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 This thesis aims to clarify the role of Helicobacter pylori infection in the web of 

gastric cancer causation as a potential necessary causal component and to identify 

factors that modulate the progression towards cancer among the H. pylori-infected 

subjects. To accomplish these objectives, six studies were performed using data 

obtained in two diverse settings, Portugal and Mozambique, and following different 

designs. 

 

 

I. Peleteiro B, Lunet N, Barros R, La Vecchia C, Barros H. Factors contributing to 

the underestimation of Helicobacter pylori-associated gastric cancer risk in a 

high-prevalence population. Cancer Causes Control. 2010;21(8):1257-64. 

 

 A case-control study was conducted in Portugal aiming to explain the 

underestimation of the association between H. pylori infection and noncardia gastric 

cancer, in a high-risk European population. 

 It included 420 noncardia gastric cancer patients recruited in two major 

hospitals in north of Portugal and 1389 population controls. Whole-cell immunoglobulin 

G (IgG) antibodies against H. pylori were quantified by enzyme-linked immunosorbent 

assay (ELISA) and western blot testing was conducted in a subsample (272 cases and 

186 controls) allowing for the detection of cytotoxin associated-gene A (CagA). 

 When assessing infection status by ELISA, the odds ratio (OR) for the 

association with gastric cancer decreased as IgG titers increased. The same pattern 

was observed across strata of age and blood collection timing with stronger 

associations among younger subjects and in those providing blood samples earlier 

after diagnosis. The presence of CagA detected by western blot was associated with 

an increased risk of gastric cancer (sex- and age-adjusted OR=11.32, 95% confidence 

interval [95%CI]: 5.64-22.73). 

 

 

II. Peleteiro B, Cavaleiro-Pinto M, Barros R, Barros H, Lunet N. Is cardia cancer 

aetiologically different from distal stomach cancer? Eur J Cancer Prev. 

2011;20(2):96-101. 

 

 This study aimed to provide evidence on the frequency of aetiologically distinct 

types of cardia cancer, either resembling distal stomach cancer or oesophageal 

adenocarcinoma. 
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 We evaluated 41 cardia and 339 noncardia cancer cases undergoing 

gastrectomy, and 380 community controls matched by age (± 5 years) and sex (1:1). 

Gastric cardia and noncardia cancers were compared with regard to the frequency of 

H. pylori infection (assessed by ELISA and western blot), the histological 

characteristics of the nonneoplastic gastric mucosa and the tumour histological type, 

obtained from pathology reports. 

No positive relation was found with H. pylori infection, but CagA-positive strains 

were associated with an increased risk of noncardia cancer (age- and sex-adjusted 

OR=1.60, 95%CI: 1.17-2.18). Among H. pylori-infected cases, a 1:1 ratio of intestinal to 

diffuse/mixed histological subtypes was observed for both cardia and noncardia 

cancers. However, unlike noncardia cancers, all cardia cancer cases occurring in non-

infected patients belonged to the intestinal histological subtype. 

 

 

III. Peleteiro B, Lopes C, Figueiredo C, Lunet N. Salt intake and gastric cancer risk 

according to Helicobacter pylori infection, smoking, tumour site and histological 

type. Br J Cancer. 2011;104(1):198-207. 

 

 We conducted a case-control analysis aiming to quantify gastric cancer risk in 

relation to dietary salt exposure according to H. pylori infection status and virulence, 

smoking, tumour site and histological type. 

 It included 422 gastric cancer cases and 649 community controls. Salt exposure 

in the previous year, or the year before onset of symptoms for cases, was estimated 

through: sodium intake using a food frequency questionnaire; main food items/groups 

contributing to dietary sodium intake; visual analogical scale for salt intake preference; 

use of table salt; duration of refrigerator ownership. The association between salt 

consumption and gastric cancer was quantified through ORs adjusted for gender, age, 

education, smoking, H. pylori infection and total energy intake. 

 Comparing subjects with the highest with those with the lowest salt exposure, 

sodium intake (OR=2.01, 95%CI: 1.16-3.46), consumption of food items with high 

contribution to sodium intake (OR=2.54, 95%CI: 1.56-4.14) and salt intake evaluated 

using the visual analogical scale (OR=1.83, 95%CI: 1.28-2.63) were associated with an 

increased risk of gastric cancer; subjects owning a refrigerator for more than 50 years 

had a lower risk (OR=0.28, 95%CI: 0.14-0.57). These associations were observed 

regardless of H. pylori infection status and virulence, smoking, tumour site or 

histological type. 
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IV. Peleteiro B, Carrilho C, Modcoicar P, Cunha L, Ismail M, Guisseve A, Lorenzoni 

C, Fernandes F, Almeida R, Figueiredo C, David L, Lunet N. Chronic atrophic 

gastritis, intestinal metaplasia, Helicobacter pylori virulence, IL1RN 

polymorphisms and smoking in dyspeptic patients from Mozambique and 

Portugal. Helicobacter. 2009;14(4):306-8. 

 

 Portuguese and Mozambican dyspeptic patients were compared to identify 

differences in the prevalence of gastric precancerous lesions, and genetic 

susceptibility, H. pylori virulence and lifestyles between these two populations. 

 Participants reporting dyspeptic symptoms underwent upper digestive 

endoscopy and gastric biopsy samples were collected following the same standardized 

protocol. The same experienced pathologists evaluated the Mozambican and 

Portuguese biopsy specimens. 

 The prevalence of chronic atrophic gastritis and intestinal metaplasia was lower 

in Mozambican subjects when compared to the Portuguese (8.3 vs. 36.3%, p<0.001 

and 8.3 vs. 37.1%, p<0.001, respectively), across age and education strata. A 

divergent distribution of IL1RN variable number tandem repeat (VNTR) polymorphisms 

(proportion of carriers of the allele 2: 7.8 vs. 41.2%, p<0.001) and smoking in men 

(proportion of ever smokers: 29.4 vs. 67.5%, p<0.001) was observed. 

 

 

V. Peleteiro B, Lunet N, Carrilho C, Durães C, Machado JC, La Vecchia C, Barros 

H. Association between cytokine gene polymorphisms and gastric 

precancerous lesions: systematic review and meta-analysis. Cancer Epidemiol 

Biomarkers Prev. 2010;19(3):762-76. 

 

 This study aimed to quantify the association between IL1B-511, IL1RN VNTR 

and TNFA-308 gene polymorphisms, and intestinal metaplasia, using original data in 

two diverse populations from Portugal and Mozambique, and systematically reviewing 

the literature on the association between these polymorphisms and gastric 

precancerous lesions, placing our results into context. 

 Published studies were identified through PubMed search, and OR estimates 

were combined using random-effects meta-analysis, also taking into account individual 

data obtained from 215 Portuguese volunteer shipyard workers and 96 Mozambican 

dyspeptic patients who underwent endoscopic and pathologic evaluation following the 

same protocol. 
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 The OR estimates for intestinal metaplasia were 2.83 (95%CI: 1.15-6.96) for the 

IL1RN*22 genotype, 1.86 (95%CI: 1.03-3.36) for IL1B-511 T carriers, and 0.59 (95%CI: 

0.12-3.04) for the TNFA-308*AA genotype in the Portuguese sample. All Mozambican 

subjects with intestinal metaplasia were T carriers for IL1B-511 and none had the 2 

allele for IL1RN. In meta-analysis, IL1RN*22 genotype was associated with an 

increased risk of gastric precancerous lesions (22 vs. LL: summary OR=2.27, 95%CI: 

1.40-3.70, I2=26.4%, 12 studies). No such association was found for the IL1B-511 (TT 

vs. CC: summary OR=1.34, 95%CI: 0.87-2.07, I2=65.7%, 13 studies) or TNFA-308 

genotypes (AA vs. GG: summary OR=0.93, 95%CI: 0.35-2.43, I2=0.0%, 7 studies). 

 

 

VI. Peleteiro B, Barros R, Carrilho C, Artiaga J, Cunha L, Modcoicar P, Ferreira R, 

Figueiredo C, Almeida R, La Vecchia C, David L, Barros H, Lunet N. 

Determinants of gastric CDX2 expression: a study in Mozambique. [submitted] 

 

 This study aimed to quantify the association between H. pylori infection and 

other environmental risk factors and the expression of caudal-type homeobox 2 protein 

(CDX2), according to the presence of gastric precancerous lesions. 

 It is a cross-sectional analysis of dyspeptic subjects undergoing upper digestive 

endoscopy conducted in Mozambique. All subjects with chronic atrophic gastritis or 

intestinal metaplasia were gender- and age-matched (1:2) with those classified as 

having normal stomach or chronic non-atrophic gastritis. H. pylori infection was 

assessed by histology and polymerase chain reaction (PCR), and CDX2 expression by 

immunohistochemistry. ORs for the association between gastric cancer risk factors and 

CDX2 expression were computed, adjusting for age, gender, education and H. pylori 

infection. 

 CDX2 expression was more frequent among the H. pylori-infected (OR=2.26, 

95%CI: 1.00-5.15). Infection with high-virulence strains was associated with CDX2 

expression in subjects with chronic atrophic gastritis (cagA+: OR=3.20, 95%CI: 1.35-

7.52) and intestinal metaplasia (vacuolating cytotoxin A [vacA] m1: OR=5.86, 95%CI: 

1.08-31.62). A lower frequency of vegetables consumption was associated with a 

higher risk of marked CDX2 expression (OR=3.64, 95%CI: 1.02-12.95). 
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The main conclusions of the present investigation are the following: 

 

 The use of methods with low sensitivity to detect past infection, including 

study design, selection of the participants and assessment of infection 

status, leads to a substantial underestimation of gastric cancer risk in 

high-prevalence settings. Stronger associations were observed when 

these methodological limitations are overcome, which is more 

compatible with the hypothesis of H. pylori being a necessary cause for 

gastric cancer. 

 

 In this Portuguese setting, the cardia cancer cases were similar to 

noncardia cancers with regard to the relation with infection, histological 

type and condition of the nonneoplastic mucosa, supporting the 

predominance of this cardia cancer subtype in high-risk settings. This 

suggests that only specific types of gastric cancer, more frequent in low-

risk settings, are not related to infection, reinforcing the evidence 

supporting the role of H. pylori as a necessary cause for gastric cancer. 

 

 Salt intake was confirmed as an important dietary risk factor for gastric 

cancer, with no differences in risk according to the characteristics of the 

H. pylori infection, smoking and tumour location and histological type. 

 

 The divergent distribution of IL1RN polymorphisms and smoking 

between dyspeptic subjects from Portugal and Mozambique may 

contribute to explain the observed differences in the frequency of gastric 

precancerous lesions between these settings with similar prevalence of 

H. pylori infection. 

 

 The virulence of the infecting strains and vegetables consumption were 

associated with CDX2 expression and may play a role in the 

progression to more advanced lesions as co-factors interacting with H. 

pylori infection to produce gastric cancer. 
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 Com esta tese pretende-se clarificar o papel da infecção por Helicobacter pylori 

enquanto possível causa necessária para a ocorrência de cancro gástrico e identificar 

factores responsáveis pelo desenvolvimento deste cancro em indivíduos infectados. 

Para tal, foram desenvolvidos seis estudos com os objectivos descritos abaixo, usando 

dados obtidos em Portugal e Moçambique. 

 

 

I. Peleteiro B, Lunet N, Barros R, La Vecchia C, Barros H. Factors contributing to 

the underestimation of Helicobacter pylori-associated gastric cancer risk in a 

high-prevalence population. Cancer Causes Control. 2010;21(8):1257-64. 

 

 Foi realizado um estudo caso-controlo em Portugal com o objectivo de explicar 

a subestimação da associação entre a infecção por H. pylori e o cancro gástrico não 

cardia, numa população Europeia com elevado risco de cancro do estômago. 

 Neste estudo foram incluídos 420 casos de cancro gástrico não cardia 

recrutados nos dois maiores hospitais da região norte de Portugal e 1389 controlos 

comunitários. Utilizou-se o método de ELISA (enzyme-linked immunosorbent assay) 

para quantificar a concentração de imunoglobulina G (IgG) anti-H. pylori. A detecção 

de anticorpos anti-CagA (cytotoxin associated-gene A) foi efectuada por western blot 

numa sub-amostra de 272 casos e 186 controlos. 

 Relativamente ao estado de infecção avaliado por ELISA, observou-se uma 

diminuição do odds ratio (OR) para a associação com o cancro do estômago com o 

aumento dos níveis séricos de IgG. Este mesmo padrão verificou-se quando os 

participantes foram estratificados por classe etária e por tempo entre o diagnóstico do 

cancro e a colheita de sangue, sendo observadas associações mais fortes nos 

indivíduos mais jovens e nos casos em que o tempo entre o diagnóstico do cancro e a 

colheita de sangue foi menor. A presença de CagA, detectada por western blot, 

associou-se a um aumento do risco de cancro gástrico (OR ajustado para sexo e 

idade=11,32; intervalo de confiança a 95% [IC95%]: 5,64-22,73). 
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II. Peleteiro B, Cavaleiro-Pinto M, Barros R, Barros H, Lunet N. Is cardia cancer 

aetiologically different from distal stomach cancer? Eur J Cancer Prev. 

2011;20(2):96-101. 

 

 Com este estudo pretendeu-se determinar a frequência de cada um dos tipos 

de cancro do cardia, com etiologia potencialmente diferente, um semelhante ao cancro 

do estômago distal e o outro ao adenocarcinoma do esófago. 

 Foram avaliados 41 casos de cancro do cardia e 339 de cancro não cardia que 

tinham sido submetidos a gastrectomia e 380 controlos comunitários, emparelhados 

por idade (± 5 anos) e sexo (1:1). O estado de infecção por H. pylori foi avaliado por 

ELISA e western blot. Os dados acerca das características histológicas da mucosa 

gástrica não-neoplásica assim como o tipo histológico do tumor foram obtidos através 

dos relatórios de anatomia patológica. 

 Não foi encontrada associação com a infecção, mas as estirpes CagA positivas 

associaram-se a um aumento do risco de cancro não cardia (OR ajustado para idade e 

sexo=1,60; IC95%: 1,17-2,18). Entre os casos infectados, observou-se uma razão de 

1:1 entre os tipos histológicos intestinal e difuso/misto em ambos os tipos de cancro. 

Em indivíduos não infectados, todos os casos de tumores localizados na região do 

cardia eram do tipo histológico intestinal, ao contrário do observado para casos de 

cancro não cardia. 

 

 

III. Peleteiro B, Lopes C, Figueiredo C, Lunet N. Salt intake and gastric cancer risk 

according to Helicobacter pylori infection, smoking, tumour site and histological 

type. Br J Cancer. 2011;104(1):198-207. 

 

 Foi realizado um estudo caso-controlo de modo a quantificar o risco de cancro 

do estômago associado à ingestão de sal, de acordo com a infecção por H. pylori e a 

virulência das estirpes, o consumo de tabaco e a localização e tipo histológico do 

tumor. 

 Foram avaliados 422 casos de cancro do estômago e 649 controlos 

comunitários. A ingestão de sal durante o ano anterior ou, nos casos, no ano anterior 

ao aparecimento dos sintomas, foi estimada considerando as seguintes medidas de 

exposição ao consumo de sal: quantidade de sódio consumida avaliada por 

questionário de frequência alimentar; consumo de grupos alimentares que mais 

contribuem para a ingestão de sódio; aplicação de uma escala visual analógica 

indicativa da preferência do consumo de sal; frequência do uso de sal na mesa; tempo 
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desde a existência de frigorífico em casa dos participantes. A associação entre o 

consumo de sal e o cancro do estômago foi quantificada através do cálculo de ORs 

ajustados para sexo, idade, escolaridade, consumo de tabaco, infecção por H. pylori e 

valor energético total. 

 Observou-se um aumento do risco de cancro do estômago associado ao 

elevado consumo de sal (3.º vs. 1.º terço), estimado através da ingestão de sódio 

(OR=2,01; IC95%: 1,16-3,46), do consumo de grupos alimentares que mais 

contribuem para a ingestão de sódio (OR=2,54; IC95%: 1,56-4,14) e da ingestão de 

sal avaliada pela escala visual analógica (OR=1,83; IC95%: 1,28-2,63). Os indivíduos 

que possuíam frigorífico em casa há mais de 50 anos tinham um risco diminuído de 

cancro gástrico (OR=0,28; IC95%: 0,14-0,57). Estas associações foram observadas 

independentemente da presença de infecção por H. pylori e da virulência das estirpes, 

do consumo de tabaco e da localização ou tipo histológico do tumor. 

 

 

IV. Peleteiro B, Carrilho C, Modcoicar P, Cunha L, Ismail M, Guisseve A, Lorenzoni 

C, Fernandes F, Almeida R, Figueiredo C, David L, Lunet N. Chronic atrophic 

gastritis, intestinal metaplasia, Helicobacter pylori virulence, IL1RN 

polymorphisms and smoking in dyspeptic patients from Mozambique and 

Portugal. Helicobacter. 2009;14(4):306-8. 

 

 Foram comparados indivíduos dispépticos Portugueses e Moçambicanos de 

modo a identificar diferenças na prevalência de lesões gástricas precursoras de cancro 

e na susceptibilidade genética, virulência da infecção por H. pylori e estilos de vida 

entre estas duas populações. 

 Todos os participantes seleccionados para esta análise reportavam sintomas 

dispépticos e foram sujeitos a endoscopia digestiva alta, segundo o mesmo protocolo. 

As biópsias recolhidas foram avaliadas pela mesma equipa de patologistas. 

 As prevalências de gastrite crónica atrófica e de metaplasia intestinal em 

Moçambique foram inferiores às observadas em Portugal (8,3 vs. 36,3%; p<0,001 e 

8,3 vs. 37,1%; p<0,001, respectivamente), nos mesmos estratos etários e de 

escolaridade. Observou-se que a proporção de portadores do alelo 2 no gene IL1RN 

VNTR (variable number tandem repeat) era inferior em Moçambique relativamente a 

Portugal (7,8 vs. 41,2%; p<0,001), assim como a proporção de homens que alguma 

vez fumaram (29,4 vs. 67,5%; p<0,001). 

 

 



RESUMO  

 

16  

 

V. Peleteiro B, Lunet N, Carrilho C, Durães C, Machado JC, La Vecchia C, Barros 

H. Association between cytokine gene polymorphisms and gastric 

precancerous lesions: systematic review and meta-analysis. Cancer Epidemiol 

Biomarkers Prev. 2010;19(3):762-76. 

 

 Este estudo tinha como objectivo quantificar a associação entre polimorfismos 

dos genes que regulam a produção das citocinas pró-inflamatórias, tais como o factor 

de necrose tumoral-α (TNFA-308) e a interleucina-1 (IL1B-511), ou modulam a sua 

acção (IL1RN VNTR) e a metaplasia intestinal. Foram utilizados dados originais de 

Portugal e Moçambique e procedeu-se à revisão sistemática da literatura acerca da 

associação entre estes polimorfismos e as lesões pré-cancerosas. 

 Os estudos publicados foram identificados por pesquisa efectuada na PubMed. 

As estimativas da força da associação obtidas de cada estudo foram combinadas por 

meta-análise usando um modelo de efeitos aleatórios, tendo em conta os dados 

obtidos nas amostras de indivíduos Portugueses (n=215) e Moçambicanos (n=96) 

submetidos a endoscopia digestiva alta, avaliados segundo o mesmo protocolo. 

 Na amostra Portuguesa, as estimativas de OR observadas para a metaplasia 

intestinal foram 2,83 (IC95%: 1,15-6,96) para o genótipo IL1RN*22, 1,86 (IC95%CI: 

1,03-3,36) para os portadores do alelo T do polimorfismo IL1B-511 e 0,59 (IC95%: 

0,12-3,04) para o genótipo TNFA-308*AA. Todos os participantes Moçambicanos 

diagnosticados com metaplasia intestinal eram portadores do alelo T do polimorfismo 

IL1B-511 e nenhum possuía o alelo 2 do polimorfismo IL1RN VNTR. Na meta-análise, 

verificou-se que o genótipo IL1RN*22 estava associado com um aumento do risco de 

lesões pré-cancerosas (22 vs. LL: estimativa sumária de OR=2,27; IC95%: 1,40-3,70; 

I2=26,4%; 12 estudos). Não foi observada associação estatisticamente significativa 

para os polimorfismos IL1B-511 (TT vs. CC: estimativa sumária de OR=1,34; IC95%: 

0,87-2,07; I2=65,7%; 13 estudos) e TNFA-308 (AA vs. GG: estimativa sumária de OR 

=0,93; IC95%: 0,35-2,43; I2=0,0%; 7 estudos). 

 

 

VI. Peleteiro B, Barros R, Carrilho C, Artiaga J, Cunha L, Modcoicar P, Ferreira R, 

Figueiredo C, Almeida R, La Vecchia C, David L, Barros H, Lunet N. 

Determinants of gastric CDX2 expression: a study in Mozambique. [submitted] 

 

 Com este estudo pretendeu-se quantificar a associação entre a infecção por H. 

pylori e outros factores ambientais e a expressão de CDX2 (caudal-type homeobox 

protein 2), de acordo com a presença de lesões pré-cancerosas. 
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 Neste estudo realizado em Moçambique, foi efectuada uma análise transversal 

de indivíduos dispépticos submetidos a endoscopia digestiva alta. Todos os 

participantes que apresentavam gastrite crónica atrófica ou metaplasia intestinal foram 

emparelhados por sexo e idade com indivíduos sem lesões na mucosa gástrica ou 

com gastrite crónica não atrófica (1:2). O estado de infecção por H. pylori foi avaliado 

por histologia e por PCR (polymerase chain reaction) e a expressão de CDX2 por 

imunohistoquímica. Foram calculados os ORs para a associação entre os factores de 

risco para cancro gástrico e a expressão de CDX2, ajustados para idade, sexo, 

escolaridade e infecção por H. pylori. 

 Verificou-se que a expressão de CDX2 era mais frequente entre os indivíduos 

infectados com H. pylori (OR=2,26; IC95%: 1,00-5,15). A infecção por estirpes mais 

virulentas estava associada com a expressão de CDX2 em indivíduos com gastrite 

crónica atrófica (cagA+: OR=3,20; IC95%: 1,35-7,52) e com metaplasia intestinal (vacA 

[vacuolating cytotoxin A] m1: OR=5,86; IC95%: 1,08-31,62). O baixo consumo de 

vegetais associou-se a um maior risco de expressão acentuada de CDX2 (OR=3,64; 

IC95%: 1,02-12,95). 

 

 

As principais conclusões desta investigação são as seguintes: 

 

 O uso de métodos com baixa sensibilidade para detectar o estado de 

infecção, onde se incluem o desenho do estudo, a selecção dos 

participantes e o método de avaliação da infecção, levam à 

subestimação do risco de cancro do estômago em populações com uma 

elevada prevalência de H. pylori. Quando estas limitações são 

superadas, são observadas associações mais fortes, mais compatíveis 

com a hipótese da infecção por H. pylori ser uma causa necessária à 

ocorrência do cancro gástrico. 

 

 Em Portugal, os cancros do cardia apresentavam características 

semelhantes aos casos de cancro do estômago não cardia 

relativamente à associação com a infecção, ao tipo histológico e às 

características da mucosa não-neoplásica, apoiando a hipótese de um 

predomínio deste subtipo de cancro do cardia nas populações com 

elevado risco de cancro gástrico. Estes resultados sugerem que apenas 

subtipos específicos de cancro do estômago não estão relacionados 

com a infecção por H. pylori, nomeadamente os tumores do cardia que 
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se assemelham ao cancro do esófago, reforçando a hipótese desta 

infecção constituir uma causa necessária para o cancro do estômago. 

 

 Confirma-se a importância do elevado consumo de sal como factor de 

risco para o cancro do estômago. Não se observaram diferenças na 

magnitude da associação de acordo com as características da infecção 

por H. pylori, consumo de tabaco e localização e tipo histológico dos 

tumores. 

 

 As diferenças observadas na distribuição de polimorfismos no gene 

IL1RN e na proporção de fumadores entre indivíduos dispépticos de 

Portugal e Moçambique podem contribuir para explicar a divergência na 

frequência de lesões precursoras de cancro gástrico nestes contextos 

com uma prevalência de infecção por H. pylori semelhante. 

 

 A elevada virulência das estirpes infectantes e o baixo consumo de 

vegetais associaram-se à expressão de CDX2 e estes factores poderão 

desempenhar um papel importante na progressão para lesões mais 

avançadas, interagindo com a infecção por H. pylori no 

desenvolvimento do cancro gástrico. 
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INTRODUCTION 

 

A continued decline in gastric cancer incidence and mortality has been 

observed internationally for several decades (1, 2), but trends are unequal across 

distinct histological and topographical types. While the decrease was mainly attributed 

to the variation in the frequency of the tumours of the intestinal histological type, the 

incidence of those classified as diffuse seems to have remained stable or even 

increased over time (3-5). Similarly, the decline has been more pronounced for 

tumours located in the lower thirds of the stomach, while the frequency of tumours in 

the cardia region has been increasing, depicting a pattern of change that resembles 

more closely that observed for oesophageal adenocarcinoma (5-7). Thus, it remains 

the sixth most common cancer and the third leading cause of cancer-related deaths; 

the worldwide estimates for incidence and mortality rates in 2008 were 14.6/100,000 

and 10.9/100,000, respectively, with a wide variation across geographical areas (8). 

The decrease in gastric cancer rates was primarily attributed to a set of factors 

related to the improvement of the populations‟ living conditions, namely the increase in 

fruits and vegetables consumption and the decrease in salt intake (9). The discovery of 

Helicobacter pylori (10), and its classification as a human carcinogen within ten years 

(11), brought a new paradigm to interpret gastric carcinogenesis and 

temporal/geographical variation in gastric cancer frequency. H. pylori infection affects 

more than half of the world adult population and is responsible for approximately two-

thirds of all gastric cancer cases occurring worldwide (12). It is, therefore, a potentially 

important target of the gastric cancer control measures, through primary prevention 

and eradication of infection. 
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HELICOBACTER PYLORI 

 

HISTORICAL OVERVIEW OF H. PYLORI DISCOVERY 

 

H. pylori is a spiral, flagellated, Gram-negative bacterium (13). The first well-

known report of this organism was attributed to Bizzozero, an Italian anatomist, that, in 

1893, observed these “spirochetes” inhabiting the gastric mucosa of dogs (14). His 

work was extended by Salomon (15), who transmitted the bacteria to mice from gastric 

scrapings from dogs. These pioneer experiments provided the basis for the mouse 

models currently used to investigate Helicobacter eradication therapeutics and 

vaccines (16). Nevertheless, it was Jaworski the first to suggest a possible role of this 

organism in the pathogenesis of gastric diseases, in 1899, when investigating 

sediments of gastric washings obtained from humans. His work was published in the 

Handbook of Gastric Diseases but it was written in Polish and had little impact (17). 

During the following century, both anatomists and pathologists continued to 

observe these spiral organisms in the human gastric mucosa and, in 1940, Freedberg 

and Baron reported the presence of these bacteria in about 40% of resected human 

gastric specimens (18). These findings were challenged by Palmer (19), in 1954, who 

found no evidence of spirochetes in more than 1,000 gastric biopsies. He claimed that 

these spiral bacteria could not survive in the acidic gastric environment and would 

colonize the human stomach only post-mortem. Nonetheless, in 1967, Ito published an 

electron micrograph of one of these organisms from a sample of his own stomach 

obtained by blind suction biopsy (20). In the following years, Lockard and Boler 

published electron micrographs of these organisms in the stomach of cats and dogs 

(21). At this time, it was assumed that this organism was a commensal with no 

pathogenic function. 

In 1975, Steer and Colin-Jones conducted a clinical trial on new therapies for 

peptic ulcer disease and reported its healing after treatment with carbenoxolone 

sodium. However, there was no effect on the degree of severity of gastric inflammation 

(22) and numerous spiral bacteria were observed in 80% of their gastric ulcer 

specimens. 

Warren and Marshall established the pathogenicity of H. pylori, by connecting 

the evidence generated over the previous 100 years to their own clinical observations 

and experiments (23). In 1981, the two researchers started a pilot study analysing the 

clinical data of patients with upper gastrointestinal symptoms undergoing endoscopy. 

Instead of biopsy specimens from the ulcer borders, they collected tissue from the 

stomach wall, which would be representative of the antral mucosa in general. The 
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histological scoring showed chronic gastritis in the mucosa that could not be attributed 

to the ulcer and the presence of the bacteria was detected through Gram-stain. Based 

on these preliminary results, Warren and Marshall initiated a prospective study of 100 

consecutive patients, in 1982; more than 65% of the participants were infected and 

almost all of them had gastritis; patients without infection and with normal histology 

were taking nonsteroidal anti-inflammatory drugs (NSAIDs). During this study they 

were able to culture the bacteria (10), and the modern discovery of the initially named 

Campylobacter pylori bacteria was attributed to them. 

The steps from the earlier observations of “spirochetes” in the gastric mucosa of 

dogs by Bizzozero to the rediscovery of “unidentified curved bacilli” by Warren and 

Marshal and its recognition as a pathogen are depicted in figure 1. 

In 1989, after DNA sequencing, it was shown that the bacterium did not belong 

to the Campylobacter genus and it was placed on its own genus – Helicobacter (24). 

The International Agency for Research on Cancer (IARC) classified H. pylori as a class 

I definite carcinogen in 1994. In 2005, two decades after their discovery, Warren and 

Marshall were awarded the Nobel Prize in Medicine (23). 

 

Figure 1. Timeline of H. pylori discovery. 

 

 

THE OUTCOMES OF H. PYLORI INFECTION 
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H. pylori infection may result in different outcomes, that are associated with 

distinct patterns of acid secretion by parietal cells, depending on the extent and 

severity of gastric inflammation induced in the host (25). In most cases, however, 

infection will remain asymptomatic (figure 2). 

The bacterium has developed a set of defence mechanisms that allow it to 

survive in the gastric acidic medium. On the other hand, when H. pylori colonises the 

gastric mucosa, the acute immunological response induced in the host is generally not 

sufficient to clear infection, leading to a state of chronic infection. 

 

Figure 2. Natural history of H. pylori infection. 

 

 

Adapted from (25). The predominant pathway is represented in bold. 

 

Although most subjects presenting a non-atrophic pangastritis will remain 

asymptomatic, a few may develop mucosa-associated lymphoid-tissue (MALT) 

lymphoma (26, 27). The predominantly antral gastritis in duodenal ulcer disease leads 

to acid hypersecretion by suppressing somatostatin cells and increasing gastrin release 

from the G cells in the gastric antrum. Acid hypersecretion in duodenal ulcer disease is 

almost always due to H. pylori infection because secretion returns to normal after the 

infection is eradicated (28, 29). Corpus gastritis, on the other hand, leads to low acid 

secretion, which predisposes to gastric ulcer (30, 31), and in turn increases corpus 

gastritis, further decreasing acid secretion. H. pylori gastritis affecting the gastric 
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corpus leads to the suppression of parietal cells, potentially causing gastric cancer. The 

latter is the outcome with the poorest prognosis, and only moderate improvements 

have been achieved in the last decades, with an increase from 22 to 24% in the 5-year 

relative survival rates for European cancer patients diagnosed between 1988 and 1999 

(32). 

Over 95% of gastric malignancies are adenocarcinomas, among which a 

spectrum of different conditions may be defined according to the site of tumour origin 

and the histological features of the lesion. 

In epidemiological studies, gastric adenocarcinomas are usually classified 

according to topography into cardia and noncardia or proximal (comprising cardia, 

fundus and the proximal third of the corpus) and distal (including antrum and the lower 

two thirds of the corpus). The cardia is the most proximal part of the stomach, adjacent 

to the oesophagus, involving the gastroesophageal junction. Tumours described as 

cardia include a mixture of neoplasms arising from the lower oesophagus and the 

gastric cardia, to a higher or lesser extent depending on the frequency of oesophageal 

and gastric adenocarcinomas in the populations under study (33, 34). The lack of a 

consensus definition of the cardia region accounts for some of the heterogeneity in 

studies reporting cancer trends by subsite (35, 36) or studying the determinants of 

gastric cancers with specific topographies (37). 

From a histological standpoint, Laurén‟s classification system has been widely 

applied in epidemiological research (38), subdividing tumours into two main histological 

types – diffuse and intestinal. Still, the histological classification of an individual gastric 

adenocarcinoma is sometimes complex because a tumour often comprises a mixture of 

intestinal and diffuse tissue types in different extents. Diverse criteria may be used to fit 

these tumours within the main types; alternatively, they may be classified in a separate 

group (38-40). Nevertheless, most gastric cancers belong to the intestinal type, 

representing 52 to 82% of all tumours, and it was observed that this histological type is 

more common in males, blacks and older subjects. The diffuse type has a similar 

incidence in both genders and is more frequent in younger individuals (41). Also, there 

is a wide geographical variation in the frequency of intestinal type tumours, whereas 

the occurrence of diffuse adenocarcinomas is more uniform across regions (42). In 

addition, the decrease in cancer incidence among migrants from high- to low-risk areas 

has been observed predominantly for tumours of the intestinal type (41). These 

findings were taken as evidence of a relatively greater impact of environmental factors 

in the aetiology of intestinal type carcinomas, while the diffuse type was considered 

more dependent on the individuals‟ genetic profile (43). Pelayo Correa (44) proposed a 

model for the development of the intestinal type tumours, according to which a cascade 
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of precancerous lesions from chronic atrophic gastritis to intestinal metaplasia and 

dysplasia may lead to cancer, as depicted in figure 2. 

Ecological studies were the first to quantify the association between infection 

and cancer (45-49). The EUROGAST Study Group evaluated 17 populations from 13 

countries, chosen to reflect the global range of gastric cancer incidence, and they 

found an ecological relative risk of approximately six (comparing the predicted gastric 

cancer incidences for populations with a prevalence of H. pylori infection of 100% with 

predictions for populations that had no infection) (48). 

In 1994, a combined analysis of the three pioneer prospective studies on this 

issue showed a nine-fold higher risk among infected subjects, after a follow-up of at 

least fifteen years (50); the IARC classified H. pylori as a class I definite carcinogen in 

the same year (11). According to this report, there was sufficient evidence from 

research conducted over human subjects, largely based on epidemiological studies. 

The association between infection with H. pylori and gastric cancer was stronger in 

younger patients and for cancers at sites other than the cardia, and similar for the 

intestinal and diffuse histological types. 

This was the first time that a bacterium was recognized as a carcinogen and 

several authors considered premature to draw such bold conclusions. No experimental 

studies had been conducted (51, 52) and the results from epidemiological research 

were heterogeneous (52), especially those from case-control studies and across 

regions with different gastric cancer risk. 

At the present time, the existence of an association between H. pylori and 

gastric cancer is no longer questioned, and research has been focused on a more in-

depth understanding of the role of infection in the causal mechanisms leading to 

cancer, and the implications of this knowledge for prevention and control. 
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A MODEL OF CAUSATION APPLIED TO THE ASSOCIATION BETWEEN H. PYLORI INFECTION 

AND GASTRIC CANCER 

 

SCOPE OF THE MODEL 

 

Cancer is currently interpreted as a multifactorial complex disease. According to 

the causality model proposed by Rothman (53), individual risk factors alone cannot be 

ascribed as causes, and only a set of risk factors, or component causes, may be 

sufficient for the outcome to occur. Removing any of these components will prevent the 

outcome. However, for a single disease multiple causal mechanisms leading to its 

occurrence may coexist, corresponding to different sufficient causes composed by 

different sets of component causes. Again, to prevent disease, it is not necessary to 

identify all these components; removing one, the component that appears in every 

sufficient cause, therefore defined as a necessary component cause, may be enough. 

The human papillomavirus (HPV) was the first factor to be recognized as necessary for 

the occurrence of a specific cancer (54), and the causal relation between H. pylori and 

gastric cancer may find some analogy with the observed for HPV and cervical cancer. 

Figure 3 illustrates the concepts of necessary and sufficient cause applied to 

the causal relation between H. pylori infection and gastric cancer. A and B represent 

two different sets of causal mechanisms leading to gastric cancer, each one composed 

by three sufficient causes (I, II, III and IV, V, VI, respectively). In each of them, different 

environmental exposures (including E and H. pylori infection) and characteristics of the 

genetic background of the individuals (G) interact to produce disease. 

 

Figure 3. Possible causal mechanisms for gastric cancer, according to the causality model proposed by Rothman (53). 
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In model A, H. pylori is found in all sufficient causes (I, II and III), being defined 

as a necessary cause for gastric cancer, which, under this model, would be completely 

preventable by removing infection. On the contrary, in model B, none of the factors is 

recognized as a necessary causal component for gastric cancer, although each of the 

causal mechanisms will suffice for the production of gastric cancer. Under this model, 

removing infection would only lead to the blocking of sufficient cause IV. 

To complete this reasoning a temporal dimension needs to be included in the 

model, as different factors may exert their effects in different phases of the mechanism 

or some of them may act to produce others that ultimately lead to disease. 

 

INDUCTION PERIOD 

 

 The contribution of a given factor to disease occurrence as well as its 

interaction with other factors may vary over time due to changes in the prevalence of 

that causal component and how each of them groups with the remaining to form the 

various causal mechanisms. The period of time from causal action until disease 

initiation is defined as the induction period, which depends on the time that each causal 

component takes to group with others within the same sufficient cause. The early 

action of some factors may shorten the induction time of others. 

In carcinogenesis, the terms initiator and promoter are used to identify 

component causes that act early and late in the causal mechanism, respectively. This 

is compatible with the intermediate steps (corresponding to intermediate outcomes) in 

a causal mechanism and we may postulate the action of the potential causal factors in 

specific stages of carcinogenesis. Under such hypothesis, the presence of a sufficient 

cause for an early outcome is also necessary for other sufficient causes to exert their 

actions in later outcomes. 

The production of empirical evidence to support such a causal model requires 

the identification of different steps in carcinogenesis, corresponding to intermediate 

outcomes that precede cancer. A model for the progression of the gastric cancers of 

the intestinal type has been proposed by Correa et al., according to which 

precancerous lesions occur in sequential steps (44): atrophy, intestinal metaplasia, and 

dysplasia (figure 4). Atrophy is a result of chronic active inflammation that may 

ultimately lead to the destruction of gastric glands and the loss of normal mucosa 

architecture. Intestinal metaplasia consists of the replacement of the gastric mucosa by 

an epithelium that histologically resembles the intestinal mucosa. Dysplasia is regarded 

as an early step towards transformation into neoplasia. This model allowed the 

identification of intermediate stages in the causal mechanism leading to cancer and 
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has provided a framework for understanding the role of different risk factors in different 

steps of the gastric carcinogenesis (55). 

 

Figure 4. Gastric carcinogenesis model for the carcinomas of Laurén‟s intestinal type, according to Pelayo Correa (55). 

 

 

+ positive associations (increase the risk of gastric cancer); – negative associations (decrease the risk of gastric 

cancer). 

 

Correa‟s model for gastric carcinogenesis was initially proposed for tumours of 

the intestinal type (44, 55), based on the aetiological hypothesis of a greater impact of 

environmental factors. However, recent epidemiological studies suggest that the two 

main gastric cancer types are similarly associated with infection (11, 56) and lifestyle 

exposures (57). Furthermore, markers of the cascade of events that involves intestinal 

differentiation, essential for the development of intestinal type gastric carcinomas, are 

also found in the diffuse type (58). This pathway is mediated by the cdx1 and/or cdx2 

(caudal-type homeobox) genes (59), whose expression may be induced by H. pylori 

(60). CDX2 expression may be seen as an early marker of intestinal differentiation, 

occurring in the gastric carcinogenesis pathway even earlier than chronic atrophic 

gastritis or intestinal metaplasia (61, 62). In addition, molecular data show that CDX2 

transactivates its own promoter, suggesting an auto-regulatory mechanism (63, 64), 

thus supporting the stability of intestinal metaplasia and the inevitable progression of 

the gastric carcinogenesis pathway once this step is reached. Epidemiological research 

relying on these tools to define the outcomes is still scarce (65, 66), but may be 

important to understand the aetiological heterogeneity of gastric cancer, by providing 

an additional early endpoint in the pathway towards gastric cancer. This may be 

particularly useful in settings where the frequency of gastric cancer and its precursor 

lesions are low. 
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EMPIRICAL EVIDENCE SUPPORTING THE ROLE OF H. PYLORI INFECTION IN THE CAUSAL 

MECHANISMS LEADING TO GASTRIC CANCER 

 

The above described models provide a conceptual framework for the 

interpretation of available evidence, to establish the probability of a causal relation and 

to frame its attributes. 

The eight meta-analyses addressing the association between H. pylori infection 

and gastric cancer (50, 56, 67-72) show summary odds ratios of approximately 2. The 

magnitude of this association, however, varies according to different methodological 

and tumour characteristics, as illustrated in figure 5. 

 

Figure 5. Meta-analyses on the association between H. pylori infection and gastric cancer, according to different 

methodological and tumour characteristics. 

.

.

.

.

.

.

.

.

All studies

Huang, 1998

Eslick, 1999

According to study design

Huang, 1998 (case-control)

Xue, 2001 (case-control - high-risk settings)
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Data sources: Forman, 1994 (50); Huang, 1998 (56); Danesh, 1999 (67); Eslick, 1999 (68); HCCG, 2001 (69); Xue, 

2001 (70); Huang, 2003 (73); Wang, 2007 (71); Cavaleiro-Pinto, 2011 (72). 
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In general, studies with a prospective design show higher relative risk estimates 

than retrospective investigations (50, 56, 67, 69), and the longer the lag between the 

assessment of H. pylori infection status and the diagnosis of gastric cancer, the 

stronger is the association between infection and cancer (50, 69). H. pylori clearance 

tends to occur with the progression to cancer and infection may not always be present 

when cancer is diagnosed, which contributes to underestimate the association between 

infection and cancer in case-control studies (74, 75). Prospective studies provide a 

more accurate assessment of infection and more valid estimates for the risk of gastric 

cancer among the infected. 

Studies restricting the analysis to early gastric cancer cases also show an 

increased gastric cancer risk in H. pylori-infected subjects (56, 71), mainly due to the 

fact that this is considered an early stage in the development of gastric cancer, closer 

to the precancerous lesions, and therefore less prone to differential misclassification. 

This is also in accordance with the stronger associations observed between H. pylori 

and precancerous lesions than with gastric cancer, as infection increases the risk of 

chronic atrophic gastritis by a factor of approximately five (76, 77). 

Until recently, it was widely accepted that the association between H. pylori 

infection and gastric cancer was restricted to noncardia cancer (56, 69), which was 

taken as evidence of different aetiologies according to topography. However, in high-

risk settings the magnitude of the association is similar for both cardia and noncardia 

cancers (72), supporting the hypothesis that two aetiologically distinct types of cardia 

cancer could coexist: one similar to the noncardia cancer and highly associated with H. 

pylori infection, and the other more similar to oesophageal cancer not related with 

infection (78-80). Therefore, H. pylori infection may be present in causal mechanisms 

for the occurrence of both cardia and noncardia stomach cancers. 

Considering the virulence of the infecting strains as a marker of the exposure 

dose, we observe that, among H. pylori-infected populations, infection with cytotoxin 

associated-gene A (CagA)-positive strains further increases the risk of gastric cancer 

(72, 73). When more sensitive methods, based on the detection of antibodies against 

CagA, are used to determine infection status, the proportion of H. pylori-infected cases 

approaches 100% (81, 82), leading to the hypothesis that H. pylori infection is present 

in all cases of gastric cancer. 

Several studies assessed the impact of H. pylori eradication on the risk of 

gastric cancer. The clinical trials, not always randomized, provided evidence that 

supports the potential for prevention of stomach cancer through eradication of the 

infection (83-85). However, one of the trials (86) analysed separately the subjects with 

and without precancerous lesions, and eradication of H. pylori infection was 
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significantly associated with a decreased risk of developing gastric cancer only among 

the latter. Also, in a trial conducted in Colombia, which only included subjects with 

gastric precancerous lesions at baseline evaluation, there was no association between 

eradication and cancer (87, 88). This supports the hypothesis that the effects of 

infection are exerted at the early stages of gastric carcinogenesis. Two recent meta-

analyses estimated the impact of H. pylori eradication on the incidence of gastric 

precancerous lesions, with significant reduction in chronic atrophic gastritis risk but not 

of intestinal metaplasia (89, 90). Furthermore, intestinal metaplasia regression is even 

less frequent in subjects previously infected with high-virulence strains (91), probably 

because DNA alterations such as mutations or altered methylation profiles may have 

already occurred (92, 93). Taken together, these results support the irreversibility of 

intestinal metaplasia, since H. pylori eradication must occur before a point of no return 

in order to be effective for prevention of the outcomes corresponding to more advanced 

lesions. 

In spite of previous observations suggesting H. pylori infection as a necessary 

cause for gastric cancer, acting at the early stages of the carcinogenesis pathway, a 

direct correlation between H. pylori prevalence and gastric cancer rates is not always 

observed at an ecological level. In fact, some countries present a low gastric cancer 

incidence despite the high frequency of infection, the so-called Asian and African 

enigmas (94, 95). In the latter settings, the cancer precursor lesions, especially 

intestinal metaplasia, are also less frequent than expected given the high prevalence of 

infection (96-100). This supports the hypothesis of H. pylori acting at earlier steps of 

the carcinogenesis and that other genetic and/or environmental exposures are needed 

for the progression towards cancer. Differences in the host response to infection (101-

104), his/her genetic profile (105-107), environmental hazards and lifestyles (108, 109), 

H. pylori virulence (98, 110), or combined bacterial/host genotypic features have been 

proposed as possible co-factors for gastric cancer occurrence. 

 

THE OTHER COMPONENT CAUSES 

 

Although H. pylori infection is the most important gastric cancer determinant, 

only a small proportion of infected subjects will reach this endpoint (111, 112), and 

several other potential causal components have to be considered (figure 6). 

The role of environmental factors in the gastric carcinogenesis has been studied 

and mechanisms by which they can lead to cancer have been proposed (55). Although 

salt, fruits and vegetables consumption were the first to be associated with gastric 

cancer (113), the evidence currently available shows a lack of consistent results and 
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these exposures may have a weaker effect than initially thought (114). Evidence is also 

not so robust for other lifestyles, such as meat intake (114). On the contrary, the 

association with smoking, not previously accounted for, is now well-established (115). 

The individuals‟ genetic profile was not included in the first versions of the 

model proposed by Correa (44, 55) but, along with the advent of new technologies and 

their use in epidemiological research, several studies addressing the association 

between genetic polymorphisms and gastric cancer have been conducted. In the 

aetiological model of gastric cancer, individual genetic susceptibility may be critical in a 

variety of processes relevant to gastric carcinogenesis (116), namely mucosal 

protection, inflammatory response, carcinogen detoxification, antioxidant protection, 

DNA repair and oncogenes and tumour suppressor genes expression. The most widely 

studied polymorphisms, and for which more promising results have been achieved, are 

those related to proinflammatory cytokines. 

 

Figure 6. Meta-analyses on the association between lifestyle and genetic factors and gastric cancer. 

.

.

.

.

.

.

.

.

Smoking

Tredaniel, 1997

Ladeiras-Lopes, 2008

Salt

WCRF, 2007 (cohort)

WCRF, 2007 (case-control)

Fruits

Riboli, 2003

Lunet, 2005 (cohort)

WCRF, 2007 (cohort)

WCRF, 2007 (case-control)

Lunet, 2007 (intestinal type)

Lunet, 2007 (diffuse type)

Lunet, 2007 (cardia)

Lunet, 2007 (noncardia)

Vegetables

Riboli, 2003

Lunet, 2005 (cohort)

WCRF, 2007 (cohort)

WCRF, 2007 (case-control)

Lunet, 2007 (intestinal type)

Lunet, 2007 (diffuse type)

Lunet, 2007 (cardia)

Lunet, 2007 (noncardia)

Meat

Larsson, 2006 (cohort)

Larsson, 2006 (case-control)

WCRF, 2007 (cohort)

WCRF, 2007 (case-control)

IL1RN

Camargo, 2006

Kamangar, 2006

Wang, 2007

Loh, 2009

IL1B-511

Camargo, 2006

Kamangar, 2006

Wang, 2007

Vincenzi, 2008

Loh, 2009

TNFA-308

Gorouhi, 2008

Loh, 2009

ID

Study

1.44 (1.17, 1.78)

1.53 (1.42, 1.65)

1.14 (0.52, 2.47)

1.56 (1.10, 2.22)

0.74 (0.69, 0.81)

0.89 (0.78, 1.02)

0.95 (0.89, 1.02)

0.67 (0.59, 0.76)

0.49 (0.33, 0.72)

0.82 (0.57, 1.20)

0.47 (0.21, 1.05)

0.53 (0.35, 0.80)

0.81 (0.75, 0.87)

0.98 (0.86, 1.13)

0.98 (0.91, 1.06)

0.70 (0.62, 0.79)

0.61 (0.44, 0.86)

0.67 (0.44, 1.01)

0.59 (0.26, 1.35)

0.85 (0.58, 1.26)

1.24 (0.98, 1.56)

1.63 (1.32, 2.02)

0.96 (0.89, 1.03)

1.02 (0.85, 1.22)

1.17 (1.00, 1.37)

1.23 (0.79, 1.92)

1.20 (1.02, 1.42)

1.19 (1.09, 1.30)

1.21 (1.00, 1.47)

1.16 (0.95, 1.42)

1.26 (1.03, 1.55)

1.23 (1.09, 1.37)

1.10 (1.02, 1.18)

1.49 (1.11, 1.99)

1.19 (1.06, 1.32)

RR (95% CI)

1.44 (1.17, 1.78)

1.53 (1.42, 1.65)

1.14 (0.52, 2.47)

1.56 (1.10, 2.22)

0.74 (0.69, 0.81)

0.89 (0.78, 1.02)

0.95 (0.89, 1.02)

0.67 (0.59, 0.76)

0.49 (0.33, 0.72)

0.82 (0.57, 1.20)

0.47 (0.21, 1.05)

0.53 (0.35, 0.80)

0.81 (0.75, 0.87)

0.98 (0.86, 1.13)

0.98 (0.91, 1.06)

0.70 (0.62, 0.79)

0.61 (0.44, 0.86)

0.67 (0.44, 1.01)

0.59 (0.26, 1.35)

0.85 (0.58, 1.26)

1.24 (0.98, 1.56)

1.63 (1.32, 2.02)

0.96 (0.89, 1.03)

1.02 (0.85, 1.22)

1.17 (1.00, 1.37)

1.23 (0.79, 1.92)

1.20 (1.02, 1.42)

1.19 (1.09, 1.30)

1.21 (1.00, 1.47)

1.16 (0.95, 1.42)

1.26 (1.03, 1.55)

1.23 (1.09, 1.37)

1.10 (1.02, 1.18)

1.49 (1.11, 1.99)

1.19 (1.06, 1.32)

RR (95% CI)

  
1.2 .5 1 2 5

 

Data sources: Tredaniel, 1997 (117); Riboli, 2003 (118); Lunet, 2005 (119); Camargo, 2006 (120); Kamangar, 2006 
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Lopes, 2008 (125); Vincenzi, 2008 (126); Loh, 2009 (127). 
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 SMOKING 

Stomach cancer is now considered a tobacco-related cancer (115). Current 

smokers have a 20% (among women) to 62% (among men) higher risk of gastric 

cancer when compared to never-smokers (117, 125). The risk, however, is lower in 

former smokers than in those that continue smoking (125); this suggests that smoking 

cessation contributes to a reduction in gastric cancer risk. 

The relation between smoking and precancerous lesions, especially intestinal 

metaplasia, has been the more extensively studied lifestyle exposure, with individual 

reports yielding relative risk estimates ranging from 1.42 to 4.91 (128, 129). 

An ecological analysis showed a strong correlation between apparent tobacco 

consumption and the frequency of intestinal metaplasia among H. pylori-infected 

subjects (109), suggesting that the low cigarette consumption observed in developing 

countries may be a contributory factor for the disruption of the carcinogenesis pathway, 

precluding the progression to the more advanced lesions. This was also supported by 

another ecological analysis that showed lower gastric cancer incidence rates in settings 

with high prevalence of infection and low apparent tobacco consumption than in those 

where smoking was more frequent (108). 

Taken together, these results are indicative of a role for smoking in the stages 

closer to cancer. In addition, the risk of H. pylori-associated gastric cancer is higher in 

smokers compared to non-smokers (130-132), suggesting an interaction between 

these two risk factors. 

 

 SALT INTAKE 

 The global decline in gastric cancer rates was primarily attributed to a more 

frequent consumption of fresh products, together with a decrease of food preservation 

in salt (9). The proposed mechanisms by which salt can cause gastric cancer are either 

the direct damage to the gastric mucosa causing excessive cell replication or an 

indirect effect by increasing the mutagenic potential of N-nitroso compounds (55). More 

recently, it was shown that the damage caused by salt may also increase gastric H. 

pylori colonization (133, 134). 

Previous meta-analyses on the association between salt intake and gastric 

precancerous lesions (135) or gastric cancer (114) concluded that the large 

methodological heterogeneity and in the presentation of the results did not allow for a 

comprehensive quantitative synthesis of the findings (114, 135). Many methodological 

limitations preclude valid measurements of salt consumption (136), and the excretion of 

sodium in urine over a 24-h period is the method that most accurately reflects the 

sodium ingested from different sources (114). The latter, however, was used only in an 
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ecological study assessing the association between salt and intestinal metaplasia 

(137). 

The currently available evidence on this topic does not allow definite 

conclusions on the magnitude of the effects of salt consumption, overall and in different 

steps of carcinogenesis. 

 

 FRUITS AND VEGETABLES INTAKE 

The increase in fruits and vegetables consumption was considered a major 

contributor to the reduction of gastric cancer burden. Based on the inverse association 

between ingestion of fresh fruits and vegetables and gastric cancer observed in 

epidemiological studies, antioxidants such as ascorbic acid and beta-carotene were 

postulated to play a protective role in the stages closer to cancer by acting as free-

radical scavengers (55). However, chemoprevention trials found no evidence of a 

beneficial effect for antioxidant supplementation on gastric cancer prevention (138, 

139). Also, the summary estimates from several meta-analyses on the association with 

fruits and vegetables intake are closer to 1 when derived from cohort studies (114, 118, 

119). Although it is plausible that naturally occurring antioxidants may inhibit the 

carcinogenesis progression, the evidence on the specific steps where these factors 

may act is limited. 

 

 MEAT INTAKE 

N-nitroso compounds were hypothesized to act in gastric carcinogenesis by 

promoting the synthesis of carcinogens via nitrosation reactions (55). Processed meat 

is often an important source of exposure to carcinogenic N-nitroso compounds, and a 

meta-analysis of studies that quantified the association between processed meat 

consumption and stomach cancer found stronger associations in case-control studies 

(122). The relation between these exposures and cancer precursor lesions has seldom 

been addressed (140, 141) and the effect of these compounds in the gastric 

carcinogenesis pathway remains to be fully understood. 

 

 CYTOKINE GENE POLYMORPHISMS 

Individual differences in the intensity of the inflammatory response affecting the 

maintenance, severity and outcome of H. pylori infection may contribute to gastric 

carcinogenesis. H. pylori infection induces both interleukin-1β (IL-1β) and tumour 

necrosis factor-α (TNF-α) production, and these cytokines inhibit gastric acid secretion, 

leading to the development of gastric precancerous lesions and cancer (142, 143). The 

IL1B gene codes for IL-1β and the IL1RN gene for an anti-inflammatory cytokine, 
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interleukin-1 receptor antagonist (IL-1ra). Polymorphisms within the IL1B gene increase 

IL-1β expression and IL-1ra binds to the IL-1 receptors, modulating the pro-

inflammatory effects of IL-1β. Regarding the IL1RN gene, a variable number tandem 

repeat (VNTR) polymorphism has been detected within intron 2, and five allelic variants 

have been identified with the number of repeats varying from 2 to 6 (116, 144). The 

ability of H. pylori to infect and remain in the human stomach induces a chronic 

inflammatory response, which may be of variable magnitude depending on the host‟s 

genetic make-up. Most of the single nucleotide polymorphisms (SNPs) studied are 

situated in the gene promoter region and play important roles in modulating gene 

expression and thus the inflammatory response. Previous meta-analyses have shown 

an increased gastric cancer risk associated with polymorphisms in IL1RN, IL1B-511 

and TNFA-308 (120, 121, 123, 124, 126, 127), although results differed when 

stratifying the data by race/ethnicity, study quality, tumour histological type and 

anatomical site. No systematic reviews of studies quantifying this association in gastric 

precancerous lesions are available. 
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 This research aims to clarify the role of Helicobacter pylori infection in the web 

of gastric cancer causation, namely by providing evidence to answer the following 

research questions: 

 

A) Is H. pylori infection a necessary condition for the occurrence of gastric cancer? 

 

B) Which factors modulate the progression towards cancer in H. pylori-infected 

subjects? 

 

 

 In the last two decades, we witnessed to the gradual acceptance of H. pylori 

infection and smoking as the most important environmental factors contributing to the 

occurrence of gastric cancer. For other exposures, however, there is much less robust 

evidence on the magnitude of the associations or their role throughout carcinogenesis. 

The accumulated evidence suggests causal mechanisms for gastric cancer in which H. 

pylori infection plays the role of necessary component cause. The confirmation of this 

hypothesis would be a major achievement of cancer epidemiology, as it could translate 

into the possibility of preventing gastric cancer by acting over a single modifiable 

exposure. However, the understanding of the usefulness of the available tools for 

eradication of infection, as well as future vaccines or other primary prevention 

strategies, also depends on our knowledge on the role of infection in the different 

causal mechanisms at a finer level. The fact that infection may act predominantly as an 

initiator or the existence of points of no return in the gastric carcinogenesis pathway 

may restrict the time window for cancer prevention actions based on the control of 

infection. In fact, these strategies may need to be complemented with others 

addressing the component causes that interact with H. pylori. This requires the 

identification of the other factors acting in potentially step-specific causal mechanisms 

leading to gastric cancer. 

 

 Given the high gastric cancer risk in Portugal, and the also high prevalences of 

precancerous lesions and H. pylori infection, research conducted in this population may 

provide valuable information for understanding which factors contribute to the relation 

between infection and cancer to be underestimated in studies conducted in these 

settings rather than reflecting a weaker association between these factors. Also, 

studying cardia cancer taking into account the recent evidence of a similar association 

between H. pylori infection and cardia and noncardia cancers in high-risk settings may 
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contribute to widen the range of action attributed to infection, and to clarify the 

aetiology of these two cancer types. Furthermore, the high prevalence of infection that 

is observed since young ages in Portugal is likely to shorten the induction time for the 

other factors in this population. Considering the initiator role given to H. pylori and the 

possibility of infection being present in all causal mechanisms leading to cancer, this 

setting may be useful for studying the interaction between H. pylori and genetic and 

environmental factors, as the conjunction of these factors may be expected after 

shorter induction periods than in a population in which most subjects get infected later 

in life. 

 

 The African setting also presents a high prevalence of infection since childhood, 

but the gastric cancer risk is low. Under this scenario, the role that genetic and other 

environmental risk factors play in the causal mechanisms leading to cancer may be 

clarified by confirming the low exposure to these component causes in this setting. 

Since gastric cancer is particularly rare in most African countries, research conducted 

in these populations may be more feasible if the cancer precursor lesions, namely 

atrophy and intestinal metaplasia, or even earlier events such as CDX2 expression, are 

targeted instead of cancer. The quantification of these associations may contribute to 

understand which steps of carcinogenesis the different exposures may act upon. 

 

 

 This thesis includes reports from investigations with the following specific 

objectives: 

 

1) To explain the underestimation of the association between H. pylori infection and 

noncardia gastric cancer, in a high-risk European population (paper I); 

 

2) To provide evidence on the frequency of aetiologically distinct cases of cardia 

cancer, either resembling distal stomach cancer or oesophageal adenocarcinoma 

(paper II); 

 

3) To quantify the association between dietary salt exposure, assessed by different 

methods, and gastric cancer, according to H. pylori infection, smoking, tumour site and 

histological type (paper III); 
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4) To identify differences in the prevalence of gastric precancerous lesions and genetic 

susceptibility, H. pylori virulence, and lifestyles between dyspeptic subjects from 

Portugal and Mozambique (paper IV); 

 

5) To quantify the association between IL1B-511, IL1RN VNTR, and TNFA-308 gene 

polymorphisms and intestinal metaplasia, using original data in two diverse populations 

from Portugal and Mozambique, and systematically reviewing the literature on the 

association between these polymorphisms and gastric precancerous lesions, placing 

our results into context (paper V); 

 

6) To quantify the association between H. pylori infection and other environmental risk 

factors and the gastric expression of CDX2, according to the presence of gastric 

precancerous lesions, in Mozambique (paper VI). 
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 The objectives of this thesis were accomplished through the analysis of data 

obtained from two different studies conducted in Portugal and one in Mozambique. A 

general description of the participants and methods for each study is provided below. 

The selection of participants to be used in each analysis depended on the specific 

objectives of the investigations and is described in detail in the methods sections of the 

papers. 

 

 

Case-control study (Portugal) 

 From 2001 to 2006, 709 incident cases of gastric adenocarcinoma with no 

previous cancer diagnosis (except for non-melanoma skin cancer) and not having 

undergone a subtotal gastrectomy for benign conditions were identified in the two 

major hospitals providing care to oncological patients in the Northern region of 

Portugal, both in Porto (Hospital de São João, EPE and Instituto Português de 

Oncologia do Porto Francisco Gentil, EPE). Cases were evaluated during their stay in 

the hospitals, as soon as possible after diagnosis, and most before treatment. 

 Cancer diagnosis was based on gastrectomy specimens, endoscopic biopsy 

material or the evaluation of metastases. Anatomic location was classified following 

image or pathology descriptions, as cardia (defined as cardioesophageal junction, 

oesophagogastric junction and gastroesophageal junction) (145), noncardia (all other 

specified sites) or non-accurately classifiable. The tumour‟s histological type was 

classified according to Laurén‟s criteria (38) as intestinal, diffuse, mixed or 

unclassifiable by a single pathologist who reviewed all pathology reports and 

reassessed the slides whenever routine information was considered insufficient or 

inconsistent. 

 Controls were part of a representative sample of the adult population of Porto, 

assembled from 1999 to 2003 (146). Participants were recruited by random digit 

dialling using households as the sampling frame, followed by simple random sampling 

to select in each household one eligible person among permanent residents that was 

invited to visit our department for interview. The overall sample comprised 2485 

community controls, aged 18-92 years, corresponding to a participation proportion of 

70% (147). Subjects were eligible for this analysis if there was no previous cancer 

diagnosis, except for non-melanoma skin cancer. 

 Trained interviewers inquired both cases and controls using a structured 

questionnaire covering demographic, social, behavioural and medical characteristics. 

To assess cognitive function, all individuals aged above 64 years underwent a Mini-
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Mental State Examination, which resulted in the exclusion of those scoring less than 18 

(148). Dietary habits in the previous year, for controls, or the year before onset of 

symptoms, for cases, when applicable, were recorded using a previously validated 

(149, 150) semi-quantitative food frequency questionnaire (FFQ) comprising 82 food 

items/groups or beverage categories. 

 A blood sample was drawn from the participants, and serum samples were kept 

frozen at -20ºC until analysis. Anti-H. pylori serum immunoglobulin G (IgG) titers were 

quantified by enzyme-linked immunosorbent assay (ELISA) (Anti-Helicobacter pylori 

ELISA (IgG), EuroImmun®, Germany). Further testing of H. pylori infection status was 

performed by western blot (Helico Blot 2.1, Genelabs Diagnostics®, Singapore). 

The ethics committees of involved hospitals approved the study, and all 

participants provided written informed consent. 

This study was used to address objectives 1 to 3. For objective 1, noncardia 

cancer cases and controls providing a blood sample were analyzed. 

In objective 2, a case-control study and a case-case analysis were conducted, 

including cardia and noncardia cancer cases in which both the H. pylori infection status 

and the histological characteristics of the neoplastic and nonneoplastic mucosa were 

available. Controls were matched by age (± 5 years) and sex (1:1). 

For objective 3, all participants (cases and controls) who answered the FFQ and 

specific questions regarding salt intake (visual analogical scale, use of table salt and 

refrigerator ownership) were included. 

 

 

Cross-sectional study (Portugal) 

 Workers of the Viana do Castelo shipyard, in Portugal, were invited for a gastric 

pathology survey in 1998. Four hundred and sixty (435 men and 25 women), nearly 

40% of all the workers, volunteered to the study. 

 All participants completed a physician-administered questionnaire on digestive 

symptoms and had a blood sample drawn to assess anti-H. pylori serum IgG (COBAS® 

CORE, Roche Diagnostic Systems). 

All participants classified as symptomatic or having a positive serologic test for 

H. pylori were eligible for an upper digestive endoscopy, and 412 agreed to be 

submitted to this procedure. Biopsy specimens (one from corpus, one from antrum, and 

two from incisura angularis) were taken from each subject. The histological evaluation 

was performed according to the updated Sydney system (151), and the diagnosis was 

based on the most severe lesion, following this descending order: intestinal metaplasia, 

chronic atrophic gastritis, and chronic non-atrophic gastritis. Modified Giemsa-stained 
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sections were used to assess H. pylori infection. Additionally, H. pylori cagA and 

vacuolating cytotoxin A (vacA) s and m genotypes were directly determined in the 

gastric biopsy specimen from the greater curvature of the antrum by multiplex 

polymerase chain reaction (PCR) and reverse hybridization, as previously described 

(152). 

Genomic DNA was retrieved from blood samples using standard 

phenol/chloroform extraction. The IL1B-511 and TNFA-308 SNPs were genotyped by 

PCR-single-strand conformation polymorphism analysis and the IL1RN penta-allelic 

VNTR by PCR-standard agarose gel electrophoresis, as previously described (153). 

Written informed consent was obtained from all participants and the study 

protocol was approved by the ethics committee of Hospital de São João, EPE, Porto, 

Portugal. 

Participants in this study for whom genotyping of cytokine gene polymorphisms 

was possible were used to address objective 5. To accomplish objective 4, the 

dyspeptic subjects of this sample were compared with the Mozambican population 

described below. 

 

 

Cross-sectional study (Mozambique) 

 Patients submitted to an upper digestive endoscopy due to dyspeptic 

complaints at the Central Hospital of Maputo, Mozambique were consecutively invited 

to this study between August 2005 and April 2008. 

A blood sample and four biopsy specimens (one from corpus, one from antrum, 

and two from incisura angularis) were collected, and the histological classification 

followed the updated Sydney system (151). Each participant was assigned an 

histological diagnosis based upon the most severe lesion found in any biopsy 

specimen, following this descending order: intestinal metaplasia, chronic atrophic 

gastritis, and chronic non-atrophic gastritis. 

CDX2 expression was determined by immunohistochemistry in sections from 

gastric biopsy specimens from the incisura angularis or the antrum, as previously 

described (154). 

H. pylori infection status was assessed by histology and infection status 

assigned to each subject was based upon the highest density of colonization observed 

in any biopsy. Additionally, H. pylori cagA and vacA (s and m) genotypes were 

determined by PCR as previously described (155), in the gastric biopsy specimen from 

the greater curvature of the antrum (156). 
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Genomic DNA was retrieved from blood samples using standard 

phenol/chloroform extraction. The IL1B-511 SNP was genotyped by PCR-single-strand 

conformation polymorphism analysis and the IL1RN penta-allelic VNTR by PCR-

standard agarose gel electrophoresis, as previously described (153). 

Trained interviewers inquired the patients using a structured questionnaire to 

collect socio-demographic and behavioural data, such as smoking and drinking habits 

and preference for salted/salty foods. Also, dietary intake in the year preceding the 

symptoms was evaluated using a 43-item FFQ, from which data on the consumption of 

fruits, vegetables and meat was obtained. 

The study protocol was approved by the National Mozambican Ethics 

Committee, and written informed consent was obtained from all participants. 

The total sample comprised 310 subjects. Cytokine gene polymorphisms were 

evaluated only in the first 100 subjects enrolled in this study, and these participants 

were used to address objective 5 and then compared with the Portuguese population in 

objective 4. Regarding objective 6, those presenting chronic atrophic gastritis or 

intestinal metaplasia were gender- and age-matched (1:2) with those having a normal 

mucosa or chronic non-atrophic gastritis. 
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Abstract 

 

Background: CDX2 expression precedes the occurrence of gastric pre-neoplastic 

lesions in the intestinal differentiation pathway. Studying these steps of gastric 

carcinogenesis may contribute to understand the early effects of the gastric cancer 

determinants. Our aim was to quantify the association between H. pylori infection and 

other environmental exposures and gastric expression of CDX2. 

Methods: Dyspeptic subjects undergoing upper digestive endoscopy 

(Gastroenterology Department, Maputo Central Hospital) were invited consecutively 

and classified as having normal stomach/chronic non-atrophic gastritis (NS/CNAG), 

chronic atrophic gastritis (CAG) or intestinal metaplasia (IM). All subjects with CAG or 

IM and a subsample of NS/CNAG patients (gender- and age-matched, 1:2) had H. 

pylori infection assessed by histology and PCR, and were assessed for CDX2 gene 

expression by immunohistochemistry. Age-, gender-, education- and H. pylori 

infection-adjusted odds ratios (OR) and 95% confidence intervals (95%CI) were 

computed. 

Results: CDX2 expression was observed in 56 NS/CNAG (49.1%), 39 CAG (86.7%) 

and all IM patients (n=12). It was more frequent among the H. pylori-infected 

(OR=2.26, 95%CI: 1.00-5.15). Infection with high-virulent strains was associated with 

CDX2 expression in subjects with CAG (cagA+, OR=3.20, 95%CI: 1.35-7.52) and IM 

(vacA m1, OR=5.86, 95%CI: 1.08-31.62). Subjects having a lower frequency of 

vegetables consumption had a higher risk of marked CDX2 expression (OR=3.64, 

95%CI: 1.02-12.95). 

Conclusion: CDX2 expression was similar to the observed in other H. pylori high-

prevalence settings. The virulence of the infecting strains and vegetables consumption 

were associated with CDX2 expression and may play a role in the progression to more 

advanced lesions. 
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Introduction 

 

Stomach cancer is among the most frequent oncologic diseases, both in 

developed and in developing countries, with a wide variation in incidence and mortality 

rates across geographical areas [1]. Approximately two thirds of all incident cases are 

attributed to Helicobacter pylori infection, which is the most important environmental 

risk factor [2] and affects more than 50% of the world adult population [3]. 

Although H. pylori infection tends to be more frequent in regions with high 

gastric cancer frequency, in many African countries the high H. pylori prevalences 

coexist with low gastric cancer rates [4], which has been labelled as the African 

“enigma” [5]. The “intestinal” type gastric carcinomas, expectedly the most frequent in 

developing countries [6], are preceded by chronic atrophic gastritis, intestinal 

metaplasia, and dysplasia, following a set of sequential steps [7]. In Africa, however, 

the frequency of intestinal metaplasia is also surprisingly low [8, 9], extending the 

concept of the African “enigma” to precancerous lesions. 

The African setting may therefore provide valuable clues to understand how the 

virulence of the bacterial strains [10], the host genetic susceptibility [11, 12] or other 

environmental exposures [13, 14] modulate the progression towards cancer among H. 

pylori-infected subjects. So far few investigations on this topic have been performed in 

this region, namely addressing the determinants of precancerous lesions. Intestinal 

differentiation depends on the expression of the homeobox gene CDX2 [15]. CDX2 

expression occurs in pre-neoplastic lesions and can be considered a putative early 

step of intestinal differentiation in the cancer pathway [16]. The study of such an early 

outcome may allow the understanding of the role of gastric cancer determinants in the 

first steps of carcinogenesis. 

Therefore, we aimed to quantify the association between H. pylori infection and 

other environmental risk factors and the gastric expression of CDX2. 

 

Materials and Methods 

 

Patients with dyspeptic complaints and indication for an upper digestive 

endoscopy at the Central Hospital of Maputo, Mozambique were consecutively invited 

for this study between August 2005 and April 2008, as previously described [9]. 

Four biopsy specimens (one from corpus, one from antrum, and two from 

incisura angularis) were taken from each subject. H. pylori density, chronic 

inflammation, polymorphonuclear activity, epithelial damage, glandular atrophy and 

intestinal metaplasia were scored according to the updated Sydney system [17]. The 
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histological diagnosis was based upon the most severe lesion found in any biopsy 

specimen, from intestinal metaplasia (the most severe), chronic atrophic gastritis to 

chronic non-atrophic gastritis (the least severe). Subjects that did not present any 

lesion according to the histological evaluation were grouped with the least severe 

diagnosis. 

 

Assessment of environmental exposures 

Trained interviewers inquired the patients using a structured questionnaire to 

collect socio-demographic and behavioural data. Each subject was classified as never, 

former (for six or more months) or current smoker (of any amount of cigarettes) at the 

time of the endoscopy. For analysis, smoking habits were dichotomized in never and 

ever, the latter including current and former smokers. For alcohol drinking (beer, hard 

liquor, traditional drinks, wine), the participants were categorized according to the 

frequency of consumption at the time of the endoscopy in drinkers up to one drink 

(including never and former drinkers) or more than one drink per week. The frequency 

of regularly available and seasonal fruits, raw and cooked vegetables and red, white 

and processed meat consumption was recorded, and the total number of servings per 

day was computed for each of these food groups. The use of table salt was assessed 

by asking the participants “Do you add salt to already seasoned food, at the table?”. 

The answer options were “never”, “sometimes”, “most times” and “always”, and the 

latter three were further grouped for analysis. 

 

Assessment of H. pylori infection status and virulence 

H. pylori infection status was assessed by histology and by polymerase chain 

reaction (PCR). 

The density of H. pylori colonization was evaluated in all biopsy specimens, and 

classified as absent, mild, moderate or marked. The infection status assigned to each 

subject was based upon the highest density of colonization observed in any biopsy. 

After isolating DNA from the paraffin-embedded gastric biopsy specimen from 

the greater curvature of the antrum [18], H. pylori cagA and vacA (s and m) genotypes 

were determined by PCR followed by 2% agarose gel electrophoresis, as previously 

described [19]. Each subject was classified as H. pylori-infected, if testing positive for 

any of the genotypes, or uninfected, if negative for all genotypes. H. pylori-infected 

individuals were further categorized as infected with cagA positive or cagA negative 

strains, and vacA s1, vacA s2 or vacA s1/s2 strains, and vacA m1, vacA m2 or vacA 

m1/m2 strains. 
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Assessment of CDX2 expression status 

CDX2 gene expression was determined by immunohistochemistry. Sections 

from gastric biopsy specimens from the incisura angularis or the antrum were used. 

This assay was carried out using a monoclonal antibody against CDX2 (Biogenex®), 

diluted 1:50, as previously described [20]. 

Participants were classified as negative or positive for CDX2 expression, 

irrespective of the extent of the staining. The extent of the staining was evaluated as 

the percentage of cells showing immunoreactivity, and CDX2 expression was classified 

as absent (0%), mild (1-5%), moderate (5-25%) or marked (>25%). We also considered 

the pattern of expression, and classified it as absent, isolated (staining of ≤ 3 

consecutive epithelial cells), focal (staining of > 3 consecutive epithelial cells) or 

glandular (whole positive units) (Figure 1). 

 

Figure 1 – CDX2 immunostaining in histologically non-mestaplastic cells, according to the pattern of expression: (A) 

isolated, staining of ≤ 3 consecutive epithelial cells; (B) focal, staining of > 3 consecutive epithelial cells; (C) glandular, 

whole positive units. 

 

 

Statistical analysis 

The present analysis included all subjects with cancer precursor lesions (45 

participants presenting chronic atrophic gastritis [CAG] and 12 with intestinal 

metaplasia [IM]) and gender- and age (± 3 years)-matched (1:2) normal 

stomach/chronic non-atrophic gastritis [NS/CNAG] participants. 

The association between consumption of tobacco, alcohol, fruits, vegetables, 

meat, salt and H. pylori infection status, and gastric CDX2 expression was quantified 

through age-, gender-, education- and H. pylori infection-adjusted odds ratios (OR) and 

corresponding 95% confidence intervals (95%CI), computed using multinomial logistic 

regression (subjects with no CDX2 expression were the reference category in all 

analyses) using STATA®, version 9.2. 
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Ethics 

The study protocol was approved by the National Mozambican Ethics 

Committee, and written informed consent was obtained from all participants. 

 

Results 

 

CDX2 expression was observed in 86.7% of the individuals with CAG, most of 

them with mild extent (60.0%) or isolated pattern (55.6%) of expression, and in all IM 

patients, with marked glandular expression (Figure 2). Among subjects with CAG, 

CDX2 was expressed in 77.8% and 92.6% of men and women, respectively (p=0.152). 

The median age of the participants was 30 years in the CAG group (30 years in those 

expressing CDX2 and 32 years in those not expressing CDX2) and 34 years in the IM 

group (p=0.338). 

 

Figure 2 – CDX2 expression among subjects with normal stomach/chronic non-atrophic gastritis, chronic atrophic 

gastritis and intestinal metaplasia: a) according to the extent of the staining and b) according to the pattern of 

expression. 

a 

 

b 

 

a) Extent of the staining (percentage of cells showing immunoreactivity) – mild: 1-5%; moderate: 5-25%; marked: > 

25%; b) Pattern of expression – isolated: staining of ≤ 3 consecutive epithelial cells; focal: staining of > 3 consecutive 

epithelial cells; glandular: whole positive units. 

 

In the NS/CNAG group, most individuals presented a mild (29.8%) and isolated 

(24.6%) CDX2 expression (Figure 2). Among subjects with no gastric precancerous 

lesions, CDX2 expression was more frequent among women (56.9% vs. 35.7%, 

p=0.029) but did not differ significantly across age groups (<30 vs. 30-40 vs. >40 years: 

44.2% vs. 47.6% vs. 58.6%, p=0.471). 

The frequency of CDX2 expression was higher among the H. pylori-infected, 

when infection status was evaluated either by histology (OR=4.70, 95%CI: 2.03-10.88 

for moderate/marked H. pylori colonization) or PCR (OR=2.26, 95%CI: 1.00-5.15) 

(Table 1). The association was stronger in subjects that presented with NS/CNAG or 

CAG, when histology was used to assess infection, and higher OR estimates were 
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observed for those with CAG or IM, when infection status was assessed by PCR (Table 

1). The results were essentially the same when CDX2 expression status was defined 

by the extent of the staining (Table 2) or the pattern of expression (Table 3). 

Infection with high-virulent strains was associated with higher frequency of 

CDX2 expression only in subjects with more advanced gastric lesions (cagA+, 

OR=3.20, 95%CI: 1.35-7.52 for CAG; vacA m1, OR=5.86, 95%CI: 1.08-31.62 for IM) 

(Table 1), or in those with higher percentage of cells expressing CDX2 (marked 

expression: vacA s1, OR=6.49, 95%CI: 1.24-33.94 and vacA m1, OR=5.46, 95%CI: 

1.26-23.62) (Table 2), or with a glandular pattern of CDX2 expression (cagA+, 

OR=2.67, 95%CI: 1.06-6.77) (Table 3). 

Marked CDX2 expression was significantly more frequent among subjects with 

lower frequency of vegetables consumption (OR=3.64, 95%CI: 1.02-12.95) (Table 2), 

and similar point estimates were observed for subjects with IM (OR=3.39) (Table 1) 

and those presenting glandular CDX2 expression (OR=2.25) (Table 3). 

The odds of smoking were nearly twice higher among subjects expressing 

CDX2 (Table 1), and the OR ranged from 2.52 to 4.79 when only more severe lesions 

(Table 1) or pronounced CDX2 expression (Tables 2 and 3) were considered, but none 

of these results reached statistical significance. 

No significant or consistent associations were observed with alcohol drinking, 

fruits intake, meat consumption or use of table salt (Tables 1 to 3). 
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Table 1 – Association between Helicobacter pylori infection, lifestyles, and CDX2 expression, according to gastric histology. 

 
CDX2 negative * 

 CDX2 positive 

 
 

All subjects 
 Normal stomach/Chronic 

non-atrophic gastritis 
 Chronic atrophic gastritis  Intestinal metaplasia 

 n (%) 
 

n (%) 
Adjusted † OR 

(95%CI) 
 

n (%) 
Adjusted † OR 

(95%CI) 
 n (%) 

Adjusted † OR 
(95%CI) 

 n (%) 
Adjusted † OR 

(95%CI) 

H. pylori infection status by histology 
   Negative 
   Mild 
   Moderate/Marked 

 
24 (37.5) 
20 (31.2) 
20 (31.2) 

  
21 (19.6) 
23 (21.5) 
63 (58.9) 

 
1 

1.28 (0.53-3.12) ‡ 
4.70 (2.03-10.88) ‡ 

  
10 (17.9) 
14 (25.0) 
32 (57.1) 

 
1 

1.65 (0.57-4.78) ‡ 
5.17 (1.90-14.02) ‡ 

  
6 (15.4) 
8 (20.5) 

25 (64.1) 

 
1 

1.58 (0.45-5.50) ‡ 
6.23 (2.03-19.16) ‡ 

  
5 (41.7) 
1 (8.3) 
6 (50.0) 

 
1 

0.22 (0.02-2.14) ‡ 
1.89 (0.47-7.54) ‡ 

H. pylori infection status by PCR 
   Negative 
   Positive 

 
16 (25.0) 
48 (75.0) 

  
15 (14.0) 
92 (86.0) 

 
1 

2.26 (1.00-5.15) ‡ 

  
10 (17.9) 
46 (82.1) 

 
1 

1.72 (0.68-4.37) ‡ 

  
4 (10.3) 

35 (89.7) 

 
1 

3.08 (0.92-10.25) ‡ 

  
1 (8.3) 

11 (91.7) 

 
1 

4.16 (0.48-36.03) ‡ 

cagA genotype 
   Negative (including H. pylori uninfected) 
   Positive 

 
38 (59.4) 
26 (40.6) 

  
50 (46.7) 
57 (53.3) 

 
1 

1.69 (0.88-3.25) ‡ 

  
32 (57.1) 
24 (42.9) 

 
1 

1.11 (0.52-2.37) ‡ 

  
12 (30.8) 
27 (69.2) 

 
1 

3.20 (1.35-7.52) ‡ 

  
6 (50.0) 
6 (50.0) 

 
1 

1.47 (0.42-5.23) ‡ 

vacA s genotype § 
   s2 (including H. pylori uninfected) 
   s1/s2 

   s1 

 
25 (41.7) 
9 (15.0) 
26 (43.3) 

  
41 (38.7) 
14 (13.2) 
51 (48.1) 

 
1 

0.76 (0.27-2.13) ‡ 
1.10 (0.54-2.25) ‡ 

  
24 (42.9) 
8 (14.3) 

24 (42.9) 

 
1 

0.74 (0.23-2.40) ‡ 
0.89 (0.39-2.04) ‡ 

  
15 (39.5) 
5 (13.2) 

18 (47.4) 

 
1 

0.77 (0.21-2.87) ‡ 
1.03 (0.42-2.55) ‡ 

  
2 (16.7) 
1 (8.3) 
9 (75.0) 

 
1 

1.04 (0.08-13.81) ‡ 
4.30 (0.80-23.02) ‡ 

vacA m genotype § 
   m2 (including H. pylori uninfected) 
   m1/m2 

   m1 

 
35 (57.4) 
0 (0.0) 

26 (42.6) 

  
58 (55.8) 
8 (7.7) 

38 (36.5) 

 
1 
- 

0.88 (0.44-1.74) ‡ 

  
33 (62.3) 
5 (9.4) 

15 (28.3) 

 
1 
- 

0.64 (0.28-1.46) ‡ 

  
23 (59.0) 
1 (2.5) 

15 (38.5) 

 
1 
- 

0.82 (0.35-1.93) ‡ 

  
2 (16.7) 
2 (16.7) 
8 (66.6) 

 
1 
- 

5.86 (1.08-31.62) ‡ 

Smoking status 
   Never smoker 
   Ever smoker 

 
59 (92.2) 
5 (7.8) 

  
94 (87.8) 
13 (12.2) 

 
1 

1.91 (0.58-6.34) 

  
49 (87.5) 
7 (12.5) 

 
1 

1.89 (0.49-7.26) 

  
35 (89.7) 
4 (10.3) 

 
1 

1.56 (0.35-6.91) 

  
10 (83.3) 
2 (16.7) 

 
1 

4.79 (0.60-37.86) 

Alcohol consumption (drinks/week) § 
   ≤ 1 (including never and former drinkers) 
   > 1 

 
23 (62.2) 
14 (37.8) 

  
46 (64.8) 
25 (35.2) 

 
1 

0.96 (0.39-2.36) 

  
24 (60.0) 
16 (40.0) 

 
1 

1.21 (0.45-3.30) 

  
18 (78.3) 
5 (21.7) 

 
1 

0.46 (0.13-1.65) 

  
4 (50.0) 
4 (50.0) 

 
1 

1.69 (0.31-9.25) 

Fruits intake (servings/day) 
   ≥ 1 
   < 1 

 
40 (62.5) 
24 (37.5) 

  
71 (66.4) 
36 (33.6) 

 
1 

1.01 (0.49-2.08) 

  
38 (67.9) 
18 (32.1) 

 
1 

0.96 (0.42-2.20) 

  
24 (61.5) 
15 (38.5) 

 
1 

1.31 (0.54-3.21) 

  
9 (75.0) 
3 (25.0) 

 
1 

0.58 (0.14-2.52) 

Vegetables intake (servings/day) 
   ≥ 0.5 
   < 0.5 

 
35 (54.7) 
29 (45.3) 

  
53 (49.5) 
54 (50.5) 

 
1 

1.16 (0.58-2.30) 

  
34 (60.7) 
22 (39.3) 

 
1 

0.67 (0.30-1.51) 

  
16 (41.0) 
23 (59.0) 

 
1 

1.72 (0.72-4.12) 

  
3 (25.0) 
9 (75.0) 

 
1 

3.39 (0.80-14.35) 

Meat intake (servings/day) 
   ≤ 0.5 
   > 0.5 

 
28 (43.8) 
36 (56.2) 

  
50 (46.7) 
57 (53.3) 

 
1 

1.03 (0.50-2.12) 

  
28 (50.0) 
28 (50.0) 

 
1 

0.93 (0.41-2.10) 

  
19 (48.7) 
20 (51.3) 

 
1 

0.93 (0.38-2.28) 

  
3 (25.0) 
9 (75.0) 

 
1 

2.58 (0.58-11.53) 

Use of table salt § 
   Never 
   Sometimes/Most times/Always 

 
52 (82.5) 
11 (17.5) 

  
85 (82.5) 
18 (17.5) 

 
1 

1.09 (0.43-2.76) 

  
44 (83.0) 
9 (17.0) 

 
1 

1.11 (0.38-3.26) 

  
31 (81.6) 
7 (18.4) 

 
1 

1.02 (0.32-3.20) 

  
10 (83.3) 
2 (16.7) 

 
1 

1.29 (0.21-7.76) 

* including 58 with normal stomach/chronic non-atrophic gastritis and 6 with chronic atrophic gastritis; † adjusted for gender, age (continuous), education (≤ 4, 5-9, 10-12, > 12 years) and H. 
pylori infection status, except if otherwise specified; ‡ adjusted for gender, age (continuous) and education (≤ 4, 5-9, 10-12, > 12 years); § the number of participants does not correspond to 
171 due to missing data. 
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Table 2 – Association between Helicobacter pylori infection, lifestyles, and CDX2 expression, according to the extent of the staining. 

 CDX2 expression 

 Absent  Mild  Moderate  Marked 

 n (%) 
 

n (%) 
Adjusted * OR 

(95%CI) 
 n (%) 

Adjusted * OR 
(95%CI) 

 n (%) 
Adjusted * OR 

(95%CI) 

H. pylori infection status by histology 
   Negative 
   Mild 
   Moderate/Marked 

 
24 (37.5) 
20 (31.2) 
20 (31.2) 

  
14 (23.0) 
10 (16.4) 
37 (60.6) 

 
1 

0.82 (0.29-2.36) † 
4.05 (1.62-10.13) † 

  
2 (6.9) 

10 (34.5) 
17 (58.6) 

 
1 

7.35 (1.34-40.28) † 
16.64 (3.15-87.79) † 

  
5 (29.4) 
3 (17.7) 
9 (52.9) 

 
1 

0.60 (0.12-3.03) † 
2.73 (0.74-10.06) † 

H. pylori infection status by PCR 
   Negative 
   Positive 

 
16 (25.0) 
48 (75.0) 

  
10 (16.4) 
51 (83.6) 

 
1 

1.81 (0.72-4.52) † 

  
4 (13.8) 

25 (86.2) 

 
1 

2.51 (0.72-8.72) † 

  
1 (5.9) 

16 (94.1) 

 
1 

6.25 (0.74-53.08) † 

cagA genotype 
   Negative (including H. pylori uninfected) 
   Positive 

 
38 (59.4) 
26 (40.6) 

  
28 (45.9) 
33 (54.1) 

 
1 

1.70 (0.82-3.54) † 

  
16 (55.2) 
13 (44.8) 

 
1 

1.22 (0.48-3.05) † 

  
6 (35.3) 

11 (64.7) 

 
1 

3.05 (0.96-9.70) † 

vacA s genotype ‡ 
   s2 (including H. pylori uninfected) 
   s1/s2 

   s1 

 
25 (41.7) 
9 (15.0) 

26 (43.3) 

  
21 (35.0) 
10 (16.7) 
29 (48.3) 

 
1 

1.03 (0.34-3.16) † 
1.18 (0.52-2.68) † 

  
18 (62.1) 
1 (3.4) 

10 (34.5) 

 
1 

0.12 (0.01-1.07) † 
0.46 (0.17-1.26) † 

  
2 (11.8) 
3 (17.6) 

12 (70.6) 

 
1 

3.58 (0.47-27.27) † 
6.49 (1.24-33.94) † 

vacA m genotype ‡ 
   m2 (including H. pylori uninfected) 
   m1/m2 

   m1 

 
35 (57.4) 

0 (0.0) 
26 (42.6) 

  
34 (57.6) 
4 (6.8) 

21 (35.6) 

 
1 
- 

0.80 (0.37-1.73) † 

  
21 (72.4) 
1 (3.5) 
7 (24.1) 

 
1 
- 

0.44 (0.15-1.26) † 

  
3 (18.8) 
3 (18.8) 

10 (62.4) 

 
1 
- 

5.46 (1.26-23.62) † 

Smoking status 
   Never smoker 
   Ever smoker 

 
59 (92.2) 

5 (7.8) 

  
54 (88.5) 
7 (11.5) 

 
1 

1.98 (0.52-7.47) 

  
26 (89.7) 
3 (10.3) 

 
1 

1.18 (0.22-6.21) 

  
14 (82.4) 
3 (17.6) 

 
1 

4.70 (0.78-28.37) 

Alcohol consumption (drinks/week) ‡ 
   ≤ 1 (including never and former drinkers) 
   > 1 

 
23 (62.2) 
14 (37.8) 

  
29 (67.4) 
14 (32.6) 

 
1 

0.79 (0.29-2.14) 

  
12 (63.2) 
7 (36.8) 

 
1 

1.22 (0.34-4.31) 

  
5 (55.6) 
4 (44.4) 

 
1 

1.28 (0.25-6.50) 

Fruits intake (servings/day) 
   ≥ 1 
   < 1 

 
40 (62.5) 
24 (37.5) 

  
42 (68.8) 
19 (31.2) 

 
1 

0.90 (0.40-2.03) 

  
16 (55.2) 
13 (44.8) 

 
1 

1.92 (0.70-5.27) 

  
13 (76.5) 
4 (23.5) 

 
1 

0.58 (0.16-2.11) 

Vegetables intake (servings/day) 
   ≥ 0.5 
   < 0.5 

 
35 (54.7) 
29 (45.3) 

  
32 (52.5) 
29 (47.5) 

 
1 

1.01 (0.47-2.17) 

  
17 (58.6) 
12 (41.4) 

 
1 

0.83 (0.30-2.24) 

  
4 (23.5) 

13 (76.5) 

 
1 

3.64 (1.02-12.95) 

Meat intake (servings/day) 
   ≤ 0.5 
   > 0.5 

 
28 (43.8) 
36 (56.2) 

  
29 (47.5) 
32 (52.5) 

 
1 

0.96 (0.43-2.12) 

  
16 (55.2) 
13 (44.8) 

 
1 

0.85 (0.31-2.32) 

  
5 (29.4) 

12 (70.6) 

 
1 

2.02 (0.58-7.10) 

Use of table salt ‡ 
   Never 
   Sometimes/Most times/Always 

 
52 (82.5) 
11 (17.5) 

  
51 (86.4) 
8 (13.6) 

 
1 

0.74 (0.25-2.21) 

  
20 (74.1) 
7 (25.9) 

 
1 

2.05 (0.59-7.09) 

  
14 (82.4) 
3 (17.6) 

 
1 

1.24 (0.26-5.74) 

Extent of CDX2 expression (percentage of cells showing immunoreactivity) – absent: 0%; mild: 1-5%, moderate: 5-25%, marked > 25%; * adjusted for gender, age (continuous), education (≤ 
4, 5-9, 10-12, > 12 years) and H. pylori infection status, except if otherwise specified; † adjusted for gender, age (continuous) and education (≤ 4, 5-9, 10-12, > 12 years); ‡ the number of 
participants does not correspond to 171 due to missing data. 
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Table 3 – Association between Helicobacter pylori infection, lifestyles, and CDX2 expression, according to the pattern of expression. 

 CDX2 expression 

 Absent  Isolated  Focal  Glandular 

 n (%) 
 

n (%) 
Adjusted * OR 

(95%CI) 
 n (%) 

Adjusted * OR 
(95%CI) 

 n (%) 
Adjusted * OR 

(95%CI) 

H. pylori infection status by histology 
   Negative 
   Mild 
   Moderate/Marked 

 
24 (37.5) 
20 (31.2) 
20 (31.2) 

  
12 (22.6) 
8 (15.1) 

33 (62.3) 

 
1 

0.79 (0.26-2.41) † 
4.23 (1.65-10.86) † 

  
2 (8.3) 

10 (41.7) 
12 (50.0) 

 
1 

6.79 (1.24-37.15) † 
11.00 (2.03-59.58) † 

  
7 (23.3) 
5 (16.7) 

18 (60.0) 

 
1 

0.78 (0.20-3.00) † 
4.06 (1.33-12.42) † 

H. pylori infection status by PCR 
   Negative 
   Positive 

 
16 (25.0) 
48 (75.0) 

  
8 (15.1) 

45 (84.9) 

 
1 

2.13 (0.81-5.64) † 

  
4 (16.7) 

20 (83.3) 

 
1 

1.74 (0.49-6.16) † 

  
3 (10.0) 

27 (90.0) 

 
1 

3.39 (0.87-13.17) † 

cagA genotype 
   Negative (including H. pylori uninfected) 
   Positive 

 
38 (59.4) 
26 (40.6) 

  
25 (47.2) 
28 (52.8) 

 
1 

1.68 (0.79-3.58) † 

  
14 (58.3) 
10 (41.7) 

 
1 

0.98 (0.36-2.66) † 

  
11 (36.7) 
19 (63.3) 

 
1 

2.67 (1.06-6.77) † 

vacA s genotype ‡ 
   s2 (including H. pylori uninfected) 
   s1/s2 

   s1 

 
25 (41.7) 
9 (15.0) 

26 (43.3) 

  
19 (36.6) 
10 (19.2) 
23 (44.2) 

 
1 

1.25 (0.40-3.87) † 
1.12 (0.48-2.61) † 

  
13 (54.2) 
1 (4.2) 

10 (41.6) 

 
1 

0.15 (0.02-1.45) † 
0.60 (0.21-1.72) † 

  
9 (30.0) 
3 (10.0) 

18 (60.0) 

 
1 

0.67 (0.14-3.28) † 
1.80 (0.66-4.96) † 

vacA m genotype ‡ 
   m2 (including H. pylori uninfected) 
   m1/m2 

   m1 

 
35 (57.4) 

0 (0.0) 
26 (42.6) 

  
30 (58.8) 
4 (7.8) 

17 (33.3) 

 
1 
- 

0.78 (0.35-1.74) † 

  
17 (70.8) 
0 (0.0) 
7 (29.2) 

 
1 
- 

0.47 (0.16-1.40) † 

  
11 (37.9) 
4 (13.8) 

14 (48.3) 

 
1 
- 

1.84 (0.69-4.95) † 

Smoking status 
   Never smoker 
   Ever smoker 

 
59 (92.2) 

5 (7.8) 

  
47 (88.7) 
6 (11.3) 

 
1 

1.75 (0.44-6.92) 

  
21 (87.5) 
3 (12.5) 

 
1 

2.01 (0.38-10.77) 

  
26 (86.7) 
4 (13.3) 

 
1 

2.52 (0.53-12.02) 

Alcohol consumption (drinks/week) ‡ 
   ≤ 1 (including never and former drinkers) 
   > 1 

 
23 (62.2) 
14 (37.8) 

  
26 (70.3) 
11 (29.7) 

 
1 

0.73 (0.26-2.05) 

  
12 (80.0) 
3 (20.0) 

 
1 

0.43 (0.09-2.00) 

  
8 (42.1) 

11 (57.9) 

 
1 

2.72 (0.80-9.31) 

Fruits intake (servings/day) 
   ≥ 1 
   < 1 

 
40 (62.5) 
24 (37.5) 

  
32 (60.4) 
21 (39.6) 

 
1 

1.26 (0.56-2.86) 

  
17 (70.8) 
7 (29.2) 

 
1 

0.92 (0.30-2.80) 

  
22 (73.3) 
8 (26.7) 

 
1 

0.72 (0.26-1.99) 

Vegetables intake (servings/day) 
   ≥ 0.5 
   < 0.5 

 
35 (54.7) 
29 (45.3) 

  
28 (52.8) 
25 (47.2) 

 
1 

0.99 (0.45-2.19) 

  
15 (62.5) 
9 (37.5) 

 
1 

0.84 (0.29-2.42) 

  
10 (33.3) 
20 (66.7) 

 
1 

2.25 (0.86-5.89) 

Meat intake (servings/day) 
   ≤ 0.5 
   > 0.5 

 
28 (43.8) 
36 (56.2) 

  
27 (50.9) 
26 (49.1) 

 
1 

0.82 (0.36-1.86) 

  
14 (58.3) 
10 (41.7) 

 
1 

0.76 (0.26-2.21) 

  
9 (30.0) 

21 (70.0) 

 
1 

2.22 (0.79-6.23) 

Use of table salt ‡ 
   Never 
   Sometimes/Most times/Always 

 
52 (82.5) 
11 (17.5) 

  
43 (86.0) 
7 (14.0) 

 
1 

0.80 (0.26-2.48) 

  
20 (87.0) 
3 (13.0) 

 
1 

0.83 (0.18-3.73) 

  
22 (73.3) 
8 (26.7) 

 
1 

2.18 (0.67-7.11) 

Pattern of CDX2 expression – isolated: staining of isolated or ≤ 3 consecutive epithelial cells, focal: staining of > 3 consecutive epithelial cells, glandular: whole positive units; * adjusted for 
gender, age (continuous), education (≤ 4, 5-9, 10-12, > 12 years) and H. pylori infection status, except if otherwise specified; † adjusted for gender, age (continuous) and education (≤ 4, 5-9, 
10-12, > 12 years); ‡ the number of participants does not correspond to 171 due to missing data. 
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Discussion 

 

In this African population, with high prevalence of infection and low gastric 

cancer risk, CDX2 expression was observed in a large proportion of subjects with no 

precancerous lesions and in most of those with CAG or IM. H. pylori infection was 

associated with an increased CDX2 expression frequency, which was in general more 

pronounced in subjects infected with high-virulent strains (cagA+, vacA s1 or vacA m1) 

and in those with low vegetables consumption. 

Our results confirm that H. pylori infection induces CDX2 expression, a marker 

of intestinal differentiation that has been described as an early event in the pathway to 

gastric cancer, also in this African setting where CAG and IM are relatively rare. This 

supports the hypothesis that the low frequency of gastric cancer and precancerous 

lesions in Africa depends on factors that modulate the progression to more advanced 

lesions among the infected [4, 8]. CDX2 expression was observed in approximately 

two-thirds of the patients, and in half of those presenting no gastric precancerous 

lesions, in accordance with previous reports from H. pylori high-prevalence settings 

[21-24]. In the present study, CDX2 expression among subjects with normal or atrophic 

mucosa was predominantly mild and isolated, in keeping with the low gastric cancer 

rates registered in the country [25] and the low density of H. pylori colonization in these 

subjects [26]. 

Among the possible explanations for the African “enigma”, the differences in the 

exposure to environmental factors are plausible and have been supported empirically 

[4, 8, 27, 28]. The known relation between infection with high-virulent strains and the 

occurrence of precancerous lesions and their progression to cancer [29-32] is in 

accordance with our observation of cagA+, vacA s1 and vacA m1 genotypes being 

associated with CDX2 expression only among subjects with more advanced lesions. 

However, the frequency of infection with high-virulent strains in Africa is similar to that 

observed in high-risk countries [33, 34] and the differences in gastric cancer rates 

across countries can hardly be directly ascribed to a heterogeneous distribution of the 

infection with more virulent strains. 

Associations between smoking and CDX2 expression were not statistically 

significant in our study, although point estimates suggest a strong association between 

this factor and CDX2 expression, especially in the more advanced steps of 

carcinogenesis. This is in accordance with previous ecological data and individual-

based observational studies conducted among H. pylori-infected subjects supporting 

an important role of smoking as a modulator of the progression to cancer [8, 29, 35]. 

The relatively low exposure to tobacco smoking observed in the Mozambican 
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population [36] complies with the low frequency of CAG, IM and gastric cancer in this 

setting. 

We found a consistent association between the low frequency of vegetables 

consumption and a more pronounced CDX2 expression, in line with previous studies 

showing a protective effect towards the development of intestinal metaplasia [35, 37, 

38]. Nevertheless, this does not provide a potential explanation for the low frequency of 

gastric lesions in this H. pylori high-prevalence setting, as less than half of the 

Mozambicans report a daily consumption of vegetables [36, 39]. 

Despite that high salt and meat intake and low fruits consumption are probable 

risk factors for gastric cancer [40-43], we found no significant associations between 

these exposures and CDX2 expression in our study. Although this could point to a role 

of these dietary factors in the steps of carcinogenesis closer to stomach cancer [35], 

not detectable by our study, a very low consumption of these food items in the African 

setting hampers the detection of subtle changes in risk. In fact, about 60% of the 

Mozambicans report a less than daily fruit consumption [36, 39], as well as low 

estimates of meat intake are observed, with a food supply of 8.3 Kg/capita/year 

compared with 86.2 Kg/capita/year in the European Union [44], and in Africa salt 

excretion is generally much lower than in Western countries [45]. Under these 

circumstances, the effect of other environmental factors may easily overcome the 

subtle impact of dietary exposures. In settings with a high prevalence of infection in the 

general population, the effect of salt exposure may be more difficult to detect among 

subjects with an already higher risk due to infection, namely with the more virulent 

strains [46, 47]. Furthermore, the inconsistency of our results may be explained by the 

fact that salt is a natural component of most foods and that it can also be added during 

cooking which was not accounted for in this study. 

Our conclusions are limited by the small sample size and the lack of validated 

methods to evaluate dietary exposures, but our study is the first to assess the 

determinants of very early steps of intestinal differentiation in an African population. 

This provides relevant data to understand the low frequency of gastric lesions under 

such high prevalences of infection, although other factors could also contribute to 

explain the “enigma”. In Africa, H. pylori is acquired early in life [48] and in many 

subjects it coexists with other bacterial or parasitic infections [49]. These factors may 

modulate the immune response to infection, and while in developed countries a T 

helper (Th) 1 response is predominant, a Th2 response is more frequent in developing 

countries, which could contribute to a lower gastric cancer risk in the latter settings [50]. 

Also, the host genetic profile could influence the response to H. pylori infection [12, 51-

53], and, in Mozambique, a divergent distribution of IL1RN polymorphisms could 
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contribute to explain the observed differences, as a significant lower proportion of 

carriers of the risk allele (ILRN*2) are observed [12, 33]. 

Further studies in larger samples and in other African countries are needed to 

confirm our results, aiming to properly identify the determinants of gastric 

carcinogenesis, such as genetic host factors or environmental exposures, which could 

contribute to the interruption of progression or even lead to regression of gastric lesions 

in African settings. 
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 This thesis aimed to contribute to clarify the role of Helicobacter pylori infection 

in the web of gastric cancer causation, by addressing two main research questions: 

 

A) Is H. pylori infection a necessary condition for the occurrence of gastric cancer? 

 

B) Which factors modulate the progression towards cancer in H. pylori-infected 

subjects? 

 

 

 The framework to address the characteristics of the causal relation between H. 

pylori and gastric cancer may be illustrated by figure 7, below. 

 

Figure 7. Causal mechanisms leading to gastric cancer. 

 

 

 

 The pie-chart diagrams illustrate the model proposed by Rothman (53) and the 

arrow describing the sequence from normal gastric mucosa to cancer is based on 

Correa‟s model for gastric carcinogenesis (44, 55). The latter takes into account our 
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current understanding of gastric cancer aetiology, both regarding the establishment of 

additional intermediate stages in carcinogenesis, such as CDX2 expression, and the 

recognition of „new‟ (e.g., IL1RN gene polymorphisms) or the confirmation of „old‟ (e.g., 

salt) risk factors and the identification of the steps in which they act. 

 

 

 Our studies support the role of H. pylori as a necessary component cause in 

gastric cancer through different lines of evidence. 

 Claiming an exposure as a necessary cause implies its presence in all cases of 

the disease. Under such hypothesis, the strength of association is expectedly high, 

much higher than the 2-fold increase shown in previous meta-analyses addressing the 

association between H. pylori infection and gastric cancer (50, 56, 67-72). Our results 

from paper I show that methodological limitations in study design and selection of the 

participants lead to an underestimation of the magnitude of the association occurring in 

case-control studies conducted in high-prevalence settings (157, 158). Furthermore, 

almost 100% of our noncardia cancer cases were found to be infected with CagA-

positive strains (as detected by the presence of the CagA band in the western blot 

evaluation), possibly reflecting a higher sensitivity of this method to detect prior H. 

pylori infection (82, 159). On the other hand, it is possible that infection with CagA-

positive strains represents a necessary component cause in the different mechanisms 

leading to gastric cancer, requiring a smaller number of other component causes than 

mechanisms including infection with H. pylori strains with lower virulence, as depicted 

in figure 7. 

 The results from paper II provide further support to the hypothesis of H. pylori 

being a necessary cause by confirming recent evidence regarding its association also 

with gastric cardia cancer. This finding is consistent with the results obtained in 

samples from populations with high prevalence of infection and high risk of gastric 

cancer (72), and probably reflects the predominance of the cardia cancer subtype 

arising from H. pylori-induced atrophic gastritis in these settings. 

 

 

 Regarding the second major research question, our studies allow the 

identification of factors that modulate the progression towards cancer in H. pylori-

infected subjects and provide evidence regarding which steps they may act on, namely 

by comparing the results obtained in Portugal and Mozambique. Divergent patterns of 

exposure to these factors may explain the differences in gastric precancerous lesions 

and cancer frequency across these populations (paper IV). 
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 A very early effect of H. pylori infection in the cascade of gastric lesions leading 

to cancer is confirmed by the observation of an association between H. pylori and 

CDX2 expression in Mozambique where chronic atrophic gastritis and intestinal 

metaplasia are relatively rare (paper VI). A higher frequency of CDX2 expression 

among those infected with high-virulence strains is also observed in Mozambique, but 

only in subjects with more advanced gastric lesions (paper VI). 

 

The relatively low exposure to tobacco observed in the Mozambican compared 

with the Portuguese dyspeptic subjects (paper V) complies with the low frequency of 

gastric precancerous lesions in this setting (109, 160, 161). The results from paper VI 

suggest an association between smoking and CDX2 expression, especially in the more 

advanced steps of carcinogenesis, which is in accordance with the available evidence 

supporting that smoking acts in the stages closer to cancer. 

 

 Our findings from paper III support the view of salt intake as an important 

dietary risk factor for gastric cancer (114, 162), adding to previous research the 

consistency of the findings across subgroups defined according to the exposure to 

other environmental factors or tumour characteristics. This is compatible with the lack 

of association between high salt consumption and CDX2 expression in the 

Mozambican setting (paper VI), given the low frequency of salt intake observed in 

Africa (163), and because these results do not rule out the hypothesis of this dietary 

factor acting in the steps closer to cancer. Similarly, high meat intake and low fruits 

consumption, which are considered to be probable risk factors for gastric cancer (114, 

119, 122), were not associated with CDX2 expression among Mozambicans (paper VI), 

and a very low consumption of these food items is also observed in the African setting 

(164, 165). The consistent association between the low frequency of vegetables 

consumption and a more pronounced CDX2 expression found in paper VI suggests 

that the protective action that vegetables may have occurs later in the gastric 

carcinogenesis pathway. However, this observation does not provide a potential 

explanation for the low frequency of gastric lesions in this H. pylori high-prevalence 

setting, as less than half of the Mozambicans report a daily consumption of vegetables 

(166). 

 

 From paper V, we observed that the IL1RN*22 genotype consistently increases 

the risk of gastric precancerous lesions, supportive of a role for this polymorphism in 

the early stages of gastric carcinogenesis. This conclusion is reinforced by the 
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divergent distribution of IL1RN polymorphisms found when comparing Portugal and 

Mozambique (papers IV and V). The lack of the risk allele among the Mozambican 

subjects may be responsible for differences in the immunologic response to the 

infection (102), with potential impact on the progression towards cancer in this 

population. 

 

 

 The results from this thesis contribute to clarify the role, on the one hand, of H. 

pylori in the web of gastric cancer causation, by supporting the hypothesis that infection 

is a necessary causal component for the occurrence of gastric cancer, and, on the 

other hand, of genetic and other environmental factors in the different steps of the 

causal mechanisms. 

 

 

Five main conclusions could be drawn from this thesis: 

 

 The use of methods with low sensitivity to detect past infection, including 

study design, selection of the participants and assessment of infection 

status, leads to a substantial underestimation of gastric cancer risk in 

high-prevalence settings. Stronger associations were observed when 

these methodological limitations are overcome, which is more 

compatible with the hypothesis of H. pylori being a necessary cause for 

gastric cancer. 

 

 In this Portuguese setting, the cardia cancer cases were similar to 

noncardia cancers with regard to the relation with infection, histological 

type and condition of the nonneoplastic mucosa, supporting the 

predominance of this cardia cancer subtype in high-risk settings. This 

suggests that only specific types of gastric cancer, more frequent in low-

risk settings, are not related to infection, reinforcing the evidence 

supporting the role of H. pylori as a necessary cause for gastric cancer. 

 

 Salt intake was confirmed as an important dietary risk factor for gastric 

cancer, with no differences in risk according to the characteristics of the 

H. pylori infection, smoking and tumour location and histological type. 
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 The divergent distribution of IL1RN polymorphisms and smoking 

between dyspeptic subjects from Portugal and Mozambique may 

contribute to explain the observed differences in the frequency of gastric 

precancerous lesions between these settings with similar prevalence of 

H. pylori infection. 

 

 The virulence of the infecting strains and vegetables consumption were 

associated with CDX2 expression and may play a role in the 

progression to more advanced lesions as co-factors interacting with H. 

pylori infection to produce gastric cancer. 
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