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Normal gastric mucosa 

Chronic gastritis 

Chronic atrophic gastritis 

Intestinal metaplasia 

Gastric carcinoma 

Other host and 
environmental 
factors 

Helicobacter pylori 

Helicobacter pylori and gastric carcinogenesis 



• Helicobacter pylori 
infection 
• Epstein Barr 
• Diet 
• Smoking 

Environment 
(Epi)Genetic  
alterations 

Gastric 
Carcinoma 

Gene-environment interaction 

  Risk of gastric cancer development 
 

H. pylori  virulent genotypes (vacA; CagA)          15 to 17 
IL-1 gene polymorphism     3.3 
H. pylori  virulence & IL-1B polymorphism  87 

Machado et al. Gastroenterology 
121: 823, 2001  
Figueiredo et al, JNCI 94: 1680, 
2002  

• Polymorphisms:  
  Mucin genes 
  Pro-inflammatory genes 
 
• Mutations in “low” or 
“high” penetrant genes 
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Classification of gastric 
cancer 

WHO – 4th Edition, 2010 
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4-1 Gastric carcinoma  
Gregory Y. Lauwers  
Fátima Carneiro  
David Y. Graham  
Maria-Paula Curado  
Silvia Franceschi  
Elizabeth Montgomery  
Masae Tatematsu  
Takenori Hattori  

4-1-02 - 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 WHO – 4th Edition, 2010 

Papillary Tubular 

Mucinous 

Poorly cohesive 

Mixed 

Poorly cohesive 
(signet ring cell) 



Intestinal carcinoma Diffuse carcinoma 

• Elderly patients, mainly males 
• Decreasing incidence everywhere 
• Blood-born metastases 

• Young patients, mainly females 
• Familial/hereditary conditioning 
• Dissemination to the peritoneum 
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Other classifications with  
putative prognostic value: 
 
- Goseki 
- Kodama 
- Carneiro 

However, one should keep in mind that  the most 

 important prognostic factor is staging 

 (in the stomach and other organs) 
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Sporadic  
cancer 

Hereditary  
cancer 

Molecular  
pathology 
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•Chronic gastritis 
•Intestinal metaplasia 
•Dysplasia 
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Helicobacter pylori 
infection 

Diffuse antral gastritis                                              Asymptomatic 
                                       90% 

  Multifocal atrophic gastritis                                            Asymptomatic 
                                           90% 

Host & environmental factors 

Duodenal ulcer 

Focal atrophy 

Gastric ulcer 

IM      Dysplasia     Gastric cancer   

IM 
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Chronic gastritis 

Antrum 

Incisura 

Body 

Gland atrophy and multifocal IM 
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Classification of chronic gastritis 
OLGA staging 

Rugge M et al. Dig Liver Dis 40: 650, 2008 
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Classification of chronic gastritis 
OLGIM staging 

Capelle L et al. Gastrointest Endosc 71: 1150, 2010 
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Progression of chronic atrophic gastritis  
associated with Helicobacter pylori  

infection increases risk of gastric cancer 
(Prospective study – mean follow-up: 7.7 years)  

Ohata H et al. Int J Cancer 109:138, 2004 

HP infection  _    +          +    _ 

CAG       _    _       +    + 
 
Gastric cancer 
Cases/incidence rate 0    19/107   24/238   2/871 
HR (95% CI)   _ (1)     7.13 (0.95-53.33)  14.51(1.96-107.70)   61.85 (5.60-682.64) 

p=0.0007 



Helicobacter  pylori  Eradication  to  Prevent  

Gastric Cancer in a High-Risk Region of China 
A Randomized Controlled Trial 
 

Prospective, randomized, placebo-controlled, population-based primary  

prevention study of 1630 healthy carriers of H. pylori infection 

 

Overall 

H. pylori eradication   7 gastric cancers 

Placebo     11 gastric cancers     p=0.33 

 

Patients without precancerous lesions on presentation 

H. pylori eradication  0 gastric cancers 

Placebo     6 gastric cancers     p=0.02 

Wong BC et al  JAMA  291: 187, 2004 
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Chronic superficial gastritis 

H. pylori infection 

H. pylori  

strain virulence 
(vacA s1, m1, cagA+) 

Host 

susceptibility 
(IL1B-511*T / IL1RN*2/*2) 

(TNFA-308*A) 

 

Intestinal metaplasia 

Dysplasia 

“Intestinal” carcinoma 

Chronic atrophic gastritis 

Enhanced chronic 

inflammatory response 

Normal mucosa 



Odze RD et al. Premalignant lesions of the digestive  
system. In: WHO Classification of Tumours of the  
Digestive System, Fouth Edition. Bosman FT, Carneiro  
F, Hruban RH and Theise ND (eds), IARC Press: Lyon,  
2010; Pp 10-12. 

Gastric dysplasia - WHO classification (2010) 
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LOW- AND HIGH-GRADE DYSPLASIA 

• Minimal architectural disarray  
• Mild/moderate cytological atypia  
• Nuclei are elongated, polarised,     
basally located 
• Mitotic activity is mild/moderate. 

• Pronounced architectural disarray  
• High nucleus:cytoplasm ratio 
• Numerous mitoses, often atypical  
• Nuclei frequently extend towards 
 the luminal half of the gland 
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MORPHOLOGIC TYPE 

• Columnar cells 
• Pencilate nuclei 
• Hipercromatic nuclei 

• Cuboidal cells 
• Oval, vesicular nuclei 
• Clear, eosinophilic cytopasm 
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HE 

CDX2 CD10 MUC2 

MUC6 MUC5AC 

Intestinal phenotype 
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HE 

CDX2 CD10 MUC2 

MUC6 MUC5AC 

Gastric/foveolar phenotype 
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Grade 
Immunophenotype  

p value 

Gastric (n=24) Intestinal(n=22) Hybrid(n=14) 

High grade  
(n=25) 

15* 
63% 

4 
18% 

6 
43% 

Low grade 
(n=35) 

9 
37% 

18 
82% 

8 
57% 

0.010 
* coexistent  intramucosal carcinoma in 8 cases 

Comparison between grade and immunophenotypes 

Gastric differentiation is associated with high-grade 
dysplasia and coexistence of intramucosal carcinoma. 

Baldaia H et al. Virchows Archiv 461 (Suppl 1): S7-S8, 2012 
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Helicobacter pylori associated gastritis 

“Intestinal” carcinoma Diffuse carcinoma 
(lessons from HDCG) 

What about diffuse gastric cancer 
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GASTRIC CANCER 
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 Sporadic (90%)  
 

 Familial Aggregation (10%) 
  Familial Gastric Cancer (FGC) 
  Familial Intestinal Gastric Cancer (FIGC) 
  Familial Diffuse Gastric Cancer (FDGC) 
 

 Hereditary (1%)* 
  Hereditary Diffuse Gastric Cancer (HDGC) 
 
* Most caused by E-cadherin alterations  
 

GASTRIC  CARCINOMA 
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Intramucosal signet ring cell (diffuse) carcinoma 



In situ (signet ring cell) carcinoma Pagetoid spread of signet ring cells: 
Two-layer structure: an inner layer composed of benign 

mucous cells and an outer layer of signet ring cells. 

Muc
osa 

Muscul
aris  
mucos
a Submu
cosa 

T1a Tis TNM 
stage 

A B 
Carneiro F, Charlton A, Huntsman D 

4th Edition of WHO book , 2010 
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Non-neoplastic mucosa 
with foveolar hyperplasia 

In situ signet ring cell 
carcinoma 

In situ signet ring cell 
carcinoma and pagetoid spread 

CDH1 germline mutation 

Inactivation of second allele of CDH1 

? 

Pagetoid spread of signet 
ring cell carcinoma 

Early invasive (intramucosal) 
signet ring cell carcinoma 

C D E A B 

Development model of HDGC 

Carneiro F et al . J Clin Pathol 61:25, 2008  
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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 



Proximal polyposis  
of the stomach 
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Proximal polyposis of the stomach: 
• Fundic gland polyps (predominant) 
• Hyperplastic (rare) 
• Adenomatous (rare) 
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Dysplasia in  
fundic gland polyps 
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Gastric Adenocarcinoma  
and Proximal Polyposis  

of the Stomach 
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V 

V 

Proband 

Dysplasia 

FGP 

FGP Gastric  
Adenocarcinoma 

Family 1 FGP 

FGPs in 20 family  members 
Dysplasia 
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Autosomal dominant 
pattern of inheritance  

for FGP. 
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Diagnostic criteria for GAPPS 
 
i) gastric polyps restricted to the body and fundus with no 

evidence of colorectal or duodenal polyposis;  
 
ii) >100 polyps carpeting the proximal stomach in the index case or 

>30 polyps in a first degree relative of another case;  
 
iii) predominantly FGPs, some having regions of dysplasia (or a 

family member with either dysplastic FGPs or gastric 
adenocarcinoma);  

 
iv) an autosomal dominant pattern of inheritance.  
 
 
Exclusions include other heritable gastric polyposis syndromes and use of 
PPIs. In patients on PPIs it is recommended to repeat the endoscopy off 
therapy. 
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 Sporadic (90%)  
 

 Familial Aggregation (10%) 
  Familial Gastric Cancer (FGC) 
  Familial Intestinal Gastric Cancer (FIGC) 
  Familial Diffuse Gastric Cancer (FDGC) 
 

 Hereditary (1%?) 
• Hereditary Diffuse Gastric Cancer (HDGC) 
 
• Gastric Adenocarcinoma and Proximal 

Polyposis of the Stomach – GAPPS (HIGC) 
 

Familial gastric cancer 
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Thanks for your attention 



YOUR SKILL AND COMMITMENT DESERVE RECOGNITION. JOIN 

ESMO: THE EUROPEAN REFERENCE FOR ONCOLOGY. 

 

For more information about ESMO please visit esmo.org 


