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Nota explicativa 

A presente tese está escrita em inglês na sua quase totalidade pelo facto de o 

Professor Franco Roviello ter sido co-orientador dos trabalhos nela apresentados. 
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1. INTRODUCTION 

 

1.1 Incidence and mortality  

 

Until recently, GC was the second most common cancer worldwide, but 

now, with an estimated 934,000 new cases per year in 2002 (8.6% of new cases), 

it is in fourth place behind cancers of lung, breast and colon and rectum. 

Moreover, it is the second most common cause of death from cancer (700,000 

deaths annually) [1].  

Almost two-thirds of cases occur in developing countries and 42% in China 

alone. The geographical distribution of GC is characterized by wide international 

variations; high-risk areas include East Asia (China and Japan), Eastern Europe, 

and parts of Central and South America. Incidence rates are low (<10 per 100,000 

in men in Southern Asia, North and East Africa, North America, and Australia and 

New Zealand) (figure 1). Patterns in woman are broadly similar to those in men [1].  

Although it has been suggested that GC is rare in Africa [2], the incidence in 

Central (Middle) Africa is not low [3], with an estimated age standardized rate in 

women (12.6 per 100,000) similar to that in Easter Europe [1]. 

 

 

Figure 1.  Worldwide distribution and incidence of gastric cancer; Japan, China and Eastern 
Europe are the higher incidence areas for gastric carcinoma. Data shown per 100,000 by gender. 
(Adopted from “Global Cancer Statistics, 2002”; CA A Cancer J Clin 2005, 55,74-108). 
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In Europe GC represents the fifth cancer most common, after colon and 

rectum, breast, lung and prostate, with an incidence of 149,000 per year; 

respectively 89,000 for male and 59,000 for female genders. Mortality rate for GC 

is 116,000, in men 69,000 and in woman 47,000 [4] (figure 2). The highest 

European risk area for GC is the Eastern zone with an incidence of 49,000 for 

male and 21,000 for female (Belarus area) [4]. Portugal and Italy represent one of 

the most high risk areas for stomach cancer, in particular respectively with 

incidence in 2008 of 28,300 for male and 12,800 for female and in Italy with 

incidence of 22,100 for male and 11,300 for female. Mortality rate for stomach 

cancer in Portugal is 22,000 for male and 10,000 for female and in Italy 14,000 for 

male and 7,000 for female. Moreover, the estimated number of new cancer cases 

in 2008 was in Portugal about 170 for male and 100 for female, and in Italy about 

910 for male and 630 for female; its mortality was in Portugal of 140 for male and 

90 for female, and in Italy 600 for male and 430 for female [4].  In Italy, Tuscany 

and the central regions are considered the highest risk areas for stomach cancer 

with a mortality rate of 4,2/10,000 inhabitants (2002; The Italian National Institute 

of Statistics-ISTAT) (figure 3).  
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Figure 2.  Estimated numbers of cancer cases and cancer deaths in European countries (in 
thousands) (Adopted from “Estimated cancer incidence and mortality in Europe in 2008”; Eur J 
Cancer 2010, 46:765-781). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  Mortality rate for gastric carcinoma in Italy. Tuscany region, in particular the province of 
Siena, are the higher risk-area for GC (adopted from www.istat.it). 
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1.2 Pathologic classification 

a) Early GC 

a.1) Macroscopic aspects. Early GC is a malignant epithelial neoplasm 

limited to the mucosa and submucosa. It can be divided into 2 groups: 

intramucosal and submucosal carcinoma, both likely to produce lymph node 

metastases. In eastern countries, where people undergo screening for the early 

diagnosis of GC, early gastric carcinoma reaches a percentage of 30-50%. In 

western countries where screening is not performed, the figure decreases to 16-

24%. The follow up of dysplastic lesions does not appear to influence the 

prevalence of early GC. Most early carcinomas are located in the distal section of 

the stomach and these tumors are divided into three main types according to their 

endoscopic appearance: a) type I (protruding), b) type II (superficial), c) type III 

(excavated) (figure 4) [5]. 

 

 
Figure 4.  Early GC, type IIb. Arrows indicated the tumoral area. 

 

a.2) Histologic classification. Early carcinomas of type I (protruding) are 

often well differentiated, intestinal-type carcinomas with tubular or papillary 

formations. Type II carcinomas histologically correspond to intestinal carcinomas, 

ranging from well to poorly differentiated ones. Early carcinomas of type III can be 

intestinal or diffuse. Kodama has divided intramucosal carcinomas in small 

mucosal carcinomas (<4cm SM) and superficial carcinomas (>4cm= SUPER) [6]. 

Both these types of intramucosal carcinoma can be strictly confined to the mucosa 

(small mucosa M and superficial M) or focally infiltrate the submucosa. In the 

penetrating variant (which includes two subcategories, Pen A e Pen B) the 
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invasion of the submucosa is more extensive than in the two variants mentioned 

before. Pen A is characterised by infiltration of the submucosa along the whole 

margin of the neoplasia. Pen B, on the other hand, is the more frequent of the two 

and penetrates muscularis mucosa discontinuously at multiple sites. The 

prognosis is worse in Pen carcinomas than in small mucosal and superficial ones 

and Pen A is the subcategory presenting the least favourable evolution of all. 

Kodama's classification agrees with the theory according to which the frequency of 

lymph node metastases depends on the depth of infiltration of the mucosa and 

submucosa. The incidence of metastases in intramucosal carcinomas is 4% while 

it increases to 17% in early carcinomas infiltrating the submucosa. In spite of these 

probabilities of developing metastases, early carcinomas have a more favourable 

prognosis than advanced carcinomas. Five years after gastrectomy patients with 

early carcinomas have a survival rate of 80% which decreases to 20% in patients 

with advanced gastric carcinoma.  

Other histologic types of gastric carcinoma are a) mucinous carcinoma 

(mucoid, gelatinous), b) adenosquamous carcinoma and squamous carcinoma c) 

hepatoid carcinoma, d) parietal cell carcinoma, e) lymphoepithelioma-like 

carcinoma (undifferentiated carcinoma with plentiful lymphoid stroma), and f) 

carcinosarcoma.  

 

b) Advanced GC.  

b.1) Macroscopic aspects. These carcinomas infiltrate the gastric wall 

beyond the submucosa. They are mainly located in the distal stomach, in the 

antro-pyloric region or along the lesser curvature while they are less frequent in 

the body of the stomach. Carcinomas originating in the cardia or at the junction of 

the cardia and the oesophagus are increasingly frequent and are generally smaller 

in size than tumours of the distal stomach. Advanced carcinomas are divided into 

4 macroscopic types according to the criteria proposed by Borrmann: a) polypoid, 

b) fungating, c) ulcerated; d) infiltrative (figure 5, 6). 
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Figure 5.  Macroscopic classification of early and advanced GC. 

 

 

 

 
Figure 6.  Ulcerated and advanced gastric adenocarcinoma; Borrman IV. Arrows indicated the 
tumoral area. 
 

 

According to the Japanese classification of gastric carcinoma [5], GC can 

be macroscopically categorised into five types: a) type 0 (superficial), b) type 1 

(polypoid), c) type 2 (ulcerated), d) type 3 (ulcerated/infiltrating), e) type 4 

(diffusely infiltrating). 
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b.2) Histologic classifications. The most widely used histological 

classification is the Lauren classification, which classifies advanced carcinomas 

according to 3 different types [6]: a) intestinal, b) diffuse (signet-ring cell 

carcinoma), c) mixed (presence of both intestinal and diffuse aspects). 

The intestinal type is the most frequent in countries with a high incidence of 

GC and correlates with the action of exogenous factors (as H. Pylori infection or a 

diet rich in salt). The most frequent site for this type of carcinoma is the antro-

pyloric region and its predominant macroscopic appearance is fungating. The 

frequency of intestinal carcinoma is declining in Western countries and this is due 

to a reduction of environment-related risk factors. In contrast, the frequency of 

diffuse carcinoma tends to remain steady. This type of carcinoma is responsible 

for rare cases of gastric carcinoma affecting patients with early onset of age and 

for hereditary carcinomas, as carriers of CDH1 germline mutations. Intestinal type 

carcinomas have a glandular structure similar to that of carcinomas arising in the 

small or large intestine. Multifocal chronic gastritis with glandular atrophy and 

intestinal metaplasia is the gastric pathology, which more frequently gives rise to 

intestinal carcinoma. The degree of differentiation of intestinal carcinoma varies 

considerably from case to case but generally, in inverse proportion to the size of 

the tumour. Sometimes, the carcinoma is so well differentiated that it looks like an 

intestinal metaplasia of complete type. On the contrary, poorly differentiated 

variants may appear solid. 

Diffuse carcinoma consists of poorly cohesive cells which infiltrate the 

gastric wall and do not form glands. The cells are generally small and round, either 

arranged as single, scattered cells, or clustered in ill-defined, lacy, microglandular, 

reticular formations. The cells tend to accumulate intracytoplasmic mucin which 

makes the nucleus move to either pole of the cell (signet-ring image). Diffuse 

carcinoma is often associated with stromal desmoplasia (stromal production of a 

great many collagenous fibres) and inflammatory reaction. However, the most 

frequent macroscopic appearance of diffuse carcinoma is ulcerated (type 3) or 

infiltrative (type 4). 
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Carneiro has proposed a new classification of advanced gastric carcinoma 

along the following lines [7]: a. glandular type and b. isolated cell type which 

generally corresponds to Lauren's intestinal and diffuse carcinomas, c. solid type 

formed by clusters, trabeculae and solid nests of undifferentiated cells without the 

formation of glands d. mixed type which is a cross between the glandular type and 

the isolated cell type. In a sample of Portuguese patients the glandular type was 

found to be the most frequent, followed by the mixed, solid and isolated cell types 

(figure 7). 

 

 

 

 

 

 

 

Figure 7.  The Carneiro classification; respectively normal mucosa, glandular and isolated cell 
types stained for E-cadherin. 
 

1.3 Staging system 

 a) The AJCC-UICC TNM staging system. According to the 7th edition of the 

TNM classification [9], all tumors with an epicenter in the stomach greater than 5 

cm from the EGJ or those within 5 cm of the EGJ without extension into the 

esophagus are staged using the gastric carcinoma scheme. Tumors arising at the 

EGJ, or arising in the stomach within 5 cm from EGJ and crossing the EGJ are 

classified and staged using the TNM system for esophageal adenocarcinoma. 

a.1) Primary tumor (T). A tumor may penetrate the muscularis propria with 

extension into the gastrocolic or gastrohepatic ligaments, or into the greater or 

lesser omentum, without perforation of the visceral peritoneum covering these 

structures. In this case, the tumor is classified T3. If there is perforation of visceral 

peritoneum covering the gastric ligaments or the omentum, the tumor should be 

classified T4. The adjacent structures of the stomach include the spleen, 
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transverse colon, liver, diaphragm, pancreas, abdominal wall, adrenal gland, 

kidney, small intestine and retroperitoneum. Intramural extension to the duodenum 

or esophagus is classified by the depth of the greatest invasion in any of these 

sites, including the stomach. This classification does not mention the mesocolon 

as an adjacent structures involved in GC. A recent study has shown as the 

clinicopathologic characteristics of tumor with invasion of this anatomical structure 

are more similar to those of the tumor with infiltration of adjacent structures (T4b) 

than the tumor with infiltration of serosa (T4a). Furthermore, the survival rate of 

patient affected by tumor with mesocolon invasion is lower than that of the patients 

with T4a tumor but similar to that with T4b tumor [10].        

The 7th edition of TNM staging system [5] has some changes with respect to 

the previous 6th edition [11], providing a more detailed classification of prognosis, 

particularly between T2 and T3 carcinomas [12]. In the most recent edition, tumor 

involving muscularis propria and tumor involving SS are respectively the 

categories T2 and T3, which are now considered in the stage grouping. In the 

previous edition, although cancer invading muscularis propria was the subcategory 

T2a and cancer invading SS was the subcategory T2b, these subcategories were 

not maintained in stage grouping. These changes were justified because patients 

with GC invading MP have less nodal involvement, lower recurrence rates, more 

favorable prognosis and longer disease free survival than patients with cancers 

invading SS [13-17]. 

Despite the new staging system [5] better represents the prognosis for 

patients with MP or SS involvement, the prognostic impact of different 

subclassifications has been investigated in these tumors. It was reported that the 

prognosis of T2 tumor invading the outer longitudinal muscle bands of MP is 

similar with subserosal cancer (T3), but significantly poorer than T2 cancer 

invading the inner circular muscle bands of MP [18]. In subserosal tumor (T3), a 

recent study has shown that the infiltrating growth pattern of invasion of 

subserosal layer with an indistinct border, according to the JCGC [5], is an 

independent negative prognostic factor and it is closely related to peritoneal 

recurrence [19]. Moreover, it was reported that the horizontal width of spread of T3 

tumor in the subserosal layer has a prognostic impact. The prognosis of cancer 
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with SS invasion of less than 20 mm in width (SS-narrow cancer) is similar to that 

of T2 cancer, while cancer with SS invasion of more than 20 mm in width (SS-wide 

cancer) behaves very similar to T4a cancer [20]. With respect to the previous 

edition, the 7th edition reports modifications in the categorization of tumor with 

serosal or deeper involvement. The subcategory T4a (cancer perforates serosa) 

was the category T3 and the subcategory T4b (cancer invades adjacent 

structures) was the category T4, but these two subcategories are still maintained 

in the stage grouping.  

 

a.2) Regional LNs (N). Regional LNs categories are defined on basis of the 

number of metastatic lymph nodes. Involvement of the nodes into the 

hepatoduodenal ligament, retropancreatic, mesenteric and paraaortic areas is 

classified as distant metastasis (M1). According to the 6th edition [11], N stage was 

categorized as N0 (no metastatic LNs), N1 (1 to 6 metastatic LNs), N2 (7-15 

metastatic LNs), N3 (>15 metastatic LNs). The recent 7th edition [9] introduced a 

new grouping of N categories: former N1 was subdivided in current N1 (1 or 2 

metastatic LNs) and N2 (3 to 6 metastatic LNs); former N2 and N3 categories are 

now named N3a and N3b (figure 8). 
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Figure 8.  The LN classification in accord to the Japanese guidelines (JGCC) [The new GC 
classification was recently revised in Gastric Cancer 2011;14:101-112]. 

 

Adequate dissection of regional nodal areas is important to warrant 

appropriate determination of the pN status. Although it is suggested that at least 

16 regional nodes should be assessed pathologically, a pN0 determination may be 

assigned on basis of the actual number of nodes evaluated microscopically. The 

extent of LN dissection performed by the surgeon strongly influences the number 

of LNs examined by the pathologist. Anatomical studies [21, 22] identified a 

median number of 25 LNs per patient after extended LN dissection (D2 according 

to the JGCA [5] and 43 to 52 LNs per patient after super-extended LN dissection 

(D3 according to JGCA). A recent analysis of the IRGGC on the quality 

assessment of LN dissection [23] identified a median of 14 examined LNs after D1 

LN dissection, 29 after D2 and 46.5 after D3. Another study reported a median of 

18 examined LNs per patient after D1α-β lymphadenectomy and 31 after D2 [24]. 

The incidence of inadequate LN examination (<15 examined LNs per patient) was 

54.5% after D1 [19], 34.1% after D1α-β [24], 2.6 to 6.2% after D2 and 1.4% after 

D3 lymphadenectomy (figure 9 and 10). These figures are far away from those 

reported by Western population-based studies [25-27], with a median of 10 
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examined LNs per patient and incidence of inadequate lymph node examination 

exceeding 60% of cases. 

 

 

 

 

 

 

 

 

 

 

Figure 9.  Classification of locoregional LNs (adopted from “Japanese classification of gastric 
carcinoma, 2nd English edition”. Gastric Cancer 1998,1:10-24). 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 10.  Classification of LNs around the abdominal aorta (n° 16) the oesophageal hiatus, 
infradiaphragmatic and para-aortic regions (adopted from “Japanese classification of gastric 
carcinoma, 2nd English edition”. Gastric Cancer 1998,1:10-24).. 
 

 

Although the TNM staging system, the most widely used, is simple and 

reproducible, the appropriate classification of nodal status is still debated and 

different staging systems have been proposed and investigated. Its limitations are 

that it demands the examination of at least 15 LNs and inadequate staging 
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(understaging) is obtained in case of limited node dissection [28]. In the JCGC, the 

status of regional LN metastasis is defined according to their anatomical locations 

in relation with the site of the primary tumor (upper, middle and lower third of the 

stomach) [5]. When limited lymphadenectomy (D1 dissection) is performed, no 

information is obtained about extra-perigastric nodes and a complete nodal 

staging cannot be assessed. 

In order to overcome the problem of stage migration induced by extended 

LN dissection [29, 30], during the last years a new independent prognostic factor 

was largely investigated and validated: the LNR, defined as the absolute ratio 

between metastatic and examined LNs, appeared to be a strong independent 

indicator of prognosis [31-34], even in case of inadequate nodal staging (<15 

examined lymph nodes) [35]. The IRGGC defined four prognostic intervals for 

LNR: 0; 0.01-0.09; 0.10-0.25; >0.25. These intervals corresponded to a definite 

different prognosis even within the same pN status, independently from the extent 

of nodal dissection [31]. It was already demonstrated that LNR is independently 

influenced by the number of metastatic LNs but not by the number of examined 

LNs [24, 31, 33], being therefore suitable as a prognostic factor independent from 

the stage-migration phenomenon. Moreover, LNR reflects both characteristics of 

the tumor (number of metastatic nodes) and of the surgical treatment (extent of LN 

dissection). As a consequence, a TRM instead of a TNM staging system was 

suggested [36].  

In the recent new 7th Edition of the TNM staging system [9], the UICC 

elected to retain the pN classification based on the number of metastatic nodes. It 

seems that this new pN stage-grouping is more accurate as a prognostic predictor 

than its precursor [37]. It will be very interesting, in the future, to investigate the 

prognostic yield of this new TNM stage-grouping faced to LNR. Recently, another 

classification based on size of LN metastasis has been proposed. In any TNM 

stage of patients with LN metastasis, this classification yields different prognostic 

groups. Different cut-off have been proposed, 8 mm [38] and 2 cm [39], to define 

two N subcategories: n1, LN metastasis with largest size less than the cutoff and 

n2, LN metastasis with largest size equal or larger than the cutoff. 
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a.3) Distant metastasis (M). Absence and presence of distant metastasis 

are respectively defined M0 and M1. Liver, peritoneal surface and distant LNs are 

the most common metastatic sites in GC. Metastases to central nervous system 

and lung occur but are less frequent.  

The TNM staging system classifies positive peritoneal cytology as 

metastatic disease (M1). Although the cytological detection of free cancer cells in 

peritoneal washing is a marker of poor prognosis and peritoneal recurrence [40], in 

Japanese [41] and Western series [42, 43], it was reported that in peritoneal 

lavage cytology does not increase the prognostic information already provided by 

the pathologic T and N after curative resection [41]. Moreover, it should be 

considered that peritoneal lavage cytology is not widely practiced in Western 

centers [44] and that it is characterized by a high specificity in predicting peritoneal 

recurrence but it has a low sensitivity [40].         

 

1.4 Risk factors  

 

a) Tobacco consumption and dietary habits. Smoking is the major risk factor 

for esophageal and gastric cardia adenocarcinomas, accounting for approximately 

40% of cases. It was shown that most but not all studies observed a higher risk in 

the cardia than in the noncardia site in the specific cigarette smoking comparing 

with nonsmokers; conversely alcohol consumption may be associated with an 

increased risk of distal and total GC [45, 46]. Risk of gastric cardia 

adenocarcinomas is increased among current cigarette smokers with a reduction 

observed until 30 years after smoking cessation; the risk rose with increasing 

intensity and duration of smoking. Because of the long lack time before risk of 

these tumors is reduced among ex-smokers, smoking may affect early stage 

carcinogenesis.  

Recently, we verified that the risk of cardia gastric carcinoma is associated 

with cigarette smoking and with the -77CC single nucleotide polymorphism located 

on the promoter region of XRCC1 gene, that is involved in the DNA excision repair 

system (paper I) [47]. 
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In gastric carcinogenesis, diet is determinant. Rather than only one kind of 

agent, factors like dietary habits, consumption frequency, amount of the 

etiologically important agents, traditional food-preparation techniques, and storage 

methods, all play major roles in the etiology of GC. Excessive salt consumption is 

also a confirmed factor. Excessive consumption of fish and other seafood plays 

the lead in the GC etiology in Japan and other Far-East countries. Lower 

consumption of fresh fruits and vegetables are other important etiologic factors. 

Dietary factors and improvement in food storage caused a significant decline in the 

worldwide prevalence of GCs. Interestingly, Palli and Colleagues showed in 

another study performed in the same geographical region an association between 

GC and high consumption of red meat [48]. Etiopatogenesis of gastric cardia 

carcinoma is related with nitrosamines, some of which are present in tobacco and 

tobacco smoke that are a class of compounds whose carcinogenic activities have 

been well established. Similarly, cured fish and meat could contain NOC and 

probably the mechanism of carcinogenesis of tobacco consumption and some diet 

habits is due to the common presence of NOC. The role of NOC in GC etiology is 

related with the alteration of the pH gastric juice; in the specific at the presence of 

NOC pH juice is low (1.0-2.5), leaving to a phenomenon called chemical gastric 

nitrosation that proceeds as an acid-catalyzed reaction in the normal acidic 

stomach before premalignant lesions develop. High concentration of NOC has 

been identified in vivo also in bacterial inflammatory of gastric mucosa with a high 

pH level (6.0-8.5); at the same way, high pH level step induced to the bacterial 

gastric nitrosation. This chemical modification induces an increased tolerance to 

DNA damage with reduced activity of MMR genes activity leading to an 

accumulation of errors during the DNA replication.  

  

b) H. pylori infection. Several studies reported a strong association between 

chronic H. pylori infection and GC risk; as such, the World Health Organization's 

International Agency for Research on Cancer recognized H. pylori as a Group 1 

carcinogen for humans [49]. Chronic gastric inflammation and the interaction 

between H. pylori and gastric epithelial cells have been suggested as potential 

mechanisms in gastric carcinogenesis. However, only a few individuals infected by 
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H. pylori eventually develop GC, probably this is due to other environmental 

factors, host-inflammatory genetic susceptibility and variation of the bacterial 

strains [50-52]. H. Pylori is a Gram-negative bacterium that colonizes the human 

gastric epithelium, the severity of H. pylori related disease is correlated with the 

presence of cag PAI associated with production of the cagA antigen. The cagA 

gene, the strain-specific H. pylori gene, is located in the right half of the PAI, and 

encodes the protein cagA, which is secreted via a type IV secretion system and 

translocated into gastric epithelial cells affecting host cell physiology. Infection with 

cag PAI–positive H. pylori strains has been recognized as a marker for strains that 

confer increased risk for peptic ulcer disease, gastric mucosal atrophy and GC. 

The cagA gene is one of several genes of a PAI called the cag PAI and the 

presence of cagA is considered to be a marker of the presence of the cag PAI. 

The vacA gene is present in all H. pylori strains and encodes the vacuolating 

cytotoxin vacA, which induces epithelial cell injury. H. pylori colonizes the atrophic 

stomach poorly, and intestinal metaplasia hardly at all, suggesting that the bacteria 

may create the environment for intestinal-type gastric carcinogenesis (atrophy and 

hypochlorhydria) rather than causing the cancer directly. The risk of developing 

GC for infected persons is estimated to be between two and three times higher 

compared to none infected ones. More recently, the role of individual susceptibility 

has been stressed and pro-inflammatory cytokine gene polymorphism has been 

demonstrated to interact in the compound process of gastric carcinogenesis in 

several studies [53] In particular, some Authors investigated the relationship 

between interleukin-1 gene polymorphism and GC risk. The conclusions supported 

the theory in which host genetic factors affecting the inflammatory and immune 

response to H. pylori infection may determine a higher risk of GC development, in 

particular in high risk area [54]. In addition, a variety of studies have indicated that 

salted, smoked, pickled and preserved foods (rich in salt, nitrite, and preformed N-

nitroso compounds) as well as meat intake are associated with an increased risk 

of non-cardia GC [55]. In GC, the absence of H. Pylori infection is related with 

specific clinicopathologic factors impacting GC long term survival. Negative H. 

pylori status is associated with cardia tumor location, advanced pT classification, 

noncurative surgery, and a lower 5-year survival rate after R0 resection. Marrelli 
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and Colleagues demonstrate that H. pylori status is a significant prognostic factor 

in which negative H. pylori status appears to be an indicator of poor prognosis in 

patients with GC (paper 10.1) [56].  

 

1.5 Sporadic and hereditary forms of GC and CDH1 gene 

 

About 90% of GC cases appear in a sporadic setting, whereas familial 

clustering is observed in the remaining 10%. Of these, only 1-3% is hereditary. 

Among the cases with familial aggregation of GC, the most common disease is the 

hereditary diffuse gastric carcinoma syndrome (HDGC) related with the CDH1 

germline mutations, identified firstly in 1998 by Guilford and Colleagues in Maori 

kindred from New Zealand. 

 

CDH1 gene maps to chromosome 16q22.1 and consists of 16 exons that 

encodes for a 120 kDa protein called E-cadherin that is a member of 

transmembrane glycoproteins family expressed on epithelial tissue and 

responsible for calcium-dependent cell-to-cell adhesion. Human E-cad is 

considered an invasion suppressor and has been demonstrated to be critical for 

establishing and maintaining polarized and differentiated epithelia through 

intercellular adhesion complexes. The structure of E-cad is presented in figure 11. 

In GC important epigenetic and structural mechanisms of CDH1 

inactivation/deregulation are somatic mutations, LOH and promoter 

hypermethylation. CDH1 deregulation has been identified in early tumors of 

patients with CDH1 germline mutations demonstrating to be an initial event in 

HDGC [57, 58]. 
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Figure 11.  Structure of E-cadherin protein (adopted from “E-cadherin and hereditary diffuse gastric 
cancer”. Surgery 2007,142:645-657). 
 

 

To date, many studies reported different type of CDH1 alterations in HDGC 

families and in EODGC; it has been identified 122 germline mutations, among 

these 71.9% are non-missense (truncating, splice site, non-sense, large deletion) 

and 28.1% are missense mutations (personal and unpublished data) (table 1). For 

E-cad germline missense mutations functional assessment with in vitro and in vivo 

analysis is required, since it could be appear as pathogenic or neutral variant [59-

62]. 
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Table 1.  Overall CDH1 germline mutations identified to date in hereditary and early 
onset diffuse gastric carcinoma 
 

Reference CDH1_mut Mut_syte Mut_type Ancestry 
Bacani (2006) 5′UTR(-117)G>A Promotor 5’UTR sub. USA (1) 
Bacani (2006) 5′UTR(-71)C>G Promotor 5’UTR sub. USA (1) 
Corso (2010) -63C>A Promotor 5’UTR sub. Italy (1) 

Oliveira (2009) Del 5’UTR-ex 1 Promotor Deletion Spain (1) 

Oliveira (2009) del ex 1-2 Exon 1-2 Deletion 
Ireland (1)  
Canada (1)  

Lithuania (1) 
Guilford (2010) 2T>C Exon 1 Missense Unknow (1) 
Suriano (2005) 3G>C Exon 1 Nonsense Canada (1) 
Bacani (2006) 41delT Exon 1 Deletion USA (1) 
Oliveira (2002) 45insT Exon 1 Insertion UK (1) 
Guilford (2010) 46insTGC Exon 1 Insertion Unknow (1) 
Bacani (2006) 48+5G>C Intron 1 Splice Site USA (1) 
Bacani (2006) 48+15C>G Intron 1 Splice Site USA (1) 
More (2007) 49-2A>C Intron 1 Splice site Europe (1) 

Richards (1999)  
Moran (2005) 

49-2A>G Intron 1 Splice Site UK (1) 
Ireland (1) 

Humar (2002) 53delC Exon 2 Deletion Europe (1) 
Richards (1999) 59G>A Exon 2 Non sense UK (1) 
Guilford (2002) 70G>T Exon 2 Non sense USA (1) 

Shinmura (1999) 185G>T Exon 3 Missense Japan (1) 
Gayther (1998) 187C>T Exon 3 Non sense USA (1) 
Guilford (1999) 190C>T Exon 3 Non sense New Zealand (1) 

Dussaulux-G. (2001) 283C>T Exon 3 Non sense France (1) 
More (2007) 353C>G Exon 3 Missense Europe (1) 
Keller (1999) 372delC Exon 3 Deletion Germany (1) 

Kaurah (2007) 377delC Exon 3 Deletion Unknow (1) 
Brooks-W. (2004) 382delC Exon 3 Deletion Europe (1) 

Bacani (2006) 388+26C>T Intron 3 Splice Site USA (1) 
Kaurah (2007) 515C>G Exon 4 Missense Unknown (1) 

Avizienyte (2001) 525 C>G Exon 4 Missense Finland (1) 
Kaurah (2007) 532-18C>T Intron 4 Splice site UK (1) 
Oliveira (2004) 532-18C>T Intron 4 Splice site Portugal (1) 
Guilford (1999) 586G>T Exon 5 Non sense Europe (1) 

Brooks-W. (2004) 531+1G>A Intron 5 Splice site Europe (1) 
Frebourg (2006) 531+2T>A Intron 5 Splice site France (1) 
Mateus (2009) 641T>C Exon 5 Missense Europe (1) 
Corso (2010) 670C>T Exon 5 Missense Italy (1) 
More (2007) 715G>A Exon 6 Missense Europe (1) 
Yoon (1999) 731A>G Exon 6 Missense Korea (1) 

Guilford (2010) 753insG Exon 6 Insertion Unknown (1) 
Kaurah (2007) 808T>G Exon 6 Missense Unknown (1) 
Oliveira (2002) 832G>A Exon 6 Splice site Pakistan (1) 
Rogers (2008) 833-2A>G Inton 6 Splice site USA (1) 

Brooks-W. (2004) 892G>A Exon 7 Missense Europe (1) 
Jonsson (2002) 
Suriano (2005) 

1003C>T Exon 7 Non sense Sweden (1)  
Canada (2) 

Guilford (1998) 1008G>T Exon 7 Splice site New Zealand (1) 
Oliveira(02)Zhang(06) 1018A>G Exon 8 Missense EU (1) China (1) 

Guilford (2010) 1023T>G Exon 8 Nonsense Unknown (1) 
Suriano (2005) 1063delT Exon 8 Deletion Canada (1) 

Brooks-W. (2004) 1064insT Exon 8 Insertion UK (1) 
More (2007) 1107delC Exon 8 Deletion Spain (1) 

Roviello (2007) 1118C>T Exon 8 Missense Italy (1) 
Brooks-W. (2004) 1134del8ins5 Exon 8 Deletion/Ins Netherlands (1) 

More (2006) 1137G>A Exon 8 Splice site Europe (2) 
Guilford (1999) 1137+1G>A Intron 8 Splice site USA (1) 

Brooks-W. (2004) 1212delC Exon 9 Deletion Europe (1) 
Brooks-W. (2004) 1226T>C Exon 9 Missense Europe (1) 

Wang (2003) 1243A>C Exon 9 Missense Japan (1) 
Suriano (2005) 1285C>T Exon 9 Missense Canada (1) 

Brooks-W. (2004) 1212delC Exon 9 Deletion Europe (1) 
Brooks-W. (2004) 1226T>C Exon 9 Missense Europe (1) 

Suriano (2005) 1285C>T Exon 9 Missense America (1) 

Mayrbaeurl (2010) 1306_1303insA  
1306_1307delTT Exon 9 Del/ Ins Austria (1) 

More (2007) 1391-1392delTC Exon 10 Deletion Europe (1) 
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Yoon (1999) 1460T>C Exon 10 Missense Korea (1) 
Barber (2008) 1466insC Exon 10 Insertion UK (1) 
Oliveira (2002) 1472insA Exon 10 Insertion UK (1) 

Brooks-W. (2004) 1476delAG Exon 10 Deletion Europe (1) 
Guilford (1999) 1487del7 Exon 10 Deletion New Zealand (1) 
Jiang (2004) 1507C>T Exon 10 Non sense China (1) 

Humar (2002) 1565+1G>T Intron 10 Splice site New Zealand (1) 
Rogers (2008) 1565+2insT Intron 10 Insertion USA (1) 
Guilford (1999) 1588insC Exon 11 Insertion USA (1) 

Rodriguez-S. (2006) 1610delC Exon 11 Deletion Spain (1) 
Keller (2004) 1619insG Exon 11 Insertion Germany (1) 

Kaurah P (2007) 1682insA Exon 11 Insertion Ireland (1) 
Humar B (2002) 1710delT Exon 11 Deletion USA (1) 
Gayther (1998) 1711insG Exon 11 Insertion USA (1) 

Brooks-Wilson (2004) 1711+5G>A Intron 11 Splice site Europe (1) 
Salahshor (2001) 1774 G>A Exon 12 Missense Sweden (1) 
Brooks-W.(2004) 1779insC Exon 12 Insertion Europe (1) 
Suriano (2005) 1792C>T Exon 12 Non sense UK (1) 
Kaurah (2007) 1795A>T Exon 12 Missense Unknown (1) 

Brooks-W. (2004) 1779insC Exon 12 Insertion Europe (1) 
Suriano (2003) 1849G>A Exon 12 Missense USA (2) 
Kaurah (2007) 1876T>A Exon 12 Missense Unknown (1) 

Kaurah, More (2007)  
 Suriano (2003) 

1901C>T Exon 12 Miss/splice 
site 

UK (1) New Zeal 
(1) Portugal (1) 

Kaurah (2007) 1913G>A Exon 12 Nonsense Spain (1) 
Bacani (2006) 1937-13T>C Intron 12 Splice Site USA (1) 

Brooks-W. (2004) 2061delTG Exon 13 Deletion Europe (1) 
Rogers (2008) 2064delTG Exon 13 Deletion USA (1) 

Guilford (98) More 
(07) 

2095C>T Exon 13 Non sense New Zeal (1) 
China (1) 

Suriano G (2005) 2161C>G Exon 13 Splice site Canada (1) 
Kaurah (2007) 2164+5G>A Exon 14 Splice site Unknwon (1) 
Oliveira (2009) del 14-16 Ex 14-16 Deletion Europe (1) 

Brooks-Wilson (2004) 2195G>A Exon 14 Missense Europe (1) 
Kaurah (2007) 2245C>T Exon 14 Missense Colombia (1) 

Simoes-Correia (08) 2269G>A Exon 14 Missense Portugal (1) 
Ghaffari (2009) 2275G>T Exon 14 Nonsense Iran (1) 
Suriano (2005) 2276delG Exon 14 Deletion Canada (1) 
Guilford (2010) 2287G>T Exon 14 Nonsense Unknown (1) 
Humar (2002) 2295+5G>A Intron 14 Splice site Europe (1) 

Brooks-Wilson (2004) 2310delC Exon 15 Deletion Europe (1) 
Kaurah (2007) 2343A>T Exon 15 Missense UK (1) 
Guilford (1998) 2381insC Exon 15 Insertion New Zealand (1) 
Kaurah (2007) 2392G>A Exon 15 Missense Unknown (1) 
Rogers (2008) 2395delC Exon 15 Deletion USA (1) 
Keller G (2004) 2396C>G Exon 15 Missense Germany (1) 
Kaurah (2007) 2398delC Exon 15 Deletion Ireland (2) 
Bacani (2006) 2439+31G>A Intron 15 Splice site USA (1) 
Caron (2008) 2399delG Exon15 Deletion USA (1) 
 More (2007) 2440-6C>G Intron 15 Splice site Europe (1) 

Yabuta (2002) 2494G>A Exon 16 Missense Japan (1) 
Oliveira (2009) Del ex 16 Exon 16 Deletion Europe (1) 

 

 

Recently, Oliveira and Colleagues identified a novel germline mechanism of 

CDH1 inactivation found in family with aggregation for DGC (paper 10.2) [63].  

Analyzing all identified CDH1 germline mutations, it has been calculated that 

approximately 30% of the HDGC families harbouring CDH1 germline mutations 

[64]. In 1999, the IGCLC defined the following criteria for identification of HDGC 

families: 1) two or more documented cases of DGC in first or second degree 

relatives, with at least one diagnosed before the age of 50; 2) three or more 
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documented cases of DGC in first or second degree relatives, independently of 

age of onset. After demonstrating the presence of CDH1 germline mutations in 

patients not belonging to the IGCLC criteria, Brooks-Wilson and colleagues 

recommended their modification considering: 1) two or more documented cases of 

DGC in first degree relatives, with at least one diagnosed before age 50; 1A) two 

or more cases of GC, with at least one DGC diagnosed before age 50; 2) three or 

more documented cases of DGC in first degree relatives, diagnoses at any age; 

2A) three or more cases of GC, diagnosed at any age, with at least one 

documented case of DGC; 3) isolated individual diagnosed with DGC at less than 

45 years of age; 4) isolated individual diagnosed with both DGC and lobular breast 

cancer (no other criteria met); 5) one family member diagnosed with DGC and 

another with lobular breast cancer (no other criteria met); 6) one family member 

diagnosed with DGC and another with signet ring carcinoma of the colon (no other 

criteria met) [65]. These novel criteria introduced a new clinical entity called 

EODGC, in which E-cadherin mutations occur with a frequency of about 3%, 35 

years old at diagnosis is the cut off age for the CDH1 genetic screening (paper II) 

[66]. In the last consensus conference of Cambridge in 2008, the IGCLC modified 

the abovementioned criteria for CDH1 genetic screening as following: a) two GC 

cases in family, one confirmed DGC <50; b) three confirmed DGC cases in first or 

second degree relatives independent of age; c) age <40; d) personal or family 

history of DGC and lobular breast cancer, one diagnosed at <50 [64]. DGC with 

SRCs is the predominant histological type in carriers of CDH1 germline mutations. 

Early stage HDGC is characterized by the presence of multiple foci of diffuse type 

SRCs carcinoma confined to the superficial gastric mucosa [67]. The majority of 

neoplastic foci observed in the resected specimen after prophylactic gastrectomy 

are less than 1 mm in diameter, and all lay under normal appearing surface 

epithelium [68]. Multifocal microscopic disease is very common with a 

preferentially localization at the corpo/fundus of the epithelial wall. Carneiro and 

Colleagues proposed a histological model for GC development in E-cad mutation 

carriers: at the beginning, histopathological analysis shows a pattern of in situ 

SRCs carcinoma with early pagetoid spread with pagetoid proliferation of SRCs 

and, at last invasive SRCs carcinoma results evident. H. pylori infection is not 
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detected in gastric mucosa obtained from prophylactic gastrectomies [69]. E-cad 

truncating germline mutation carriers have a fairly high lifetime risk of developing 

GC; the estimated cumulative risk by age 80 years is 67% for men (95% CI, 39–

99) and 83% for women (95% CI, 58–99) with a mean age at diagnosis of 40 

years (range, 14-85) [64, 70]. Prophylactic total gastrectomy has been 

recommended for truncating CDH1 mutation carriers and it remain to clarify the 

role of prophylactic gastrectomy in missense mutation carriers, because to date no 

prophylactic surgery has been performed in missense mutation cases [68]. 

Strategy for clinical management includes review of family history, genetic testing, 

chromoendoscopic surveillance and prophylactic surgery (paper III) [71]. 

Prophylactic total gastrectomy remains the only method to abolish the inherited 

risk for GC in CDH1 truncating mutation carriers.  

 

In HDGC the CDH1 second hit of inactivation can be either due to structural 

alteration as LOH or somatic mutations or to an epigenetic event as promoter 

hypermethylation. In HDGC primary tumors promoter hypermethylation occur with 

the frequency of 50% and LOH is documented in 13% of patients. These events 

can appear concomitantly in about 19% of cases [72]. In sporadic GC, tumors can 

present promoter hypermethylation in about 55% of cases and somatic mutations 

or LOH respectively in 55% and 4% [73]. 

Recently, we analyzed 246 primary GC, aiming to assess CDH1 somatic 

alterations and studying the associated clinicopathologic features. We verified that 

promoter hypermethylation occurred in 20.7% of sporadic GC and structural 

alterations (LOH and somatic mutations) in 11% of the cases. In particular, we 

found that CDH1 structural alterations were associated to poor prognosis in GC 

patients (abstract I) [74].  

 

1.6 MSI and oncogenic mutations.  
 

MSI phenotype or mutator phenotype is caused by defect in the MMR 

system responsible for the correction of mismatches that occur during DNA 

replication.  In gastric carcinoma this phenotype is found in about 25% of the 
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cases [75]. The MMR system is composed of at least seven proteins, h-MLH1, h-

MLH3, H-MSH2, h-MSH3, h-MSH6, h-PMS1, and h-PMS2 [76]. Genetic and 

epigenetics alterations occurring at these MMR system effectors, namely in h-

MLH1 and h-MSH2, and less frequently in h-MSH6 and h-PMS2, are the main 

mechanisms by which MMR system failure occurs in MSI gastrointestinal cancer 

[77]. In Lynch syndrome, germline mutations at MMR genes are frequently 

detected [78]. Conversely, in MSI gastric carcinoma, no germline mutations have 

been described in MMR genes in familial GC and, somatic mutations in MMR 

genes are rare in gastric carcinoma (paper IV) [79, 80]. MSI GC from patients with 

familial history of GC were recently found to display similar clinico-pathologic 

features to those of MSI sporadic cases (papers IV, V) [80, 81]. 

Gastric tumors with MSI phenotype shows distinct clinicopathologic 

features; most MSI tumors are of intestinal histotype located in the distal part of 

the stomach, with limited LN involvement, more frequently in older women [82]. 

Survival analysis of patients with MSI status demonstrated a better long term 

prognosis in subjects with advanced tumors and marker instability (paper VI) [83].  

MSI gastrointestinal cancers display particular epigenetic and genetic background 

associated with specific pathway, as the activation and deregulation of the MAPK 

cascade and the PI3K pathways (figure 12). 
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Figure 12.  The MAPK/PI3K cascade and pathway. The future of tumor treatment will include the 
molecular-blockage of targeted oncogene/receptors. In this figure we propose a model of different 
receptors and oncogenes associating with its respective chemoterapies.    

 

  

Several oncogene mutations belonging to EGFR- MAP and PI3K pathway 

are associated with MSI GC. In GC overall, KRAS gene mutations occur in 3-8% 

of the cases and whenever present, cluster in the MSI subset (~17% of MSI 

cases). In contrast, BRAF mutations are rare or absent in GC. PIK3CA oncogenic 

mutations occur with a frequency of about 14%. EGFR is frequently involved in the 

signaling pathway in MSI GC; in gastric carcinoma, although the frequency of 

EGFR overexpression is high, the mechanisms responsible of this deregulation 

remain undiscovered in most cases [84].  

EGFR increased copy number was reported in about 13% of GCs, 

conversely, hotspot somatic mutations were found very rarely [85]; recently a 

novel mechanism underlying EGFR overexpression was described in MSI colon 

cancer [86]. High levels of EGFR expression were detected in cell lines due to the 
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presence of novel deletion in a polyA (13) repeat element within the 3’-UTR of the 

EGFR gene. This discovery defined a novel mechanism of EGFR activation and 

overexpression. Other oncogenes are rarely involved (3%) like MLK3 as example.  

Detection of oncogenic mutations in MAPK/PI3K downstream can open new 

avenues regarding the stratification of MSI GC patients for novel target therapies, 

in particular with the EGFR inhibitors.  

 

1.7 Prognosis and long-term survival 

 

Long-term survival in patients with GC after curative (R0) resection is 

strongly influenced by pTNM stage classification, in which lymphatic dissemination 

is the main predictor of tumor recurrence. Furthermore, it has been demonstrated 

that extended lymphadenectomy may decrease the risk of tumor relapse after 

gastric resection, with several other prognostic factors indicative of long-term 

outcome. Indeed, overall 5-year survival for GC after curative (R0) resection is 

extremely variable, and significant differences in survival have been reported from 

institutions throughout the world.  

In R1 and R2 cases, prognosis is determined primarily by the absence or 

presence of distant metastases while the pTNM classification is of minor 

significance; by contrast, in R0 patients, pTNM is a good predictor of prognosis.  

In this chapter, we review the overall survival of GC patients who underwent 

radical (R0) surgery, as reported by several institutions located in different 

geographic areas. 

 

The R classification system was defined by Hermanek and Colleagues in 

1994 [87, 88]. Surgery is defined as “potentially curative” (R0) when the surgical 

procedure is concluded without any evidence of macroscopic residual tumor in the 

tumor bed, lymph nodes, and/or at distant sites. In addition, macroscopic and 

microscopic examination of resection margins is negative. R1 and R2 indicate, 

respectively, microscopic and macroscopic residual tumor. According to this 

definition, the R classification is considered as a predictor of prognosis, in which 

good long-term survival can be expected only in R0 patients. However, this 
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classification system is currently discussed controversially by different authors 

because the definitions do not consider the presence of tumor dissemination 

through the blood stream, peritoneal dissemination, and/or lymphatic involvement. 

Consequently, the presence of microscopic and distant residual disease could be 

missed [89]. In this regard, clinical pre-operative staging is fundamental, including 

the selection of the appropriate modality to determine the extent of tumor 

spreading: endoscopic ultrasound, computed tomography, positron emission 

tomography, magnetic resonance imaging, or laparoscopic exploration [90]. More 

recently, the UICC/AJCC system defined as R0 resection a complete resection of 

the primary cancer without macroscopic or microscopic residual disease. Patients 

with circulating intraperitoneal cancer cells, identified by cytology examination after 

lavage, are classified as having R1 disease. According to the new UICC/AJCC 

TNM, the number of positive lymph nodes is considered a strong prognostic 

determinant, and cases with positive peritoneal cytology are considered as M1 and 

included in stage IV [91, 92].  

 

Long-Term Results after R0 Resection in High-Incidence Areas. In this and 

the following sections, we analyze R0 GC cases and the long-term results, as 

reported from areas around the world where there is either a high or a low 

incidence of GC. Among the areas with a high GC incidence are Japan, Korea, 

China, and Latvia. In Korea and Japan, extended lymph node dissection (D2 or 

D3) is routinely performed. 

Three studies of interest were carried out in Japan. Maruyama and 

Colleagues [93] analyzed the data of 8851 patients with primary gastric carcinoma 

(JGCA 2006). The authors identified 4959 GC patients as having R0 disease 

(namely curability A); the cumulative 5-year survival was 88.5%. A Japanese study 

based on tumor histology grade was performed on 1119 GC patients, including a 

subset of R0 cases. The tumors were graded as follows: grade 1, well 

differentiated; grade 2, moderately differentiated; and grade 3, poorly differentiated 

[94]. Five-year survival was 71% for patients with grade 1, 65.7% for those with 

grade 2, and 66.7% for those with grade 3 disease. In the third Japanese study 

[94], the outcome of 587 GC patients who underwent R0 gastrectomy with D2 
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lymphadenectomy was analyzed. Five-year survival according to the AJCC/UICC 

staging system was 94.6% for Ia, 88.4% for Ib, 70.6% for II, 54.1% for IIIa, 35.5% 

for IIIb, and 25.6% for IV. A population of 9998 GC patients was analyzed by Ahn 

and Colleagues [95] from Korea, which has the world’s highest incidence of GC. 

Overall 5-year survival in their R0 resection patients was 66.4%. According to the 

TNM stage, the 5-year disease-free survival of patients with stages Ia, Ib, IIa, IIb, 

IIIa, IIIb, and IIIc was 95.1, 88.4, 84, 71.7, 58.4, 41.3, and 26.1%, respectively. 

Among Asian countries, a paper described 2159 patients in China who underwent 

both en bloc resection of primary GC and D2/D3 lymphadenectomy, without 

microscopic or macroscopic residual disease (R0). The 5-year disease-free 

survival of patients with stages I, II, III, and IV was 84, 50.8, 29.1, and 12.4%, 

respectively [96]. The advantage of these Asian studies was that in each one 

screening programs led to the diagnosis of GC at an early stage of the disease. 

Furthermore, most patients achieved radical (R0) resection with D2 or D3 

lymphadenectomy. Good results were also reported in a Latvian study of 444 

patients with GC who underwent R0 surgery [97]. Five-year survival was 52.5% 

but considering pTNM stage was 89.7% for stage Ia, 72.6% for stage Ib, 52.9% for 

stage II, 34.8% for stage IIIa, 27.4% for stage IIIb, and 18.7% for stage IV. 

Considered as a whole, the overall 5-year survival of patients from high-incidence 

areas treated by R0 surgery is approximately 44-88%. The lowest overall survival 

was registered in China (44%) and the highest in Japan (88.5%).  

 

Long-Term Results after R0 Resection in Low-Incidence Areas. Among the 

countries with a low GC incidence, we consider studies from the USA, Germany, 

and Norway.  

In the USA, the 711 patients analyzed in the study of Strong and 

Colleagues [98] were treated in a specialized center by R0 resection, with 

extended lymphadenectomy performed in most cases. The authors reported an 

overall 5-year survival rate of 58%. The study of Cunningham and Colleagues [99] 

consisted of 436 patients; overall 5-year survival after R0 resection in this group 

was 33%. In a trial comparing chemoradiotherapy after surgery vs. surgery alone, 

Macdonald and Colleagues [100] reported an overall 5-year survival of 44% in 281 
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patients treated by gastrectomy and chemoradiotherapy vs. 28% in 275 patients 

treated by surgery alone. Notably, in that trial only 10% of patients were treated by 

D2 dissection. A study from Germany analyzed 124 GC patients who underwent 

curative surgery (R0) with D2 lymphadenectomy [101]; the overall survival rate 

over a period of 94 months was 51%. A multicentric study was conducted in 

Germany by Siewert and Colleagues [102], in which 1182 consecutive patients 

underwent radical surgery with D1 or D2 lymphadenectomy. The 5-year survival 

rate with respect to stage was: Ia 82.8%, Ib 68.3%, II 42.9%, IIIa 28.2%, IIIb 

16.7%, and IV 17.3%. Long-term survival was better in patients receiving R0 

surgery and D2 lymphadenectomy at stage II (29% vs. 56.7%). In another Western 

study, from Norway [103], 97 patients underwent R0 surgery for gastric carcinoma 

with D1 lymphadenectomy; 5-year survival was 39%. 

In low-incidence areas (USA, Norway, Germany), there are more cases of 

advanced stage disease and thus a lower overall 5-year survival (28-58%) than in 

high-incidence areas (Korea, Japan, China, Latvia), where survival is 44-67%. 

Specifically, the American data showed lower overall 5-year survival in GC 

patients with R0 resection (28-58%), with similar results in the population from 

Norway (39%). In Germany, the overall survival rate (42-51%) is within the range 

of that in high-incidence areas (44-88.5%). Generally, however, patients with R0 

GC in countries with a higher incidence of the disease have a better prognosis 

than analogous patients in low-incidence countries. 

 

The Experience of the IRGCC. The IRGGC assessed a prognostic score 

predicting tumor recurrence in GC patients with curative resection (R0) [104] 

based on 536 patients who underwent UICC R0 resection at three surgical 

department in Italy (University of Siena, University of Verona, and Morgagni 

Hospital of Forlì). During the follow-up period, tumor relapse was identified in 

50.7% of these patients. The results of this study demonstrated that the predicted 

and observed risk of recurrence overlapped, with a sensitivity of 83.5% and 

specificity of 81.1%. The statistical model identified nodal status, pT stage, tumor 

location, extent of lymphadenectomy, and advanced age as independent 

predictors of recurrence.  
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Extended lymphadenectomy (D2) is considered the standard approach for 

the treatment of advanced GC, with benefits in long-term survival. The IRGGC 

demonstrated that the 5-year overall survival was 54% in patients with R0 surgery 

and D2 lymphadenectomy, and with a real survival benefit for patients with 

locoregional lymph node involvement [105]. Another study [106], conducted on 

286 R0 GC patients treated with super-extended (D3) lymphadenectomy, 

demonstrated a potential benefit of this procedure, especially in patients with pT2 

disease and positive nodes (5-year overall survival 60%). 

The overall geographic Italian area is considered as low-risk for GC, but in 

some regions of the country the incidence is relatively high [107, 108]. In Tuscany, 

for example, the estimated incidence of GC is three-fold higher than in Southern 

Italy. GC patients shows a 5-year survival probability of 63.2% in Tuscany 

patients, compared to 48% in Southern patients. 

The following table 2 reviews the overall survival rate reported in the 

literature for GC patients undergoing potentially curative surgery (R0). 

 

Table 2 

 
Country 

Risk 
area 

Number of 
patients 

 
UICC 

 
Lymphadenectomy 

Follow-up end- 
time (months) 

Overall 
survival 

(%) 
Korea High 9.998 R0 D2-D3 60 55.6 
Japan High 4.959 R0 D2 60 88.5 
Japan High 1.119 R0 Unknown 60 67.8 
Japan High 587 R0 D2 60 61.5 
China High 2.159 R0 D2-D3 60 44.0 
Latvia High 444 R0 D1 60 52.5 
USA Low 711 R0 D2 60 58.0 
USA Low 436 R0 Unknown 60 33.0 
USA Low 556 R0 D1 60 28-44 

Germany Low 124 R0 D2 94 51.0 
Germany Low 1.182 R0 D1-D2 60 42.7 
Norway Low 97 R0 D1 60 39.0 

Italy-Tuscany High 545 R0 D2-D3 60 63.2 
Italy-Southern Low 89 R0 D2-D3 60 48.0 

 

 

Radical resection (R0) for GC offers the possibility of cure although it 

requires complete surgical removal of the tumor. The UICC classification for GC 

considers curative resection (R0) as a good predictive prognostic factor; 

nevertheless, the limitation of this classification (R0 vs. R1) is the risk of 

overlooking microscopic tumor diffusion, especially in cases with hematogenous or 
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peritoneal metastasis. Therefore, the R classification may represent a more valid 

prognostic indicator when associated with pTNM stage. 

The overall survival of R0 patients who undergo GC resection is 30-70%, 

and varies notably in different institutions worldwide. The survival rate of R0 GC 

patients is better in high-incidence than in low-incidence areas. This difference has 

been explained by: (a) differences in the disease itself; (b) stage migration; and (c) 

differences in treatment. These explanations are probably not mutually exclusive. 

Moreover, environmental factors can interact with and influence molecular 

pathways, as can single-nucleotide polymorphisms and dietary and life-style 

habits.  

The widespread introduction of screening programs in high-incidence 

countries has resulted in the detection of early stage GC, which in turn would 

explain differences in prognosis; in addition, those countries generally have a 

better diagnostic and therapeutic approach, which is also likely play a prognostic 

role. This points to the need for a standard surgical approach to the treatment of 

GC; for example, it has been demonstrated that extended (D2) and superextended 

(D3) lymphadenectomy are associated with better R0 outcome in advanced cases 

of GC, also in low-risk areas. Figure 13 shows the clinical and surgical 

management of GC in accord to the R classification. 

 

 
 

Figure 13.  R classification and management of advanced GC  
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[Note.  This paragraph was extracted from the capther n° 1 7 of the book “Surgery in Multimodal 
Management of Gastric Cancer”; Roviello F, Corso G, and Marrelli D. (eds) Springer-Verlag Italia 
2011 (paper 10.3)]   
 

1.8 Extended (D2) and super-extended (D3) lympadenectomy  

 

The JGCA guidelines define and recommend D2 LN dissection for most 

gastric cancers. Limited lymphadenectomy, i.e., D1+α or D1+β LN dissection, is 

indicated for selected patients with stage T1 cancers. D1+α dissection refers to the 

removal of level 1 (cardia perigastric group) stations plus station 7 (left gastric 

artery), with the addition of station 8a (common hepatic artery), and D1+β 

dissection to the removal of level 1 (right paracardial group) stations plus stations 

7 (left gastric artery), 8a (common hepatic artery), and 9 (celiac artery) [109, 110]. 

Gastrectomy with D1+α is indicated for T1N0 tumors limited to the M and for 

differentiated SM tumors < 1.5 cm in diameter. Submucosal tumors that do not 

meet this condition and T1N1 (M, SM) tumors < 2.0 cm should be treated by 

gastrectomy with D1+β [111]. 

Following publication of the 13th edition of the JCGC, in June 1999, the 

standard for advanced carcinomas has been the D2 dissection [112]. Indeed, GC 

who patients underwent R0 surgery with standard D2 lymphadenectomy were 

found to have better long-term survival [105]. The more recent, extended 

lymphadenectomy, D3 dissection, is indicated also in advanced gastric cancer, as 

shown in a selected sub-group of these patients who had longer survival after this 

procedure [106]. Clearly, adequate knowledge of LN classification is essential in 

gastric cancer in order to correctly perform a D2 standard or D3 extended 

lymphadenectomy, as defined by the JCGC.  

In the late 1980s, Keiichi Maruyama and colleagues at the National Cancer 

Center Hospital in Tokyo created a computer program, known as the “Maruyama 

program,” that analyzed a large series of gastric cancer patients treated by 

extended lymphadenectomy (i.e., D2 or more). The program estimates the rate of 

metastasis in each of the 16 main LN stations. The Maruyama program has been 

used to assess Japanese, German, and Italian populations and found to be highly 

accurate [113-115]. It provides a highly valuable tool for surgeons in pre-operative 
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or intra-operative planning, as a convenient means of rationally determining an 

adequate lymphadenectomy for the treatment of gastric cancer.  

D2 lymphadenectomy represents the standard surgical procedure for 

advanced gastric carcinoma. The technique has proven to be safe when 

conducted in specialized centers and is associated with a low risk of post-

operative complications and mortality. D3 lymphadenectomy requires removal of 

the PANs. This procedure is an emerging technical approach especially indicated 

for patients with upper-third gastric cancers. It has an acceptable morbidity rate 

and no increase in mortality compared to earlier approaches (paper 10.4). 

 

D2 Standard Lymphadenectomy and LN Stations. In patients with advanced 

gastric carcinomas, D2 dissection depends on the tumor’s location. 

Upper third. D2 classification of these tumors includes the following LN 

stations: right (station 1), and left (station 2) paracardial, lesser curvature (station 

3), short gastric, right and left gastroepiploic vessels (stations 4sa, 4sb, 4d), supra- 

and infra-pyloric (stations 5, 6), left gastric artery (station 7), common hepatic 

artery (anterosuperior group station 8a), celiac artery (station 9), proximal (station 

11p), and left hepatoduodenal (station 12a). Lympadenectomy along the splenic 

hilum (station 10) and distal splenic artery (station 11) should be performed in 

cases of T3–T4 tumors with serosal infiltration. 

Middle and middle/lower third. For gastric tumors located at this site, the D2 

LN stations are: right (station 1), and left (station 2) paracardial, lesser curvature 

(station 3), short gastric, right and left gastroepiploic vessels (stations 4sa, 4sb, 

4d), supra- and infra-pyloric (stations 5, 6), left gastric artery (station 7), common 

hepatic artery (anterosuperior group, station 8a), celiac artery (station 9), proximal 

splenic artery (station 11p), and hepatoduodenal ligament (along the hepatic 

artery, station 12a) (figure 14). Lympadenectomy along the splenic hilum (station 

10) and distal splenic artery (station 11) should be performed in cases of T3–T4 

tumor with macroscopic lymphatic metastases.   

Lower third. The D2 classification for antral/pyloric gastric tumors comprises 

the following: right paracardial group (station 1), lesser curvature (station 3), right 

and left gastroepiploic vessels (stations 4sb, 4d), supra- and infra-pyloric (stations 
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5, 6), left gastric artery (station 7), common hepatic artery (anterosuperior group, 

station 8a), celiac artery (station 9), proximal splenic artery (station 11p), 

hepatoduodenal ligament (along the hepatic artery, station 12a), and proximal 

mesenteric vein (station 14v). 

 
 

 
Figure 14.  Dissection of LN stations no. 7, 8a and 8p, 9 and 11p. Isolation and section of LGA and 
removal of lymph node 7; exposition of the CT with lymphadenectomy of station 9, this procedure 
expose the CT ramifications as the CEA and the SA with removal respectively of lymph nodes no. 
8a (anterior), 8p (posterior) and 11p (splenic proximal). 

 

Lymph Node Stations in D3 Extended Lymphadenectomy. Similar to the D2 

classification, LNs of the D3 groups are ranked according to tumor location. 

Upper third. Suprapyloric (station 5) and infrapyloric stations (station 6), 

common hepatic artery (posterior group, station 8p), hepatoduodenal ligament 

(anterior and posterior hepatic artery, stations 12a, 12p), middle para-aortic 

(station 16a2,b1), infradiaphragmatic (station 19), and esophageal hiatus (station 

20). 

Middle and middle/lower third. Left paracardial (station 2), short gastric 

(station 4sa), common hepatic artery (LN posterior group; station 8p), splenic 

hilum (station 10), hepatoduodenal ligament (posterior hepatic artery, station 12p), 

retropancreatic (station 13), superior mesenteric vein (station 14v), and middle 

para-aortic (station 16a2,b1). 

Lower third. Left gastroepiploic vessels (station 4sb), common hepatic 

artery (posterior group, station 8p), hepatoduodenal ligament (posterior hepatic 

artery, station 12p), retropancreatic (station 13), and middle para-aortic (station 

16a2,b1) (figure 15). 

 

LGA SA 
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CT 
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Figure 15.  Dissection of LN station no. 16. a) Exposition of AO, IVC, LRV and RRA. b) Arrows 
indicate the lymph node station no. 16a2, and asterisks the lymph node station no. 16b1; 
identification of RSV. 
 

[Note.  This paragraph was extracted from the capther n° 3 3 of the book “Surgery in Multimodal 
Management of Gastric Cancer”; Roviello F, Corso G, and Marrelli D. (eds) Springer-Verlag Italia 
2011 (paper 10.5)]   
 

1.9 Novel adjuvant treatments, the EGFR inhibitors 

 

Despite the recent improvements in surgical approach and conventional 

chemotherapy treatments, advanced GCs are still associated with poor clinical 

outcomes. The increased knowledge of novel molecular mechanisms as the 

MAPK/PI3K cascade (figure 12) and its potential usefulness of targeted therapies 

open new strategies in gastric carcinoma treatment.  

The EGFR belongs to the ERBB family, a family of four related cell-surface 

receptors: ERBB1 (EGFR), ERBB2 (Her-2/neu), ERBB3 and ERBB4. Ligand 

binding to the extracellular domain leads to EGFR activation, which 

homodimerizes, resulting in the phosphorylation of the intracellular tyrosine 

kinases and initiating a series of intracellular signals including the central 

RAS/RAF/MAPK or the PI3K/AKT/mTOR pathway. These downstream signaling 

cascades are potent regulators of intracellular/intercellular processes, such as cell 

cycle progression, apoptosis and cell survival, proliferation, angiogenesis and 

metastasis. This is the rationale for the development of agents able to block the 

activity of EGFR.  
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The EGFR inhibitors can be classified in mAbs directed against cell-surface 

antigens and in TKIs that inhibit the EGFR autophosphorylation and signal 

transduction (figure 16) [116].  

 

 

 

Figure 16.  Anti-EGFR pathway therapies. (Adopted from “Advanced gastric cancer and cancer of 

the gastro-oesophageal junction: focus on targeted therapies”. Crit Rev Oncol Hematol 2011, in 

press) 

 

The mAbs comprise Cetuximab (Erbitux®), Matuzumab (EMD72000, 

Merck), and Panitumumab (Vectibix®, Amgen) that inhibit competitively the binding 

of epidermal growth factor; in particular in gastric carcinoma several phase II-III 

trials have been studied the benefit of cetuximab. The higher OOR was reported 

by Yeh and Colleagues [117] with a percentage of 69%; the Authors in a phase II 

trial evaluated the activity and safety of cetuximab combined with 5-

fluorouracil/leucovorin/irinotecan in metastatic GCs. In general, it has been 

observed a satisfactory OOR (41-69%) when cetuximab was associated with 

conventional chemotherapies, as cetuximab + FOLFIRI (OOR 44%) [118], or + 

cisplatin/docetaxel (OOR 41%) [119], or + FOLFOX (OOR 50%) [120], or + 

FUFOX (OOR 65%) [121], or + XELOX (OOR 52%) [122], or + FUFIRI (OOR 

42%) [123], or + 5-FOLFIRI (OOR 69%) [117], or + capecitabine/cisplatin (OOR 

48%) [124], or + oxaliplatin/irinotecan (OOR 63%) [125]. 
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Matuzumab has been evaluated in combination with 

epirubicin/cisplatin/capecitabine in patients with cardia gastric adenocarcinoma; in 

EGFR positive cases the disease control was achieved in 57% [126]. 

Efficacy of Panitumumab was verified in combination with 

epirubicin/oxaliplatin/capecitabine in patients with advanced gastric and 

oesophageal cancer [127].  

The ToGA trial reported an overall survival benefit for Trastuzumab 

(Herceptin®, Genentech), a mAbs against the ERBB2 receptor (Her-2/neu), if 

adding cisplatin/5-fluorouracil/capecitabine, in patients with cardia gastric 

adenocarcinoma [128]. 

Among the EGFR TKIs class are described two small oral molecules 

namely Erlotinib (Tarceva®, Roche-Genetech) and Gefitinib (Iressa®, AstraZeneca 

Pharmaceuticals); evidences of its efficacy in gastric carcinoma or in cardia GC 

was modest or scarce [129, 130]. 

Considering these data-results, it is evident that a real benefit of mAbs in 

OOR was verified whenever conventional chemotherapies are added to 

Cetuximab, or Panitumubab, or Matuzumab treatments.  
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2. RATIONALE AND AIMS 

 

2.1 Background 

 

GC remains one of the leading causes of cancer-related deaths worldwide, 

even though a decline has been observed in its incidence and the mortality rate in 

recent decades. The exact mechanisms underlying gastric carcinogenesis are not 

yet fully understood. In Tuscany, Italy and Portugal are considered the highest risk 

areas in Europe. Despite advances in treatment, the overall outcome for patients 

remains poor. The overall 5 year survival is around 25%. This is largely due to the 

advanced stage of disease at presentation so that most patients only receive 

symptomatic and palliative treatment. The standard correct surgical treatment still 

plays the main role. Various multimodal therapy regimens are used to improve the 

patient prognosis, but the majority of patients do not respond to treatment. In GC, 

detection of invasive disease and prediction of response to treatment and clinical 

prognosis are all very limited. The general goal of this project is to contribute to 

tackling GC by identifying molecular parameters that can predict prognosis, 

response to treatment and thus improving the management of the disease. In 

order to achive our long term goal we studied a large series of GC in which 

materiais from GC patients operated using standard Japanese surgical approach 

to minimize, as much as possible, surgical bias.  

We focused in sporadic GC cases but we included in our study a series of 

GC with familial aggregation. Within the latter setting we analysed different 

epigenetic risk factors, considering the high incidence rate of familial clustering in 

Tuscany area. 

 

2.2 General aim 

 

The general goal of this working plan is to identify molecular parameters 

that can predict prognosis, response to treatment and thus improving the 

management of GC. Specifically we aim in this PhD proposal to study the role of 
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EGFR signalling cascade in GC and to identify novel diagnostic-prognostic 

biomarkers.  

We expect to achieve our goal by tackling the problem on one side by 

following a bottom-up approach that will address the role of alterations of selected 

genes (namely E-cadherin) in GC progression. 

 

2.3 Specific aims 

 

1. Address the role of MSI as prognostic biomarkers. In this task we will 

correlate the MSI phenotype with clinicopathologic characteristics of GC 

patients and tumours; moreover we assess the frequency of MSI in GC with 

familial aggregation. 

2. Analysis of the promoter XRCC1 -77T/C gene polymorphism in GC risk. 

XRCC1 is one of the major DNA repair proteins involved in the bas-excision 

repair pathway. Several single nucleotide polymorphism in the XRCC1 

gene are identified and related with and increased cancer risk development. 

In particular, the -77T/C polymorphism located on the promoter region 

relates with increased risk in lung cancer patients. The aim of this task is to 

analyse the -77T/C allelic frequencies in a population composed by 456 

primary GC and 507 blood donor controls. 

3. Address the role of E-cadherin deregulation in GC progression. To this end 

we will search for the presence of somatic E-cadherin mutations as well as 

E-cadherin promoter hypermethylation in a large series of GC patients. In 

addition we will characterize the E-cadherin protein expression in tumour 

material. Results from this study will be used to define the basis for the use 

of demethylating agents as possible novel anticancer therapy. Furthermore 

we will select families which fulfil the HDGC criteria as well as juvenile GC 

cases and search for the presence of E-cadherin germline mutations. In 

positive families, the possibility of total prophylactic gastrectomy will be 

considered. 

4. Address the role of EGFR activation in GC progression. To this end we will 

search for the presence of EGFR somatic mutations within the kinase 
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domain. We will also characterize in the same series of cancers the EGFR 

protein expression. Results from this study are expected to bring new 

insight into the use of EGFR pharmacological inhibitors as anticancer 

therapy in GC. On the other side they will also be useful to characterize the 

possibility of using EGFR activation as biomarker for GC, in particular to 

predict recurrence. 
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3. MATERIALS AND METHODS 

 

3.1 Material  

 

Data information on 500 GC patients were collected in a database Access, 

observed with 90 variables for each patient including clinical, diagnostic, surgical, 

pathological, and follow up data. Moreover, information is available for most of 

patients on disease free time and mode of recurrence and date of last exam. The 

mean period of follow-up is 49 months (74 months, if considering surviving 

patients). All GC patients were submitted to a standard surgery in accord to the 

guidelines of the JGCA. 

The biological material of 500 GCs includes tumoral and normal gastric tissue 

flash frozen, directly collected in the operating room, and tumoral or normal 

genomic DNA. All materials were obtained from the Department of Human 

Pathology and Oncology, section of General Surgery and Surgery Oncology, 

University of Siena, Italy. 

 

3.2  Methods 

 

The methods used in the different studies are briefly described in this section. 

A more detailed description can be found in the section papers. 

 
Pentaplex Polymerase Chain Reaction  

Used for the amplification of five quasimonomorphic mononucleotide 

repeats named BAT-26, BAT-25, NR-24, NR-21 and NR27, and for the analysis of 

loss of heterzogygosity at three CDH1 intragenic markers D16S3025, D16S496 

and D16S3067. 

 

GeneScan run and  analysis 

Applied for the determination of MSI status, evaluating the pick area of the 

five abovementioned markers, and for the CDH1 loss of heterozygosity score. 

 

 



 - 64 - 

Polymerase Chain Reaction 

Used for the amplification of promoter XRCC1, for the screening of CDH1 

(promoter and exons 1 to 16), KRAS (exon 1), BRAF (exon 15), PI3KCA (exons 9 

and 20), MLK3 (exons 1 to 10), EGFR (exons 19 to 21 and 3’-UTR polyA).  

 

Bisulphite modification 

Tumoral genomic DNA was submitted to bisulphite treatment in order to 

perform methylation analysis in CDH1 and MLH1 promoter genes.  

 

Sequencing 

Applied for the screening of CDH1 (promoter and exons 1 to 16), KRAS 

(exon 1), BRAF (exon 15), PI3KCA (exons 9 and 20), MLK3 (exons 1 to 10), 

EGFR (exons 19 to 21 and 3’-UTR polyA). 

 
Restriction fragment length polymorphism assay 

Used for the genotyping characterization of the -77TC promoter 

polymorphism of XRCC1 gene. 

 

Characterization of the effect of CDH1 germline missense mutation 

In silico and in vivo analysis were used for the evaluation of CDH1 mutation 

pathogenicity. Matrigel assay was applied to determine the invasive potential of 

cells expressing mutant form of CDH1. 

 

Immunohistochemistry 

Used for evaluation of the EGFR expression. 

 

Statistical analysis 

Student’s t-test, log-rank test, Kaplan-Meier method, Cox proportional 

hazards regression model. 
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4. RESULTS AND DISCUSSION 

 

This section focuses on the results and discussion from data obtained 

concerning gastric carcinoma.  

 

4.1 MSI as predictive biomarker of good prognosis  

 

MSI phenotype was identified in 63 (25.2%) of 250 cases. Further, in this 

study we confirmed that MSI phenotype is associated to a specific 

clinicopathologic profile. Significant differences in clinicopathologic characteristics 

and long-term prognosis were verified between MSS tumors, tumors with 

instability at 2-4 markers (MSI/<5) and tumors with instability at all 5 markers 

(MSI/5) were described. A more favourable prognosis was confirmed for MSI 

phenotype at univariate (P < 0.001) and multivariate analysis (P = 0.051). 

When microsatellite instability was verified in 5 markers (MSI/5 phenotype) 

was strongly related to older age (P < 0.001), female gender (P = 0.001), antral 

location (P < 0.036), intestinal histotype (P < 0.003), less infiltration of the serosa 

(P = 0.006). Lymph node involvement was rare (P < 0.001) and, if present, limited 

to an extremely low number of metastatic nodes (median 3; P = 0.001). Long-term 

survival of MSI/5 phenotype was favorable and its positive effect confirmed at 

multivariate analysis: RR of MSI/5 with respect to MSS, 0.32 (95% CI, 0.16 to 

0.63) (P = 0.002). MSI tumors showed peculiar clinicopathologic features and a 

better prognosis compared to stable tumors. Tumors with instability at all 5 loci 

had a very good prognosis. 

Some of the MSI patients with a very good prognosis although having 

advanced tumors. This fact led us to study in detail this subset of patients. Within 

the series there was a case of a 31-year-old woman who had undergone palliative 

subtotal gastrectomy with macroscopic residual (R2) tumor. Interestingly 63 

months previously this patient had a non-intestinal pT4N2 tumorm but was still 

alive at the time of MSI detection. The favorable survival in patients with the MSI/5 

phenotype was also evident among patients who underwent palliative resection 

(median survival, 58.4 months; 95% confidence interval, 0.0-132.5 months).  
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Older age, female sex, antral tumor location, intestinal histotype, less 

invasion of the serosa, and involvement of fewer lymph nodes significantly 

correlated with MSI/5 phenotype. The number of involved lymph nodes was 

particularly low in patients having tumors with instability at all 5 markers. Among 

22 patients with MSI/5 pN+ disease, 21 had fewer than 6 positive lymph nodes, 

while the 31-year-old patient already mentioned had 8 positive lymph nodes.  

Significantly lower rates of lymphovascular invasion were consistently 

observed for MSI/5 and MSI/<5 tumors compared with MSS tumors. These data 

should correlate with less tumor aggression, lower disease stage, and older age in 

patients with MSI/5 tumors. The MSI/5 phenotype delineates a subset of tumors 

with a similar growth pattern but with fewer propensities to invade serosal layers 

and spread systemically or via lymph nodes. Considering the locoregional growth 

of this class of tumors, one could argue for an aggressive surgical approach even 

in very advanced cases.  

Survival analysis confirms high survival rates for patients with MSI/5 tumors. 

Survival of patients with the MSI/5 phenotype was significantly better than that of 

patients with the MSI/<5 phenotype, and this difference was confirmed in 

multivariate analysis. These novel findings identify a particular subset of MSI 

tumors with less biologic aggression and with a favourable prognosis (paper VI).  

In conclusion, our data confirmed previous evidences that tumors with MSI 

demonstrate distinct clinicopathologic features and better prognosis compared with 

patients having stable tumors. These results evidence the role of MSI phenotype 

as predictive biomarkers of good prognosis in advanced GC cases.  

 

Data concerning MSI and familial GC, revealed that MSI status was 

significantly more frequent in patients with familial aggregation of GC (38.7% vs. 

19.4%; p=0.001). A similar frequency of MSI was observed in patients with a 

positive familial history of GC and in patients with other family members affected 

by colon cancer (p=0.96). Conversely, in families with other members affected by 

lung cancer the frequency of MSI was significantly lower (5.6%) (p=0.007). Similar 

MSI rates have been observed in GC patients with other family members affected 

by GC or colon cancer. The same does not occur in families with other members 
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affected by lung cancer. Our data seems to suggest that the first two types of 

families share common etiological factors in contrast to families with gastric and 

lung cancers (paper V). 

In one other study conducted on 410 GC patients, we identified that 23.2% 

showed a MSI phenotype; considering family history for GC, 4.6% fulfilled the 

HGC and 2.4% GC patients belong to families with incomplete criteria, namely as 

FGC. The overall frequency of MSI in the familial setting was 24.1% and was not 

different from that of the sporadic setting, where MSI was found in 23.1% of the 

tumors. Specifically within the familial setting, 26.3% of HGC patients and 20% of 

FGC displayed tumor with MSI phenotype.  

The different results reported in these two papers can be due to the 

different GC population setting in which environmental factors could play a 

significant role in MSI generation or more probably, this divergence is related to 

clinical criteria used to select family history of GC.  

If in colon cancer, MSI phenotype is the hallmark of the HNPCC syndrome, 

we concluded that in gastric carcinoma MSI does not represent a standard 

biomarker of hereditary or familial setting (paper IV). 

 

4.2 The promoter XRCC1 -77T/C gene polymorphism is associated with 

cardia GC risk 

 

A total of 963 subjects were enrolled in this study; 456 cases were GC 

patients who underwent surgical treatment for resectable GC. The control group 

included 507 unselected healthy blood donors.  

The frequencies of the TT, TC, and CC genotypes were 34%, 48%, and 

18% in the cancer group versus 37%, 47%, and 16% in normal healthy individuals, 

respectively. We found that the -77C/C homozygous genotype is associated 

significantly with increased risk of gastric cardia carcinoma (p=0.023) with an odds 

ratio (OR) of 1.65 [95% confidence interval (CI) 1.14 to 2.4]. In the family history 

stratification, we report a significant association (p=0.043) between the -77T/C 

polymorphism and GC cases with familial GC and other family members with lung 

cancer. 
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Our results suggest that the XRCC1 -77T/C polymorphism is a relevant host 

susceptibility factor for gastric cardia cancer development and is associated with 

familial GC cases also involving an excess of lung cancer (paper I). 

We are convinced that the -77T/C polymorphism has clinical potential. I fact 

we plan to offer to carriers with -77T/C and smoking habits and with a family 

history for lung cancer, a strictly follow-up with annual upper endoscopy using the 

chromoendoscopy method. In positive cases a surgical approach or neo-adjuvant 

treatment will be proposed. 

 

4.3 Structural CDH1 alteration as predictive biomarker of worse prognosis in 

GC 

Within the 246 cases analysed for E-cadherin alterations promoter 

hypermethylation was the most frequent event occurring in 20.7% (51 of 246) of 

the cases. We found 26 (10.6%) cases affected by structural alterations (three with 

somatic mutations and 23 with LOH). The identified somatic mutations were 

1105insACCAAC, 1119A>G and c1320+5 G>A (figure 17). 
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Figure 17.  Somatic CDH1 mutations identified in 86 diffuse GC. 

 

Promoter CDH1 methylation was associated with the diffuse type of GC (p= 

0.017) and the presence of distant lymph node metastasis (p=0.043). We 

identified association between male gender and structural CDH1 alterations 

(p=<0.001), R1/2 radicality of resection (p=0.015). We verified a correlation 

between advanced stages (>pT2 stage) and CDH1 promoter methylation 

(p=0.033). Kaplan-Meier survival analysis estimates that CDH1 structural 

alterations participate as poor prognostic factor in GC patients (p = 0.017) (figure 

18).  

c1320+5G>A 

1119A>G 

1105ins ACCAAC   
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Figure 18.  Patients carrier LOH and/or CDH1 somatic mutations showed a worse prognosis at 
multivariate analysis. 
 

A significant association (p=0.023) between CDH1 promoter 

hypermethylation and a positive familial history was found for the first time (Table 

3). We determined the survival rate of patients and verified that cases with LOH 

and E-cadherin mutations showed a worse survival rate, in contrast to cases with 

hypermethylation or without E-cadherin alterations (abstract I). 

 
Table 3.  Molecular mechanisms at CDH1 in 86 primary diffuse gastric cancers. 

 

Cancer setting 

2nd hit mechanism 

Lesions analyzed 

n=86 

Positive 

n=44 

Negative 

n=42 

Sporadic 67 21* (31.3%) 46* (68.7%) 

Methylation  67 17# (25.4%) 50# (74.6%) 

LOH  67 3 (4.5%) 64 (95.5%) 

Mutations 67 3 (4.5%) 64 (95.5%) 

Familial 19 10* (52.6%) 9* (47.4%) 

Methylation 19 10# (52.6%) 9# (47.4%) 

LOH  19 0 (0%) 19 (100.0%) 

Mutation 19 0 (0.0%) 19 (100.0%) 

           *P= 0.0207; #P= 0.023 
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With these results we support the evidence that E-cadherin alterations are a 

frequent event in sporadic diffuse gastric carcinoma. Further, we show that 

epigenetic changes of E-cadherin leading to its decrease protein expression 

induce an invasive behaviour to neoplastic cells. Moreover, we found a new 

molecular biomarker of prognosis in gastric cancer that can be used to predict the 

clinical prognosis of the patients. 

 

Table 4  Resumes all CDH1 alterations reported in our series of 246 primary gastric carcinomas. 

Cancer setting Total CDH1 alteration in 
sporadic 

CDH1 alteration in 
familial 

% CDH1 alteration 
within positive cases 

Nº of cases 246 174 72 77 

Methylation  51 (20.7%)  32 (18.4%) 19 (26.0%) 66.2% 

LOH  18 (7.3%) 13 (7.7%) 5 (6.8%) 23.4% 

Mutations 3 (1.2%) 3 (1.7%) 0 (0.0%) 3.9% 

Methylation+LOH 5 (2%) 3 (1.7%) 2 (2.7%) 6.5% 

Total alterations 77 (31.3%) 51 (29.3%) 29 (39.7%) 100% 

Intestinal 160 107 (66.9%) 53 (33.1%) 49 (30.6%) 

Methylation  24 (15%) 15 (14%) 9 (16.9%) 49.0% 

LOH  20 (12.5%) 10 (9.3%) 5 (9.4%) 40.8% 

Mutations 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.0% 

Methylation+LOH 5 (3.1%) 3 (2.8%) 2 (3.7%) 10.2% 

Total alterations 49 (30.6%) 28 (26.2%) 16 (30.2%) 100% 

Diffuse 86 67 (77.9%) 19 (22.1%) 33 (38.4%) 

Methylation 27 (31.4%) 17 (25.4%) 10 (52.6%) 81.8% 

LOH  3 (3.5%) 3 (4.5%) 0 (0.0%) 9.1% 

Mutation 3 (3.5%) 3 (4.5%) 0 (0.0%) 9.1% 

Methylation+LOH 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.0% 

Total alterations 33 (38.4%) 23 (34.3%) 10 (52.6%) 100% 

 

We performed CDH1 germline mutation screening in 21 EOGC patients and 

found two novel constitutional missense sequence variants. The first patient 

presented a missense 670C>T mutation that affects codon 224 of exon 5 leading 

to a substitution of the arginine to a cysteine (R224C). In the second patient the 

CDH1 mutation was identified at the position -63 located at the 5’UTR region (-

63C>A transversion). The R224C mutation was also indentified in a blood donor 
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subject (1/244) suggesting a population frequency of 0.4%. The -63C>A alteration 

was not found into the control population (0/244). 

The R224C CDH1 sequence variant was found in constitutional DNA, the 

tumor DNA was also analyzed in order to identify somatic mutations or methylation 

of CDH1 promoter region. No somatic alterations were found in the tumor material 

of the patient harbouring the R224C constitutional sequence variant. 

Heterozygosity at the SNPs in the promoter region [-161 C/A (rs16260)], exon 13 

[2076 T/C (rs1801552)] and 3’-UTR SNP (rs1801026) as well as the mutations is 

retained in the tumour. 

Unfortunately, we were not able to characterize the second sequence 

variant (-63C>A mutation) due to lack of tumor material.  

Slow aggregation on soft agar assays and Matrigel invasion assays 

represent valuable and reliable tools to assess in vitro the functional impact of E-

cadherin mutations on the aforementioned functions. CHO E-cadherin negative 

cells engineered to stably express either the R224C mutant or the positive (wild-

type CDH1 cDNA) and negative controls (empty vector) were used as cell model. 

Cells expressing the R224C variant maintain the ability to form compact 

aggregates as seen for the wild-type CDH1, differently to what is observed for 

mock cells. When seeded on the Matrigel chambers the same association is 

evident: R224C expressing cells behave like the cells transduced with the wild-

type form, retaining the capacity to prevent invasion in clear contrast to what can 

be seen for mock cells.  

In our series we report CDH1 germline sequence variants in two out of 21 

EOGC cases (9.5%). Despite to the hypothetical deleterious nature of the R224C 

mutation by in silico prediction, E-cadherin function is preserved in vitro without 

impairing the ability to mediate cell-cell adhesion and suppress cell invasion. 

Considering the low frequency of 670C>T alteration also identified in control 

population (0.4%), we concluded that this alteration is a new rare polymorphic 

variant, never described so far. Our data suggest that functional assessment is 

mandatory to understand the role of CDH1 missense mutations in diffuse GC 

screening and that only in silico analysis evaluation could fail.  
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Moreover, we revised all CDH1 germline mutations in sporadic EODGC 

reported in literature. To date, 264 apparently sporadic diffuse or mixed EOGC 

patients aged 51 years old or less have been screened for the presence of CDH1 

germline sequence variants. From these 264 EOGC cases, 19 (7.2%) carried 

CDH1 constitutional germline sequence variants but only 2.3% (6/264) of them did 

in fact represent variants with a proven potentially deleterious effect. This 

predicted pathogenicity was based on the type of mutation (frameshift) or on the 

results obtained from in vitro functional analysis. 

The most interesting finding from the previous analysis is the fact that the 

2.3% EOGC cases displaying deleterious CDH1 germline alterations were always 

younger than 35 years old. These results are important as they impact the clinical 

management, counselling and molecular diagnosis to be offered to EOGC patients 

in the near future. Based on these strong evidences, CDH1 mutation screening is 

now recommended for young patients with DGC and the cut-off for the age of 

diagnosis of EOGC is now accepted to be decreased from 50 to 35 years (paper 

II). 

 
4.4 Oncogenic mutations as predictive therapeutic biomarkers in MSI GC  

 

Thirty-five of 63 (55.6%) MSI GC showed oncogenic mutations in at least 

one of the screened genes (EGFR, KRAS, BRAF, PIK3CA and MLK3).  

 

EGFR mutations 

We did not find pathogenic mutations in the hotspot regions of EGFR 

(exons 18, 19, 20 and 21). However, deletions at the A13 repeat localized into the 

3- UTR of EGFR were found in 30/63 (47.6%) of MSI GC. Within the 30 mutated 

carcinomas, 15 (50%) showed a mononucleotide A deletion, 12 (40%) had a 

dinucleotide A deletion and, 3 (10%) a trinucleotide A deletion. All 63 normal 

gastric samples showed a wild-type A13 or A14 repeat of EGFR in a homozygous 

or heterozygous state. According with the findings from the EGFR 3-UTR mutation 

screening, we verified, by EGFR immunohistochemistry, that while two EGFR 

mutant GC (deletion [delAA(A)11]) showed an increased expression of EGFR in 

tumour cells in comparison to the surrounding normal tissue, a wild-type EGFR 
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GC case did not display EGFR expression in the tumour area. Due to the lack of 

good quality paraffin tissue, we can only consider this data as preliminary. This 

result needs to be validated in a larger series of MSI GC in order to confirm the 

correlation between the EGFR expression and the mutations in A13 deletions in 

the 30-UTR polyA repeat of EGFR. 

 

KRAS and BRAF mutations 

KRAS mutations were observed in 17.5% (11/63) of MSI GC cases. From 

these 11 cases harbouring somatic mutations, we found that codon 12 was 

mutated in 63.6% (7/11) and codon 13 in 36.4% (4/11). All but one KRAS mutation 

localized in codon 12 were G12D. All mutations in codon 13 were G13D. None of 

the MSI GC cases under study showed BRAF somatic mutations in the hotspot 

codon. 

 

PIK3CA mutations 

PIK3CA mutations were found in 14.3% (9/63) of the MSI GC studied. 

Among the mutated cases, eight somatic mutations were located in codons 

previously described as PIK3CA hotspots (codons 542, 545 and 1047). Five 

PIK3CA alterations occurred at the helical domain (codon 515, 542 and 545) and 

four mutations affected the kinase domain (codon 1047). A novel missense 

mutation (1544A>G) was identified within the helical domain at codon 515 

(N515S). None of these mutations were present in the normal counterpart of these 

cases. 

 

MLK3 mutations 

MLK3 mutations were found in two carcinomas corresponding to a 

frequency of 3.2%: one was a missense mutation (2052G>A) localized in proline-

serine-threonine rich domain (A684T) and the other was a frameshift mutation 

(c.69insG). Besides these two somatic mutations, that were tumour specific, we 

identified one splice site alteration (c.1069+10C>T) and one missense mutation 

(2190G>A) (R730H) that were present in both tumour and constitutional DNA, 

both with unknown pathogenic function. Moreover, we observed two silent MLK3 
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sequence variants (225A>G and 2259A>T) that did not change the aminoacid 

residues of the MLK3 protein (A75A and P753P, respectively) and were previously 

described in the normal population. 

 

Concomitant oncogenic mutations 

We verified that within the 35 MSI GC harbouring oncogenic mutations, 14 

(40.0%) of the mutant cases showed concomitant oncogenic alterations, always 

involving EGFR polyA mutations. From those cases with more than one mutation, 

seven had EGFR A13 repeat deletions and KRAS mutations (7/14 – 50%), three 

showed EGFR polyA deletion and a PIK3CA mutation (3/14 – 21.4%) and two had 

EGFR deletions and both KRAS and PIK3CA (2/14 – 14.3%) mutations. In one 

case we found an EGFR deletion and concomitant missense mutations in MLK3 

and PIK3CA and in another case an EGFR deletion and a MLK3 mutation (paper 

VII-VIII-IX). 

 

Overall, we identified a novel mechanism of EGFR activation in GC, located 

at the polyadenylation site in the 3’-UTR region. The presence of EGFR A-13 

repeat mutations and the acknowledgment of the mutation status into the 

MAPK/PI3K pathway could be a novel target therapy for EGFR inhibitors in 

advanced GC patients, in particular with cetuximab-plus protocol. In particular, in 

this study we classified GC as potentially electable for anti-EGFR therapies when 

patients are carrier of mutation at poly-A EGFR site, and when the MAPK/PI3K 

cascade is wilde-type without oncogenic mutations; in fact the presence of 

alteration in the down-stream relates with resistance to anti-EGFR therapy, and 

this excludes the patients for anti-EGFR treatment.  

Results from this study are expected to bring new insight into the use of 

EGFR pharmacological inhibitors as anticancer therapy in GC. 
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4.5 Published articles and abstracts 

The following papers are the core of this Doctoral thesis. They are here presented 

in their original formatting. 
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5. GENERAL CONCLUSIONS AND FUTURE PERSPECTIVE 

 

Molecular biomarkers will help improving the staging system of 

gastrointestinal cancer and their use in clinical practice is also important to find 

novel ways to handle patients in an efficient medical approach. In gastric 

carcinoma, in particular, the identification of molecular markers that can help to 

predict desiase progression will have an important impact in the surveillance of 

gastric carcinoma patients and may represent a tool to impair the general worse 

prognosis of this cancer.   

In this study we identified novel predictive molecular biomarkers that can be 

classified as prognostic and therapeutic biomarkers, specific for gastric carcinoma.  

We verified that MSI status, specifically when all markers are unstable, associates 

with a very good prognosis. Particularly interesting is the fact that MSI is 

associated to good prognosis even in advanced GC, namely in cases with pT4. 

The identification of good predictive prognostic biomarkers open new surgical 

approaches in surgical treatment of advanced GC and of tumor recurrence. To 

date, physicians observe GC recurrence as a limitation of surgical treatment, 

offering only palliative treatment as conventional chemotherapies. We 

demonstrated that patients with GC relapses show a long term survival when 

carcinomas show a MSI phenotype. This finding justifies a more radical surgery 

also in GC with metastatization. In fact we suggest that GC patients with MSI 

advanced gastric carcinoma (≥pT2) can perform an aggressive surgical treatment 

(R0 surgery).  

 

Among the prognostic biomarkers, we verified that structural alterations of 

CDH1 gene, as somatic mutation and intragenic deletion, are related with a worse 

GC prognosis. Interestingly, among CDH1 structural alterations, the LOH status is 

not related with a specific histotype. In cases with somatic alterations of E-

cadherin the clinical approach to these patients should be reconsidered. Moreover, 

somatic epigenetic change as the E-cad promoter hypermethylation, can be 

considered further for medical treatment with demethylating agents, as the  5’-aza-

cytidine.  
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Exploring the role of CDH1 germline mutations in sporadic EODGC, we 

proposed a revision of the clinical criteria suggesting the cut-off age of ≤35 years 

for the E-cad genetic screening; this discovery was supported by the presence of 

pathogenic mutations only in very young GC patients (≤35 years). 

 

Our study opened a new window in the scenario for GC treatment, namely 

the use of thyrosine kinase inhibitors as EGFR inhibitor drugs, as Cetuximab and 

Trastuzumab. To date, clinical trials demonstrated consistently the benefit in long 

term survival of these molecular antibodies, in particular when associating with 

conventional chemotherapies (plus protocol). However it remained to determine 

wich are the predictive biomarkers that can be used for eligibility of GC patients for 

anti-EGFR therapies. We identified a novel mechanism of EGFR activation in GC, 

as mutation/deletion at the polyA site in the 3’-UTR region. The presence of EGFR 

A-13 repeat mutations and the mutation screening of the MAPK/PI3K pathway 

represents a setting of molecular markers that should be analysed in order to elicit 

GC patients for EGFR inhibitors therapy. These results were presented at the 

2011 Gastrointestinal Cancers Symposium in San Francisco (CA) and the report 

was selected by the ASCO Cancer Foundation as merit award winner. Steven A. 

Curley, MD, chair of the GI Symposium Steering Committee comments these 

discoveries: "These intelligent young researchers have demonstrated passion for 

improving the quality of life for people living with gastrointestinal cancers. We are 

proud to recognize this year's recipients and hope these awards will strengthen 

their commitment to advancing clinical cancer diagnosis, treatment and research." 

(Citation reported by the following journals: ASCO official journal, Medical News 

Today, World Book and News and Liquida: worldwide news and opinion). 

 

For clinical approach we proposed a flow-chart (figure 19) in which 

biomarkers are divided in two groups: A) prognostic and B) therapeutic 

biomarkers. The group A includes the MSI status and structural CDH1 alterations 

as prognostic biomarkers, respectively with a good and worse prognosis. The 

group B considers therapeutic biomarkers in patients that can beneficiate of EGFR 

inhibitors. 
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Figure 19 

 

The discovery of different molecular biomarkers predicting the efficacy of 

novel therapeutic agents in advanced gastric carcinoma treatment represents the 

way to GC control. 

We need to determine which markers will be best for each type of cancer, 

and studies like this are important steps. The application of novel chemotherapy 

drugs in gastric carcinoma treatment requires the acknowledgment of selected 

molecular targets. In particular, we will study other specific molecular markers 

predictives of response to inhibitors targeting  trastuzumab that inactivates the 

HER-2 over-expression, everolimus and mTOR inhibitors that block at PIK3CA 

hotspot mutations and PHA-665752 or JNJ38877605  also namely as the c-MET 

inhibitors (figure 12). All these cancer inhibitors are currently in clinical trial 

evaluation and will represent the future of advanced gastric carcinoma treatment. 
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7. SUMMARY 

 

The general goal of this working plan was to identify molecular parameters that 

can predict prognosis, response to treatment and thus improving the management 

of GC. Specifically, we aimed in this project to study the role of EGFR signalling 

cascade in GC, to identify novel therapeutic and prognostic biomarkers.  

Our goal was achieved by following a bottom-up approach that addressed the role 

of alterations of selected genes (namely E-cadherin) in GC progression.  

In order to accomplish our goal data information on 500 GC patients were 

collected and observed with clinical, familial, diagnostic, surgical, pathological, and 

follow-up data. The biological material of 500 GCs included tumor and normal 

gastric tissue flash frozen, directly collected in the operating room. All materials 

were obtained from the Department of Human Pathology and Oncology, section of 

General Surgery and Surgery Oncology, University of Siena, Italy.  

 

During the working plan we: 

1. Address the role of MSI as molecular biomarkers. We studied the frequency of 

MSI in GC, and verified the clinico-pathologic associations in sporadic and in 

cases with familial clustering of GC. 

2. Analyse of the -77T/C XRCC1 polymorphism in GC risk development. We 

considered the potential tumor risk in patient carriers of -77T/C variation.  

3. Address the role of E-cadherin deregulation in GC progression. We searched 

for the presence of somatic E-cadherin mutations as well as E-cadherin promoter 

hypermethylation and loss of heterozygosity in a large series of GC patients and 

selected families which fulfil the HDGC criteria as well as EOGC cases searching 

for the presence of E-cadherin germline mutations. 

4. Address the role of EGFR activation in GC progression. We searched for the 

presence of EGFR somatic mutations within the kinase domain and the repeated 

region of the gene. The mutation screening was extended also at the other 

oncogenes in the MAPK/PI3K pathway, namely KRAS, BRAF, MLK3, PIK3CA. 
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With this working plan we verified that: 

1. MSI tumors showed peculiar clinico-pathologic features and better prognosis 

when compared to stable tumors. Considering these results, a peculiar subset of 

tumors with instability at all five loci and a very good prognosis has been 

observed. Moreover, we verified that in our gastric carcinoma MSI do not 

represents a standard biomarker of hereditary or familial setting, opposing to what 

is observed in colon cancer where MSI phenotype is the hallmark of the HNPCC 

syndrome,. 

2. We found that the -77C/C variaton was associated with increased risk of GC 

located in the upper third region, specifically the cardia zone. Moreover, this 

polymorphism is associated to smoking habits and with familial aggregation for 

lung cancer. These results suggested us that part of GC can be underlied by the 

same genetic factor of lung cancer. 

3. Structural alterations, in particular LOH and somatic mutations, of CDH1 gene 

were assessed as predictive biomarkers of worse prognosis. Hypermethylation 

results from this study could be used to define the basis for the use of 

demethylating agents as possible novel anticancer therapy. Considering the very 

low frequency of E-cad germline mutations (2.3%) in juvenile GC patients and the 

high incidence of non-pathogenic mutations, we revised the clinical criteria for 

CDH1 genetic screening and recommend this screening in GC cases with age at 

onset ≤35 years and with diffuse histotype. 

4. We identified a novel mechanism of EGFR activation in GC, located at the 

polyadenylation site in the 3’-UTR region. The presence of EGFR A-13 repeat 

mutations and the information of the mutation status of the MAPK/PI3K pathway 

could be used as novel biomarkers to include GC patients for target therapies 

using EGFR inhibitors in advanced GC patients, in particular with cetuximab-plus 

protocol.  
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8. SUMÁRIO 

 

Este projeto de doutoramento teve como principal objetivo a identificação de 

parâmetros moleculares com poder preditivo de prognóstico ou resposta à terapia, 

contribuindo assim para um melhoramento na gestão e aconselhamento dos 

doentes com cancro gástrico. Em particular, no decorrer deste projecto foram 

estudadas várias moléculas envolvidas na via de sinalização do EGFR com o 

intuito de identificar novos biomarcadores de prognóstico e terapia. 

Este objectivo foi alcançado seguindo uma abordagem retrospectiva que incidiu 

no estudo do papel desempenhado por alterações em genes (nomeadamente 

Caderina-E) previamente selecionados na progressão do cancro gástrico. 

Para completar os nossos objectivos; informação relativa ás caraterísticas 

clínicas, familiares, de diagnóstico, cirúrgicas, patológicas e dados de seguimento 

clínico de 500 casos de cancro gástrico foram recolhidas e analisadas.  O material 

biológico recolhido incluía tecido tumoral e normal congelado, colhido diretamente 

na sala de operações. Todo o material foi obtido no Departamento de Patologia 

Humana e Oncologia, secção de Cirurgia Geral e Cirurgia Oncológica, da 

Universidade de Siena, Itália. 

 

Durante o plano de trabalho foram estabelecidos os seguintes objectivos: 

1. Determinação do uso do fenótipo “MSI” como potencial biomarcador molecular. 

Procedeu-se ao estudo da frequência de “MSI” em cancro gástrico e da sua 

correlação com as caraterísticas clinic-patológicas e agregação familiar dos 

carcinomas gástricos. 

2. Análise do polimorfismo -77T/C XRCC1 no desenvolvimento de cancro 

gástrico. Neste objectivo, foi avaliado o risco de desenvolvmento tumoral em 

portadores da variação -77T/C.  

3. Determinação do papel da desregulação da Caderina-E na progressão de 

cancro gástrico. Este objectivo foi alcançado através da pesquisa de mutações do 

gene da Caderina-E, da determinação do estado hipermetilação do seu promotor 

e do estudo de perda de heterozigotia numa série alargada de cancro gástrico. 

Adicionalmente, procedeu-se à análise de mutações germinativas no gene da 
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Caderina-E em casos de cancro gástrico que preenchiam os critérios de HDGC e 

EOGC. 

4. Estudo do papel da activação do EGFR na progressão de cancro gástrico. Este 

objectivo foi alcançado através da determinação da presença de mutações 

somáticas no domínio de cinase do EGFR; a pesquisa mutacional foi alargada a 

outros oncogenes envolvidos na via de sinalização das MAPK/PI3K, tais como, 

KRAS, BRAF, MLK3 e PIK3CA. 

 

Com este plano de trabalho nós verificámos que: 

1. Os tumores MSI analisados apresentam caraterísticas clinico-patológicas 

específicas e um melhor prognóstico quando comparados com tumores estáveis. 

Tendo em conta estes resultados, verifica-se uma correlação positiva entre 

tumores com instabilidade de microssatélites em todos os locus analisados e um 

melhor prognóstico. Adicionalmente, observa-se que nos carcinomas gástricos a 

presença de MSI não representa um biomarcador de hereditabilidade ou 

agregação familiar, ao contrário do que se verifica nos tumores colorectais, nos 

quais a presença do fenótipo MSI é uma das caraterísticas principais da síndrome 

de “HNPCC”. 

2. A presença da variação -77C/C está associada a um risco aumentado de 

cancro gástrico no terço superior do estômago, nomeadamente na região da 

cárdia. Adicionalmente, a presença do polimorfismo está também associada a 

fumadores activos e a casos com agregação familiar de cancro do pulmão. Estes 

resultados sugerem que uma parte dos cancro gástrico podem ter um factor 

etiológico comum aos tumores do pulmão.  

3. As alterações estruturais, em particular perda de heterozigotia e mutações 

somáticas, do gene CDH1 são determinadas como preditivas de um pior 

prognóstico. Os resultados de hipermetilação obtidos neste estudo permitem 

definer uma possivel base para uso de agentes que revertem a metilação como 

uma nova terapia anti-cancro. Tendo em conta a baixa frequência de mutações 

germinativas da Caderina-E (2.3%) em doentes jovens com cancro gástrico e a 

alta incidência de mutações não patogénicas, propusemos uma revisão dos 

critérios clínicos para pesquisa de alterações da Caderina-E e recomendamos 
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que esta pesquisa seja feita em pacientes com cancro gástrico difuso e com idade 

≤35 anos. 

4. Um novo mecanismo de activação do EGFR, localizado na região de 

poliadenilação do 3’-UTR, em cancro gástrico. A determinação da presença de 

mutações na repetição A-13 do EGFR em associação com informação acerca do 

estado mutacional da via MAPK/PI3K poderão ser factores usados como 

marcadores de resposta a terapias alvo em doentes com CG avançado, como no 

caso do protocolo plus-Cetuximab. 
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10. Appendices 

The following papers were used only in the Introduction section. 
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