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Lauren Classification

Lauren. Acta Pathol Microbiol Scand 1965



Ma et al. Oncol Lett 2016

Intestinal Type GC Diffuse Type GC

Macroscopy Well circumscribed, 

antrum > corpus

Poorly circumscribed, 

corpus > antrum

Histology Glandular (or solid), cell 

adhesion, often in 

association with intestinal 

metaplasia

Non-cohesive tumour cell

growth, lack of cell 

adhesion, signet-ring cell 

carcinomas

Clinical characteristics Elderly patients, male > 

female, more prevalent in 

high-risk areas

Younger patients, female 

> male, more prevalent in 

low-risk areas

Aetiology Helicobacter pylori 

(Correa’s cascade)

Chronic inflammation, 

HDGC

Metastasis Liver > peritoneum Peritoneum > liver

Biomarkers CDX-2 (MUC2), MSI,

HER2

CDH1 (loss of E-

cadherin), MSS



WHO Classification

Pathology and Genetics of Tumours of the Digestive System, 3rd

edition (Hamilton SR & Aaltonen LA) IARC Press 2000



WHO Classification

WHO Classification of Tumours of the Digestive System, 4th edition 

(Bosmann FT, Carneiro F, Hruban RH, Theise ND) IARC Press 2010



WHO Classification

WHO Classification of Tumours of the Digestive System, 4th edition 

(Bosmann FT, Carneiro F, Hruban RH, Theise ND) IARC Press 2010

 Poorly cohesive carcinomas are composed of neoplastic cells that 

are isolated or arranged in small aggregates. These encompass:

 Signet-ring cell type is defined as a tumour composed predominantly 

or exclusively of signet-ring cells, characterized by a central optically 

clear, globoid droplet of cytoplasmic mucin with an eccentrically placed 

nucleus

 Other cellular variants of poorly cohesive carcinoma include tumours 

composed of neoplastic cells resembling histiocytes or lymphocytes; 

others have deeply eosinophilic cytoplasm; some poorly cohesive cells 

may show irregular bizarre nuclei

 Mixed carcinomas display a mixture of discrete morphologically 

identifiable glandular /tubular/papillary) and signet-ring/poorly 

cohesive cellular histological components (any component should 

be reported)  



Kwon et al. Histopathology 2018



Kwon et al. Histopathology 2018



Mariette et al. Gastric Cancer 2019



Mariette et al. Gastric Cancer 2019

Upcoming WHO Classification

„Poorly cohesive carcinoma (PCC) 

can be of either signet-ring cell type 

(composed predominantly or 

exclusively of signet-ring cells) or

non-signet-ring cell type (PCC-NOS)“



A potential pitfall…



Gastric ulceration 

suspicious for malignancy

PAS 

Poorly cohesive 

adenocarcinoma?

Better do keratin 

staining!



Gastric ulceration 

suspicious for malignancy

PAS 

Keratin Keratin (2nd antibody) 



Gastric ulceration 

suspicious for malignancy

Keratin Keratin (2nd antibody) 

Keratin 

Poorly cohesive 

adenocarcinoma?

Better do additional 

staining!



Gastric ulceration 

suspicious for malignancy

Keratin 

Final diagnosis:

epitheloid (keratin 

positive) GIST

PDGFRalpha 

mutation positive

DOG-1 CD117 



Towards a molecular 

classification of gastric 

cancer…



Tan & Yeoh. Gastroenterology 2015



Cancer Genome Atlas Research Network. Nature 2014



Cancer Genome Atlas Research Network. Nature 2014



Cristescu et al. Nat Med 2015

ACRG: Asian Cancer Research Group



Cristescu et al. Nat Med 2015



Cristescu et al. Nat Med 2015



Cristescu et al. Nat Med 2015



Setia et al. Mod Pathol 2016

PD-L1

HER2



Ahn et al. Am J Surg Pathol 2017

EBER-ISH

MLH1

E-Cadherin

EBV

MSI

CIN GS

positivenegative

aberrantnormal

aberrantnormal



Ahn et al. Am J Surg Pathol 2017

EBER-ISH

MLH1

E-Cadherin

EBV

MSI

p53 GS

positivenegative

aberrantnormal

aberrantnormal

CIN/MSS    

normal p53

CIN/MSS 

aberrant p53

aberrantnormal



Ahn et al. Am J Surg Pathol 2017



Ahn et al. Am J Surg Pathol 2017
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Duraes et al. Virchows Arch 2014



Rüschoff et al. Mod Pathol 2012



Rüschoff et al. Mod Pathol 2012

The „magnification rule“ should be 

used to assess HER2 positivity



Rüschoff et al. Virchows Arch 2010



Rüschoff et al. Mod Pathol 2012



HER2 Testing 

Algorithm

Immunohistochemistry

Trastuzumab

therapy

Trastuzumab

therapy

(F)ISH 

confirmation

Rüschoff et al. Mod Pathol 2012

Biopsy specimens   

≥5 cohesive cells

Resection specimens  

≥ 10% of cells

20 cohesive cells 

showing highest gene 

count (ratio ≥ 2.0)

“Herceptin (trastuzumab) should only be used in patients with metastatic gastric 

cancer (adenocarcinoma  of stomach and gastrooesophageal junction) whose 

tumours have HER2 overexpression as defined by IHC2+ and a confirmatory 

FISH+ result, or IHC 3+, as determined by an accurate and validated assay” 



Rüschoff et al. Mod Pathol 2012



Rüschoff et al. Mod Pathol 2012



Kanayama et al. Cancer Sci 2016



Kanayama et al. Cancer Sci 2016



Bartley et al. J Clin Oncol 2017



Bartley et al. J Clin Oncol 2017



Bartley et al. J Clin Oncol 2017



Hughes et al. Trends Immunol 2016



Kawazoe et al. Gastric Cancer 2016



Kawazoe et al. Gastric Cancer 2016



Kawazoe et al. Gastric Cancer 2016

MSI-H 

GC

EBV pos 

GC



Kawazoe et al. Gastric Cancer 2016



Ma et al. Am J Surg Pathol 2016

A, Diffuse membranous PD-L1 staining in 

an MSI cancer. 

B, Membranous PD-L1 staining at the 

invasive front in an MSI cancer. The 

dashed line in each photomicrograph 

indicates the invasive front of the 

tumor/tumor-stroma interface. 

C, Membranous PD-L1 staining in 

immune infiltrates in an EBV/MSS cancer. 

D, Negative/no PDL1

staining in tumor cells and immune 

infiltrates in an EBV/MSS cancer.



Ma et al. Am J Surg Pathol 2016



Ma et al. Am J Surg Pathol 2016



De Rosa et al. Cancers 2018



Kim et al. Am J Surg Pathol 2019



Kim et al. Am J Surg Pathol 2019



Kim et al. Am J Surg Pathol 2019



Kulangara et al. Arch Pathol Lab Med 2019



Kulangara et al. Arch Pathol Lab Med 2019



Polom et al. Br J Surg 2018



Smyth et al. JAMA Oncol 2017



Smyth et al. JAMA Oncol 2017



Choi et al. Ann Surg 2018 [Epub ahead of print]



Choi et al. Ann Surg 2018 [Epub ahead of print]



Choi et al. Ann Surg 2018 [Epub ahead of print]
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Gastric Cancer in Hereditary 

Cancer Syndromes

Syndrome Genetic alteration

Lynch syndrome (HNPCC) Mismatch repair genes (MLH1, 

MSH2, MSH6, PMS2)

Li-Fraumeni syndrome TP53

Familial adenomatous polyposis 

(FAP)

APC

Hamartomatous polyposis 

syndromes

 Peutz-Jeghers syndrome

 Juvenile polyposis 

 STK1 (LKB1)

 SMAD4 / BMPR1A



Familial / Hereditary 

Gastric Cancer

Syndrome Genetic alteration

Hereditary Diffuse Gastric Cancer  

(HDGC)

CDH1 (mainly)

Gastric Adenocarcinoma and 

Proximal Polyposis of the 

Stomach (GAPPS)

APC promoter

Familial Intestinal Gastric Cancer

(FIGC) 

Unknown



Hereditary Diffuse Gastric 

Cancer (HDGC)



Hereditary Diffuse Gastric 

Cancer (HDGC)



Hereditary Diffuse Gastric 

Cancer (HDGC)



Hereditary Diffuse Gastric 

Cancer (HDGC)



Hereditary Diffuse Gastric 

Cancer (HDGC)

PAS



Hereditary Diffuse Gastric 

Cancer (HDGC)



Pagetoid spread of signet-

ring cells (pTis)

Signet-ring cell carcinoma 

in situ (pTis)

HDGC Precursor Lesions

Carneiro F et al. WHO Classification 2010



Oliveira et al. Lancet Oncol 2015



Van der Post et al. Adv Exp Med Biol 2015



Van der Post et al. J Med Genet 2015



Worthley et al. Gut 2012



Li et al. Am J Hum Genet 2016



De Boer et al. Am J Surg Pathol 2018



De Boer et al. Am J Surg Pathol 2018



 Poorly cohesive carcinoma (PCC) comprises different 

phenotypes (signet-ring cell vs. PCC-NOS) with different 

molecular background and behaviour

 Gastric carcinoma with lymphoid stroma is related to EBV 

infection or microsatellite instability (MSI-H). Tumours harbour 

cytotoxic T-cells and often show PD-L1 positivity (compare 

below)

 Different types of clinically relevant molecular subtypes have 

been described (TCGA, ACRG etc). Assessment can be done 

by immunohistochemistry and in situ hybridization

 HER2 assessment needs to be done following international 

Guidelines (Rüschoff et al.); select the best differentiated 

areas (intestinal morphology) for testing

Take Home Messages I



 EBV-positive or microsatellite instable (MSI-H) gastric cancers 

are potential candidates for tumor immunotherapy as they 

harbor the highest PDL-1 positivity rates

 Potential responders may also be identified among EBV-

negative and MSS/MSI-L cancers (intestinal>diffuse): PDL-1 

assessment needs to be done applying the CPS Score

 Neoadjuvant chemotherapy may have a negative effect on 

patients with MSI-H gastric cancer (post hoc analysis from 

MAGIC trial) → MMR/MSI testing on pretreatment biopsies

 Gastric cancer may occur within distinct hereditary cancer 

syndromes (e.g. Lynch syndrome, Peutz-Jeghers syndrome) 

and also distinct hereditary gastric cancer syndromes,

including HDGC and GAPPS 

Take Home Messages II



Thank you very much for

your kind attention!

Cord Langner MD

Institute of Pathology 

Medical University of Graz / Austria 

cord.langner@medunigraz.at

European Network of Gastrointestinal Pathology

www.medunigraz.at/ENGIP

www.facebook.com/ENGIP

Advanced Training Center of Gastrointestinal Pathology

European Society of Pathology

http://www.medunigraz.at/ENGIP
http://www.facebook.com/ENGIP
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