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• lists each of the syndromes discussed in this chapter
• summarizes key information about the disease/phenotype, pattern of inheritance, causative 

gene(s), and normal function of the encoded protein(s). 

Some of the syndromes included in the table are not discussed in detail in this chapter because of space limitations.

Genetic tumour syndromes of the digestive system



Familial/hereditary Gastric Cancer
– three main syndromes –

• Hereditary Diffuse Gastric Cancer 
HDGC - CDH1 germline mutations mainly

• Gastric Adenocarcinoma and Proximal Polyposis of the Stomach
GAPPS - APC promoter germline mutations

• Familial Intestinal Gastric Cancer 
FIGC - No cause identified to date

Oliveira C et al, Lancet Oncol 2015

Guilford P et al, Nat Genetics 1998

Worthley et al, Gut 2012

Caldas and the IGCLC, JMG 1999



Maori kindred

Guilford P et al. Nature 392:402,1998

E-cadherin gene
(CDH1) *germline 

mutations

Hereditary Diffuse
Gastric Cancer (HDGC)

*Gene map locus: 16q22.1 (MIM ID +192090)

http://www.ncbi.nlm.nih.gov/Omim/getmap.cgi?l192090
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Hereditary Diffuse Gastric Cancer (HDGC)



Van Der Post, Gullo I et al. Adv Exp Med Biol 2016

Decreased membranous Dotted pattern

Cytoplasmic Absent

E-CADHERIN EXPRESSION

Hereditary Diffuse Gastric Cancer



Oliveira et al; Lancet Oncology  16(2):e60-70, 2015



In situ SRCC

Consultation case

Intramucosal carcinoma (T1a)



1998/2002

Guilford et al , Nat Genet 1998
Gayther et al, Cancer Res 1999
Oliveira et al, Hum Mutat 2002
Oliveira C et al, EJC 2004
Oliveira C et al, HMG 2009
Pinheiro H et al, HMG 2010
Pinheiro H et al, HMG 2012
Majewsky IJ et al, J Pathol 2013
Gaston D et al. PLoS Genet 2014 
Hansford S et al, JAMA Oncol 2015
Vogelaar IP et al, Fam Cancer 2015
Donner I et al, Fam Cancer 2015
Oliveira et al, Lancet Oncol 2015
Vogelaar IP et al, EJHG 2017
Weren RDA et al, JMG 2018
Sahasrabudhe et al, Gastroenterology. 2017
Fewings E et al, Lancet Gastroenterol Hepatol. 2018 

CTNNA1  (~10 families)
PALB2 (very rare) 
TP53 (very rare)
BRCA2 (very rare)
ATM (rare; controversial)
MAP3K6 (rare; controversial)
STK11 (very, very rare)
MYD88 (very rare; controversial)

Targeted DNAseq and Exome 
seq in hundreds of probands
identified few new candidate 

genes

2018

?

Screening 
of CDH1 

alterations 
adopted 

worldwide

CDH1 inactivation mechanism in HDGC families with clinical utility

IGCLC 
criteria 

validation



E-cadherin schematic representation demonstrating its major domains 

in relation to the 50 pilot variants curated by an Expert Panel

Clinically actionable variants (P, LP) are shown in the top; VUS, LB, 

and B variants are shown in the bottom. TM = transmembrane domain.

Human Mutation, 2018



MORPHO-MOLECULAR MODEL OF PATHOGENESIS

?

“1st HIT”

CDH1 germline

inactivation

“2nd HIT”

CDH1 somatic inactivation 

(promoter methylation, LOH, 

mutations, intragenic deletions)

Hereditary Diffuse Gastric Cancer



E-Cadherin

“1st HIT”

CDH1 germline

inactivation

“2nd HIT”

CDH1 somatic inactivation 

(promoter methylation, LOH, 

mutations, intragenic deletions)

MORPHO-MOLECULAR MODEL OF PATHOGENESIS

Hereditary Diffuse Gastric Cancer

Carneiro F et al J Pathol 2004; WHO Classification of Tumours. Digestive System Tumours (2019)



Carneiro F et al J Pathol 2004; WHO Classification of Tumours. Digestive System Tumours (2019)
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CDH1 germline 

inactivation

“2nd HIT”

CDH1 somatic inactivation 

(promoter methylation, LOH, 

mutations, intragenic deletions)

MORPHO-MOLECULAR MODEL OF PATHOGENESIS
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Carneiro F et al J Pathol 2004; WHO Classification of Tumours. Digestive System Tumours (2019)

Precursor lesions Intramucosal SRCC

“In situ” SRCC Pagetoid spread of SRCs

MORPHO-MOLECULAR MODEL OF PATHOGENESIS

Hereditary Diffuse Gastric Cancer



MORPHOLOGIC SPECTRUM

Gullo I et al. Histopathology 2020

Hereditary Diffuse Gastric Cancer



MORPHOLOGIC SPECTRUM

Gullo I et al. Histopathology 2020

MUC5AC KI67 MUC6

Hereditary Diffuse Gastric Cancer



“AGGRESSIVE” PHENOTYPE

Linitis plastica (“leather bottle” stomach) in a CDH1 carrier

Hereditary Diffuse Gastric Cancer



“AGGRESSIVE” PHENOTYPE

Ki67 p53 p16

Hereditary Diffuse Gastric Cancer



MORPHO-MOLECULAR MODEL OF PATHOGENESIS

“Indolent” 

early HDGC 

“Aggressive” 

advanced 

HDGC 

Ki67

Ki67

p53

p53

HE

HE

pSrc pStat3 p16

Gullo I et al Gastrointestinal Endoscopy. 2018

Hereditary Diffuse Gastric Cancer



HETEROGENEITY OF CLINICAL PHENOTYPE

* Suriano G et al Hum Mol Genet 2003; Oliveira C et al Eur J Cancer 2004; Kaurah P et al JAMA 2007; More H et al Hum Mutat 2007; Molinaro V et al Genes Chromosomes Cancer 2014
† Suriano G et al  J Mol Med (Berl) 2006; Vecsey-Semjen B et al Oncogene 2002

Germline variant: 

c.1901C>T (p.Ala634Val) - rare*, missense, pathogenic†

Gullo I et al Gastrointestinal Endoscopy. 2018

Hereditary Diffuse Gastric Cancer

ulcerated mass (4cm) 

Biopsy specimen
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Clear/glassy cell change

PAS-D

Hereditary Diffuse Gastric Cancer

HISTOLOGIC MIMICS OF SIGNET RING CELLS



Hereditary Diffuse Gastric Cancer

HISTOLOGIC MIMICS OF SIGNET RING CELLS !

Globoid change and vacuolisation of superficial epithelium



HISTOLOGIC MIMICS OF SIGNET RING CELLS !

Pseudo-SRC associated with chronic gastritis

Hereditary Diffuse Gastric Cancer



HISTOLOGIC MIMICS OF SIGNET RING CELLS !

Carcinoma-like signet-ring cells in gastric MALT lymphoma

Zamboni G et al. Am J Surg Pathol. 1996 May;20(5):588-98

Hereditary Diffuse Gastric Cancer



HISTOLOGIC MIMICS OF SIGNET RING CELLS !

PAS-D

Xanthoumatous cells NET

Russel-body gastritis Artifactual change

Hereditary Diffuse Gastric Cancer



HISTOLOGIC MIMICS OF SIGNET RING CELLS !Hereditary Diffuse Gastric Cancer



HISTOLOGIC MIMICS OF SIGNET RING CELLS !

ER

LBC DGC

ER HNFA4
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GCDFP-15

GATA3

Hereditary Diffuse Gastric Cancer



Blair V et al. Lancet Oncol 2020; 21: e386–97

International Gastric Cancer Linkage Consortium



Blair V et al. Lancet Oncol 2020; 21: e386–97

CDH1 testing

CTNNA1 testing



Hereditary Diffuse Gastric Cancer



PROPHYLACTIC TOTAL GASTRECTOMY SPECIMENS

Hereditary Diffuse Gastric Cancer

Gullo I et al Gastrointestinal Endoscopy. 2018

New Zealand 
Charlton A et al Gut 2004

Blair V et al Clin Gastroenterol Hepatol 2006

Europe and USA
Lim YC et al Gastrointest Endosc 2014; Barber ME et al J Pathol 2008

Rogers WM et al Am J Surg Pathol 2008 ; Fujita H et al Am J Surg Pathol 2012

Variability of number and spatial distribution of the cancer foci
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New Zealand 
Charlton A et al Gut 2004

Blair V et al Clin Gastroenterol Hepatol 2006

Europe and USA
Lim YC et al Gastrointest Endosc 2014; Barber ME et al J Pathol 2008

Rogers WM et al Am J Surg Pathol 2008 ; Fujita H et al Am J Surg Pathol 2012

Variability in 2nd hit mechanism?

Role of environmental factors?

Helicobacter pylori infection?

PROPHYLACTIC TOTAL GASTRECTOMY SPECIMENS

Hereditary Diffuse Gastric Cancer

Gullo I et al Gastrointestinal Endoscopy. 2018

Variability of number and spatial distribution of the cancer foci



PROPHYLACTIC TOTAL GASTRECTOMY SPECIMENS

Hereditary Diffuse Gastric Cancer

Gold standard

Total-embedding protocol and thorough 

histopathological examination of the entire gastric 

mucosa

Spoto CPE, Gullo I et al Semin Diagn Pathol. 2018



Rocha J, Gullo I et al Histopathology 2018

HANDLING PTG SPECIMENS

Hereditary Diffuse Gastric Cancer



Rocha J, Gullo I et al Histopathology 2018

p<0.001

HANDLING PTG SPECIMENS

Hereditary Diffuse Gastric Cancer



HANDLING PTG SPECIMENS

Hereditary Diffuse Gastric Cancer

Blair V et al. Lancet Oncol 2020; 21: e386–97



• The definition of HDGC and HLBC is based on the presence of pathogenic germline

CDH1/CTNNA1 variants. 

• Total embedding protocol is the gold standard workup for correct identification and 

staging of HDGC lesions.

• HDGC in CDH1 carriers is heterogenous, in terms of clinical presentation, 

morphology and immunophenotypic profile. 

• The clinical course and progression of HDGC is unpredictable: total gastrectomy is 

still the recommended strategy to prevent aggressive disease.

• The “aggressive” phenotype (aberrant p53 expression, high Ki-67 proliferative index) 

should be reported by the pathologist as it strongly predicts advanced disease.

Hereditary Diffuse Gastric Cancer
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Gastric Adenocarcinoma and Proximal Polyposis of the Stomach (GAPPS): 
a new autosomal dominant syndrome.

Worthley  et al; Gut 61:774-779, 2012

Intestinal carcinoma



Mutations were excluded 
in the following genes:

• APC
• MUTYH
• CDH1
• SMAD4
• BMPR1A
• STK11
• PTEN





• Gastric Adenocarcinoma 
• Fundic Gland Polyposis 



Fundic gland-type polyp

De Boer WB and Kuamarasinghe MP: Am J Surg Pathol .2018 Jan;42(1):1-8.

Inverted foveolar hyperplasia

Foveolar adenoma



Repak R et al: Gastrointestinal EndoscopyDOI: 10.1016/j.gie.2016.06.023

Mixed gastric carcinoma

More recently, another GAPPS family in Europe

GAPPS (Gastric Adenocarcinoma and 
Proximal Polyposis of the Stomach )

IGCC-0038 & IGCC-1172: 8 families from Czech Republic





The American Journal of Human Genetics (2016), 
http://dx.doi.org/10.1016/j.ajhg.2016.03.001

The genetic defect is now identified



APC: Genotype – Phenotype correlations

Pro

Severe FAP 
(the colon is

the main target)
Attenuated FAP
(colon & stomach
are the targets)

GAPPS
(the stomach is

the single target)



Clinical criteria                                WHO 2019

Essential criteria 1. Phenotypic features:

- Proximal (body and fundus) gastric polyposis with antral 

sparing. No evidence of colorectal or duodenal polyposis*

- >100 polyps carpeting the proximal stomach in the index case 

or >30 polyps in a first-degree relative of another case

- Predominantly fundic gland polyps (FGP) and/or fundic gland-

like polyps 

2. Proband or family member with either dysplastic FGPs or gastric 

adenocarcinoma 

3. Mutation in the chr5: 112,043,220–12,043,224 region of 

promoter 1B of APC**,***

Supportive criteria
(families in whom genetic 

testing  could be considered)

1. Family history (autosomal dominant pattern of inheritance)

2. Spectrum of other histological lesions: hyper-proliferative 

aberrant pits (HPAPs), hyperplastic polyps, gastric type 

adenomas
*Exclusions include other heritable gastric polyposis syndromes and use of PPIs. In patients on PPIs it is recommended 
to repeat the endoscopy off therapy 
** The point mutations that segregate with GAPPS (c.-191T>C, c.-192A>G and c.-195A>C) are all positioned within the 
Ying Yang 1(YY1) binding motif of the APC gene.
*** FAP has also been caused by these mutations. Although criteria for GAPPS means there is no colorectal polyposis, 
testing for 1b promoter variants should still be considered for patients with FAP that are APC negative - especially if 
they also have FGPs.



Genotype or Phenotype – What matters most in 
GI cancers?

BOTH

Hereditary Gastric Cancer Syndromes
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