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1. Major histological types of gastric cancer and the variants with clinical 
relevance (WHO 2018)

2. Major molecular classifications of gastric cancer

3. Molecular targets for therapy
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Gastric cancer

Gullo I et al Pathobiology 2018; TCGA Nature 2014

Morphological heterogeneity Molecular heterogeneity

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

CIN
• Intestinal histology
•TP53 mutation
•RTK-RAS activation



WHO Classification of Tumours of the Digestive System, 
4th edition, 2010
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ICD-O Code 
Adenocarcinoma 8140/3  
Papillary adenocarcinoma 8260/3   
Tubular adenocarcinoma 8211/3   
Mucinous adenocarcinoma 8480/3   
Poorly cohesive carcinoma 8490/3 
(Signet-ring cell carcinoma  and variants)
Mixed carcinoma 8255/3

Papillary Tubular

Mucinous

Poorly cohesive

Mixed

Poorly cohesive
(signet ring cell)

WHO Classification of Gastric Carcinoma,4th edition, 2010



WHO-5th Edition –Editorial board



Histological classifications of gastric cancer
Laurén

(1965)

Nakamura

(1968)

JGCA

(2017)

WHO

(2018)

Intestinal Differentiated Papillary: pap

Tubular 1, well-differentiated: tub1

Tubular 2, moderately-differentiated: tub2

Papillary

Tubular, well-differentiated

Tubular, moderately-differentiated

Indeterminate Undifferentiated Poorly 1 (solid type): por 1 Tubular, poorly-differentiated (solid) 

Diffuse Undifferentiated Signet ring cell carcinoma (SRC): sig

Poorly 2 (non-solid type): por2

Poorly cohesive, SRC type

Poorly cohesive, NOS

Intestinal/diffuse/indeterminate Differentiated/

Undifferentiated

Mucinous Mucinous

Mixed Description according to the proportion

(e.g. por2>sig>tub2)

Mixed

Not defined Not defined Special type:

Adenosquamous carcinoma

Squamous cell carcinoma

Undifferentiated carcinoma

Carcinoma with lymphoid stroma

Hepatoid adenocarcinoma

Adenocarcinoma with enteroblastic

differentiation 

Adenocarcinoma of fundic gland 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

WHO, 5th edition



Histological classifications of gastric cancer
Laurén

(1965)

Nakamura

(1968)

JGCA

(2017)

WHO

(2018)

Intestinal Differentiated Papillary: pap

Tubular 1, well-differentiated: tub1

Tubular 2, moderately-differentiated: tub2

Papillary

Tubular, well-differentiated

Tubular, moderately-differentiated

Indeterminate Undifferentiated Poorly 1 (solid type): por 1 Tubular, poorly-differentiated (solid) 

Diffuse Undifferentiated Signet ring cell carcinoma (SRC): sig

Poorly 2 (non-solid type): por2

Poorly cohesive, SRC type

Poorly cohesive, NOS

Intestinal/diffuse/indeterminate Differentiated/

Undifferentiated

Mucinous Mucinous

Mixed Description according to the proportion

(e.g. por2>sig>tub2)

Mixed

Not defined Not defined Special type:

Adenosquamous carcinoma

Squamous cell carcinoma

Undifferentiated carcinoma

Carcinoma with lymphoid stroma

Hepatoid adenocarcinoma

Adenocarcinoma with enteroblastic

differentiation 

Adenocarcinoma of fundic gland 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



Histological classifications of gastric cancer
Laurén

(1965)

Nakamura

(1968)

JGCA

(2017)

WHO

(2018)

Intestinal Differentiated Papillary: pap

Tubular 1, well-differentiated: tub1

Tubular 2, moderately-differentiated: tub2

Papillary

Tubular, well-differentiated

Tubular, moderately-differentiated

Indeterminate Undifferentiated Poorly 1 (solid type): por 1 Tubular, poorly-differentiated (solid) 

Diffuse Undifferentiated Signet ring cell carcinoma (SRC): sig

Poorly 2 (non-solid type): por2

Poorly cohesive, SRC type

Poorly cohesive, NOS

Intestinal/diffuse/indeterminate Differentiated/

Undifferentiated

Mucinous Mucinous

Mixed Description according to the proportion

(e.g. por2>sig>tub2)

Mixed

Not defined Not defined Special type:

Adenosquamous carcinoma

Squamous cell carcinoma

Undifferentiated carcinoma

Carcinoma with lymphoid stroma

Hepatoid adenocarcinoma

Adenocarcinoma with enteroblastic

differentiation 

Adenocarcinoma of fundic gland 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

WHO, 5th edition



JGCA, Japanese Gastric Cancer Association (2017)

WHO classification (2018)

Poorly cohesive carcinoma, SRC Poorly cohesive carcinoma, NOS



Poorly cohesive carcinoma: mutational signatures

Heterogeneity of poorly cohesive carcinoma



Consensus on the pathological definition and classification of 
poorly cohesive gastric carcinoma



Histological classifications of gastric cancer
Laurén

(1965)

Nakamura

(1968)

JGCA

(2017)

WHO

(2018)

Intestinal Differentiated Papillary: pap

Tubular 1, well-differentiated: tub1

Tubular 2, moderately-differentiated: tub2

Papillary

Tubular, well-differentiated

Tubular, moderately-differentiated

Indeterminate Undifferentiated Poorly 1 (solid type): por 1 Tubular, poorly-differentiated (solid) 

Diffuse Undifferentiated Signet ring cell carcinoma (SRC): sig

Poorly 2 (non-solid type): por2

Poorly cohesive, SRC phenotype

Poorly cohesive, other cell types

Intestinal/diffuse/indeterminate Differentiated/

Undifferentiated

Mucinous Mucinous

Mixed Description according to the proportion

(e.g. por2>sig>tub2)

Mixed

Not defined Not defined Special type:

Adenosquamous carcinoma

Squamous cell carcinoma

Undifferentiated carcinoma

Carcinoma with lymphoid stroma

Hepatoid adenocarcinoma

Adenocarcinoma with enteroblastic

differentiation 

Adenocarcinoma of fundic gland 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)

The Cancer Genome Atlas (TCGA) project; 
Nature 2014



Molecular classification of gastric cancer (ACRG)

Asian Cancer Research Group. 
Cristescu R et al: Nature Medicine 21; 449, 2015



A protein and mRNA expression-based classification of 
gastric cancer

EBER

Ahn S et al. Am J Surg Pathol 41:106, 2017

Setia M et al. Mod Pathol 29:772, 2016



Molecular classification of gastric cancer

HER2
IHC

ISH



Evaluation of HER2 status



Evaluation of HER2 status 

Immunohistochemistry

In situ hybridization



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

Minimum biopsy set for HER2 evaluation



Differential expression of HER2 in gastric carcinoma and lymph 
node metastases

Putative impact on the therapeutic 
management and prognosis of the
patients

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



Blood born metastases
Poor prognosis

HER-2 amplification
in intestinal-type gastric carcinoma 

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

ASCO 2009 (LBA 4509)

Prognostic factor
NO  (44%)

YES (56%)

HER-2  in gastric carcinoma: prognostic and/or predictive factor

Predictive factor



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

• 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?)

It is not only the quality but also the quantity



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

•Individual tumours with similar clinical stage have different clinical outcomes.

Putative causes

•Heterogeneity of HER2 expression

•Presence of ERBB2/EGFR co-amplification

in the same tumour cells or even in the same

tumour cells.

•HER2 copy number in ctDNA

Resistance to HER2 targeted therapy in gastric cancer

Lee HE et.al. Eur J 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



27

Potential molecular targets in gastric cancer

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

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

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

KRAS
non druggable (?)

HER2

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

© University Cancer Center Leipzig (UCCL): Prof. Dr. Florian Lordick



Actionable gene-based classification by NGS toward precision 
medicine

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



Mismatch Repair Deficiency (MMRd)

Microsatellite Instability (MSI)

Next Generation Sequencing (NGS)

• Instability signatures

• Instability burden
(correlation with overall survival)

(Immunohistochemistry)

(Fluorescent Multiplex PCR)

MSI  in gastric carcinoma



MSI  in gastric carcinoma

Molecular marker of good 
prognosis in sporadic gastric 
cancer (caused by hMLH1

promoter hypermethylation)

Survival of patients



MSI and Prognosis

JAMA Oncol. 3(9):1197, 2017. doi:10.1001/jamaoncol.2016.6762



Science 28;357(6349), 2018; 409-413. doi: 10.1126/science.aan6733

The genomes of cancers deficient in mismatch repair (MMR)
contain exceptionally high numbers of somatic mutations.

In a proof-of-concept study, we previously showed that colorectal
cancers with MMR deficiency were sensitive to immune

checkpoint blockade with anti-PD-1 antibodies. We have
expanded this study to now evaluate efficacy of PD-1 blockade in

patients with advanced MMR-deficient cancers across 12 different
tumor types. […] These data support the hypothesis that the

large proportion of mutant neoantigens in MMR-deficient
cancers make them sensitive to immune checkpoint

blockade, regardless of the cancers’ tissue of origin.

MSI and immunotherapy



PD-1

Le DT et al Science 2017; Kulangara K Arch Pathol Lab Med. 2018; Kim ST Nat Med 2018

PD-L1 expressionMSI-high status

Predictive biomarkers 

Gastric cancer and immune checkpoint blockade



PD-1

Le DT et al Science 2017; Kulangara K Arch Pathol Lab Med. 2018; Kim ST Nat Med 2018

Predictive biomarkers EBV+ and MSI-high status

Gastric cancer and immune checkpoint blockade



EBV infection and MSI in gastric cancer



GASTRIC 

CANCER 
WITH 

LYMPHOID 

STROMA

The tumour microenvironment



EBV+ and MSI GCs displayed distinct transcriptomic signatures

MSI

EBV

Upregulated in EBV+ GCs
T-cell differentiation
Cytotoxic signalling
Pro-inflammatory cytokines/chemokines
Leukocyte migration 
Immune inhibitory checkpoint pathways

Upregulated in MSI GCs
DNA replication
Mitotic cell cycle

Unclustered analysis: differentially expressed (DE) genes 

Gullo I et al: Int J Mol Sci, 2018



Unclustered analysis: differentially expressed (DE) genes 

Upregulated in EBV+ GCs
T-cell differentiation
Cytotoxic signalling
Pro-inflammatory cytokines/chemokines
Leukocyte migration 
Immune inhibitory checkpoint pathways

Upregulated in MSI GCs
DNA replication
Mitotic cell cycle

GS
•Diffuse histology

•CDH1, RHOA mutations
•CLDN18-ARHGAP fusion
•Cell adhesion

CIN
• Intestinal histology

•TP53 mutation
•RTK-RAS activation

TCGA Nature 2014

MSI
•MSI-CIMP

•MLH1 silencing
•Hypermutation
•Mitotic pathways

EBV
•EBV-CIMP

•CDKN2A silencing
•PIK3CA mutation
•PD-L1/2 overexpression

•Immune cell signalling

Gullo I et al: Int J Mol Sci, 2018

EBV+ and MSI GCs displayed distinct transcriptomic signatures



Immunotherapy targets in EBV and MSI gastric cancers

CTLA4 PD-1 Dies1 PD-L1

Combination 
immunotherapies

Ribas A et al NEJM 2012

EBV+

MSI-high

PD-L1 protein expression

• Cancer cells: No differences 

• Immune cells: EBV+ showed higher expression than MSI-high cases (p=0.0052) 



Wei SC, Duffy CR, Allison JP. Cancer Discovery 
2018.  doi: 10.1158/2159-8290.CD-18-0367

Tumour types for which imune check point
immunotherapies are FDA-approved

James P. Allison and Tasuku Honjo

Discovery of cancer therapy by inhibition 
of negative immune regulation



Clinical relevance of molecular diagnosis



Baraniskin A et al. Eur J Cancer, 2017

Clinical relevance of molecular diagnosis



Take home lessons

1) Established predictive biomarkers, such as HER2 (anti-HER2 therapy 

benefits patients with unresectable or metastatic/recurrent HER2-positive 
GC, and HER2 testing is used to predict potential therapy response)

2) Biomarkers partly established and/or under development such as:

a. Receptor tyrosine kinases; 

b. MSI status and EBV infection;

c. Biomarkers for cancer immunotherapy (Tumour mutational load, 

density of intratumoural CD8+ T cell infiltrates and PD-L1 expression);

d. Two molecular subtypes (MSI-high and EBV + might be potential good 
candidates for immunotherapy targeting of the PD-L1/PD-1 axis).

Upfront molecular testing. Is it time yet?



Molecular pathology 
(spacial & temporal heterogeneity)

Genomics, 
epigenomics, proteogenomics

Integrated Molecular Pathology

Clinical phenotype

• 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

• Better understanding
• Translation to clinics



Thanks for your attention


