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Heterogeneity of gastric cancer




Histological classification of gastric cancer

Laurén
(1965)

Nakamura
(1968)

JGCA
(2017)

WHO
(2018)

Intestinal

Differentiated

Papillary: pap
Tubular 1, well-differentiated: tubl
Tubular 2, moderately-differentiated: tub2

Papillary
Tubular, well-differentiated
Tubular, moderately-differentiated

Adenosquamous carcinoma
Squamous cell carcinoma
Undifferentiated carcinoma
Carcinoma with lymphoid stroma
Hepatoid adenocarcinoma
Adenocarcinoma with enteroblastic
differentiation

Adenocarcinoma of fundic gland type

Indeterminate Undifferentiated Poorly 1 (solid type): por 1 Tubular, poorly-differentiated (solid)
Diffuse Undifferentiated Signet ring cell carcinoma (SRC): sig Poorly cohesive, SRC phenotype

Poorly 2 (non-solid type): por2 Poorly cohesive, other cell types
Intestinal/diffuse/indeterminate | Differentiated/ Mucinous Mucinous

Undifferentiated

Mixed Description according to the proportion Mixed

(e.g. por2>sig>tub2)
Not defined Not defined Special type: Histological variants:

Adenosquamous carcinoma
Squamous cell carcinoma
Undifferentiated carcinoma
Carcinoma with lymphoid stroma
Hepatoid carcinoma
Adenocarcinoma with enteroblastic
differentiation

Adenocarcinoma of fundic gland type
Micropapillary adenocarcinoma

*JGCA, Japanese Gastric Cancer Association {978-4-307-20375-3}. **Table prepared in collaboration with Prof. Ryoji Kushima, Japan




Molecular classification of gastric cancer (TCGA)

CIN

= TP53 mutation

= Intestinal histology

* RTK-RAS activation

>

E

EBV

= PIK3CA mutation

* PD-[ 1/2 overexpression
= EBV-CIMP

* CDKN2A silencing

= Immune cell signalling

* Hypermutation
= Gastric-CIMP
= MLH1 silencing

GS
« Diffuse histology
*CDH1, RHOA mutations
*CLON18-ARHGAP fusion
* Cell adhesion

» Mitotic pathways

MsI

ARTICLE oPEN

d0i:10.1038/nature13480

Comprehensive molecular characterization
of gastric adenocarcinoma

The Cancer Genome Atlas Research Network®

The Cancer Genome Atlas (TCGA) project; Nature 2014



Molecular classification of gastric cancer (ACRG)

ACRG gastric tumors ACRG gastric tumors
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A protein and mRNA expression-based classification
of gastric cancer

Gp1 (5%)
REMAINING [ EBV GC ] « strong association with PD-L1

*  beter survival

Gp2 (16%)
REMAINING MSI-H GC +associated with a lower fregquency of nodcl

metastasis
petter survival.
1 l |
Gp 3 (21%)
REMAINING AgtE:H?:;ﬂT * recognition of an aberrant pattern of E-cadherin
staining
E-CADHERIN « associated with Lauren Diffuse type GG
1
1 1
Gp 5 (T%): Gp4 (51%)
. MUCBQ‘J'ET m Agg:;'ﬂ-r = associated with higher Lymph node stage =N0
expression P53 P53 + associated with Lauren Intestinal type GC

Setia M et al. Mod Pathol 29:772, 2016
Ahn S et al. Am J Surg Pathol 41:106, 2017



Molecular classification of gastric cancer
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Evaluation of HER2 status

[Tissue sample from patient diagnosed with gastric cancer]

[ Perform HER2 test using IHC ]

|

!

!

!

{ )
Surgical Specimen
Strong, complete basolateral
or lateral membranous
reactivity in 210% of
tumor cells

Biopsy Specimen
Tumor cell cluster with
strong, complete basolateral
or lateral membranous
activity irrespective of
percentage of
tumor cells stained

,
Surgical Specimen l
Wealk to moderate, complete
basolateral or lateral
membranous reactivity in
=10% of tumor cells

Biopsy Specimen
Tumor cell cluster with weak
to moderate, complete
basolateral or lateral
membranous activity
irrespective of percentage of
tumor cells stained

Surgical Specimen
Faint or barely perceptible
membranous reactivity in
=10% of tumor cells; cells
reactive only in part of their
membrane

Biopsy Specimen
Tumor cell cluster with
faintor barely perceptible
membranous reactivity
irrespective of tumor cells
stained

Surgical Specimen
No reactivity or
membranous reactivity
in <10% of tumor cells

Biopsy Specimen
No reactivity
in any tumor cells

v

v

y

v

| IHC 3+ positive

I | IHC 2+ equivocal |

IHC 1+ negative

IHC 0 negative

v

v

No further ISH

Perform ISH testing

testing required

v

v

|No further ISH testing required |




Evaluation of HER2 status

Immunohistochemistry

In situ hybridization



Intratumoral heterogeneity (ITH) of HER2
status in gastric cancer

i Whole sections : M SRRSO ST i |1 , <0 i FISH

Kanayama K et al; Cancer Sci 107: 536, 2016




Intratumoral heterogeneity (ITH) of HER2

Gullo I, Carneiro F, Dias K, Tan P, 2018



HER?2 status in gastric cancer (prognostic and/or

_ YES (56%)
Prognostic factor

NO (44%)
HER-2 amplification
in intestinal-type gastric carcinoma

Blood born metastases
Poor prognosis

David L et al; Mod Pathol 5:384, 1992
Barros-Silva J et al; Br J Cancer 100: 487,2009

ToGA Trial

HER-2 overexpression in 22% of advanced gastric cancers; improved survival in patients treated
with with trastuzumab



HER?2 status in gastric cancer (prognostic and/or
oreditive factor?)

Cellular Oncology 32 (2010) 57-65
DOI 10.3233/CLO-2009-0497
[0S Press

HER?2 expression in gastric cancer:

Rare, heterogeneous and of no prognostic
value — conclusions from 924 cases of two
independent series

Heike Grabsch®*, Shivan Sivakumar®, Sally Gray ®, Helmut E. Gabbert ¢ and Wolfram Miiller ¢

* HER2 expression is not related to gastric
cancer patient prognosis and only a very
small subgroup of intestinal type GC may
potentially respond to HER2 targeting
therapy.




HER2 status in gastric cancer (prognostic
and/or preditive factor?)

Level of HER2 Gene Amplification Predicts Response and
Overall Survival in HER2-Positive Advanced Gastric Cancer
Treated With Trastuzumab

It is not only the quality but also the quantity



HER2 expression in hepatoid adenocarcinoma and
gastric carcinoma with enteroblastic differentiation

Fujimoto M et al. J Clin Pathol 2018. doi: 10.1136/jclinpath-2017-204928



Differential expression of HER2 in gastric
carcinoma and lymph node metastases

e Putative impact on the
therapeutic management and
prognosis of the patients

leni A et al. Int J Mol Sci 2014. doi: 10.3390/ijms151222331



Minimum biopsy set for HER2 evaluation

i 97%

—— Sensitivity —o— Specificity

u L] L] L] T ; L] T T T T
1 2 3 4 5 =3 7 B 2 10
Mumber of virtual biopsies

Gastric Cancer

AR N “Minimum biopsy set for HER2 evaluation

Endosc Int Open. 2015 Apr;3(2):E165-70
doi: 10.1055/5-0034-1391359

Five biopsy specimens from the proximal part of the tumor
reliably determine HER2 protein expression status in gastric
cancer

Tominaga N et al. Gastric Cancer 2016. doi: 10.1007/s10120-015-0502-3.



Gastric cancer therapy in stage IV gastric
cancer

IHC score 0/1 IHC score 2 IHC score 3

Lordick F, Janjigian YY. Nat Rev Clin Oncol. 2016 Jun;13(6):348-60



Resistance to HER2 targeted therapy in gastric
cancer

e Patients initially respond to HER2 targeted therapy but eventually become
resistant to treatment.

* Individual tumours with similar clinical stage have different clinical
outcomes. . e ——

Putative causes
* Presence of ERBB2/EGFR co-amplification
in the same tumour cells or even in the same
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WETHER-amgited MET-EGFA-apited MET-HERD- EGFR-ampified

tumour cells.
e HER2 copy number in ctDNA

Lee HE et.al. EurJ Cancer 2013; Kim J et al J Clin Invest 2014; Kwak EL et al Cancer Discov 2015; . Wang et al. Eur J Cancer 2018, 88: 92-100



Interaction with CDH1

* Evidence points to B-catenin as
a common link between the
HER2 overexpression and the
E-cad repression in influencing
EMT, the metastatic process,
and outcome

Int J Mod Sci 2018, 19: 47. doi: 10.3390/ijms19010047




The putative role of gasdermin

GSDMB and its splice variant in epithelial cell pyroptosis

Pyroptosis and release of cytokines No pyroptosis or release of cytokines
®
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T t | exone
*
35DMB gene —i—HHHH-HHHH H—HHHH

www.impactjournals.com/oncotarget/ Oncotarget, Vol. 7, No. 35

* splice variant rs11078928-

Research Paper
Gasdermin B expression predicts poor clinical outcome in

HER2-positive breast cancer

Marta Hergueta-Redondo', David Sarrio!, Angela Molina-Crespo’, Rocio Vicario?,
Cristina Bernadod-Morales?, Lidia Martinez!, Alejandro Rojo-Sebastian®, Jordi
Serra-Musach?, Alba Mota'?, f\ngel Martinez-Ramirez®, Maria f\ngeles Castilla’,
Antonio Gonzalez-Martin®, Sonia Pernas’, Amparo Cano!, Javier Cortes”'’, Paolo
G. Nuciforo'!, Vicente Peg'’, José Palacios’!'?, Miguel Angel Pujana’, Joaquin
Arribas?®'', Gema Moreno-Bueno'-*



The putative role of gasdermin-Porto data
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Evaluation of HER2 status (currently)

HER2 Testing in Gastric Cancer: Algorithm for Clinicians

Biopsy or resection
specimen from
primary or

metastatic sites
should be used.

Altarnative: FNA
specimens (cell

blocks) may be
used.

. COLLEGE of AMERICAN STRONGERTOGETHER
HLE PATHOLOGISTS Americas Secity of Clinisal Orwclogy




Evaluation of HER2 status (currently)

Contents lists available at ScienceDirect

Digestive and Liver Disease

journal homepage: www. Europcan Journal of Cancer B6 (2017) 305—317

Available online at www._sciencedirect.com
The multidisciplinary management of gas “ = ; ScienceDirect
tumours

European Society of Digestive Oncology (1 _
and report from the 16th ESMO World Co ] SFVIER
Cancer, Barcelona

journal homepage: www.gjcancer.com

J.-L. Van Laethem?-*, F. Carneiro®, M. Ducreux®, H. Me Review
W.H. Allum#2, K. Haustermans", C. Lepage’, T. Matysic
A. Cervantes™, E. Van Cutsem?, Ph. Rougier®, Th. Seu (Clinical relevance of molecular diagnostics in (!) oML

gastrointestinal (GI) cancer: European Society of
Digestive Oncology (ESDO) expert discussion and
recommendations from the 17th European Society for
Medical Oncology (ESMO)/World Congress on
Gastrointestinal Cancer, Barcelona

Alexander Baraniskin “*, Jean-Luc Van Laethem ", Lucjan Wyrwicz ©,
Ulrich Guller Y, Harpreet S. Wasan °, Tamara Matysiak-Budnik ',
Thomas Gruenberger £, Michel Ducreux ", Fatima Carneiro ',

Eric Van Cutsem ', Thomas Seufferlein ', Wolff Schmiegel *-'-*



Evaluation of HER2 status (currently)

Table 1

Brief summary of the recommendations.

Tumor entity Molecular genetic marker Recommendation
Oesophageal and HER?2 status Part of standard diagnostics
gastric adenocarcinoma HER2 status re-testing For patients with metastatic or recurrent cancer when
initially HER2-neg. or borderline low/1—2+/FISH negative
Liguid biopsy in HER2-testing Not enough data, not recommended In routine use
MSI Recommended for stage IV alone
EBV in tissue Not recommended in routine use
PD-L1 expression Not reccommended in routine use
FGFR expression/gene fusions Not recommended in routine use

Brief summary of the recommendations.

Tumor entity

Molecular genetic marker

Recommendation

Oesophageal and

HER?2 status

gastric adenocarcinoma HER2 status re-testing

Liquid biopsy in HER2-testing
MSI

EBV in tissue

PD-L1 expression

FGFR expression/gene fusions

Part of standard diagnostics

For patients with metastatic or recurrent cancer when
initially HER2-neg. or borderline low/1=2+4/FISH negative
Not enough data, not recommended in routine use
Recommended for stage IV alone

Not recommended in routine use

Not recommended in routine use

Not recommended in routine use

Esophageal SCC

Molecular diagnostic

No biomarkers are recommended in routine use

Baraniskin A et alEur J Cancer, 2017



Potential molecular targets in gastric cancer

Anti-EGFR
negative phase-3: EXPAND, REAL3

Lordick et al. Lancet Oncol 2013
Waddell et al. Lancet Oncol 2013

Anti-MET

negative phase-3: MetMab, RiloMet

Shah et al. ASCO 2015

Cunningham et al. ASCO 2015 =72/193 (37.3%)
antl'FGFR mFGFR2 mKRAS mERBB2 mEGFR OIMET

BRTK/RAS Absent

preliminary phase-2: Shine
Bang et al. ASCO 2015

KRAS
non druggable (?)
HER2

positive phase-3: ToGA
Bang et al. Lancet 2010

Deng N, et al. Gut 2012;61:673-84



Actionable gene-based classification by NGS toward
precision medicine

Table 1 Frequent gene alterations in 207 Japanese gastric cancers

Mumber Mutation Frequency  SCMA Alteration Frequency
gene gene

1 TP53 53.1% ERBEB2 ARP 12.1%
2 ARICTA 1559 CCMNET ARP 680
3 CDHT 14.0% KRAS AR 5.8%
4 BRCAZ 10.6% ZNF217 AR 5.8%
5 ARIDIE 10.1% CDKN2A CEL 5304
& ATM 70 CDKNZB CEL 5304
7 PIK3CA 879 GATAS AbAR 4304
8 APC 8294 MYC AbAR 2484
o ACVR24 72% COCND3 ARP 1.9%
10 CHD2 630 cD274 ARP 1.9%
1 KMT20r 6304 CDKs ARP 1.9%;
12 RNF43 5.8% EGFR ARP 1.9%;
132 EPHAZ 5.8% FGFR2 AR 1.9%4
14 TGFERZ 530 JAK2 AR 1.9%4
15 FLCN 4304 GRS AR 1.994
18 PALBZ 4304 CCND1 AR 1.484
17 PTPRT 4304 MET ARAP 1484
13 RADSO 4304 HSPROABT  AMP 1484
19 BRCAT 3.9% SN CEL 149
20 STK11 3.9% TEK CEL 149

* NGS can uncover familial mutations
such as CDH1 and BRCAZ2 and allow
providers to identify patients that
need further testing for germline
mutations

Genome Med. 2017;9: 9.. doi: 10.1186/s13073-017-0484-3




Comprehensive molecular testing with NGS

e |s feasible \,

* Provides a platform %@(ect pql‘@nts towards novel

molecularly targ

 May identify potent|a§ nisms of resistance to
such therapies

* Can uncover famlllal mutations such as CDH1 and
BRCAZ2 and allow to identify patients that need
further testing for germline mutations



Evaluation of HER2 status (future) — liquid
biopsies

 HER2 copy number of circulating tumour DNA as a
biomarker to predict and monitor trastuzumab
efficacy in advanced gastric cancer



Evaluation of HER2 status (future) — Combined
I/IS

Evaluation of both gene and the protein
status in the same cancer cell and may
be of particular interest for research and

patient’s care.

Gene/protein

Werner et al. Journal of Translational Medicine 2014, 12:160
http://www.translational-medicine.com/content/12/1/160

RESEARCH Open Access

The validation of a novel method combining
both HER2 immunohistochemistry and HER2
dual-colour silver in situ hybridization on one
slide for gastric carcinoma testing

Dominigue Werner't, Achim Battmann®, Kristina Steinmetz', Tobin Jones®, Tiffany Lamb® Michele Martinez*,
Hans-Michael Altmannsberger® and Salah-Eddin Al-Batran'

ﬂ”ﬁ’-\» JOURNAL OF
TRANSLATIONAL MEDICINE



Upfront molecular testing. Is it time yet?

IHC score 0/1

www.impactjournals.com/oncotarget/ Oncotarget, Vol. 6, No. 26

Upfront molecular testing in patients with advanced gastro-
esophageal cancer: Is it time yet?

Sameh Mikhail', Kristen Ciombor!, Anne Noonan?, Christina Wu!, Richard
Goldberg!, Weiqiang Zhao?, Lai Wei?, Kristina Mathey!, Melissa Yereb', Cynthia

Timmers', Tanios Bekaii-Saab*



Integrated Molecular Pathology

Molecular pathology Genomics,
(spacial & temporal heterogeneity) epigenomics, proteogenomics

Clinical phenotype

* Better understanding
* Translation to clinics

* Lloyd M et al: Pathology to enhance precision medicine in oncology: Lessons from landscape ecology. Adv Anat Pathol 22: 267, 2015
* Salto-Tellez M & Kennedy M:Integrated molecular pathology: the Belfast model. Drug Discovery Today 20: 1451, 2015



Thanks for your attention






Evaluation of HER2 status

1. In patients with GEA who are potential candidates for HER2-targeted therapy, the treating clinician should request HER2 testing
on tumor tissue.

Strong

2. Treating clinicians or pathologist should request HER2 testing on tumor tissue in the biopsy or resection specimens (primary or
metastasis) preferably before the initiation of trastuzumab therapy if such specimens are available and adequate. HER2 testing on
FNA specimens (cell blocks) is an acceptable alternative.

Recommendation

3. Treating clinicians should offer combination chemotherapy and HER2-targeted therapy as the initial treatment for appropriate
patients with HER2-positive tumors who have metastatic or recurrent GEA.

Recommendation

4. Laboratories/pathologists must specify the antibodies and probes used for the test and ensure that assays are appropriately Strong
validated for HER2 IHC and ISH on GEA specimens.

5. When GEA HER2 status is being evaluated, laboratories/pathologists should perform/order IHC testing first followed by ISH Strong
when IHC result is 2p (equivocal). Positive (3p) or negative (0 or 1+) HER2 IHC results do not require further ISH testing.

6. Pathologists should use the Ruschoff/Hofmann method in scoring HER2 IHC and ISH results for GEA. Strong

7. Pathologists should select the tissue block with the areas of lowest grade tumor morphology in biopsy and resection specimens.
More than 1 tissue block may be selected if different morphologic patterns are present.

Recommendation

8. Laboratories should report HER2 testing results in GEA specimens in accordance with the CAP “Template for Reporting Results Strong
of HER2 (ERBB2) Biomarker Testing of Specimens From Patients With Adenocarcinoma of the Stomach or Esophagogastric

Junction.”

9. Pathologists should identify areas of invasive adenocarcinoma and also mark areas with strongest intensity of HER2 expression Strong
by IHC in GEA specimens for subsequent ISH scoring when required.

10. Laboratories must incorporate GEA HER2 testing methods into their overall laboratory quality improvement program, Strong

establishing appropriate quality improvement monitors as needed to ensure consistent performance in all steps of the testing and
reporting process. In particular, laboratories performing GEA HER2 testing must participate in a formal proficiency testing
program, if available, or an alternative proficiency assurance activity.

11. There is insufficient evidence to recommend for or against genomic testing in patients with GEA at this time.

No recommendation



