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Global incidence (a) and mortality (b)
for different types of cancer in 2015.

Epidemiological data
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Over 1 million estimated new cases annually, )
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Mortality is high, making it the third most

common cause of cancer related deaths, with :
784,000 deaths globally in 2018.
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Epidemiological data

The incidence of gastric cancer
is two times higher in males than in females.

Hotspots of incidence and mortality for
gastric cancer exist in Europe, and Australia/New
Zealand.

The average age of people when they are
diagnosed is 68.

Despite declining incidence rates in most
countries, clinicians can expect to see more
gastric cancer cases in the future due to aging
populations.

Male Female

AustraliaMes Zealand
VWestern Ewrope
Sauthern Euape
Marthern Ewrape

More developed regions
Central and Eastern Euwape
Morthern Amenca
Micronesia

Eastermn Asia

World

Caribbean
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Melanesia

Ceniral America
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Complex Disease Pathogenesis

§ High salt
H pylori i Smoki Antioxidant : :
§g i eiosconbl] e e Injury to the gastric mucosa has also been
: .
S8 observed to cause metaplastic changes
—
2
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A AAT | SEEENE
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Tan et al. Gastroenterology. 2015
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Risk factors of Gastric Cancer

‘v

GASTRIC CANCER

inflammation, s

infection, and tumors Genetic Susceptibility - SNPs

« Interleucina-1 (IL-1)
« Tumor Necrosis Factor (TNF)

Environmental Factors

- Helicobacter pylori

« Epstein-Barr virus

« High alcohol consumption
« Smoking

« Diet

Genetic Factors

Sporadic Gastric Cancer
« Chromosomic instability
« Microsatellite instability

Hereditary Gastric Cancer (<3%)
« Hereditary Nonpolyposis Colorectal

Cancer (HNPCQ) ch . . . l
« Hereditary Diffuse Gastric Cancer ® -nanges In epigenetic profie
(HDGC) « Somatic genetic mutations

« Polymorphisms (SNPs)

Ramos et al. Rev. Assoc. Med. Bras. 2018
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Environmental factors in GC

Helicobacter pylori

Carcinogenic effect through the CagA protein (immunogenic antigen).
100% of infected Asian and 70% of US patients express the CagA protein.

CagA activates a signaling cascade, either SHP2, Abl, or Src kinases, within
the gastric cancer cell.

Polymorphisms of the CagA protein are associated with the development
and incidence rate of gastric cancer.

Upregulation of various pro inflammatory cytokines such as IL-8 and COX
leading to chronic inflammation and cancer development.

Secretes the VacA toxin, a compound which can suppress T-cell responses,
allowing lesions to form with little push back from the immune system.

Individuals with eradication of H. pylori infection had a lower incidence of
GC.

Sexton et al. Cancer Metastasis Rev. 2020
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Environmental factors in GC

Epstein Barr virus (EBV) has also been shown to influence GC progression in a subset
of cases (10%).

* Only CD21"igh cells are vulnerable to EBV infection - B cells and follicular dendritic
cells, but also T cells.

* Prompts methylation of the host genome, imbalance of
the cellular signaling pathway, generation of a tumor
microenvironment of infected gastric epithelial cells.

* EBV-positive gastric cancer may respond to immune
checkpoint therapy.

* Is now considered a unique molecular subtype of gastric
cancer and is associated with good prognosis in patients.

o~

(

(8.8%)

* Prevalence in males

+ Frequently located at

fundus and body

« EBV-CIMP
« CDKN2A silencing

« JAK2, CD274,

PDCD1LG2 and
ERBB2 amplification

« PIK3CA mutation (80%

subtype) inactivating in
the kinase domain (exon
20)

* ARID1A (55%) and

BCOR (23%) mutations

* Inmune cell signaling

Kenrichment

Sexton et al. Cancer Metastasis Rev. 2020
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Histological classification of GC

Traditionally, GC classification has been based on |INTESTINALtype | DIFFUSEtype |

histopathological and morphological features. Environmental Familial
Gastric atrophy, Intestinal metaplasia  Blood type A

Lauren classification (1965): M2E h=M
Increasing incidence with age Younger age group
|. intestinal-type gastric cancer (IGC)—53%,
) ) 0 Gland formation Poorly differentiated
Il. dlffuse_type gastrlc cancer (DGC) - 33%" Hematogenous spread Transmural, lymphatic spread
Ill.  mixed/indeterminate subtypes — 14%.
/ yp tumor Microsatellite instability Decreased E-cadherin (CDH1 gene) cell )

SUPPressor  Apc gene mutation adhesion
gene

Inactivation of tumor suppressor genes p53, p16

These subtypes besides differing in terms of risk factors they display a distinct clinical prognosis, where patients
with DGC typically experience poor prognosis, poor response to treatment and lower overall survival.

Lauren P. Acta Pathol Microbiol Scand. 1965 8



Histological classification of GC
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Issues of Histological classification of GC

* Current histopathologic systems can sometimes influence endoscopic or surgical choices, they remain insufficient to guide precise
treatments for individual patients.

* A greater understanding of the molecular changes associated with gastric cancer is needed to guide surgical and medical therapy.

* Traditional classifications can provide indications about the treatments based on morphology but are unable to identify actionable
molecular targets.

Can be used to guide patient selection for targeted therapy, identifying alterations with a higher impact on
outcome based on available strength of evidence.

Overall concordance in histological classification between pathologists®

Pathologist 2 Biopsy and surgical specimens

Total

Intestinal type Diffuse type Other Intestinal Diffuse
Pathol t1 - . .
atoledss Sensitivity 85% 87%
Intestinal type 42 5 3 50 . R
Specificity 81,1% 91%
Diffuse type 7 27 4 38 . .
False positive 13% 21%
Cther 2 0 2 4
False negative 15% 12,9%
Total 50 32 10 92

+ % Observed concordance = (42 + 27 + 2)/92 = 77%. k coefficient = 0.59 (95% CI, 0.44-0.73)
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Molecular classification by TCGA

The Cancer Genome Atlas (TCGA) network

New perspectives both for patient stratification and trials
of targeted therapies.

TCGA classification (>290 primary tumors of the stomach):

1)
2)
3)
4)

EBV-positive tumors - 9%;
tumors with micro-satellite instability (MSI) - 22%;
genomically stable (GS) tumors - 20%;

tumors with Chromosomal INstability (CIN 50%),
which show marked aneuploidy and focal
amplification of receptor tyrosine kinases.

CIN
* |ntestinal histology
* TP53 mutation
* RTK-RAS activation

GS
¢ Diffuse histology
* CDH1, RHOA mutations
* CLDN18-ARHGAP fusion
¢ Cell adhesion

EBV
* PIK3CA mutation
* PD-L 1/2 overexpression
* EBV-CIMP
* CDKN2A silencing
* [mmune cell signalling

MSI
* Hypermutation
* Gastric-CIMP
* MLHT1 silencing
* Mitotic pathways

The Cancer Genome Atlas Research Network. Comprehensive molecular characterization of gastric adenocarcinoma. Nature. 2014
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Molecular classification by TCGA
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Probability

Probability

Clinical implications
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Prognostic

significance, with EBV
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the best prognosis,
and GS with the

worst.

Benefit of chemotherapy among patients with each subtype of GC.
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Prognosis associated with each of the 4 subtypes of GC in 2 independent patient cohorts
Patients in the MDACC cohort (A) and SMC cohort (B) were stratified by subtype recurrence-free survival
(RFS) and overall survival (OS) were plotted for each subtype.

Sohn et al. Clin Cancer Res. 2017

13



Molecular classification by ACRG

The Asian Cancer Research Group (ACRG) analyzed 300 gastric tumor samples by 2 molecular platforms and identified 4

subsets of patients:

1) MSI (23%). Best prognosis.
(1) (23%) prog

2) MSS/EMT (micro-satellite stability/EMT, 15%). The majority of subjects (>80%) in this subtype are diagnosed at stage Ill/1V
(2) MSS/EMT ( y/EMT, jority j yp g g ,

highest chance of recurrence (63%).

(3) MSS/p53+ (p53 active, 26%). Best overall prognosis after MSI subtype.
(4) MSS/p53- (p53 inactive, 36%). Highest prevalence of p53 mutations.

Cristescu R, et al. Nat Med. 2015

ACRG GC subtypes

(¢ Mesenchymal-like (EMT)

™ : B\ (
Microsatellite-unstable (MSI)

- Predominantly diffuse type
histology

- Worst prognosis with highest
recurrence

- Diagnosed at an earlier age

- Loss of CDH1 with lower mutation
events compared to other groups

- Hypermutated intestinal-type

histology

- Most tumors present in the antrum
- Best prognosis with low recurrence

- Frequently mutated genes:

- KRAS

- PIBK/PTEN-mTOR pathway
- ALK

- ARID1A

- Loss of MLH1

TP53-active

- Intermediate prognosis and

recurrence compared to EMT / MSI

- High frequency of EBV infection

- Frequently mutated genes:

-APC
-ARID1A
- KRAS

- PIK3CA
- SMAD4

TP53-inactive

- Intermediate prognosis and

recurrence compared to EMT / MSI

- Frequently mutated genes:

- P53
- CSKN1A
- MDM2

14




The effect of the cohort

TCGA cohort (n = 204)

Lei et al. D Mesenchymal | D Metabolic . Proliferative
ACRG [l MssEmT . MS! I Vvssiss [l MsSips3-
Ohet al. D Mesenchymal D Epithelial

'l esv [l ms M cn

ACRG cohort (n = 300)

Lei et al.
ACRG
Oh et al.

EEEEEEE = 1IN R NiEEE R Sl i
[] unknown

FIGURE 2 Distribution of the various transcriptomic-based (Lei et al,?? Asian Cancer Research Group [ACRG], Oh et al*®) and The
Cancer Genome Atlas (TCGA)-based subtypes in two independent cohorts. A strong overlap is observed among the Lei et al mesenchymal
subtype, ACRG microsatellite stable with epithelial-mesenchymal transition phenotype (MSS/EMT) subtype and Oh et al mesenchymal
phenotype subtype. TCGA genomically stable (GS) subtype is comparatively more homogenous in TCGA cohort and overlaps largely with

the transcriptomic-based mesenchymal subtypes, unlike in the ACRG cohort. CIN, chromosomal instability; EBV, Epstein-Barr virus; MSI,
microsatellite instability

Ho et al. Cancer Science. 2019
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Using the intrinsic cell properties of GC - omics

Epigenomics

» Hypermethylation silencing
of tumour suppressors

+ CIMP subtype®

» Enhancer dysregulation and
alternative promoter usage

Genomics

" DNA methylation

Histone tail modifications

Genetic alterations

+ EBV, MSI, CIN and GS™

cycle regulators

« Recurrent mutations (e.g. TP53, ARID1A, PIK3CA, RHOA)
« Genomic amplifications of RTKs, transcription factors, cell

» Chromosomal rearrangements (e.g. CLDN18-ARHGAP26)

Transcriptomics

+ MSI, MSS/EMT, MSS/p53+ and
MSS/p53-'4

* G-INT and G-DIF?!

* Mesenchymal, proliferative and
metabolic??

* Immune, stem-like and epithelial®*

+ Mesenchymal (MP) and epithelial (EP)*

mRNA transcripts

l Translation

Proteomics/proteogenomics

+ Proliferation, immune response,
metabolism and invasion®

« PX1 - 3, related to cell cycle, EMT
and immune response respectively?

Ho et al. Cancer Science. 2019
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Genomics of familial GC

1-3% of patients with gastric cancer have germline
mutations.

Hereditary forms of gastric cancer can be
subdivided into three groups:

hereditary diffuse type gastric cancer (HDGC;
autosomal dominant; <1% all gastric cancer);

familial intestinal gastric cancer (autosomal
dominant transmission of fundic gland

polyposis);

gastric adenocarcinoma with proximal
polyposis of the stomach (autosomal
dominant).

Oliveira C, et al. Lancet Oncol. 2015

Clinical criteria Genetic screening Alterations described
Hereditary diffuse Two or more cases of gastric cancer, one confirmed case of diffuse gastric  Sequending of (DH1 coding Mutations throughout the
gastric cancer cancer in someone younger than 50 years; sequences; CDH1 gene and deletions

Three or more confirmed diffuse gastric cancer cases in first-degree or Multiplex ligation-dependent  mainly implicating flanking

second-degree relatives, independent of age of onset; probe amplification (large (DHI  untranslated regions;

Diffuse gastric cancer before age 40 years without a family history; rearrangements);

Personal or family history of diffuse gastric cancer and lobular breast Sequencing of CTNNAI coding  One germiline truncating

cancer, one of which must be diagnosed before age 50 years sequences mutation in CTNNAT
Gastric Gastric polyps restricted to the body and fundus with no evidence of No screening available No inherited inherited
adenocardnoma and  colorectal or duodenal polyposis; mutations so far
proximal polyposis  More than 100 polyps carpeting the prosdmal stomach in the index case or
of the stomach more than 30 polyps in a first-degree relative of another case;

Mainly fundic gastric polyps, some with regions of dysplasia (or a family tumor CEI/

member with either dysplastic fundic gastric polyps or gastric 0 0

adenocarcdinoma); nvasion

Autosomal dominant pattemn of inheritance;
Exclusions indude other heritable gastric polyposis syndromes and use of
proton-pump inhibitors*

Familial intestinal Two or more cases of gastric cancer in first-degree or second-degree No screening available No inherited inherited
gastric cancer relatives, with at least one confirmed case of intestinal histology in mutations so far
someone younger than 50 years;
Three or more confirmed cases of intestinal gastric cancer in first-degree or
second-degree relatives, independent of age

*Proton-pump inhibitors can induce a phenotype similar to that of gastric adenocarci and proximal polyposis of the stomach. Patients taking these drugs should
undergo a repeat endoscopy off-therapy to confirm diagnosis of gastric adenocarcinoma and praximal polyposis of the stomach.

Table 1: Clinical criteria, recommended screening, and inherited alterations of familial gastric cancer syndromes
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Gene mutation profile of GC

';:'1. ' Translational Effect
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g 3l W Non Symymeon
. . . i :T-.B &3 'u JI ll -I: [ 1| ﬂiﬂ.: | UI?E : q ‘i J' |li!rl 51. : .i' E\. lilml ] EI l n K: ! ‘
Capture-based NGS panel including 612 cancer-associated e g Doy W1y bl ,'sl 8 Fro
. ] . 1 1 J!l L | Inni ! y I‘[
genes T A S AR W . gl oo
e P e | (et
it I' : r e Iy 5 ' L.V % N in Frame Ins
o e o -1 .
3 ] ] ] v i Splice Site
. . . ! ' 41! : B Missers: Mutsion
153 gastric cancer patients : i . S 'l " ' !ES:II:
1 | . E ! z T s
. :I n " L} :n ' ! ' &

6 s 2 0

35 significantly mutated genes, such s _Em":"i“
as TP53, AKAP9, DRD2, PTEN, CDH1, LRP2 (novel) Sample n=153
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19



Novel gene mutations = biomarkers?

Top five most frequently mutated genes were AKAP9 (14.94%), DRD2 (14.29%), ATM (11.69%), NOTCH2 (10.39%) and LRP2 (10.39%).

i LDL receptor-related proteins (LRPs) are receptors involved in endocytosis,
DRD2 gene encodes the D2 subtype of the dopamine . . . :
cell-signaling, and trafficking of other cellular proteins.

receptor. LRP2 was the only LRP for which high levels of mRNA expression correlated

. _ _ with improved patient survival.
Dopamine (DA), a neurotransmitter, has an important

role in tumor progression.

a é 6 H303P
g
Previous studies indicated prominence of DR signaling E 1
in human cancer development and progression. § 0 —
tm
= ¢
. ) . * 0 100 200 300 400
Dopamine D2 receptor regulates invasion and b2
migration of GC cells via inhibition of the = :
EGFR/AKT/MMP-13 pathway. E
N L] L] L] L ] o o L] L ] e o L]
A
R "
High expression of DRD2 is correlated with poor S e e s DR IL ’(E:ﬂ
. 0 1000 2000 3000 4000 4655a
p rog nosis Of G C : The proportion of mutations and protein structure of a DRD2 and LRP2 (b)

Basu S, et al. Endocrine. 2000
Huang H, et al. Int Inmunopharmacol. 2016
Mu J, et al. Oncol Lett. 2017 20

Cai et al. Journal of Translational Medicine. 2019
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