of each CpG s1te in tumors_
of each subtype may be.compared against methylatlon levels

in non-malignant  samples. The = difference between

'methylation levels of malignant tissues and non—malignant

© tissues may be used to indicate aberrant methylation. In

an embodiment, signifiCant.hyper—‘or hypomethylated CpG
sites in tumors indicate aberrant methylation. In this
embodiment, “significant” may be identified using t-tests,

e.g. two sided t-tests, with a Bonferroni corrected alpha; M

In an example, the Bonferroni corrected alpha is -
0.05/26,486. The terms “hypomethylation” and
“hypermethylation”, or variants thereof, are relative

terms and denote less or more methylation, respectively,
than in non-malignant tissues. '
In embodiments, the invasive subtype has the highest

number of aberrantly methylated CpG sites, e.g. more than
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10%, when compared with non-malignant tissues.  In an

embodiment, the . invasive subtype’hhas' about ll.l% of
aberrantly methylated CpG sites compared to'non-malignant
tissues. In another embodiment, the invasive subtype.has a
higher number of aberrant methylated CpG sites than those

in the other subtypes, compared to non-malignant tissues.

‘In‘embodiments, the,aberrant methylatien of the invasive
hsubtype‘is an aberrant hypermethylation' Invas1ve subtype'
tumors may be 51gn1f1cantly enrlched for hypermethylated:

51tes. The number of aberrantly hypermethylated sites . mayi'

- also be higher than those in the other subtypes.

15
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In embodiments‘ the prollferatlve subtype has between .

u5—10% of aberrantly methylated CpG 51tes when compared

with non-malignant tlssues "Ih}sgan:‘ embodlment the. -

proliferative subtype has about 9.3% of aberrantly

.methylated CpG sites compared to non-malignant‘tissues. In

embodiments, the aberrant methylation of the proliferative

subtype is an = aberrant ‘hypomethylation} Proliferative

‘subtype tumors - may -be, .significantly:n enriched for -

hypomethyiated CpG sites. .The number of aberrantly
hypomethylated CpG sites may also be higher than those in
the other subtypes. ‘ '

In embodiments, the metabollc subtype ~has 1less than

5% of aberrantly methylated CpG sites when compared with
non-malignant tlssues "In an embodiment, the metabolic.
subtype has about 4.1% of aberrantly methylated CpG sites

compared to non—malignant tissues. The metabolic subtype:

may not be epnsidered significantly enriched in hyper- or

hypomethylated sites when applying the t-tests with a.

Bonferronl corrected alpha.
CpG sites showing aberrant hyper- and hypomethylatlon
in one subtype when compared to the other two. subtypes

constitute a methylation Signature of that 'subtype. The

methylation signature indicates that the subtype isg

21
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enriched with particular aberrantly methylated CpG sites.

- The gene nearest to the aberrantly methylated CpG site is

annotated by function, e.g. a pathway or an interaction.

The hypermethylation signature of & the  invasive ~

subtype may be associated with pathways under the KEGG
database. The hypermethylation signature of the invasive
subtype may be associated with the KEGG focal adhesion and
apoptosis pathways. The hypomethylation signature of the
invasive sqbtyﬁe may be associated with focal adhesion.

. In embodiments,:the hypetmethylated’CpG sites of the

invasive subtype comprise the genes listed in Figure 14.

In embodiments, at least 99%, or at least 95%, or at least
90%, or at least 85%, or at least 80% of the genes listed

inl‘Figure  14  may be' hypermethylatedf in. the invasive

Subtypéib'

In embodiments, the hypomethylated CpG sites of the
invasive subtype comprise the genes'listed in Figure 15.
In embodiments, at least 99%, or at least 95%, or at least

90%, of’at least 85%, or at least 80% of the genes listed

in Figure '15' may be hypomethylated in the invasive

subtype.

The hypermeth&latioﬁ signature df ‘the proliferative
Subtype may be assoéiated with neurocactive ligand-receptor
interaction. The hypomethylation  signature of the
proliferative subﬁype may be associated .with cytokiné—
cytokiﬁe receptor interaction- and Jak-STAT signaling
pathwaysj _ _

In embodiments, the hypermethylated CpG sites of the
proliferative subtype comprise the genes listed in Figure
16. In embodiments, at least 99%, or at least 95%, or at
least 90%, or at least 85%, or at least 80% of the genes
listed in Figure 16 may be hypermethylated in the

pfoliferative subtype.
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In embodiments, the hypomethylated CpG sites of the
proliférative -subtype comprise the genes listed in Figure
17. In embodiments, at least 99%, or atbleast 95%, or at
least.90%, ox atvleast 85%, or at least 80%-of the genes'

listed in Figure 17 may be hypomethylated in the

proliferative subtype.

As the metabolic subtype may not be s1gn1flcant1y
enrlched in hyper- or hypomethylated sites, the metabolic

" subtype may not have a methylatlon.s1gnature

The determination of -the methylatlon s1gnature may be
analyzed by suitable models known in the art. In an
example, the determination of the methylation signature is

analyzed by the limma linear model w1th cutoffs of false

‘dlscovery rate (FDR) set to less than 0.01 and absolute B-

.value dlfference set to more than 0 1

‘The'w methylatlon signature 'may' be obtained by
determining the' CpG sites ofl each subtype that were
aberrantly methylated in the respective - subtype. - In an
embodiment, ' a hypomethylatlon 81gnature :is obtained by
determining ‘the CpG 51tes"of a . ubtype .hat were

hypomethylated in that subtype.’ 'In another embodiment, a

_ hypermethylatlon 81gnature 1s_obta1ned by determlnlng ‘the

CpG sites of a subtypefthat were hypermethylated in that

subtype.
Mutation of the TP53 gene is a characteristic of
tumors. In particular, exons 4-9 of the TP53 gene are

mutatlon hotspots The sequence' for exon 4 (including

-flanks) of the human TP53 gene is represented by SEQ ID

NO: 1, the sequence for exons 5 and 6 (1nclud1ng flanks)
of the human TP53 gene is represented by SEQ ID NO: 2, the

sequence for exon 7 (including flanks) of the human TP53

'gene is represented by SEQ ID NO: 3 and the sequence for

exons 8 and 9 (including flanks) of the human TP53 gene is

represented by SEQ ID NO: 4. The vast majority of cancer-
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associated mutations 1in TP53 are missense mutations,
single base-pair substitutions that. result‘ in  the
translation of a different amino acid in that position in
- the context of the full-length protein. In embodiments,
proliferative—subtype tumors have an increased amount of
.TP53 Missense mutations compared to the other'subtypes. In
other embodiments,' proliferative—subtype tumors are
enriched for TP53 missense mutations compared to the other
subtypes. In embodiments, the _invasive and metabolic
subtypes are not or almost not enriched, e,g.-less than
50% or less than 40% or less than 30% or less than 20%,
for TP53 missense mutations comﬁared to the proliferative
subtype.

' In an example,‘based'on»FiSherLs exact nyperonmetric
‘test and a p-value of'3.16x103,‘a sample of 124 tumors
yielded results summarized in‘Table 1 below. As can be
seen, the invasive and metabolic subtypesvare 25% and 33%,
respectively, less enriched for TP53. missense mutations

compared to the proliferative subtype.'

‘Table1 , _
'TP53 mutation status Invasive | Proliferative | Metabolic
~ Wild type 30 30 26
Mutated ' 6 24 8

» The three subtypes may have significant differences
with respect to the Lauren classification. In embodiments,
the invasive subtype shows strong association to the
diffuse-type gastric tumors as compared to intestinal—type
gastric tumors according to the Lauren Ciassification..In
‘embodiments, the proliferative subtype shows . strong
association to the intestinal—type gastric tumors ' as
compared to diffuse-type gastric tumors according to the
Lauren Classification. In embodiments, the metabolic -

subtype does not show strong association to a particular
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type of gastric tumor according to the Lauren,‘
Ciassificationt “

The disclosed subtypes may " have " significant
diffegences with respect "to the level of cellular

differentiation. Grading islaa*mmeQSure of the cell

. appearance in  tumors. Low-grade cancers are. well-"

differentiated, intermediate-grade cancers are moderately-
differentieted .and high¥grade ’cancere are 'poorly - or
undifferentiated. ) '

 In embodimente, proliferative subtype .tumors are low-
grade .or intermediate—gfade tumors as cempared to ‘the
iﬁvasiye _subtype and the metabolic subtype. That is,
proliferative' subtype tumors are well-differentiated or

moderetelyv'differentiated .as. compared to the invasive

: suthpe_and thelmetabolie subtype.

In embodiments, invasive subtype tumors are high-
gradefﬁumors as compered to fhe other subtypes; That is,
iﬁvasive‘subtype‘tumors may be undifferentiated or poorly
differentiated as comparedu' to the . -other subtypes.
Meiﬁtenaﬁce of an undifferentiated staﬁeiig; an essential

characteristic: of cancer_ stem cells.~ﬂAccordingly, the

invasive ‘subtype may  show candér—Stem—cellelike

properties. 7 . .
..In-embodiments,'invqsive subtype geetric tumors have
high CD44 and low CD24-expressieh compefed to the other
subtypee; Here,:“high" and “low” may‘bejquantified using
t-tests, e.g. two sided t-tests. In \aﬁ empbodiment, p-

values of 1.17e-5 for CD44 and 3.39e-9 for CD24 are used.

 This pattern of CD44 and CD24 expressioﬁlhes been observed

in quasi-mesenchymal pancreatic ductal adenocarcinomas,
and-has.been used to fractionate CSCs in breast cancer and
pancreatic'cancenu CD44 and CD24 havejaieo been associated
wiﬁh invasiveness and - metastasis .Qf_ breast cancer.

Therefore, the CD44 and CD24 expreseion indicates that the
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invasive subtype may show = cancer-stem-cell-like

:‘In embodiments, the three subtypes may have . no
s1gn1f1cant dlfferences with respect to tumor site, TNM
stage, cancer recurrence, patient age, patlent gender,
active',Helicobacter' pylori- infection, or microsatellite
instability. The tumor sites refer to the upper, middle -
and/or lowerv parts of the gastric system. Examples of
tumor sites in the upper part of the gastric systemdare.

the Cardia, Fundus, Gastroesophageal (GE) junction and

Incisura sites. Examples of tumor sites. in -the middle part

of the gastric system are the body, greater curve and
lesser curve of the stomach. Examplesfofltumor sites in
the lower part of the gastric systemuare the Pylorus and
Antrum sites. | B ' '
The :invasive subtype may correspond to the G-DIF

intrinsic genomic subtype of gastric' cancer, while the

metabolic subtype may correspond to the G-INT .intrinsic

_genomic subtype« of gastric: cancer“vThe proliferative

20

subtype -may have - no. s1gn1flcant: correspondence with
respect to elther the G INT or G- DIF intrinsic genomlcy
subtype . of gastric cancer. '“ _

In embodlments, there may be no 51gn1f1cant survival
difference between the three subtypes ‘Here, “significant”
may be based on a Kaplan- Meler analys1s ln an embodiment,
the statlstlcal significance is’ calculated by the log-rank

test-used with a p of 0.310. In embodlments where patients

- in all three subtypes have - hlgh TNM .stages, metabolic

~subtype patients .survive better when treated with adjuvant

5-fluorouracil based therapy' as compared. to patients of

the other subtypes. In other embOdiments metabolic

- subtype patlents survive better when ‘treated with adjuvant

S fluorouracil based therapy compared to when undergoing

surgery alone.
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In embodiments, the- 1nva51ve subtype is 31gn1f1cantly
more sensitive to compounds that 1nh1b1t the PI3K/AKT/mTOR~
pathway. The PI3K/AKT/mTOR pathway regulates cellular
metabolism, prolifefation and survival. The }termﬂf“mofe
'sensitive” refers to the ICSOﬂvalue$ of the compounds that
‘target. the ﬁIBK/AKT/mTOR pathwaY- that are significantly
lower, when compared with cells in the other subﬁypes.

Examples of compounds that tafget the .PI3k pathway
are  2- Methyl 2-{4-[3-methyl-2~ ~0X0- 8 (qulnolln 3- yl)—2 3-
'dlhydro 1H-imidazo[4,5- clquinolin- l-
yl]phenyl}propanenltrlle : (BEZ235), j,,.4,4:'-(6—(2—
(difluoromethyl)—1H—benzo[d]imidazol~1—y1)e1,3,5—triazine—
3,4-diyl)dimorpholine (ZSTK474), . (E)-N'-((6-
brodbimidazo[l,2—a]pyridin—3—y1)methylene)—N,2—dimethyl—5—
nitrobenzenesulfonohydrazide hydrochloride'(PIK—75) 3-[4-
(a- Morphollnylpyrldo[3' 2':4,5]furol[3, 2- d]pyrlmldln 2-
yl]l phenol hydrochlorlde.< - (PI 103), and PI 103
hydrOchloride. Other. examples of PI3K 1nh1b1tors ‘include
1,1- Dlmethylplperldlnlum 4- yl ' octadecyl ‘phosphate
(per;fos1ne), 5- fluoro 3- phenyl 2- ({S)]1-1-[9H- purln 6-
.ylamine]—propyl)-3H—qu1nazolln-4-one-(CALlOl), acetic acid
(1S,4E, 10R, 11R, 135, 14R) - [4-diallylaminomethylene-6-
hydrexy—l—methoxymethylelo;134dimethyl;3[7,17—trioxo—
1,3,4,7,10,11,12,13,14,15,16,1§-dodécahydrb-2-oxa-
cyclopenta [a] phenanthren-11-yl ester (PX-866), (8) -3- (1-
((9H—pu;;n—6-y1)amino)ethyl)—BLChloro—2-phenylisoquinolin—
1(2H) -one (IPI-145),. 2-amino-N- (7-methoxy-8- (3-
morpholinopropoxy)42,3—dihydroimidaéo[1,2—c]quinazolin-S-.
yl)pyrimidine—sfcarboxamide (BAY 80-6946), RP6503, TGR
1202, (88,148,17Si—i4-(carboxymethyl)-S—(3—
'guanidiﬁopropyl)—l?—(hydroxymethyl)v3;6,9,12,15—pentadxo~
1—(4—(4—oxe—8-phenyl—4H—chromen-2~yl)morpholino-4~ium)—2—-
oka—?,lo,13,16—tetraazaoctadecen—lsfoate : (SF11286),
INKlil?, ’ '2—(1H-indazol—4-y1)—6;(4—methanesﬁlfoﬁyl-
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piperazin-1- ylmethyl)—4—morpholin—4—y1—thieno[3,2—
d]pyrimidine, bimesylate  salt. . (GDC-0941), 5-(2,6-
dimorpholinopyrimidin—4—YI)-4—(trifluOromethyl)pyridin-24.
amine '(BKM120),. N;(3—kbenzo(c]{1,2,5]thiadiazol~5—.
ylamino)éuinoxalin—2—yl)—4-methylbenzenesulfonamide
(XL147), - ¢+ N-(4-(N-(3-((3,5-

dlmethoxyphenyl)amlno)qulnoxalln 2 yl)sulfamoyl)phenyl) -3-
methoxy-4-methylbenzamide (XL765) ~(1 hydroxyethyl) -2-

,'methoxy 3-((4- methoxybenzyl)oxy) 6H—benzo[clchromen4§—one

(Palomid = - 529), * 5-[[4-(4-Pyridinyl)-6-
qulnollnyi]meethylene]—2,4-thiazolideﬁedione (GSK1059615),
PWT33597, 2- ((6-amino-9H-purin-9-yl)methyl) -5-methyl-3-o-
tolquulnazolln 4(3H) -one '(1087114),-‘3-[2,4~diamino—6—(3—v
hydroxyphenyl)pterldln 7-y1] phenol . A ~ (6,7-Bis(3-

‘hydroxyphenyl)pterldlne 2 4- dlamlne) (TG100-115), CAL263,

RP6530, .GNE—477, CUDC-907 and AEZS-136. _

An example of a compound that tergets‘,the-:mTOR
pathway is 2—Methy1-2-{4—[3—methyl—2—oxo—8—(quinolin—B-
yl)-2,3- dlhydro 1H-imidazo[4,5-clquinolin- 1- ‘ .

yl]phenyl}propanenltrlle (BEZ235). Other examples of mTOR

inhibitors - ‘ : 1nclude

(3S8,6R,7E,9R,10R, 12R, 1485, 15E 17E, 19E 218 238 26R 27R 34aS)

- -9,10, 12 13,14, 21 22,23, 24 25, 26 27 32,33, 34 34a-

hexadecahydro-9,27- dlhydroxy 3—[ 1R) -2-[(1S,3R,4R) -
hydroxy—B—methoxycyclohexyl]—1—methylethyl]—1o,2l—
dimethoxy-6,8,12,14,20,26-hexamethyl-23,27-epoxy-3H-

pyrido[2,1—c][1,4]—oxaazacYclohentriacontinef

'1,5,11,28,29(4H, 6H, 31H) -pentone (rapamycin), .(2R,3R)-5,7-

dihydroxy-2-(3,4,5-trihydroxyphenyl) -3, 4-dihydro-2H-1-
benzopyran-3-yl 3,4,5;trihydroxybenzoate (epigallocatechin
gallate), caffeine, curcumin, resvefatrol; (1R, 2R,48) -4-
{ (2R) - | |
[(35,6R,7E, 9R, 10R, 12R, 14S 15E 17E,19E, 2185, 23S, 26R, 27R, 34aS8
)-9,27- dlhydroxy 10,21- dlmethoxy 6 8,12, 14, 20 26-
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hexamethyl-1,5,11, 28,29-pentaoxo-
1,4,5,6,9,10,11,12,13,14,21,22,23,24,25,26,27,28,29,31_,32,
33,34,34a-tetracosahydro-3H-23, 27-epoxypyrido(2,1-

cl [1, 4]oxazacyclohentrlacontln 3- yl]propyl} 2-
methoxycyclohexyl : 3- hydroxy-z—(hydroxymethyl)—z—

 methylpropanoate (temsirolimus) , dihydroxy-12-[(2R) -1-

[(1S,3R,4R)-4- (2~ hydroxyethoxy) -3-
methoxycyclohexyl] propan-2-y1l]-19,30- dlmethoxy—

 15,17,21,23,29,35-hexamethyl-11,36-dioxa-4-
3'azatricyclof30.3.i;0431hexatriaConta—16]24;26]28—tetraéne—

2,3,10,14,20-pentone (everolimus) andb {1R, 2R, 4S)-4-[(2R) -
2- . | |

[ (lR, 9S,12S8,15R,16E,18R,19R, 21R,23S,24E, 26E, 287,308,325, 35
R)-1,18- dihydroxy—19 30- dimethoxy 15,17,21,23, é9,35?
hexamethyl 2 3,10,14, 20 -pentaoxo-11, 36- dioxa-4-.

.azatrlcyclo[BO 3.1. 049]hexatr1aconta 16,24,26,28-tetraen-

12-yl]l propyl] -2-methoxycyclohexyl dlmethylphosphlnate
(Ridaforolimus).‘ |

Examples‘of comeunds that;target the AKT”pathway are
(S)~4—(2—(4—amino—1,2,5—oiadiazol—3—yl)fl—ethyl—7; | '
(pipéridin33ﬁylmethoxy)~1H-imidazo[4,5—prYridinf4—y1)-
methylbut-3-yn-2-ol (GSK690693)~ ~“and 8-(4-(1-
amlnocyclobutyl)phenyl)—9 phenyl 8,9~ dlhydro—
[1,2,4]triazolo[3,4-£] [1,6]naphthyridin-3 (2H) -one
dihydrochloride (MK2206). Another ekample of a éompound
that the invasive subtype may be significantly more
sensitive to . is 6-(2,6—dichlorophenyl)—8emethyl-2—((3—
(methylthio) phenyl)amino)pyrido[2,3-d]lpyrimidin-7 (8H)-one

(PD173955) . Other examples of AKT inhibitors include 1,1~

Dimethylpiperidinium—4—yl octadecyl , phosphate
(Perifosine), - (hexadecoxy-oxido-phosphoryl) oxyethyl-
trimethyl—azanium (Miltefosine) and (S)-4-amino-N-(1- (4-
chlorophenyl)—3-hydroxyprbpyl)—1-(7H—pyrrolo[2,3-

dl pyrimidin-4-yl)piperidine-4-carboxamide (AZD5363).
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Glioblastoma and prostate cancer stem cells are known
to display preferential sensitivity to PI3K/AKT/mTOR
~ inhibitors. Therefore, the invasive subtype being""

sens1t1ve to PIBK/AKT/mTOR 1nh1b1tors41nd1cates that the

invasive subtype ©omay show cancer—stem—cell—like
properties. -
| As described in various embodiments above, the

cancer—stem—cell—like ‘properties may'lbe characterized. a)
in that a pathway . activity ana1y51s shows that invasive
subtype cancers are assoc1ated w1th act1v1ty of a. cancer-i
‘stem—cell - (CsC) gene set and - w1th epithelial mesenchymal
trans1tion. conferring stem- cell like - properties, b) that
CD44 expression is increased and CD24 expression is
decreased compared to the proliferative subtype and the
‘metabolic subtype;‘ c) that it .is agsociated with high-
grade (that is, undifferentiated or‘poorly differentiated)
-gastric cancers; and d) -that it 1s sen31t1ve to compounds
"inhibiting the PIBK/AKT/mTOR pathway |

As used in the context of -the spe01f1cation, the
-phrase_“lnhibitlng ‘the PIBK/AKT/mTOR pathway”. or variants
thereof,‘means,that the act1v1ty of.the PI3K, AKT and/or
mTOR proteins is decreased or absent. Further the phrase
“inhibiting the  PI3K/AKT/mTOR pathway” or variants
thereof, 1is not particulariyyflimited' and may also
encompass the inhibition of the PI3K/AKT/mTOR genes.
Inhibiting the PI3K/AKT/mTOR genes means that the

expression of the PI3K, AKT and/or mTOR genes. is decreased .

or absent. “Absent” means that there is completely no

expression of the PI3K, AKT and/or mTOR genes or activityi
;of the PIBK AKT and/or mTOR protelns It is understood”.
that the 1nhib1tlon. of the PI3K, AKT and/or‘ mTOR - genes_'

decreases the expression of the PI3K, AKT and/or mTOR"

proteins.
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In embodiments, metabolic subtype tumors have
significantly lowér expression of both thymidylate
synthase (TS) and dihydropyrimidine dehydrogenase (DPD)
transcripté compared to the invasive subtyioe and ‘the
proliferative. subtype. | ’ -

| ~The biological and clinical charaétevristics.of the
three subtypes of a type of gastric cancer, i.e. gastric"
a-‘denocarcinoma,- are summarized in Table 2 based‘ on 248
expression profiles. Out of the total 248 expression

profiles, Table 3,summarize'_S- 201 samples —.that have an

average corisensus index of more than 0.9 as representative

'of their clusters.

The average consensus index of a sample is defined as
the average of its consensus indices vis-a-vis samples in
the same cluster (i.e. in the‘sam'e dark block in the
consensus matrix, Figure 2E referred to in Example 1). For
a samﬁ')le' with completely sf.able cluster assignments, the

average consensus index is 1.

~ Table 2
o _ A Invasive. = - Proliferative ~ Metabolic -
';fv[ijvzfl‘fect on patient No effect No effect Beneficial
Chemosensitivity in PI3K/AKT/mTOR inhibitors ! 5-FU
, Focal adhesion, ECM-receptor
- “interaction, gap junction, calcium _
KEGG P athvyays signaling pathway, complement and Metabolic
associated with up- . . Cell cycle
coagulation cascades, tight A -+ processes
regulated genes . . . . : s
junction, and regulation of actin
~ cytoskeleton
Cell adhesion, vasculature
development, blood vessel
Gene Ontology development, regulation of cell - Cell cycle,
biological processes motion, cell motility, extracellular nuclear Digestion,
associated with up- - matrix organization, cell-matrix division, cell secretion
regulated genes - - adhesion, angiogenesis, response to division
- wounding, wound healing, BMP
signaling pathway
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Activated gene sets P33, ]%(T)’RT, (;I;I[-}I,, ;T(’iGgéCNFKB’ Ez:é IKIZSC ’ SPEM_ |
Grade . High B Low -
TNM:Stage: . = " No significant difference among the three subtypes
AgexSD - 62.51£12.33 o ssazennzg O2%EDT
Lauren Classification (%) _
Diffuse - 582 173 40.6
Intestinal . 29.9 73.6 53.6
Mixed 119 9.1 58
. Classification in (Tan et al., 2011) (%) - :
 G-INT | .75 1.2 84.3
G-DIF ' 925 . 28.8. 15.7 .
umber aliraion Low CNA HighCNA -
‘ , MYC,
- Amplified Genes L. ERBB?2, -
' ’ ' KRAS
Aberrantly methylated CpGs (%) 4 ~ .
Hypermethylated . 84.6 57.8 76.1
Hypomethylated ... 154 42:2 23.9
ggleirriflt: rr;s::}fylation o Hypermethylation me}t;};g;tion ]
Frequney o753 o w o
. Table 3 ‘
| Invasive Proliferative . Metabolic P-value
Lauren Classification ' ' 3.97¢-8
Diffuse '35 14 17
Intestinal - 17 70 28
. Mixed . 8 8 2
Tumor Grade E o . - 1.55e-3
Low - 13 45 19
High = - 47 44 29 |
Age (meantsd) 62.51£12.33 66.42+11.78 -~ 63.28+15.71 0.211
Tumor site ‘ 0.084
Upper -5 17 3
Middle 26 32 24
Lower - 18 B . 23 8
Gender o 0.531
Female 22 28 19 '
Male . 38 29

64
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Recurrence ‘ ' » 0.458
Yes 29 35 18
~ No 30 5] 30
Stage - , : . 0.529
1. 8 - 15 11 '
2 . 10 15 : 9
3 19 : 38 ‘ 14
4 23 24 13
“H. Pylori status T ‘ ' : 0.390
Yes 22 » 27 o 13 '
No 12 27 12 v
Microsatellite status i . B . 0.827
- MSI 0o 3 _— -
O MSS 6 17 9 _
G-INT/ G-DIF : . - <2.2e-16
G-INT 4 67 45 -
GDIF 56 26 3

All by Fisher’s exact test, except for age by ANOVA

In embodiments, there is providéd a predictor for

classifying a patient based on the gene expression profile

5 to one of the disclosed gastric cancer subtypes, wherein
the predictor comprises an ensemble of three‘predictors,
wherein each of the threé'prédictors Comprises genes that
are differentiallY' expressed between one paif of the
disclosed subtypes.

10 The predictor enables the forecast of the cancer
subtype of a patient. , '

A relatively large number of expression profiles from
tumor samples, e.g. more than 100, or mOre’thanvlso,ror
more than 200 may be used to build the ensémble;"In an

15 embodimeﬁt, 248 expression profilés aré used.
. The expression profiles of the ensemble may be
- processed by a suitable prediction approach. In an
example, Nearest Template Prediction (NTP)V is used.
:Advantageéus1y, this approach is robust to differences in
20 experimental and analytical conditions. Thus, it is

suitable for g_ené—expression—based classification of
' 33
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'samples as they arrive 6ne—by—one over time. Another

advantage of NTP is that it provides a measure of
prediction confidence.

In an embodiment, the ensemble has three predietors.

" Each of the three predictors may comprise genes that are :

'differentially expressed between one pair of the disclosed

subtypes. Each predictor may be based on the NTP'approach.

. To determine the genes to be comprised in each predictor,

the top differentially expressed genes between . a ehosen'

pair of subtypes may be obtaiﬁed.by_analyzing the genes
wifh suitable modeis known in ‘the aft.AIn an example, the
determination of the top differentially expressed genes
between'a chosen paif of'subtypeS‘is.enalyied by the lihma
linear model with cutoffs‘of,false discovery‘rate (FDR)
set to less than_0.00liand absolute fold change set to
more than 1.5. : . A

The gene signateres of each subtype and t—scores'then
served as the features and weights in the constitﬁeﬁt
NTPs. The t-score refers to mbderated t statistics output
frem limma. A higher t-scere means that the gene has a

higher differential“ékpressioﬁ between the chosen pair of

“subtypes.

All differentially expressed genes contribute to
determining the suthﬁe'of a test sampie. In embodiments,

the first predictor comprises .genes - differentially

expressed between the invasive  subtype and  the

"’prbliferative, subtypé,‘ the ' second predictor eompfiées

genes' differentially expressed between the :invasive

subtype and the metabolic subtype and the third predictor.

comprises genes differentially expressed between the
proliferative subtype and the metabolic subtype. |

In embodiments, the genes with higher t-scores have. a

higher weightage in the'predictor, resulting in a greater'

~influence in determining the subtype.
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In embodiments, the first predictor ‘comprises a
-dlfferentlally - expressed gene set comparing the
differential expression between genes of the invasive
subtype versus the'.pfqliferative "subtype as shown in
,Flgure i8 The. positive t-scores .shown in Figure 18
indicate the genes from the- 1nva31ve subtype that .are up-
‘regulated as compared ° to the same genes from the
prbliferative subtype, while the negatlve t-scores shown'
in Figure 18 indicate the genes from the proliferative
subtype vthat are up-regulated as cpmpared to the same
genes from the invasive subtype. In»embodiments, the first
predictor comprises at least a portion of the genés:listéd
in Figure 18. The first.predictor may . comprise at least
the genes listed in.Figﬁre'IB that}ha&e an absolute  t-
Score,pfhmore than 3. o _ ' '

"1In' embodiméhts, the second pfedictdr comprisés -a
differentially expressed 'géné set comparing 'the
differential expre551on between genes of the invasive
subtype versus the metabolic subtype as shown in Figure
19. The positive t-scores shown in Flgure 19 indicate. the
génes from the invasive subtype that are up-regulated as
compared to the same genes from- the. metabolic 'Subtype,

while the negative t-scores shown in Figure 19 indicate

“the genes from the metabolic subtype that are up-regulated

as compared to the same genes from the 1nvas1ve ‘subtype.
In emboq;ments, the second predlctor comprises at least a’
poftion' of ‘the genes listed in Figure 19. The -second -
predictor may comprise at least the genes listed in Figure
19.that have an absolute t-score of more than 3.

In embodiments, the third predictor comprises a
differentially  expressed gene set comparing the
differential ekpressiqn between genes of the proliferative
subtype versus the metabolic subtype as shoWn in Figure

20. The positive t-scores shown in Figure 20 indicate the
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genes from the proliferative subtype that are Up—regulated'

as compared to the same genes from the metabolic subtype,

~while the negative t-scores shown in Eigure'zo indicate

the genes from the metabolic subtype that are up-regulated
as compared to the same genes from the proliferative

subtype. In embodiments, the third predictor comprises at

least a portlon of the genes listed 1n Flgure 20, The

third predictor may comprise at least the genes llsted 1n‘
Figure 20 that have an absolute t-score of more than 3.

In embodiments, there 1is provided ‘a kit cdmprising R
the predictor defined herein.

' In embodiments; there  is provided a method for

'predicting-respénse to treatment in a patient with gastric

cancer, the i method _compriSing assigning- the gehe
expression profile obtained from a gastric tumor eample
from the"éatient to _either the invasive ISubfype, the
proliferative subtype or the meteholic subtype disclosed
herein whenhtwo of the three predictors disclosed herein
meke the same claesificatioh and at Ileast one false
dlscovery rate (FDR) is <0.05. | '

- When the gene expre551on proflle is a331gned to the
metabolic subtype,» the patient may be responslve to 5-
fluorouracil. ' A

When the gene expfession profile is assigned to the
invasive subtype, the patient may be responsive to
compounds selected to inhibit the PI3K/AKT/mTOR pethway.

In embodiments, there is provided avebmputer readable

‘medium having stored therein a computer program comprising
a set of executable instructions, when executed by a

Cqmputer processor, - controls the processor to perform the -

. method of classifying a patient to one of the disclosed

subtypes. _ ‘
In embodiments, there is provided a computer program

comprising a set of executable instructions, when executed
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by a computer processor, controls the processor to perform

-the method of classifying a patient to one of the

disclosed. subtypes
The computer program may store information of a

grouping for classifying a gastric cancer tumor sample as

“:disciosed hereithThebcomputer program may be stored in a

microarray system. When a new sample is processed by a

microarray, - the instructions in the computer program may

assign the new sample to a cancer subtype as disclosed

herein. ‘ _ 7 '

In embodiments, there bis provided a method of
classifying ™ patient based on the - patient’s gene
expression profile, ‘wherein the patient~ is suffering oxr

suspected to suffer from gastrlc cancer, to one of the

"disclosed gastrlc cancer: subtypes, wherein. the method

comprises: . assigning the gene expre351on proflle obtalned_‘_V

from the patlent to either the '1nvas1ve subtype,"the
prollferatlve subtype or the metabollc subtype when two of
the three -predictors deflned hereln make the same:
classification and at least one false disCovery rate (FDR)
is <0.05. | - | | |

When neither FDR is <0.05 or -when ' all three

predictors make different classifications, the gene

.expression profile sample is not classified.

In embodiments, there is provided a 'method. of
treating a patient suffering or suspected to suffer from
gastric cancer, comprising: administering or recommending

or prescribing to the patient an anti-cancer drug, or

initiating active treatment, specific"forr the gastric

cancer subtype of the patlent disclosed herein.

In other embodlments there is- provided a method of
treating a ‘patient suffering or suspected to suffer from
gastric cancer, comprising: a. determining the gastric

cancer'subtype‘of the patient according to the disclosed
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method of classifying a patient to one of the disclosed

subtypes; and b. administering or recommending or
prescribing to the patient an anti-cancer drug, or
initiatihg active .treatment, specific for the gastric
cancer subtype of determined in:step a. _ |
In embodiments, there- is provided "the use .of the

gastrlc cancer subtype of a patlent sufferlng or suspected

to suffer from gastric cancer determlned ‘according to the

method of classifying a patlent to one of the disclosed
subtypes to ‘recommend or prescrlbe an anti-cancer drug or
to initiate active treatment specific for said gastric
cancer subtype. ’

Where the‘gastric cancer subtype is determined to be
the metabolic subtype, the anti-cancer drug may be  5-
fluorouracil. ) | :

' Where the gastrlc cancer subtype 1s determined to be
the 1nvas1ve subtype the ant1 cancer drug may be selected'
to inhibit the PI3K/AKT/mTOR pathway. '

The invention illustratively described herein 'may

‘suitably be practiced in the absence of any element or

elements, Jlimitatioh or’glimitations,fjnet” specifically
disclcsed | herein:. Thus, for example the | terms
tccmprisihg" _"including" "contalnlng" etc. shall be
read expansively and without limitation. Addltlonally, the
terms and expressions emplcyed herein have been used as -
termsvor description and not cf iimitaticn, and there is-
no ihtention in the use of such terms and expressions of
excluding any equivalents of the features shown and
described or portions'thereof but it is recognized that:

various modlflcatlons are possible within the scope of the

-1nventlon clalmed Thus, it should be understood thatv>

although the present invention has been specifically
disclosed by preferred embodlments and’ optional features

modification -and variation of the 1nventlons embodied
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therein herein disclosed may be resOrted to by thoSe.
skilled in the art, and that such modifications and
variations afe considered to be within the scope of this
invention. o ' .

The‘ word “substantially” does - not exclude
“completely” e.g. a composition“ which 1is “substantially

free” from Y may be Completely free from Y. Where.

‘neCessary, the word “substantially” may be omitted from

the definition of the invention.

As used herein, the tezxrm "about", in the context ofA
cbncentrations of components of the _bformuiations,
typically means +/- 5% of the stated value, more typically
+/- 4% of the stated value, more typiéally +/- 3% of the

stated value, more typically, +/- 2% of the stated value, .

even more typiéally +/- % of the stated value, and eveh

- more typica;lyb+/— 0.5% of the stated value;

. Throughout thisvdisclo$ure, certain embodiments may
be disclosed in a rangé-foxmat.‘It should be understood
that the description in ‘range:.format- is merely for
conVenience and brégity_and should not be construed as an'
inflexible .limitaﬁion on the ééope of the disclosed

ranges. Accordingly, the description of a fanééﬂéhdﬁld be

'considered to have specifically disclosed all the possible

sub-ranges'as well as individual numerical values within
that range. For exampie, description of a range such as
from 1 to 6 should be considered to have speéificaily
disclosed sub—ran’ge‘s such as from 1 to 3, 'f_rom 1 to ‘4,

from 1 to 5, from 2 to 4, from 2 to &, from 3 to 6 etc.,

~as well as individual numbers within that range,' for

example, 1, 2, 3, 4, 5, and 6. This applies fegardless of
the breadth of the range.
The invention has been described broadly and

generibally herein. Each of the narrower species and

- subgeneric groupings falling-within the generic disclosure
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also form part of the invention. This includes the generic
description of the invention with a proviso or negative
limitation removing any subject matter £from the genus,
regardless of whether or mnot the excised material is
specifically recited herein.b

Other embodiments are within the following claims and
non- limiting examples} In addition, where features oxr
aspects of the invention are described in terms of Markush
groups, those skilled in ‘the art will recognize that the
invention is also thereby described in terms of any
individual member or subgroup of members of the Markush

group.

- Brief Description Of Drawings

The accompanylng draw1ngs illuetrate a dlsclosed

disclosed embodiment. It is to be understood,, however,

that the drawings are designed  for purposes of
illustration only, and not. as a definition of the limits
of the invention.

Figure_l shows a flowchart of the prqeese_involved in-

consensus clustering in combination with iterative feature

selection used in Example'l.

Flgures 2A and 2B show the cumulative distribution
functlon (CDF) of the consensus indices referred to in
Example 1. As the number of clustere increases, the area
under the CDF increases appreciably if a larger proportien
of sample pairs have consensus indices near zero,
indicating that they are well-separated by the clustering.
At a certain point, however, increasing the number of
clusters does not appreciably increase the area under the
CDF. This is either because some of the new clusters have

very few members or because membership in some of the new
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clusters is unstable, resulting - in consensus indices

intermediate between 0 and 1. Figﬁres 2C and 2D show the-

relative increase in the area under the CDF curves as K

increaseS;:and' indicate that there are three clusters.
Figﬁres '2E7 and 2F. show the .consensus matrix indices
together constitute the consensus matrix;' -
Figure.’3 showsl the .consenéus matrices constructed
with and»without_iterative feéture Seléction referred to
in Example 1. (A) and (C) show the consensus matrix and
distribution of éverégelconsensus indéx without iferative
feature selection, resbectively.l-(B) and (D) show the
consensus matrix and distribution . of average consensus
index With,iterative featurevselection,vrespectively. The
sharper definition of (B) and a high average consensus

index. of 1 in (D) show that the iterative feature

. selection improve clustering stability.

Figure 4 shows the genomes of tumors having CNA
referred to in Example 2. Figure 4A evidences that

proliferative tumors were found to have significantly more

CNA than the other_two»subtypes.'Figure 4B_evidehces that.

invasive-subtype tumors are significantly~ enriched - for
low-CNA tumors_ and proliferative—subtype  tUmbrs are
significantly enriched for. higﬁ*CNA tumors, while
metabolic tumors are enriched in neither. |
Figure 5 shows that enrichmenﬁ for high-CNA tumors in
the pfol;ferative subtype is_primarily due toAcopy number
gains. figure 5A .shows that there is a significaﬁt
difference of median value of cytobands with copy number
gains among the three subtypes and Figure 5B shows that
there is a much less ,significant -differen¢e£5of(-mEdién
value of cytobands with.copy number loSs'among the ﬁhree
subtypes. - ' -

Figure 6 shows that invasive-subtype tumors are

significantly enriched for hypermethylated sites, while
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proliferative-subtype tumors are significantly enriched

" for hypomethylated sites and metabolic-subtype tumors are.

enriched for neither.

Figure 7 shows the Kaplan—Meier analysis of the

Singapore cohort referred to in Example 4, evidencing that

there is no significant survival difference among uthe
three subtypes; although there is a trend for invasive--
subtype patients to have worse survival. |

Figures 8A to F show Kaplan-Meier plots for surgery
plus 5-FU versus surgery alone for each of the three
subtypes referred to in Example 4. It is evidenced that

patients with metabolic subtypes benefited from 5-FU

‘treatment and surgery.

Figure 9 shows a Kaplan-Meier analysis with disease-
free survival as the endp01nt shows that metabolic- subtype

patlents beneflted s1gn1f1cantly from 5-FU treatment

‘compared to surgery alone

Figure 10A shows the consensus - cumulative
distribution functions (CDFs) of the consensus matrix,

indicating_strong support for K=3 referred to in Example

~5.. Figure 10B shows the relative increase in the area

under the CDFs, again indicating strong support for K=3.
Figure 10C shows a very cleanyconsensus matrix,for K =3,
indicatin§ that‘ the Australian cohort also 'fesultedf in '
three subtypes. | |

Figure 11 shows a table of the genes up-regulated in

.. the invasive gastric cancer subtype.

30

Figure 12 shows a table of the genes up—regulated in
the prollferatlve gastric cancer subtype

Flgure 13 shows a table of the genes up regulated in

“the metabollc gastric cancer subtype

Figure 14 shows a table of the hypermethylated CpG

sites of the invasive subtype.
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Figure 15 shows a table of the hypomethylated CpG
sites of the.invasive subtype.

Figure 16 shows a table of the hypermethyléted CpG
sites of the proliferative subtype. ;

Figufe> 17' shows a. table of the hypomethylated CpG‘
sites of the proliferative subtype. | '

Figure 18 shows a table of the .differentially

expreSSed vgenes of the invasive subtype versus the

proliferative subtype.

Figure 19 shows a = table of the differentially
expressed genes of the invasive subtype versus the
metabolic subtypé. | |
’ Figure 20 shows a table of the differentially |
expressed genes of thé.:proliferative subtype versus the

metabolic subtype.

"Examples_

Non—limiting examples ' of the invention and a
comparative example Will be further dQSCIibed‘in greater~
detail by reference to Specifid'EXamples,_Which should-not
be construed as in any way limiting the scope of the

invention.

Examgle 1

Ascertaining the number of gastric cancer subtypes

56 "~ gastric adenocarcinomas were profiled and were
combined with préviously reported expression p;ofiles’to
assemble a collection of 248 profiles (Gene Expression
Omnibus'Accession Nbs. GSE15459 and GSE22183). All samples‘
were profiled on 'Affymetrix U133 Plus 2;0 .expression
arrays. |

The gene—expressién microarray data assembled from

multiple sources had obvious batch effects. Thus, to
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ensure that batch effects or‘lnon—biological variation
between groups of samples ~arising from subtlé but.
systematlc differences in experlmental procedures do not.

obscure "biological structure_or: 1ead t_o artlfactual_-

'findin.gs’, the data was processed by ComBat to remove the

batch effects.  The new merged dataset was termed 986248”.

 Assessment of whether-‘ biological sﬁbstructure was

,preserved after process:.ng by ComBat is as follows. First,

consensus clustering was.applled separately to each 6'f°-the

two individual batches,.. Singapore Cohort Batch A and -

_ Singapore Cohort Batch B. Second, the -subsets of "SG248

corresponding to the two batches were extracted. _,and
consensus, clusterlng was appl:Led to these two- post ComBat |
batches. The pre- and post -ComBat clusterlngs were then'
compared. All samples were. assigned to the same. clusters_

before and after ComBat process:mg as shown 1n Table 4

belowv'

Table 4

_ Smgapore Cohort Batch A

_ pre-ComBat
ClusterI | Cluster I | -C3Ste!
post-ComBat Cluster | '[RE0IE . O 0
' Cluster I |* 0 s 0
Cluster 1 | 0 0 [HEsEE
Singapore Cohort, Batch B
pre-ComBat L
o o - | Cluster I | Cluster I | Cl}lIsIter
post-ComBat Cluster I S350 0 0
Cluster Il | 0 = [EESigdsa® = 0
Cluster III 0 0
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Thus, it can be concluded that the blologlcal
substructure is preserved after ComBat processing.
To.dlscover natural subgroups of the SG248 tumors, an .

unsupervised clustering approach, consensus clustering in

combination with iterative feature (i.e. probevvsetf'

selection was wused. Figure 1 describes the .process

involved ' i consensus clusterlng in combination with

'1terat1ve feature selectlon

Brlefly, consensus clusterlng uses a resampllng based
approach to assess confldence in the number of clusters
and to assess confidence in the assignment. of each sample
to one of the clusters. Consensus clustering does this by
repeatedly applying hierarchical clustering with average-
linkage over random subsets of 80% of the tumor-samples
That is, probe sets with. medlan expressxon levels of less.

than 20th percentlle of. medlans or with- variance across

:all samples of less than the 20th percentlle»of‘varlances

. are removed. The expression_data was then standardized on:

probe sets and then arrays.

For every pair of Saﬁples, the proportion. " Of

'resampllng repllcates 1n which the two samples are in the

same clusterv'is thelr consensus index”, and all the

consensus indices together constltute the consensus- matrlx’
(Flgure 2E). In an 1deal consensus matrix, all consensus*
indices would be 1 or 0, indicating that eachnlpair of
samples always Oor never, respectiVely; clusters together.
Referring to Figure 1, at each iteration, consensus

clustering (R bioconductor padkage- ConsensusClusterPlus)

was ‘carried out té derive the class ass1gnment for ‘each

' ample Limma (R bioconductor package limma) was used to

obtain the top 10,000 differentially expressed probe sets.
In the next iteration, these selected probe sets were
clustered and limma was applied to obtain the top 10,000

differentially expressed probe sets from all probe sets;
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This process was repeated until the class assignﬁéﬁts of
samples remained the same in two consecutive iterations;
The procedure converged after three iterations. Thé‘»
rationaie for iterative feature selection is ﬁhat it
improvedvcluéfering'stability. |

An important objectiveais to determine the.ﬁpmber of
clusters that are well supported by the data.‘qu.this, a‘

standard approach that wuses the “consensus cumulative

distribution function” (CDF) was relied -upon. This is

simply the cumulative distribution function - of the
consensus indices (Figure 2A4). .. As the numberIOﬁQélﬁsteré
increases, the area under the CDF increases appreciably if

a larger proportion of sample pairs have consensus indices

‘near zero, indicating that théy are well-separated by the

- clustering. At a certain point; however, increasing the

number  clusters does not appreciably'}increasgl‘the area
under the CDF. This is eifher because some of the new
clusters have very few members. orfbecausé membership in
some of the new clusters is. unstable,. fesulting in
consensus indices intermediate_between 0 and 1. )
Referring to Figure 2A, the CDF plot'shows‘that_once'
the number bf clusters, K, reachés three;in‘thié_dataset,
further increases do not yield.appreciable increases in
the area under the VCDFL Figure 2C shows the relative
increase in the area under the CDF curves as K iﬁCreaseS.
Thié plot shows again that inéreasing the number of
clusters beyond three yields 1little increase in the area

under the CDF. Thus, . there is strohg support  for the

.presence of three clusters of sampies in this dataset. The

three subtypes- "invasive", "proliferative", and
"metabolic" were termed based on the gene transcripts that
are higher in each of the subtypes. ,

In addition, it was found that iterati&e selection of

features (probe sets) substantially impro&ed the
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separation of clusters, as seen in the consensus matrices

constructed w1th and without 1terat1ve feature selection

(Flgure 3)
’ In Flgure 3, (A) and (C) show the consensus matrix
(cophenetic correlation coefficient = - 0.958) and

distribution of average consensus index without iterative
feature selection. (B) and (D) show the consensus matrix
(cophenetic 'correlation coefficient = 65987) and
distribution of average consensus index With iterative .
feature selection. The average consensus indeXpof a sample
is defined as the average of its consenSus‘indices vis-a-
vis samples in the same cluster (i.e. in the same dark
block in the consensus‘ matrix). For a sample with
completely stable cluster hassignments; | the | average
consensus index is 1. -

Even ~with 1terat1ve feature selection, however, a

proportlon of samples may Stlll have ambigudus“ cluster

-assignments, = as indicated by consensus indices

intermediate between 0 and 1. These samples were
identified as’follows- the average consensus 1ndex of a

sample was deflned as the average of its consensus 1ndlces

vis-a-vis samples in the same cluster (i.e: 1n the same

dark block in the consensus matrlx in Figure 2E). For a
sample with completely stable cluster assignments, the

average consensus index is 1. The 201 samples with average
consensus indices > 0.9 was considered as representatlver
of thelr clusters and constructed ‘a new dataset, termed

“SG201", comprised of these samples. Consensus  clustering

‘with iterative feature selection on'SG201 yields a nearly

perfect clustering (Figure 2B, D, F), with. cophenetic

‘correlation coefficient = 1. Consensus clustering with

iterative feature selection on SGZOl was also performed

‘using the K-means clustering algorithm with K = 3.
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Concordance with the initial clustering',was 99.5%,
demonstrating strong support for the three sdbtypes.

Further analysis was based on SG201.

Example 2
Genomic copy-number alterations (CNA)

138 of the SG201 tumor samplee were analyzed using -

'Affymetrix SNP6 DNA mieroarrays (Affymetrix,. 2009) and 98

" non-malignant samples as a reference. U51ng these data,

the number of cytobands affected by CNA for each tumor was
determined.
Preprocessing and normalization were7pefformed using

Affymetrix Genotyping Console 3.0 (Affymertrix, 2008) . For

- each ‘tumor ’sample, “Log2Ratios” - were ~ generated

(terminology from Affymetrix Genotyping Console) for the

SNP (single nucleotide polymorphism) and copyFnUmber probe

"sets on the afray. Circular binary segmentation was

applied to the Log2Ratios using the R 'paékage DNAcopy
(http //www bloconductor org/packages/Z 3/bloc/html/DNAcop
y.html) . } ' »

The segmented data ‘was then mapped to cytobands using

hgls cytoband pos1tlons from the UCSC Genome Browsex

.database. The_copy number of each cytoband was estimated

as the length-weighted average of the Log2Ratios of the
segments within the cytoband.,Our thresholde'for,calling a
copy number gain or loss for a cytoband wepe >>0.2 or < -
0.2 : : . -
der the nonnegatlve -matrix- factorlzatlon based
clusterlng of tumor samples by their cytoband CNA levels,

the publlshed Matlab code was used.

The genomes of proliferative 'tumofeﬁﬁmere found to
have -significantly more CNA than the10ﬁh§f_two subtypes
(Figure 4A) . We then used nonnegative matrixffaetorization

to cluster the samples by the degreep-offJCNA' of each
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cytoband. This revealed two groups, one of which has both

more cytobands baffected by CNA and mor‘e"extr‘eme CNAs.
Specifically, invasive-subtype - tumors - are

significantly enriched for low-CNA tumors. (p = 2.45xvlvv0-4,

hypergeometric test) and proliferative-subtype tumors are

»s:l_gnlflcantly enrlched for high- CNA tumors (p = 4. 03x10-4,

hypergeometric test) (F:Lgure 4B) . Enrlchment for high-CNA

tumors in the prollferatlve subtype is prlmarlly due to

. copy number gains (Figure 5) .

‘In' Figure 5, (A) shows the dlstrlbutlon of the number
of cytobands with copy number - galn in each subtype and
corresponding boxplot- for three subtypes Kruskal—Wallis
test . shows there is a s1gn1f1cant dlfference of median
value among these groups (p = 6.30e- 6) '(B) shows the
distribution of the number of cytobands w1th eopy number

loss 1in each subtype and correspondlng boxplot for three ,

‘subtypes. Kruskal -Wallis test shows there is a much less

significant difference of median value among-. these groups

(p ='0.013).

Together ‘- .this shows .that CNA = gain ~is  more

significantly enriched than CNA loss,‘:'\‘Ln t;he proliferative

subtype.

The tumor samples were also "ekamined“ for CNAs
affecting specific oncogenes. For .analys'is' of copy number
alterations of the oncogenes, the segménted Log2Ratios was
mapped to the genes’ genomlc reglons It was found that
the proliferative subtype is enrlched for geuomic

amplifications of MYC KRAS and HER2 ‘as shown in Table 5

below.

Table 5

Subtype

p-value
er's exact test)

Gene Invasive (47) Proliferative (56) Metabolic (‘35_) .(Fish
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MYC 2 19 3 1.04E-04

ERBB2 2 9 0 0.009

KRAS . 1 9 2 0.040

EGFR - 3 10 4 0.205

FGFR2 17 , 7 2 0.443 -
Example 3

Metnylatlon Profiles

DNA methylatlon proflles were determlned for 139 off
the SG201 tumor samples o Illumlna Infln;um:
HumanMethylatlon27 arrays (Welsenberger et ‘al. 2008)‘was_

“used to assess methylatloﬁ levels at 26 486 autosomal Cst
‘across the genome, including 94 nonsmallgnant samples from
the Singapore cohort as reference. i | ‘ |

The extent to which the DNA- methylome of each subtype
differs from the 94 nonmallgnant gastrlc tlssue samples
was 1nvest1gated . To do thlS, methylatlon levels of each"
CpG across all tumors in each subtype were compared to
methylation levels in the non- mallgnant samples. DNA
methylation levels (B value) for each probe-Were computed
using Illumina's Genome Studio software Differential
methylation analyses were performed ~on the invasive-
subtype, proliferative-subtype, and - metabolic~subtype.
sample sets  separately relative to 94 non-malignant
samples.” CpGs with significantlyvdifferential methylation
levels between two groups (formekample, invasive-subtype
tumors | compared  to 94 ‘non—maiignant samplesf were
identified by two sided t—tests'twith a Bonferroni
corrected alpha of 0“05/26,486u

CpG sites in which the tumor samples of in a subtype

were significantly hyper- or hypomethylated compared to
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the non-malignant samples were considered tQ be aberrantly
methylated |

The invasive subtype ~ showed ~the largest number of
aberrantly‘ methylated sites, with 2, 928 (11.1%)‘ of . the
assayed CpGs showing methylatlon that is significantly
different from that in non-mallgnant tissues. . In the
proliferative subtype, 2,462 (9;3%} of the CpGs ' show
sigﬁificant differences from non-malignant tissues. In the
metabolic subtype, only 1,079 (4.1%) of the CpGs show
significant differences from nonemalignant tissues.

‘'The three subtypes differ greatly with respect to
whether aberrantly’ »methylated" CpGs. are hyper- and

.hypomethylated relative to non-malignant samples. As'shownl,

in' Figure 6, invasive-subtype tumors are significantly
enriched for hypermethylated s1tes (p = 1.65x10-102,
hypergeometric test), and prollferatlve subtype tumors are

significantly enriched for hypomethylated- sites (p =

- 7.93x10-94, 'hypergeometric test), :and"metabolic—subtype

tumors are enriched for neither. o

Example 4
A study was done to determine whether uthere was a
difference in survival among the three subtypes. In this

study, cancer-specific death was considered as an _event

unless stated otherw1se

Data from 188 patients in the SG201 Slngapore cohort
for which surv1val_1nformatlon»was avallable was analyzed.
As shown. in Figure 7 Kaplan-Meier analys1s based on Log—
Rank test with p = 0.310 indicates no significant surv1val
difference among the three subtypes, although there is a’
trend for invasive-subtype ©patients to have worse

survival.
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Among univariate Cox prbportiohal hazards models, TNM

stage and grade are the only factors associated with

survival as shown in Table 6 below.

Table 6

Univariate Cox Regression analysis in Singapore Cohort

Covariate . | Hazard ratio (95% cnp - p-value
~ Subtype  Metabolic ‘ 1
Proliferative - 1.279 (0.744,2.199) - 0.374
Invasive ° 1.528 (0:884, 2.640) 0.129
Stage - 1 o -1 _
| B | 3448 (1112, 10.70) 0032
m . 11.159(3.965,31.40)  4.8%:6
v . 20.294(7.086,58.12) 2.05e8 -
Treatment  Surgery alone ' 1 ‘
5.FU 1.656 (0.983,2.788)  0.058
"Age - . Numeric . 0.992(0.975,1.009) 10369
- Gender = Female 1 - .
Male ©1.213(0.789,1.864) - 0379
Lauren Mixed j - B 1 _
| Intestinal 1150 (0.520, 2.546) 0.730
| Mixed | 1.715 (0.765, 3.848) - 0.191
Grade Low : o ,
| High © 1.614 (1.046, 2.489) 0,031
&e:regiﬁ:n 'Negative ' . - 1 ‘
Positive 1.654 (0.936, 2.925) 0.084
Tumor site  Upper . 1 ‘
| Middle 1.129 (0.526, 2.420) 0.756
Lower 1775 (0.818,3.853) 0147
H.Pylori No 1 '
" Yes 1.020 (0.562, 1.851) = 0.948
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Further analysis with a multivariate Cox proportional
hazards regression, adjusted for stage and grade, likewise
detects no - significant differences among the three
subtypes in term of the hazard ratios. Table 7 below shbws

the results.

Table 7

Multivariate Cox Regression analysis in Singapore Cohort

Covariate | : ' Hazard ratio (95% Ci) ‘ p-value
Subtype ~ Metabolic . __ 1 ;
| Proliferative . 1.476 (0.844, 2.582) B 0.173

Invasive ~ ~  1.506(0.857, 2.644) 0.154

Stage I T |
o | . 3.428(1.101, 10.668) 0.034
1l o 10.590 (3.732, 30.049) 9.22e-6
IV 19.876(6.864,57.55) .  3.57¢8

Grade Low SRR CR -

| High o 1.209 (0.775, 1.885) - 0.404

Many of the patienté in the Singapore cohort were
treated with 5-FU. To investigate the effect of 5-FU
treétmént on patient survival,"the>survival of Singapore
and Australian patients ‘treated with _surgery' alone were
compared to that vOf patients treated by éurgery and
adjuvaht‘S—FU based'therapy. |

" The clinical decision on administration'of 5-FU was
based on multiple factors, including the pétient'sﬂgeneral
health, risk of relapse (estimated Ilargely by disease
stage), treatment-related toxicities, and patient
preference.

Figures 8A to F shOWvKaplah—Meier’plots for surgery
plus 5-FU -versus surgery alone for each of the thiee
subtypes. In patients with invasive and proliferafive
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subtypes, survival is worse among those treated with 5-FU.
This is mainly because - patiénts with higher TNM-stages
were more llkely to recelve 5= FU in addltlon to surgery
Multlvarlate Cox regress:.on does not suggest any benefit
from 5-FU treatment of patients in these two subtypes (see

" Table 8 below).

‘Table 8
Singapore Cohort, Invasive Subtype -
~_Covariate HR (95% CI) p-value
Treatment Surgery alone . : ‘ 1 .
| 5.FU o 1.062 (0.469, 2.407) 0.885
Stage I 1 '
. | S - 4.799 (0.545, 42.294) 0.158
11 o ’ 17‘.46_0 (2.149, 141.874) 7.46e-3 .
v 0 36.870(3.915,347.224) 1.62¢3
“Singapore Cohort Proliferative Subtype ‘ ‘
Covariate : - HR (95% CI) _ p-value
Treatment Surgery alone ' 1 | '
5-FU v 2.105 (0.87‘9,‘5.043) , 0.095
Stage I - o .
I " | ' 0.851 (0.053, 13.664) ' 0.909
ar - ‘ 8.028 (1.032, 62.431) - 0.047

v - 26.062 (2.984,227.603) - 2.19e-3

Singapore Cohort, Metabolic Subtype
(As there were no deaths among 5-FU treated patlents Cox regression is not
available)

. Australian Cohort, Invasive Subtype : »
Covariate ' .. HR (95% CI) p-value

Treatment - Surgery alone 1 ,‘
5-FU o 0.222 (0.059, 0.833) 0.026
Stage 1 : 1 : -
vIv 70.736 (6. 565 762.188) | 4.46e-4
Australian Cohort, Proliferative Subtype ‘
Covariate - HR (95% CI) , p-value
Treatment Surgery alone o 1 _
| 5-FU " 1.938 (0.369, 10.170) 0434
Stage VIl , 1 , ' .
/v | 1.080 (0.206, 5.667) S 0927
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Australian Cohort, Metabolic Subtype »

Table 9

~ Covariate - HR (95% CI) | p-value
Treatment Surgery alo_ne : 1 _ '
, 5-FU 0.070 (7.50e-3, 0.659) ' 0.020
Stage 1M ' 1
' v » 52.576 (3.859, 716.221) 2.94e-3

NOTE: HR = hazard ratio
However, .among metabo]'.‘ic—subtype patients, survival

is better fer those treated. with 5-FU, even though

patients treated with 5-FU ‘had- higher ‘TNM stages. When

adjusted for stage_,’_ patients with the metabolic subtype
and treated with 5-FU had a hazard ratio of 0.070 (95% CI
7. 50x10—3‘ to 0. 659 p = 0.020). Because there were no
deaths among 5 FU treated metabollc subtype patients, 'a
Cox - proportional hazards regression is not possible.
»Hov\'rever., ‘as shown in Figure 9, a Kaplan-Meier analysis
with. disease-free survival as the: endpoint shews that
metabolic—subt'ype patients benefited Significantly from 5-
FU treatment _cempar’ed to surgery alone (p = 0.025 log,
rank test); .

Finally, in a combination analysis of 197 patients

from the Singapore and Australian: cohorts, a ’signifieant

interaction = between the metabolic- subtype and 5-FU

tréatment was observed (see Table 9 below).

197 patients in SG and AU cohorts (SG201T+AU7OT)
Model: ~ subtype*treatment + stage

Covariate / Hazard Retio (95% CI) ~p-value
Subtype Proliferative : 1

Invasive 1.617 (0.840, 3.113) 0.151

Metabolic 1362 (0.709, 2.617) 0353
Treatment Surgery alone o | |

5-FU - 1.437 (0.728, 2.835) 0.296
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~Stage I o 1 .
I ' 3.121 (1.130, 8.624) - 0.028
I _ 9.974 (3.882, 25.621) 1776
’ v o 20.827 (7.582, 57.208) 3.87¢-9
Subtype:treatment Proliferative:5- 1
» FU . B _
‘interaction’ Invasive:5-FU 0.722 (0.287, 1.817) - 0.489
Metabolic:5-FU 0.196 (0.054, 0.71 1)‘ : : 0.013
Accordingly, further ~evidence is provided that.

‘metabolic-subtype patients benefited from 5-FU therapy. |

Example 5 _ _
An ensemble of three NTP pfedictors, termed “GCPred”

was 'used_ to classify new samples into one of the . three
subtypes. Each constituent _.predictor was built with genes
that were differentially exp'reSSed between one pair ef_
subtypes. Limma wae used to obtain the top ‘differentially
expressed probe sets between two subtypes; using FDR
<0.0bl_ and absolute fold change > 1.5 as thresholds. The
gene signatures and t-scores then served as the features
and weights in the constituent NTPs. The GCPred ensemble
determines the subtype of a sample as“fcjllOWs: If two of
the "It'hree - constituent pi:edietors make  the same
.class‘ificationv,' with at least one FDR < 0.05, then GCPred
uses that classification. If neither FDR is < 0.05 or if
all ‘three coﬁstituent NTP classifications are different,
then GCPred - does not consider the test sample to be
classifiable. | | | |

To ‘assess the accuracy of GCPred, five-fold cross

validation was used. The SG201 dataset was split into five

"subsets of roughly equal size. Each of the subsets was

considered a test set and an NTP ensemble predictor was
trained on the remaining data and used to classify the

test set. 199 out of 201 samples were classified, and of
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these, 193 were correct, corresponding to an overall
accuracy of 97%. ' '

In additioni,, the performance of the GCPred in a »
:sec.on’d independeﬁt cohort of 70 primary gastric tumors
from Australiah patients ‘was assessed (see Supplementary

Table - 10 below) .

-Table 10
* Singapore © ~  Singapore - Australia
| (n =248)  (n=201) (n=70)
- Lauren Classification P »

Diffuse 86 . 66 30

Intestinal 138 115 ' 34
Mixed 22 18 6

Tumor Grade - o
Low . . ' 94 77 o 24
High 149 120 46
Age 64.79+12.82 - .- - 64.50+13.01  65.54+12.53
- Tumor site o -
Upper o 30 . 25 . -

Middle 104 82 L
Lower . - 62 o 49 o -

" Gender ) ‘ f ' ‘
Female - : 87 69 | 22
Male = 159 » 131 S48

Recurrence _ ' ' '

Yes 103 82 | 40
No 136 111 30
Stage ‘
1 42 - 34 13
2 | 40 | 34 16
3 90 71 33
4 | 73 | 60 7
H. Pylori status
Yes : - 82 62 ’ -
No | 58 51 | -
G-INT / G-DIF |
G-INT 143 116 38

G-DIF 105 : 85 32
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Median follow-up interval

(months) 19.60 20.02 31.77

First, GCPred was used to classify each these 70
samples. GCPred classified aﬂj_-70>samples: Second, SG201
was co- clustered ‘with the 70 Australian samples wusing

YTComBat A new dataset called SG_AU;Z?l resulted. Consensus
clustering with iterative feature selection on »Sé_AU_271
.was then carried out and the results are shown in Figure
10. |
In Figure 10, (&) shows' the 'consensus cumulative
distribution functions (CDFs) of the consensus matrix for».
K = 2,-3;'..., 10, indicating strong support for K=3. (B);
shows the relative increase in the area under the CDFs for
K = 2, 3, .., lO, again 1nd1cat1ng strong support for
K=3. (C) shows a very clean consensus ‘matrix for K =3
(copbenetic correlation coefficient = 0.996).

Each Australian ‘sample was classified according to
the subtypes of the Singapore samples with whlch it co-
clustered. = The ‘ concordance between GCPred .and - co-
clustering for the 70 Australian saﬁplesp'was 94.3%‘

demonstrating GCPred’ s reliability.

Example 6

It was then examined whether there are differences in
5—FU4sensitivity, in wvitro, between gastric cancer cell
'lines.assigned to the three subtypes.

GCPred was first used to predict the subtypes 'of 28
cell lines for which 5-FU GI50 values had previously been
determined. Metabolic—subtype cells were significantly
more sensitive to 5-FU (p = 1.47x10-3) for metabolic
versus proliferative using the Wilcoxon rank sum test.

In addition, GCPred was used:to classify the NCI-60

cell lines into the three subtypes. It was observed that
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thefe is preférential sensitivity of metabolic-subtype
'NCI-60 cells to 5-FU (p = 0,036)‘ for metabolic versus
invasive using the'Wilcoxon”rank sum'pesp,'Suggesting;that‘
the metabdlid—subtype cléssifidationi and its sensitivity

5-FU ‘arve relevant to cancers. in addition to 'gastric',

adenocarcinoma.
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Claims

1. A.iérouping for classifying a gastric cancer

tumor - sample obtained;,from a patient‘ suffering. or

‘suspected to suffer from gastric cancer,f wherein the

 grouping comprises an invasive subtype, a proliferative

subtype and a metabollc subtype,'
wherein the 1nvaslve subtype is characterlzed by any
one or more or all of the follow1ng :
a. compared to the proliferative subtype and ‘the
metabolic subtype, the up-regulated genes-ln the invasive
subtype are associated with any one of the fbllowing
pathWays: focal adhesion, extracellular—matrixfreceptor'

interaction, gap junction, calciumj'signalf%g pathway,.

'complementh cascades,;  coagulation | cascades . tight
" junction, regulation - of  actin cytoskeleton, cell
"adhesion, vasculature A development blood vessel

'development regulatlon of cell motlon, cell motility,'

wextracellular matrlx organlzatlon, cell-matrix adhe51on,

anglogene81s, response to woundlng,_ wound heallng, andv

BMP s1gnallng pathway,

bq compared to the prollferatlve subtype and the'
metabolic subtype gene sets that have increased gene set

act1v1t1es in the 1nvas1ve subtype are selected from the

‘group con51st1ng of p53, EMT (eplthellal—mesenchymal

transitlon)-‘ TGF-8, VEGF,  NFxB, mTOR, SHH (sonic

hedgehog) , and CSC (cancer stem cell);

c. compared to the prollferatlve_subtype and ‘the

metabolic - subtype, . invasive "'subtype tumors are
significantly enriched . with  low-CNA (copy  number

alteration) tumors,'

d. compared to non- mallgnant tlssues the number

-of aberrantly methylated CpG sites in the invasive
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subtype is higher than those in the prollferatlve subtype
and metabolic subtype, 7
e. the number of‘aberrantly hypermethylated sites’

in the invasive subtype is higher than in - the

proliferative subtype and the metabolic subtype;

f. invasive subtype tumors are not or almost not

-penriched for TP53 missense mutations compared to the

proliferative subtype;
. g. the invasive subtype shows strong association

to the ‘diffuse’ tumor type according to Lauren

‘classification; .

h. compared to the proliferetive subtype and the
metabollc subtype, - the cellular differegtiatioh, of
invasive subtype tumors is undifferentiated or pooily
dlfferentlated o o | |

Si. the invasive subtype 'is‘ mere sensitive to
compounds targeting‘the PI3K/AKT/mTOR pathway than in the
proliferative and the metabolic subtype, and ‘

Aj. the invasive subtype shows cancerestem—cell—
llke propertles

wherein the prollferatlve subtype is characterlzed

» by any one or more or all of the follow1ng

a. compared ~to the 1nva51ve . subtype and :the
metabolic subtype, 'the' ' uprmegulated genes- in
proliferative subtype are associeted with‘any one ef the
following pathways: cell cycle pathay, nuclear division
and cell division; | |

b. compared to. the invasive subtype and the

bmetabolic subtype, gene sets that have increased gene set

activities in the proliferative subtype are selected from -
the group consisting of : E2F, MYCQ and RAS;

c. compared to the invasive subtype aﬁd the
metabolic subtype, 'proliferatiye subtype tumors are

significantly enriched in high-CNA tumors;
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d. compared to the '~ invasive subtype .and . the

,ymetabolic subtype the proliferatiVe?subtype is enriched
:*W1th genomlc ampllflcatlons of CCNE1, MYC, dKRAS;1 and_
;fERBBz (also known as,HERz)p

e. theA number of aberrantly hypomethylated ' CpG

dsites in the'proliferative-subtype'is higher than in the

jlnvas1ve subtype and the metabollc subtype,

£, prollferatlve subtype tumors are enrlched w1th

»ghypomethylated CpG s1tes compared to the invasive subtype
10 .

and the metabollc subtype;

79. prollferatlve subtype tumors are enriched w1th

"TP53 mlssense mutatlons compared ‘to the 1nvas1ve subtype

and the metabollc subtype,.

h. the proliferative subtype shows strong

_assoc1atlon to the . 1ntest1nalf;tumor type according to

Lauren classification; and

~i. compared to. the invasive subtype and the

"metabolic subtype- - the cellular- dlfferentlatlon Of

prollferatlve subtype tumors ‘1s well dlfferentlated or
moderately dlfferentlated ' '

° ' wherein the metabollc subtype is characterized by
any”one Oor more or all of the followlng:

| ‘a. compared to the proliferative subtype and the

invasive subtype, vthe' up-regulated genes in metabolic’

dsubtype are associated with any -one of the following

~;pathWays: metabOlic_processes,Adigestion and secretion;

- 'b. compared. to the invasive subtype. and the

proliferative subtype, the gene set of spasmolytic

:-polypeptlde/(TFFz)—expressing-metaplasia '(SPEM) in the

metabollc subtype has inCreased gene set.activity;
| . metabollc subtype tumors are not or almost not

enrlched for TP53 mlssense mutations compared to the

”dprOllferatlve subtype,.
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d. metabolic subtype tumors have s1gn1f1cantly

-lower express1on. of both thymidylate synthase (TS) aﬁd

dlhydropyrlmldlne dehydrogenase (DPD) transcripts
compared to the 1nva51ve subtype -and the prollferatlve
subtype; and _ v '
. e; - the chance of survival of patiehts suffering
from gastric cancer or suspected to suffer from gastrlc
cancer is hlgher when treated with adjuvant 5-

fluorouracil,compared to when undergoing surgery alone.

2. . .The grouping of claim .1, wherein the grouping

_for'classifying gastric .cancer patients'i%ﬁbased.on the

'gene expre531on proflle obtalned from prlmary gastrlc

tumors
"3.;‘ The grouping - of any one of the precedlng
claims, "wherein' the hypermethylatlon s1gnature ‘and

hypOmethylation signature are obtained by determining CpG.
sites of each subtype that were hypo- and hypermethylated”

in the respectlve subtype.

‘ed4.b 'The | grouplng of claim 3, wherein  the

hypermethylated sites comprise the genes listed in Flgure

'14 for the invasive subtype and in Flgure 16 for the

prollferatlve subtype.

5. The grouping of claim 3, wherein the
hypomethylated sites comprise the genes:listed in Figure
15 for the invasive subtype and in Figure 17 for the

proliferative subtype.
- 6. Thé grouping of any wone of the preceding

claims,'wherein the'up—regulated‘genes referred to under

a. of each subtype.comprise the genes listed in'Figure 11
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. for the invasive subtype, in Figure 12 for the

proliferative subtype and in Figure 13 for the metabolic

subtypé.‘

7. ‘»Thé grouping of any one of the preceding
claims, whefein the cancer-stem-cell-like properties are
characterized a) in that a pathWay activity‘ analysis
shows'that invasive subtype cancers are aSsociatedﬂwith
activity.bf a cancer-stem-cell (CSC) gene set and with.
epithelial—mesénchymal transition conferring stem-cell-
like properties; b) that CD44 expression is increased and
CD24 “expression: is  decreased compared to the
prQlifefativebsubtype and the metabolic subtype; c) that‘
it is associated with higthrade_ (that ~ is,.
undiffefentiated,‘ or poorly 'diffefentiated) gastric
cancers; and d) that it is sensitive to compounds

inhibiting. the PI3K/AKT/mTOR pathway.

8. . A predictor for élassifying a patient based on
the gené'expreSSion profile to one of the'gastric cancer
sﬁbtypes réferred to in any one of the preceding‘claimsj
/ : wﬁerein the predicfor comprises an ensembleiof'three
predictors, wherein each of = the three predictors
comprises genes that are differehtially expfeséed between

one pairfof the subtypes referred to in any one of the -

- preceding ¢laims.

9. . The predictor of claim 8, wherein genes were

considéfed differentially expressed between two subtypes

"if the false discovery rate (FDR) is <0.001 and the

absolute,fold change is > 1.5.

10. The predictor of claim 8 or 9, wherein thé

predictor is based on the nearest template prediction.
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11. The predictor according to any one of claims 8

‘to 10, wherein a first of the three predictors comprises

a differentially expressed gene set comparing  the
differential expression between genes of the invasive
subtype versus the prdliferative -subtype as shown in

Figure 18.

12, Thé,predictor acdording to any one of claims 8
to 11, Wherein a second‘bf the three predictors comprises
a differentiélly"expressed gene = set comparing the
differential expression between genes of the. invasive
subtype versus the metabolic subtypeAas'shown in Figure

19.

"13. The prédictbr'according to aﬁy one of claims 8
to 12,'whereiﬂ a third of the three predictors comprises
a differentially expressed gene set éomparing the
differential .gxpressign betWeen geﬁes of the -
proliférativé ISubtypébi;éQSus ”Ehe ‘metabolic subtype as

shown in Eigure 20.

14. A method of classifying a patient based on the

patient’ s gene expression profile, wherein the patient is

‘suffering or suspected to suffer from gastric cancer, to =

one of the gastric cancer subtypes referred to in any one
of claims 1 to 7, wherein the method compfises:

~ assigning the gene expression profile obtained from
the patient to either the invasive‘ subtype, the
proliferative subtype or the metabolic subtype when two
of the thrée predictors as defined in any one of claims 8
to 13 make the same classification andvat léast one false

diécovery rate (FDR) is <0.05.
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15. The method according to, claim 14, wherein when
neither false discovery rate (FDR) is <0.05 or when all
three predictors make different classifications, the gene

expression profile sample is not classified.

16. A method for predicting response to treatment

in a: patient with gastric cancer, the method comprising

7assigningt the gene expression profile obtained from a

gastric tumor sample  from - the patient to either the

invasive 'subtype,- the proliferative subtype or the

‘metabolic subtype referred to in: any one of claims 1-7

when two of the three predictors as defined in any one'of

claims 8 to 13 make the same classification and at least

one false discovery rate (FDR) is <0.05.

17. The method of claim 16, wherein when the gene

‘expression profile. is assigned to the metaboiic subtype, .

the patient'is responsive to 5—flucrouraci1;

18.. The method of c¢laim 16, wherein when the gene

expression proflle 1s a551gned to the invasive subtype;'~

" the patlent 'is respon31ve to compoqnds selected to

inhibit the PI3K/AKT/mTOR pathway. N S e

19. A. method . of treating a patlent sufferlng or
suspected to suffer from gastric cancer :.comprising:

admlnlsterlng or- recommendlng or prescrlblng to the
patient an anti-cancer drug, ~or 1n1t1at1ng 4act1ve
treatment, specific for the gastric cancer subtype of the

patient referred to in any one of clalms 1-7.

20. A method of treating. a patient suffering or

suspected to suffer from gastric ‘cancer, comprising:
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a. determining the gestric cancerxsubtjpe of the
patient according to the method of any cne of claims. 14-
15; and ‘

b. administering or recommending or prescribing'to
the patient an anti-cancer drug, or initiating active
treatment, specific for the -gastric cancer subtype of

determined in step a.

21. The method of claim 20, wherein where the
gastric cancer subtype 1s determined to be the metabolic

subtype, the anti-cancer drug is 5-fluorouracil.

22. The method of claim 20, wherein where the
gastric cancer subtype is determined to be the invasive
subtype, ‘the anti-cancer drug is selected to. 1nh1b1t the

PI3K/AKT/mTOR pathway.

.23, Use of the'gastric cancer-suthpe of a patient
suffering or suspected to suffer from gastric canceri
determined according to the method of any one of claims
14- 15 to recommend or prescribe an anti- cancer drug or to
initiate = active treatment Spelelc _forrvsaid gastric

cancer subtype.

24. The use of claim 23, wherein where the gastric

cancer subtype is determined to be the metabolic subtype, -

the anti-cancer drug is S-fluorCuracil.

25. The use of claim 23, wherein where the gastric
cancer subtype is determined to be the invasive subtype,
the = anti-cancer drug is selected to inhibit the

PI3K/AKT/mTOR pathway.
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26. The method of claims 18 and 22 and the use of

claim 25, wherein the compound or anti cancer drug

' selected to ‘inhibit the PI3K/AKT/mTOR pathway is selected
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_from the group cons1st1ng of: 2 Methyl 2-{4-[3-methyl-2-

-.oxofs—(qulnollnjB—yl) -2,3-dihydro-1H- 1m1dazo[4 5-

'c]quinolin—ljyl]phenyl}propanenltrlle (BEZ235), 4,4°-(6-
(2- (difluoromethyl) -1H- benzo[d]lmldazol 1-y1)-1, 3 5- 'h
triazine-2,4- dlyl)dlmorphollne (ZSTK474), (E) N'F((Ge
brom01m1dazo[1,2ia]pyr1d1n-3-y1)methylehe)—N,2-d1methyl—
5—nitrobenzenesulfonohydrazide hydrochforide (PIK—75)/ 3-
[4- (4-Morpholinylpyrido[3',2':4, 5]furo[3 2- d]pyrlmldln 2-
y1]phenol :hydrochloride (PI- 103) 2- -Methyl- 2 -{4- [3—‘

methYl 2 -0x0-8-.(quinolin-3- yl)-2 3- dlhydro 1H-

1m1dazo[4 5- c]qulnolln 1- yl]phenyl}propanenltrlle

(BE2235), ' (S) -4-(2- (4*amino- 1,2,5- oxadlazol 3-yl)-1--
ethyl 7- (plperldln 3-ylmethoxy)-1H- 1m1dazo[4 5- c]pyrldln—
4-y1l)-2-methylbut-3-yn- 2-01 (GSK690693), 8-(4-(1
amihocyclobutyl)phenyl)—9—phenyl—8,9—d;hydro— |
(1,2,4]triazolo(3,4-£] [1_,6]naphthyridin 3(2H) -one
dihydrochloride (MK2206), and -6< (2 6- dlchlorophenyl)
_methyl 2-( (3~ (methylthlo)phenyl)amlno)pyrldo[2 3-

d] pyrimidin- 7 (8H) - -one (PD173955)

27. A computer readable ,medium having etored
therein a computer program comprising a eet of executable
instructiohe, when executed by a computer processor,
controIS‘the processor to.perform the method according to

any one of claims 14-15.

28. A computer program  comprising a set of .
executable instructions when executed by a computer
processor, controls the processor to perform the method

according to any one of claims 14- lSL
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