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 Editorial 

 Dig Dis 2004;22:301 
 DOI: 10.1159/000083589 

 Editorial 

     

 Gastric cancer continues to remain a major challenge for its high mortal-
ity because of the diagnosis in advanced stages of disease. Despite new devel-
opments and technical advances in endoscopic diagnosis and therapy, the 
overall prognosis of these patients is poor. The identifi cation of  Helicobacter 
pylori  as the single most important risk factor for the development of gastric 
cancer has changed our understanding of the pathogenesis of this malignancy. 
In this issue of  Digestive Diseases  we have invited the world’s leading experts 
in the fi eld of basic research and clinical management of gastric cancer to 
share their expertise with the clinical community. Important insight is given 
in this issue on the pathogenesis and the most important risk factors for the 
development of gastric cancer, as well as the potential benefi ts of chemopre-
vention and  H. pylori  eradication. A further focus of this edition is the pre-
sentation of advances in diagnosis and treatment of gastric cancer. New di-
agnostic modalities and surgical therapy, including the potential benefi ts of 
neoadjuvant and adjuvant therapy, are also covered in state-of-the-art re-
views. Most patients require palliative therapy because of locally advanced 
or metastasized cancers, and, therefore, a large amount of space is dedicated 
to advances in the chemotherapy of advanced gastric cancers and peritoneal 
metastasis. Finally, future approaches towards a molecular diagnosis and 
therapy are also described. We believe that despite the still limited prognosis 
for patients with gastric cancer today, these advancements will help to im-
prove the management of gastric cancer patients. We hope that with this issue 
we will not only help clinicians in the clinical routine management of gastric 
cancer patients, but that these reviews will also stimulate the interest for clin-
ical and basic research in the fi eld of gastric cancer. 

  Matthias Ebert  
  Peter Malfertheiner  
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 Gastric Cancer: Who Is at Risk? 

 Rocco Maurizio Zagari    Franco Bazzoli  

 Department of Internal Medicine and Gastroentererology, University of Bologna,  Bologna , Italy 
  
  

putative etiologic factors of gastric cancer have been iden-
tifi ed, as detailed below, which play an important role in 
the pathogenesis and development of gastric cancer. Re-
cent interest has focused on substantiating the causal role 
of these risk factors in order to develop rational strategies 
for the active prevention of gastric cancer. 

 Differences in exposure to environmental factors, such 
as, different  Helicobacter pylori  strains and diets, and in 
the genetic predisposition of the host can probably be re-
sponsible for the variation of the incidence of gastric can-
cer between populations. There is a marked geographic 
variation in the incidence of gastric cancer. The highest 
incidence rates occur in Costa Rica and Japan while the 
lowest rates occur in the USA  [1] . 

 The most important risk factors for gastric cancer are 
 H. pylori  infection, host genetic factors, such as a positive 
family history of gastric cancer and polymorphisms in the 
interleukin-1 (IL-1) and tumor necrosis factors (TNF)-A 
genes, and dietetic factors. 

  Helicobacter pylori  

 In 1994  H. pylori  was classifi ed by the International 
Agency for Research on Cancer as type I (defi nite) car-
cinogen  [2] . The magnitude of the risk of gastric cancer 
associated with  H. pylori  has been evaluated by many 
epidemiological studies and several meta-analyses  [3–5] . 
Probably the best evidence is provided by Forman et al. 

 Key Words 
 Gastric cancer  �  Gastric cancer, dietary factors  �  Gastric 
cancer, host genetic factors  �   Helicobacter pylori  

 Abstract 
 Gastric cancer is a multifactorial disease.  Helicobacter 
pylori  infection, host genetic factors and dietetic factors 
play an important role in the development of gastric can-
cer. Individuals with a positive family history of gastric 
cancer and/or pro-infl ammatory polymorphisms of the 
interleukin-1 and tumor necrosis factor A genes infected 
by  H. pylori  virulent strains (cagA-, vacA s1-, vacA m1- 
and babA2-positive) have the highest risk of gastric can-
cer development. Diets rich in salted and smoked food 
and poor in fresh fruit and vegetables favor gastric car-
cinogenesis. Genetic combined with bacterial and host 
genotyping may allow for the identifi cation of patients 
at high risk of gastric cancer who can benefi t from pre-
ventive eradication therapy. 

 Copyright © 2004 S. Karger AG, Basel 

 Introduction 

 Despite a decrease in the annual incidence and mortali-
ty rates over the past 50 years, gastric cancer remains the 
second cause of cancer-related death. As with other can-
cers, the etiology of gastric cancer is unknown. However, 
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 [3]  that combines data from all case-control studies nest-
ed within prospective cohorts. Forman et al. reported that 
 H. pylori  infection increases two- or threefold the risk of 
non-cardia gastric cancer. The association was stronger, 
with risk increased sixfold, when blood samples for  H. py-
lori  serology were obtained 10 years or more before cancer 
diagnosis  [3] . Furthermore, Uemura et al.  [6]  reported in 
a recent prospective study of 1,526 subjects that gastric 
cancer developed in 2.9% of subjects with  H. pylori  infec-
tion over about 8 years but in none of those uninfected. 
Also studies in animal models, such as Mongolian gerbils, 
show that  H. pylori  can develop gastric cancer  [7] .  H. py-
lori  cause chronic gastritis in all infected subjects. In a 
very small proportion of subjects  H. pylori  gastritis prog-
ress over time from an initially superfi cial non-atrophic 
form to more severe forms, such as atrophic gastritis and 
intestinal metaplasia which are important precursors of 
gastric cancer  [8] . Subjects with  H. pylori- related pangas-
tritis or corpus-predominant gastritis are more likely to 
develop hypochlorhydria, gastric atrophy and intestinal 
metaplasia and have a higher risk of non-cardia gastric 
cancer  [1, 6, 9–11] . Hypochlorhydria itself increases the 
risk of developing gastric cancer possibly impairing the 
mechanisms that protect the gastric mucosa against the 
action of carcinogens. Hypochlorhydria favors the intra-
gastric overgrowth of anaerobic bacteria which can con-
vert the dietary nitrate and nitrite into carcinogenic ni-
troso compound  [12] , and is associated with a marked 
reduction of intragastric acid ascorbic secretion  [13] . 
 H. pylori  strains are highly diverse and there are  H. py-
lori  strains of differing virulence. Among the virulence 
factors, the cytotoxin-associated gene A (cagA), vacuolat-
ing toxin A (vacA) and babA2 have been linked to en-
hanced pathogenicity of  H. pylori . The cagA gene, which 
is found in 60–70% of  H. pylori  in the industrialized 
world, encodes the protein cagA that infl uences the sever-
ity of infl ammation and cellular function including pro-
liferation, apoptosis and cytokine release  [14, 15] . Nu-
merous studies have reported that the infection with 
cagA-positive strains further increased the risk of gastric 
cancer by about two- to threefold  [16, 17] . Held et al.  [17]  
show that the odd ratios (ORs) for gastric cancer was 7.4 
and 4.2 in patients infected by cagA-positive and cagA-
negative  H. pylori  strains, respectively. vacA gene is pres-
ent in all  H. pylori  strains, but in only half of  H. pylori-
 produced cytotoxin vacA, a toxin which induces epithe-
lial cell vacuolation and cell death. vacA expression is 
determined by variations in the signal sequences (s1a, 
s1b, s1c, s2) and mid-region (m1, m2) of the vacA gene. 
 H. pylori  strains with an s1-type signaling sequence all 

produce functional vacA toxin, whereas those with an s2-
type signaling sequence have little cytotoxic activity  [19] . 
Moreover,  H. pylori  vacA s1m1 strains are more toxic 
than s1m2 strains and associated with more severe atro-
phic gastritis and intestinal metaplasia  [20] . The infection 
with vacA s1 and vacA m1  H. pylori  strains was associ-
ated with an increased risk for gastric cancer, with ORs 
of 17 and 6.7, respectively  [21] . In addition to vacA and 
cagA, microbial factors involved in adherence of  H. py-
lori  to gastric epithelial cells are important in the bacte-
rium’s pathogenicity. babA2 geno-positive  H. pylori  en-
code the adhesin babA that interacts with the blood group 
antigen Lewis on gastric epithelial cell to enhance  H. py-
lori  colonization to gastric mucosa. babA2 gene usually 
coexists with other  H. pylori  virulence factor genes, such 
as cagA and vacA s1m1. Tripositive strains which have 
cagA, vacA s1m1 and babA2 genotype further increase 
the risk of developing gastric atrophy, intestinal metapla-
sia and fi nally gastric cancer  [22, 23] . 

 Host Genetic Factors 

 Considerable evidence supports the role of the host 
genetic factors in the pathogenesis of gastric cancer. Case-
control studies indicate that fi rst-degree relatives of pa-
tients with gastric cancer have a two- to threefold increase 
in the risk of this disease  [24, 25] . Therefore, El-Omar et 
al.  [26]  reported that the fi rst-degree relatives of patients 
with gastric cancer have an increased prevalence of pre-
cancerous gastric abnormalities, such as hypochlorhydria 
and atrophic gastritis, but this increase was confi ned to 
those with  H. pylori  infection. Recently, functional poly-
morphisms in the IL-1 and TNF-A genes have been as-
sociated with an increased risk of non-cardia gastric can-
cer  [27–29] . Subject carriers of pro-infl ammatory IL-1B-
511T allele and IL-1RN 2/2 genotype are associated with 
higher production of IL-1 � , a potent pro-infl ammatory 
cytokine and powerful inhibitor of gastric acid secretion 
in the gastric mucosa in response to  H. pylori  infection 
 [30] . Increased IL-1 �  levels would result in enhanced sup-
pression of gastric acid secretion and severe and sustained 
infl ammation and, consequently, more rapid develop-
ment of gastric atrophy and hypochlorhydria with a high-
er risk of gastric cancer development. Individual  H. py-
lori- infected carriers of the IL-1B-511T allele and IL-1RN 
2/2 genotype have an increased risk of gastric atrophy and 
non-cardia gastric cancer, with ORs of about 3  [27] . Car-
riers of the pro-infl ammatory TNF-A-308A allele, which 
is thought to increase the production of TNF- � , a pro-in-
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fl ammatory and acid inhibitor cytokine, were also associ-
ated with higher risk of gastric cancer  [27, 28] . Moreover, 
the risk of gastric cancer seems to increase with the num-
ber of high-risk genotypes. Carriage of multiple pro-in-
fl ammatory polymorphisms of IL-1B, IL-1RN and TNF-
A genes conferred greater risk, with ORs of 2.8 for one, 
5.4 for two and 27 for three genotypes  [28] . 

 There is an important interaction between host genet-
ic factors and  H. pylori  virulence factors which contribute 
to the mucosal damage and physiological abnormalities 
that increase the risk of gastric cancer and its precursors. 
The risk of atrophic gastritis, intestinal metaplasia and 
gastric cancer seems to be greater in the presence of pro-
infl ammatory genotype of IL-1 and of  H. pylori  virulent 
strains  [21, 31] . Rad et al.  [31]  reported the highest prev-
alence of atrophic gastritis and intestinal metaplasia in 
patient carriers of IL-1B-511T and IL-1RN 2 alleles and 
infected with cagA- and vacA s1-positive strains, with 
ORs of 6 for atrophic gastritis and 2.4 for intestinal meta-
plasia. Figureido et al.  [21]  show that individual IL-1B-
511T carriers infected with vacA s1-, vacA m1-, and 
cagA-positive strains have the highest risk of gastric 
 cancer, with ORs of 87, 7.4, and 25, respectively. More-
over, IL-1RN 2 homozygotes infected with vacA s1-, 
vacA m1-,  and cagA-positive strains also had an in-
creased risk of gastric cancer, with ORs of 32, 8.8, and 
23, respectively  [21] . 

 Dietary Factors 

 There is much evidence to suggest that diet plays an 
important role in the etiology of gastric cancer. Diets rich 
in fresh fruit and vegetable are associated with a reduced 
risk of gastric cancer  [32] . Dietary antioxidants, such as 
 � -carotene and vitamins A, C and E, may be the compo-
nents of fruit and vegetables that are of etiological impor-
tance  [33] . However, supplementation studies  [34]  and 
prospective studies on single antioxidants  [35]  have given 
contrasting results. Recently, a meta-analysis of Bjelakov-
ic et al.  [34]  shows that antioxidant supplements cannot 
prevent gastric cancer. Diets rich in salted, smoked and 
preserved foods are associated with an increased risk of 
gastric cancer  [36] . Excessive dietary salt has been associ-
ated with gastric atrophy in animals  [37] . 

 Epidemiological data on dietary nitrates and nitrites 
have been inconsistent and their role in gastric carcino-
genesis remains unclear  [38] . Case-control studies have 
reported a statistically non-signifi cant increased risk of 
gastric cancer for high vs. low nitrite intake  [39] . 

 Other Factors: Age, Sex, Smoking 

 Other risk factors for gastric cancer are age and sex 
 [40] . The incidence of gastric cancer rises progressively 
with age, with most patients being between 50 and 70 
years. Gastric cancer rarely occurs in subjects younger the 
30–40 years. Non-cardia gastric cancer is more common 
in males than females by a ratio of 2:   1. 

 The relationship between smoking and gastric cancer 
has been extensively examined yet remains unclear. 
Smoking has been associated with a mildly increased risk 
of gastric cancer  [41] . The most important limitation of 
the studies has been a lack of control for correlating par-
ticularly  H. pylori  infection and fruit and vegetable in-
take. No association between alcohol consumption and 
gastric cancer was reported  [40] . 

 Conclusions 

 Gastric cancer is a multifactorial disease.  H. pylori  in-
fection is an important risk factor for gastric cancer. Nev-
ertheless, gastric cancer develops in only a small propor-
tion of individuals infected, suggesting that genetic and 
environmental cofactors are required. The combination 
of genetic factors, such as a positive family history for 
gastric cancer and/or the presence of pro-infl ammatory 
polymorphisms, and  H. pylori  virulent strains is associ-
ated with the highest risk of gastric cancer development. 
The current data underline that bacterial and host im-
mune factors act in a synergistic manner during gastric 
carcinogenesis, providing a better understanding of this 
multifactorial disease. Furthermore, the fi ndings may be 
of clinical relevance because genetic combined bacterial 
and host genotyping may allow for the identifi cation of 
patients at high risk of gastric cancer which can benefi t 
from preventive eradication therapy. 
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 Introduction 

 Despite the overall decline in incidence, gastric can-
cer is still the second leading cause of cancer-related 
death worldwide which kills more than 700,000 people 
each year  [1] . Gastric cancer, particularly the intestinal 
type, is generally believed to be a multistep progression 
triggered by chronic  Helicobacter pylori  infection. Chron-
ic gastritis, glandular atrophy, intestinal metaplasia and 
dysplasia represent the different stages of the gastric car-
cinogenesis cascade  [2] . Apart from easily recognized 
phenotypic changes, molecular changes are readily de-
tectable in these pre-neoplastic lesions. This article re-
views the role of  H. pylori  and various molecular chang-
es associated with pre-neoplastic gastric lesions and the 
potential of reversing these pre-neoplastic gastric le-
sions.  
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 Abstract 
 Gastric atrophy and intestinal metaplasia are generally 
considered to be precancerous lesions of the stomach. 
Chronic  Helicobacter pylori  infection is one the most im-
portant factors in the development of these pre-malig-
nant gastric lesions. In addition to bacterial factors, poly-
morphisms in the cytokine genes of the host that 
modulate infl ammatory responses are found to have a 
synergistic effect in the development of gastric cancer as 
well as pre-neoplastic lesions. Recently, inappropriate 
activation of the intestine-specifi c transcription factor 
like the homeobox gene complex  CDX1  and  CDX2  are 
found to be an important contributing factor in the induc-
tion of intestinal metaplasia in the stomach. Aberrant 
expression of cyclooxygenase-2 and epigenetic changes 
are also frequently detected in pre-neoplastic gastric le-
sions. One of the most important questions relating to 
these pre-neoplastic gastric lesions is that whether  H. 
pylori  eradication could reverse these changes. Howev-
er, most controlled studies showed no or just modest 
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  H. pylori  and Pre-Neoplastic Gastric Lesions 

 Based on several large-scale epidemiological studies 
published in the last decade, the World Health Organiza-
tion classifi ed  H. pylori  infection as a type I carcinogen 
in 1994  [3] . The risk of stomach cancer based on case-
control studies was subsequently summarized in a meta-
analysis by Huang et al.  [4]  which showed that  H. pylori-
 infected individuals have at least a 2-fold increase in risk 
of gastric cancer when compared to uninfected individu-
als. The most convincing data came from a prospective 
follow-up study in Japan  [5]  in which 2.9% of  H. pylori-
 infected individuals develop gastric cancer over a mean 
follow-up of 7.8 years. In particular, those with severe 
atrophy and intestinal metaplasia have a signifi cant in-
crease in risk of gastric cancer. The corresponding relative 
risk for cancer was 4.9 and 6.4 in those with severe atro-
phy and intestinal metaplasia, respectively. Gastric atro-
phy and intestinal metaplasia are therefore generally re-
garded as the intermediate steps of gastric cancer devel-
opment. Notably,  H. pylori  increase the risk of developing 
both intestinal and diffuse type cancer. 

 The emergence of intestinal metaplasia in the gastric 
mucosa is believed to be the result of an adaptive response 
to an adverse environment as well as selection pressures 
 [6] . The exact mechanisms leading to these phenotypic 
changes remain contentious but  H. pylori  infection, smok-
ing and high-salt intake are consistently found to be the 
most important etiological factors. 

 Interestingly, not all  H. pylori- infected individuals will 
develop gastric cancer. It is well recognized that patients 
with duodenal ulcer are at lower risk of developing gastric 
cancer while those with gastric ulcer are at higher risk  [5, 
7] . In keeping with this, a cross-sectional study showed 
that those with duodenal ulcer disease are less likely to 
have intestinal metaplasia and glandular atrophy  [8] . 
Thus,  H. pylori  infection appears to produce two distinct 
phenotypes, namely duodenal ulcer or gastric ulcer/can-
cer  [9] . The duodenal ulcer phenotype is characterized by 
the antral-predominant non-atrophic type of gastritis, 
whereas gastric cancer patients tend to have multifocal or 
extensive corpus atrophic gastritis. This hypothesis is 
confi rmed by the recent Japanese study which showed 
that those with pangastritis and corpus-predominant gas-
tritis have a 16- and 35-fold increase in risk of gastric 
cancer when compared to those with antral-predominant 
gastritis  [5] . 

 The reason underlying the development of different 
patterns of gastritis in different individuals has been re-
cently linked to the genetic make up of the host and more 

precisely, the interaction between the host and the bacte-
ria. El-Omar et al.  [10]  fi rst demonstrated that the poly-
morphisms in interleukin-1 �  (IL-1B), a pro-infl amma-
tory cytokine as well as a potent inhibitor of gastric acid 
secretion, may underlie the predisposition to atrophic 
gastritis development and hence the risk of gastric cancer 
in susceptible individuals. Subsequent studies from dif-
ferent ethnic groups confi rmed this important observa-
tion  [11–13] . Interestingly, the effect of IL-1B polymor-
phism is less obvious in areas with high prevalence for 
gastric cancer since control subjects from the high preva-
lence region also have a high background frequency of the 
pro-infl ammatory genotype IL-1B-511T/T  [13] . Whether 
this could explain the high geographic variations in gas-
tric cancer incidences in China needs to be verifi ed. In 
addition to development of gastric cancer, it was also 
found that carriers of the pro-infl ammatory alleles, IL-
1B-511T/-31C and IL-1RN*2, had an increased risk for 
the development of atrophy, intestinal metaplasia and 
severe infl ammation  [14] . 

 On the other hand, the presence of certain bacterial 
virulence factors may increase the risk of having pre-ma-
lignant gastric lesions. The presence of  H. pylori  vacA s1, 
vacA m1, cagA+ genotypes were signifi cantly associated 
with a higher  H. pylori  density, higher degrees of lympho-
cytic and neutrophilic infi ltrates, atrophy, the type of in-
testinal metaplasia, and presence of epithelial damage 
 [15] . In populations where cagA+ strains are prevalent, 
the infection by babA2+  H. pylori  strains alone or in com-
bination with cagA+ and vacA s1 further increase the risk 
of pre-neoplastic gastric lesions  [16] . Notably, the combi-
nation of IL-1B polymorphism and  H. pylori  infection 
substantially increased the risk of gastric cancer develop-
ment  [12, 13] . The highest prevalence of severe gastric 
abnormalities is expected to be found in patients with 
pro-infl ammatory cytokine alleles (IL-1B-511T/IL-
1RN*2) and virulent bacterial genotypes cagA+/vacAs1+ 
 [14] . 

 Diet and Precancerous Lesions 

 The association between environmental factors, par-
ticularly diet, and gastric cancer has been extensively 
studied. It has been shown in an animal study that high-
salt diet is associated with a higher risk of atrophic gas-
tritis  [17] . Salt is shown to facilitate colonization of  H. py-
lori  in mice and may therefore perpetuate chronic active 
gastritis and glandular atrophy. 
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 Apart from that, low vitamin C intake has also been 
associated with a risk of gastric cancer development. Vi-
tamin C, being an important antioxidant in diet, is a log-
ical anti-cancer agent in the stomach. Patients with a nor-
mal stomach were found to have lower gastric pH and 
higher levels of ascorbic acid in gastric juice than patients 
with atrophic gastritis, intestinal metaplasia, or dysplasia 
 [18] . The reduction in gastric vitamin C concentrations 
is also found to be related to the presence of  H. pylori  and 
the cagA antibody status of the individual  [19] . In an 
epidemiological study from Columbia, subjects diag-
nosed with gastric dysplasia have an approximately 15% 
reduction in intake of vitamin C when compared to sub-
jects with atrophic gastritis  [20] . 

 Cellular Kinetics Changes in Intestinal 
Metaplasia 

 Disruption of cell kinetics plays an instrumental role 
in cancer development. Inhibition of apoptosis and/or 
increased in proliferation leads to an increased risk of 
neoplastic development.  H. pylori  infection induces cel-
lular apoptosis and proliferation in normal gastric epithe-
lium  [21–23] . We have previously demonstrated that the 
apoptotic index is signifi cantly attenuated in  H. pylori -as-
sociated intestinal metaplasia  [24] . While proliferation 
was increased in both intestinal metaplasia and non-
metaplastic regions, the level of apoptosis was signifi cant-
ly lower in the former. Thus, the apoptosis:proliferation 
ratio was markedly reduced in intestinal metaplasia 
which may favor cellular accumulation and neoplasm for-
mation. 

 Genetic and Epigenetic Alterations in 
Intestinal Metaplasia 

 Unlike the colorectal adenoma-carcinoma sequence, 
the genetic mutations found in gastric pre-neoplastic le-
sions are less well characterized. Whilst mutation in  p53  
is one of the most common genetic alterations found in 
human cancer, Shiao et al.  [25]  reported  p53  mutations 
in 50% of the intestinal metaplasia adjacent to gastric 
cancer. Accumulation of p53 proteins was also demon-
strated in intestinal metaplasia, particularly in type III 
subtype  [26] . On the other hand,  APC  mutation was de-
tected in a subset of gastric cancers only  [27] . 

 Cyclooxygenase (COX) is a key enzyme responsible 
for the conversion of arachidonic acid into prostaglan-

dins. Overexpression of COX-2 is noticed in many neo-
plastic conditions including colon, breast, and stomach 
 [28–31] . By using immunohistochemistry and in-situ hy-
bridization, we showed that COX-2 is strongly expressed 
in  H. pylori -associated gastritis  [32]  and gastric intestinal 
metaplasia  [30] . It is therefore tempting to speculate that 
the disrupted cell kinetics found in pre-neoplastic gastric 
lesions are due to the COX-2 overexpression, which is 
associated with resistance to apoptosis  [33] . 

 Gastric cancer cells express a broad spectrum of growth 
factors and cytokines. Among them, TGF- �  and EGF-RI 
have been reported in pre-neoplastic gastric lesions. An 
increased expression of these two growth factors has been 
found in the intestinal metaplasia of patients with gastric 
cancer by immunohistochemistry and Western blotting 
 [34] . Cyclins, cyclin-dependent kinases (CDK) and their 
inhibitors regulate cell growth, differentiation, survival, 
and cell death. Overexpression of cyclin D2 and dimin-
ished p27 expression was detected in  H. pylori -associated 
intestinal metaplasia  [35] . Notably, these aberrant ex-
pressions could be reversed by  H. pylori  eradication. 

 Inappropriate activation of intestine-specifi c tran-
scription factors during regeneration of gastric epithelial 
cells may lead to deviation from normal gastric differen-
tiation process. The intestine-specifi c caudal-related ho-
meobox transcription factors, CDX1 and CDX2, seem to 
play a key role in intestinal development and differentia-
tion. CDX2 activates transcription of intestine-specifi c 
proteins such as MUC2  [36] . Aberrant CDX2 expression 
is often seen in intestinal metaplasia of the stomach and 
in some gastric carcinomas  [37] . By using  CDX2  trans-
genic mice, it was found that ectopic expression of CDX2 
in mouse stomach induced the expression of alcian blue-
positive intestinal-type goblet cells, a hallmark of intesti-
nal metaplasia  [38] . These fi ndings strongly suggest the 
involvement of CDX2 in the initiation of the process 
leading to intestinal metaplasia of the gastric mucosa. 
Moreover, it was recently found that CDX2 and LI-cad-
herin expression are tightly correlated in intestinal meta-
plasia  [39] . CDX2 regulates LI-cadherin gene expression 
in normal, metaplastic and neoplastic tissues of the gas-
trointestinal tract. In addition to  CDX2 , it was recently 
found that the  CDX1  transgenic mice developed intesti-
nal metaplasia in the stomach which consists of all four 
intestinal epithelial cell types: absorptive enterocytes, 
goblet, enteroendocrine, and Paneth cells  [40] . The stom-
ach of the  CDX1  transgenic mice was different from 
 CDX2  transgenic mice by the absence of pseudopyloric 
gland metaplasia, thicker proliferation zone and with 
thicker metaplastic mucosa. It thus appears that both 
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CDX1 and CDX2 are important in the induction of in-
testinal metaplasia in normal stomach, but whether the 
aberrant expression of CDX1 and CDX2 could be re-
versed by  H. pylori  eradication deserves further evalua-
tion. 

 Microsatellite instability is a form of genetic aberra-
tion typically found in patients with hereditary non-pol-
yposis colorectal cancer syndrome. Most of these patients 
suffered from mutation or epigenetic inactivation of the 
DNA mismatch repair genes including  hMLH1  and 
 hMSH2 . Microsatellite instability has also been detected 
in gastric cancer  [41]  as well as in intestinal metaplasia 
 [42] . Instead of genetic mutation, these abnormalities are 
usually accounted by the transcriptional silencing of the 
DNA mismatch repair gene  hMLH1  by promoter hyper-
methylation  [43] . 

 In this regard, epigenetic alterations have emerged as 
an important alternative pathway leading to inactivation 
of tumor suppressor genes in the absence of alteration of 
genetic sequences. Epigenetic silencing of tumor-associ-
ated genes is frequently found in human gastric cancer 
 [44]  as well as in gastric intestinal metaplasia  [45] . The 
presence of promoter hypermethylation of multiple tu-
mor-associated genes including  DAP-kinase, E-cadherin, 
GSTP1, p14, p15, p16, RASSF1A  and  hMLH1  has been 
demonstrated in gastric intestinal metaplasia  [45] . Nota-
bly, E-cadherin methylation was frequently found in the 
non-neoplastic gastric mucosa of  H. pylori- infected indi-
viduals  [46] . These fi ndings suggest that hypermethyl-
ation occurs early in the multistep gastric carcinogenesis 
pathway and may play an instrumental role in gastric 
cancer development. 

 Is Intestinal Metaplasia Reversible by  H. pylori  
Eradication? 

 Despite the strong links between  H. pylori  infection 
and gastric cancer, the role of  H. pylori  treatment in the 
prevention of gastric cancer remains controversial. These 
interventional studies are extremely diffi cult to perform 
due to the long lead-time in gastric cancer development. 
Instead, most studies attempted to look into changes in 
pre-neoplastic lesions as a surrogate endpoint. Early stud-
ies that reported positive responses to anti- Helicobacter  
therapy were largely uncontrolled and had a small sample 
size  [47, 48] . Thus far, there are confl icting results in the 
literature due to various reasons including inconsistency 
in interpretation of histological grading, sampling errors, 
lack of proper control, and different study populations. 

 The results of a few large-scale randomized control 
studies have been published recently. Correa et al.  [49] 
 reported 6-year follow-up results of 976 Colombian sub-
jects. In their study, subjects were randomized to receive 
eight different treatments that included vitamin supple-
ments and anti- Helicobacter  therapy alone or in combina-
tion versus placebo. Of the 79 subjects that received anti-
 Helicobacter  therapy, there was a borderline regression of 
intestinal metaplasia when compared with placebo (15 
vs. 6%; relative risk 3.1 (95% confi dence interval 1.0–
9.3)). Interestingly, the supplementation of  � -carotene or 
ascorbic acid resulted in a similar degree of improvement 
in intestinal metaplasia (20 and 19%). However, the com-
binations of antibiotics and vitamins did not confer any 
additional benefi ts. More importantly, the progression 
rate of intestinal metaplasia was comparable irrespective 
of the treatments received. The progression rate is 23% 
in placebo whereas 17% of eradicated patients showed 
progression of intestinal metaplasia. In our intervention-
al study performed in Shandong Province of northern 
China, 587  H. pylori- infected subjects were randomized 
to receive anti- Helicobacter  therapy or placebo  [50] . At 1 
year, though there was no signifi cant improvement in in-
testinal metaplasia of those treated with antibiotics, pa-
tients with persistent infection (placebo group) had a sig-
nifi cant deterioration of corpus atrophy. In the 5-year fol-
low up, subjects who had successful eradication of 
 H. pylori  had signifi cantly reduced progression of intesti-
nal metaplasia than those with persistent infection  [51] . 
Gastric atrophy also appeared to regress after eradication 
of  H. pylori . Although our results strongly support the 
eradication of  H. pylori  in the prevention of metaplasia 
progression, it is imperative to note that substantial pro-
portions ( 1 50%) of individuals in both treatment groups 
had deterioration of metaplasia over the 5-year follow-up 
period. Further analysis showed that persistent  H. pylori  
infection, age  1 45 years, alcohol use, and drinking water 
from a well were all independent risk factors associated 
with intestinal metaplasia progression  [52] . Conversely, 
the presence of duodenal ulcer was an independent pro-
tective factor against progression. 

 Many of these results were summarized by Hojo et al. 
 [53]  who included all indexed literature from 1992 to 
2001. Of the 25 articles that focused on changes in atro-
phy, 11 reported improvement whereas 13 reported no 
signifi cant change after  H. pylori  eradication. For chang-
es in intestinal metaplasia, only 5 of the 28 studies re-
ported a signifi cant improvement after treatment of 
 H. pylori . Due to heterogeneity in study design, follow-up 
duration, histological interpretation and statistical meth-
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ods, it remains undetermined whether  H. pylori  eradica-
tion results in any signifi cant improvement in pre-neo-
plastic lesions other than resolution of infl ammation. 

 Recently, a study using gastric cancer incidence as pri-
mary endpoint also failed to show any signifi cant differ-
ence between  H. pylori  eradication and placebo groups 
after the 7.5-year follow-up  [54] . It was only in subgroup 
analysis that individuals with no precancerous gastric le-
sions at baseline were found to have a marginal lower risk 
of gastric cancer development. Whether gastric intestinal 
metaplasia represents a point of no return deserves fur-
ther evaluation. 

 Other Chemopreventive Agents 

 Apart from the study by Correa et al.  [49]  which showed 
a borderline improvement of gastric histology after ascor-
bic acid treatment, a small randomized trial from Italy 
also found that patients given 6 months of ascorbic acid 
following  H. pylori  eradication had signifi cant improve-
ment of intestinal metaplasia  [55] . 

 With the strong epidemiological link between usage of 
non-steroidal anti-infl ammatory agent (NSAID) or aspi-
rin and risk reduction for gastric cancer  [56, 57] , NSAID 
is another attractive chemopreventive agent. A recent 
meta-analysis showed that the continuous use of NSAID 
was associated with a reduction in risk of gastric cancer 
(summary odds ratio of 0.78)  [57] . Users of aspirin and 

non-aspirin NSAIDs experienced similar magnitudes of 
risk reduction. Due to the gastric toxicity associated with 
conventional NSAID and even aspirin, this approach may 
not be clinically feasible. With the recent availability of 
the COX-2 inhibitors, it is tempting to test whether this 
agent can be used in the chemoprevention of gastric can-
cer  [58] . In a rat model of gastric cancer, we have recently 
shown that the use of high-dose celecoxib resulted in a 
signifi cantly lower number of gastric tumor formations 
 [59] . Interestingly, the use of indomethacin, a non-selec-
tive COX inhibitor, failed to suppress tumor development 
in this model. We further showed that the chemopreven-
tive effect of celecoxib was independent of COX-2 and 
prostaglandin suppression but more dependent on the in-
duction of apoptosis and inhibition of proliferation  [60] . 
Results of human gastric cancer chemoprevention study 
by COX-2 inhibitor are eagerly awaited. 

 Conclusion 

 If intestinal metaplasia represents an altered gastric 
phenotype resulting from somatic mutation or epigenetic 
changes in progency cells, it may not be surprising to fi nd 
that these pre-neoplastic changes are not reversible with 
simple  H. pylori  eradication. Future studies should per-
haps be directed to the identifi cation of more potent che-
mopreventive agents or the early detection of gastric can-
cer in high-risk individuals. 
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unrealistic now because of the high prevalence of the 
infection and the missing of a vaccine. This review re-
fl ects possible mechanisms of gastric cancer develop-
ment induced by chronic  H. pylori  infection and recent 
investigational trials for prevention of gastric cancer by 
 H. pylori  eradication therapy will be discussed. 
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 Introduction 

 Gastric cancer is still the leading cause of cancer-re-
lated deaths in many parts of the world  [1] . Gastric car-
cinogenesis is a complex, multifactorial process. The evi-
dence supporting an important role of  Helicobacter py-
lori  causing gastric cancer is getting stronger.  H. pylori  has 
been classifi ed by the WHO as a class 1 carcinogen, even 
though the ultimate mechanism by which this bacterium 
causes gastric cancer is not known  [2] . A combination of 
virulent  H. pylori  strain, a supporting environment and 
a genetically susceptible host might be the essential in the 
pathogenesis of gastric cancer. 

 Epidemiological studies suggest a strong association 
between  H. pylori  infection and the development of gas-
tric adenocarcinoma. All over at least 70% of all non-car-

 Key Words 
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 Abstract 
 The evidence supporting the important role of  Helico-
bacter pylori  causing gastric cancer is getting stronger. 
The mechanisms by which  H. pylori  can infl uence the 
progression to severe changes in the gastric mucosa are 
under investigation. An increased gastric epithelial cell 
proliferation has been observed in individuals infected 
with  H. pylori . This lifelong increased cell turnover is 
deemed to be a major risk factor for increased mutation-
al changes and may lead to the development of gastric 
cancer. Successful eradication of  H. pylori  infection in-
duces the healing of the gastritis and a signifi cant de-
crease in gastric epithelial cell proliferation. Neverthe-
less, it is right now unknown at which time the point of 
no return, meaning at which time an eradication therapy 
leads to a benefi t for the individual to prevent gastric 
cancer, has been reached. Therefore the major question 
that arises is to whom an eradication therapy should be 
offered to prevent gastric cancer. A general elimination 
of the infection might be worthwhile, but seems to be 
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diac gastric adenocarcinomas are attributable to an  H. py-
lori  infection  [3] . The risk for  H. pylori- infected individ-
uals to develop gastric cancer is about 6 times higher 
compared to non-infected individuals  [4] . Earlier inves-
tigations have found a lower risk, but suffer from the dis-
advantage that the IgG response to the infection disap-
pears in advanced cases of atrophy, where also the infec-
tion can disappear. The above cited study avoids this 
disadvantage, because blood samples were collected at 
least 10 years before cancer diagnosis. However, if the 
selection of patients and methodology is optimized, the 
risk increases to more than 25 times  [5] . In another recent 
study with more than 4,000 healthy subjects and a follow-
up of more than 7 years, the relative risk was 62 times 
higher for those with a low pepsinogen level and a loss of 
active  H. pylori  infection, indicating also the importance 
of immunological markers to identify subjects at a high 
risk  [6] . 

 Gastric adenocarcinoma is divided into two main 
types according to his histological pattern (Lauren’s clas-
sifi cation). For the intestinal type a sequence based on a 
histopathological pattern beginning with gastritis and 
progressing to atrophy and intestinal metaplasia, dyspla-
sia and fi nally cancer has been proposed by Correa  [7] . 
Atrophy and intestinal metaplasia are nowadays fre-
quently used as sequential precursor lesions and have 
been included in several risk scores to estimate the risk 
for an individual person. The diffuse type appears with-
out any identifi able histological precursor lesion  [8] . Both 
types, the intestinal and the diffuse, show an equally 
strong association with  H. pylori  infection  [9, 10] . 

 Several other gastrointestinal diseases are caused by 
 H. pylori  like duodenal and gastric ulcer, and gastric 
MALT lymphoma. The proof of causality is even easier 
in those diseases, because it is possible to heal these dis-
eases and/or prevent the recurrence of the disease by 
 H. pylori  eradication. The infection is acquired normally 
in the childhood; gastric cancer occurs several decades 
later. Studies of cancer prevention as the primary target 
need a long-term follow-up because of a very prolonged 
latency period. Even the point in life is not yet defi ned 
until an intervention (i.e.,  H. pylori  eradication therapy) 
makes any sense to prevent development of gastric cancer 
(point of no return). 

 This review is structured in two parts, the fi rst deals 
with the recent knowledge how  H. pylori  triggers cell sig-
nalling which might be of importance in gastric carcino-
genesis, and secondly the results of several recent trials to 
prevent gastric cancer are discussed in detail. 

 Molecular Processes Contributing to the Risk 
to Develop Gastric Intraepithelial Neoplasia 
and Adenocarcinoma 

 Chronic  H. pylori  infection has been associated with 
the development of gastric neoplasia and adenocarcino-
ma. The increased risk of developing gastric cancer is the 
hyperproliferation of gastric epithelial cells induced by 
 H. pylori . In vitro infected epithelial cells, and in vivo 
studies in humans and animal models, have been used to 
examine bacterial factors involved in the hyperprolifera-
tive response in the gastric epithelium. The  cag  pathoge-
nicity island (PAI)  [11–13]  and host genetic polymor-
phisms in the interleukin-1 �  and IL-1 receptor antagonist 
genes associated with overexpression of IL-1 and hypo-
chlorhydria  [14, 15]  have each been linked to an increased 
risk of developing intraepithelial neoplasia and intestinal 
type gastric cancer. Epithelial proliferation indices have 
been positively correlated with the degree of histological 
infl ammation in the gastric mucosa in  H. pylori- infected 
patients  [16–18]  and patients with  H. pylori- negative gas-
tritis do not have increased gastric epithelial cell prolif-
eration compared to uninfected controls  [19–21] . A sig-
nifi cant decrease in gastric epithelial cell proliferation has 
been observed following successful eradication of  H. py-
lori   [19, 22–24] . 

  H. pylori  and Infl ammation 

 Infl ammation is a critical component of tumor pro-
gression and cancer could arise from sites of infection and 
chronic irritation.  H. pylori  is a genomically diverse 
pathogen  [25]  and several bacterial virulence factors are 
now considered to have a key role on the epithelial re-
sponse to infection. Only  H. pylori  strains containing the 
40 kb  cag  PAI  [26, 27]  trigger signalling cascades in gas-
tric epithelial cells resulting in the release of proinfl am-
matory cytokines/chemokines and involving the immedi-
ate early response transcription factors AP-1 and NF- � B 
 [28] . These transcription factors contribute to the activa-
tion of proinfl ammatory C-X-C chemokines, which in 
vivo attract neutrophils towards the colonized epithelium 
and other innate defenses. Of particular interest has been 
the observation that chemokines such as IL-8 are upregu-
lated in gastric epithelial cells by  cag  PAI-positive  H. py-
lori  strains  [29, 30] .  H. pylori  stimulates the transcription 
factor NF- � B which involves the activity of the kinases 
IKK �  and IKK �   [31] . AP-1 activation involves C-termi-
nal Jun-kinase (JNK) activity  [32] . The bacterial effector 
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injected by the  cag  PAI type IV secretion system is pep-
tidoglycan that is recognized by the intracellular nucleo-
tide-binding oligomerization domain protein (Nod1) re-
ceptor molecule  [33] , which directly activates NF- � B. 
Nod1 belongs to a family that includes multiple members 
with NOD and leucine-rich repeats and recognizes pep-
tidoglycan derived primarily from Gram-negative bacte-
ria  [33] . Thus, certain signalling cascades that lead to the 
activation of the IKK complex, JNK kinase and p38 ki-
nase, are only activated by  H. pylori  strains carrying the 
active  cag  PAI  [34] . The  cag  PAI encoded CagA protein, 
which is translocated into the gastric epithelial cell via the 
type IV secretion system  [35–39] , is dispensable for  H. 
pylori- induced NF- � B activation. 

 Activation of Proliferation-Associated 
Signalling in  H. pylori  Infection 

 Whilst clinical and animal model studies have inves-
tigated several aspects of the bacterial induced hyperpro-
liferative responses, recent in vitro studies with gastric 
epithelial cells have begun to delineate the importance of 
specifi c signalling pathways. Furthermore, the contribu-
tion of these pathways to overexpression of key genes 
potentially involved in gastric neoplasia has been exam-
ined. 

 The epidermal growth factor receptor (EGFR) and re-
lated EGFR ligands are thought to have an important role 
in gastric mucosal repair  [40] . Recent studies have dem-
onstrated that  H. pylori  activates the EGFR in gastric 
epithelial cells  [41, 42] . The upregulation of HB-EGF 
gene transcription by  H. pylori  requires metalloprotease, 
EGFR and MEK1 activities  [42] . EGFR transactivation 
and increased expression of HB-EGF in gastric epithelial 
cells is induced by both  cag  PAI-positive and  cag  PAI-
negative  H. pylori  strains  [42] .  H. pylori  infection in hu-
mans is associated with increased gastric mucosal levels 
of epidermal growth factor (EGF) protein and EGFR 
transcripts  [43] . Recent in vitro studies indicate that  H. 
pylori  induces the receptor tyrosine kinase HER2/Neu 
(ErbB-2), another member of the EGF receptor family, in 
gastric epithelial cells  [44] . Gastric expression of EGFR 
ligands amphiregulin  [45, 46]  and HB-EGF  [47, 48]  are 
also increased in patients with  H. pylori  infection and/or 
gastric cancer. Additionally, expression of several ADAM 
metalloprotease disintegrin family genes is strongly in-
creased in gastric cancer mucosa  [49] . 

 Recent data show that  H. pylori  induces the activation 
of c-Met and cell scattering (motogenic response) in AGS 

gastric epithelial cells  [44] . The direct involvement of c-
Met in the stimulation of host epithelial cell motogenic 
response by  H. pylori  was confi rmed by using small inter-
fering RNA (siRNA) to silence the expression of the c-
Met receptor by RNA interference (RNAi) in epithelial 
cells. Compared to the PAI-positive wild-type strain, an 
isogenic  cagA  mutant strain induced only a weak moto-
genic response in AGS cells and a virB11 mutant strain, 
that lacks a functional type IV secretion system, to pro-
mote the motogenic response  [44] . Physical interaction 
of CagA and PLC �  and activation of PLC �  by  H. pylori  
contribute in the motogenic response. Further, MAP ki-
nase signalling events are critical for the induction of the 
motogenic response in  H. pylori -infected epithelial cells 
 [44] . The observed interaction of the tyrosine phospha-
tase SHP-2 and phosphorylated CagA  [50, 51]  is of high 
interest in the context of  H. pylori -induced c-Met regula-
tion. Numerous experimental and clinical data indicate 
a particular role of HGF and the proto-oncogene c-Met 
in tumor invasive growth. Thus,  H. pylori- induced c-Met 
receptor signal transduction pathways could be respon-
sible for cancer onset and tumor progression. 

 Based on previous studies, wild-type  H. pylori  strains 
and the  cagA  mutant strain could activate Rho GTPases 
Rac1 and Cdc42 in AGS gastric epithelial cells. Further-
more, Rac1 and Cdc42 are recruited to the site of bacte-
rial attachment  [52] . Rho GTPases control polarity, pro-
trusion, and adhesion during cell movement  [53] . Thus, 
during  H. pylori  infection the activation of Rho GTPases 
contribute to the motogenic response in host cells. 

 As in many human tumor cells, gastric cancer cells 
overexpress COX-2  [54]  and induce nitric oxide synthase 
 [55] . COX-2 and prostaglandin E 2  (PGE 2 ) are implicated 
in maintaining the function and structure of the gastric 
mucosa by modulating diverse cellular functions, such as 
secretion of fl uid and electrolytes, and cell proliferation 
 [56] . COX-2 mRNA expression and PGE 2  synthesis in 
gastric epithelial cells and experimentally infected mice 
 [57]  and in human gastric mucosa  [54, 58, 59]  has been 
demonstrated in  H. pylori  infection, indicating that COX-
2 is involved in  H. pylori -related gastric pathology.  H. 
pylori -triggered induction of the COX-2 gene appears in-
dependent of the  cag  type IV secretion system, and in-
volves activation of the mitogen-activated extracellular 
signal-regulated kinases MEK and ERK  [57] . A rate-lim-
iting step in the control of PGE 2  is the release of arachi-
donic acid (AA) from membrane phospholipids, which is 
known to occur via a number of different pathways. 
 H. pylori  induces the release of PGE 2  and AA in gastric 
epithelial cells by activation of the cytosolic phospholi-
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pase A 2  via pertussis toxin-sensitive heterotrimeric G �  i /
G �  o  proteins and the p38 kinase. PGE 2  production via 
AA release is predominately synthesized from phospha-
tidylinositol. In contrast to the  H. pylori  wild-type strain, 
an isogenic strain with a polar mutation in the  cag  PAI 
only weakly activates AA synthesis  [60] . 

  H. pylori -Induced Cell Cycle Control and 
Apoptosis 

 Exposure of epithelial cells to  H. pylori  alters cell pro-
liferation rates and apoptosis in vitro and in vivo. In vitro 
studies have demonstrated that cyclin D1  [61]  expression 
induced in  H. pylori -infected epithelial cells is partly de-
pendent on the  cag  PAI. Cyclin D1 regulates passage 
through the G1 phase, and cyclin D1 overexpression 
shortens the G1 phase and increases the rate of cellular 
proliferation. Cyclin D3 is frequently detected in the an-
tral mucosa of  H. pylori -infected patients  [62] , and cyclin 
D2 overexpression, together with reduced p27 kip1  expres-
sion, are closely associated with  H. pylori  infection and 
intestinal metaplasia  [63, 64] . In AGS cells,  H. pylori  is 
capable of inhibiting cell cycle progression and induces 
apoptosis, which is associated with a reduced expression 
of the cell cycle inhibitor p27 kip1   [63] . Other reports by 
Peek et al.  [16, 65]  show that  H. pylori  induces cell cycle 
progression and apoptosis, which does not affect the ex-
pression of p53 or the cell cycle inhibitor p21. Further, 
expression of the intestine-specifi c homeobox gene CDX2 
has also been observed in patients with chronic gastritis 
and is also closely associated with intestinal metaplasia 
 [66] . CDX2 plays an important role in differentiation and 
maintenance of intestinal epithelial cells. Presumably in 
the progression to neoplasia in the human gastric mucosa, 
apoptosis in epithelial cells decreases but proliferation 
increases. 

  H. pylori  triggers apoptosis via a Fas-dependent path-
way, which depends on the expression of the  cag  PAI  [67] , 
whereas activation of the nuclear hormone transcription 
factor peroxisome proliferator-activated receptor  �  
(PPAR � ) suppresses  H. pylori -induced apoptosis, which 
depends presumably on the ability of PPAR �  to inhibit 
 H. pylori -induced activation of NF- � B  [68] . 

 From clinical studies it is currently unclear whether 
gastric epithelial cell proliferation and apoptosis vary ac-
cording to the  cag  PAI status of the infecting strain. Two 
studies have reported that gastric epithelial cell prolifera-
tion is greater in patients infected with  cagA- positive 
strains than  cagA- negative strains  [16, 69] , although an-

other study in patients with non-ulcer dyspepsia failed to 
confi rm these observations  [18] . Further, apoptosis was 
greater in patients infected with  cagA- negative strains 
than  cagA + strains  [16, 69] , whilst one reported the con-
verse  [18] . A recent study in a Chinese population where 
98% of patients were infected with  cagA +  H. pylori  strains, 
identifi ed increased epithelial cell proliferation in those 
infected with strains expressing the blood group antigen-
binding adhesin babA2  [70] . 

 Regression of Precancerous Lesions and 
Prevention of Gastric Cancer by  H. pylori  
Eradication – Evidence from Clinical Trials 

 Atrophy and intestinal metaplasia are well-known his-
tological precursor lesions with an elevated risk for devel-
opment of gastric adenocarcinoma  [71] . Beside these 
well-known lesions, the phenotype of gastritis has also 
been shown to correlate strongly with the risk of gastric 
adenocarcinoma.  H. pylori- positive individuals with a 
pangastritis and even stronger corpus-predominant gas-
tritis are at a markedly higher risk of developing gastric 
adenocarcinoma. In the study by Uemura et al.  [71]  the 
presence of a corpus-predominant gastritis was associat-
ed with the highest risk for gastric cancer (RR = 34.5) and 
signifi cantly higher compared to all other histological risk 
factors (atrophy, intestinal metaplasia, pangastritis). The 
fi nding of a corpus-predominant gastritis in combination 
with the appearance of intestinal metaplasia is a very 
common fi nding in early gastric cancer cases  [72] . The 
latter study also provides that the combination of differ-
ent histological features might be a simple method of 
identifying patients infected with  H. pylori  and carrying 
a higher risk for gastric carcinoma. 

 The effect of a  H. pylori  eradication therapy on gastri-
tis is well known, the neutrophilic infi ltration disappears 
and infi ltration with lymphocytes and plasma cell will be 
reduced signifi cantly  [73] . The effect of eradication of  H. 
pylori  on atrophy and intestinal metaplasia is not that 
clear. Based on a systematic review from the literature in 
2002, no defi nite trend of regression was observable, but 
at this time it was diffi cult to analyze this topic due to 
methodological problems of the studies including statisti-
cal power. Very recent publications indicate a clear ben-
efi t of  H. pylori  eradication. These studies are much more 
reliable because of outstanding design with a suffi cient 
power. 

 One such randomized trial was conducted in Colom-
bia and a benefi cial effect of  H. pylori  eradication on at-
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rophy and intestinal metaplasia was observed after the 
6-year follow-up period  [74] . In another trial, even with 
a very short follow-up of only 1 year, a signifi cant benefi t 
regarding atrophy and intestinal metaplasia was proven. 
The authors used a combination of several histopatho-
logical features. This new index score was based on 
weights for degree of severity and extension of preneo-
plastic lesions in gastric biopsies. Because of the short 
follow-up period the authors were not able to fi nd any ef-
fect on the progression of atrophy and intestinal metapla-
sia in those with remaining  H. pylori  infection  [75] . That 
 H. pylori  eradication has a substantial effect on precan-
cerous lesions was impressively shown in a trial carried 
out in China. Patients with persistent infection had a 2.1 
risk of progression of intestinal metaplasia, whereas  H. 
pylori  eradication therapy reduces the risk of progression 
of intestinal metaplasia signifi cantly  [76] . In this trial the 
authors also looked at the incidence of gastric cancer and 
found no signifi cant difference between the treated and 
the placebo group. This reminds how diffi cult it is to con-
duct a study where gastric cancer is the endpoint. It would 
require a follow-up of cohorts of tens of thousands of in-
dividuals for several decades to achieve a suffi ciently 
large enough number of cases  [77] . Therefore there is 
strong need for trials which focus on precancerous lesions 
to obtain data of the effect of  H. pylori  eradication. Nev-
ertheless, it is clear that not all patients, especially those 
with advanced changes in the gastric mucosa, benefi t 
from  H. pylori  eradication therapy to prevent all cases of 
cancer. The incomplete regression of gastric precancerous 
lesions suggests but does not prove that eradication of 
 H. pylori  decreases the risk of gastric adenocarcinoma. 
But there is evidence that  H. pylori  eradication is able to 
prevent gastric cancer. In the non-randomized study by 
Uemura et al.  [71]  from Japan, no gastric cancer was ob-
served in patients with successful  H. pylori  eradication 
therapy, whereas in the control group with persistent in-
fection 3.7% of the patients developed gastric cancer in a 
mean follow-up period of 7.8 years. Especially those with 
corpus-predominant gastritis, pangastritis, atrophy or in-
testinal metaplasia had the highest risk. On the other 
hand, a large randomized trial from China indicates that 
the point of no return might be already achieved when 
atrophy or intestinal metaplasia are observable. In this 
trial, performed in more than 1,600 healthy volunteers 
from Fujian Province, no signifi cant reduction of gastric 
cancer incidence by  H. pylori  eradication compared to 
placebo was observed in the entire group of subjects in an 
8-year follow-up period  [78] . Only in the subgroup of pa-
tients without precancerous lesions at the beginning of 

the study, none developed gastric cancer. The conse-
quence from this study should be that patients with pre-
cancerous lesions have to be included in an endoscopic 
surveillance program, but it is unknown which intervals 
are necessary and how cost-effective such a strategy might 
be. Even if advanced histopathological changes have oc-
curred,  H. pylori  eradication therapy should be recom-
mended because the progression of precancerous lesions 
can be avoided. The fi nal proof of effi ciency of the latter 
recommendation is still missing. Nevertheless, the recent 
data of effects of  H. pylori  eradication on precancerous 
lesions as well as the reduced risk for gastric cancer de-
velopment strongly support early  H. pylori  therapy. 

 Conclusion 

 There is increasing scientifi c evidence that  H. pylori  
infection is involved in the development of gastric adeno-
carcinoma. In recent years, several pathophysiological 
mechanisms have been identifi ed and improved our un-
derstanding of the crucial role of  H. pylori . Investigation-
al trials have proven that  H. pylori  eradication therapy is 
able to prevent progression of cancerous precursor lesions 
in the gastric mucosa or, even better, to regress these le-
sions in parts. Furthermore, for the fi rst time, prevention 
of gastric adenocarcinoma by  H. pylori  eradication ther-
apy has been proven, not in all individuals but in a sig-
nifi cant subset. Prevention is therefore possible; the chal-
lenge now is to identify those  H. pylori- infected indi-
viduals who are at a higher risk of developing gastric
adenocarcinoma and to consequentially eradicate the in-
fection in these individuals. 
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 ever, cost-effect analyses suggest that only a subgroup 
of  H. pylori -infected subjects present benefi cial changes 
following eradication therapy. Diet plays an important 
role in the pathogenesis of gastric cancer either increas-
ing the risks of or protecting against, cancer develop-
ment. Thus, a reasonable suggestion for the general 
population is a natural chemoprevention based on life-
style  ‘eat to live, not live to eat’ . 

 Copyright © 2004 S. Karger AG, Basel 

  
  
 Despite the decrease in incidence, gastric cancer (GC) 

remains the second leading cause of cancer-related death 
worldwide  [1] . The American Cancer Society still reports 
876,000 new cases and more than 649,000 deaths from 
GC every year, estimating a 5-year relative survival rate 
of  ! 20%  [2] . Diagnosis in advanced stages and the intrin-
sic resistance to radio- and chemotherapy of GC may ac-
count for these dismal statistics  [3] . Thus, prevention is 
likely to be the most effective means of reducing the in-
cidence and mortality from this disease even though, as 
yet, there are no effective measures to prevent GC. 

 The term ‘chemoprevention’, fi rst introduced by Sporn 
 [4]  in 1976, has been referred to the prevention of cancer 
using specifi c agents to suppress or reverse the carcino-
genic process. 

 Key Words 
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 Abstract 
 Despite the decrease in incidence, gastric cancer remains 
the second leading cause of cancer-related death world-
wide. Prevention is likely to be the most effective means 
of not only reducing the incidence but also mortality 
from this disease. The term ‘chemoprevention’ has been 
referred to the prevention of cancer using specifi c agents 
to suppress or reverse the carcinogenic process. In re-
cent years, attention has been focused on the anticancer 
properties of non-steroidal anti-infl ammatory drugs 
(NSAIDs),  Helicobacter pylori  eradication therapy and 
diet life-style. In vitro and in vivo studies show that wide-
spread and long-term use of NSAIDs may be adopted in 
the healthy population for gastric chemoprevention. Al-
beit, enthusiasm has been thwarted by the potential tox-
ic effects, i.e., risk of peptic ulcer disease. The new 
NSAIDs, selective cyclooxygenase-2 inhibitors, causing 
less injury to the mucosa of the upper gastrointestinal 
tract may be a valid alternative. However, fundamental 
questions such as safety, effi cacy, mechanisms of ac-
tions, and optimal treatment regimens need to be de-
fi ned.  H. pylori  triggers gastric carcinogenesis, how -
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 In 1998, the Physician’s Health Study showed that use 
of aspirin may reduce the risk of colorectal cancer  [5] . 
Recently, attention has been focused on the anticancer 
properties of non-steroidal anti-infl ammatory drugs 
(NSAIDs) in GC. The main target of NSAIDs is the cy-
clooxygenase (COX) enzyme which catalyses the conver-
sion of arachidonic acid to prostaglandins (PG)  [6] . Since 
1991, two distinctive isoforms of COX have been recog-
nized: COX-1 and COX-2 sharing  1 60% identity at ami-
no acid level and a similar enzymatic activity  [7] . COX-1 
is constitutively expressed in many tissues where it regu-
lates housekeeping cellular functions, while COX-2, usu-
ally low or undetectable, is up-regulated by hormones, 
proinfl ammatory cytokines and tumor promoters  [8] . 
The induction of COX-2 is associated with inhibition of 
apoptosis, promotion of neoangiogenesis and increase in 
metastatic potential  [9] . 

 COX-2 expression is up-regulated in GC as well as in 
precancerous lesions and in  Helicobacter pylori -induced 
infl ammation  [10–15] . Thus, the relatively early role of 
COX-2 in gastric carcinogenesis makes it an attractive 
target for cancer chemoprevention. 

 The purpose of this review is to provide a comprehen-
sive examination of the COX-2 inhibitors and other 
agents potentially useful in the prevention of GC. Re-
search using Medline has been carried out focusing on in 
vitro   and in vivo studies as well as epidemiological obser-
vations. 

 COX-2 Inhibitors in the Prevention of Gastric 
Cancer 

 In vitro Experimental Studies 
 Several studies have analyzed the effect of the selective 

and non-selective COX-2 inhibitors on gastric cell lines 
focusing on cell proliferation and apoptosis. Cellular hy-
perproliferation and inhibition of apoptosis are consid-
ered to be important mechanisms in human carcinogen-
esis  [29] . COX-2 plays a role in controlling apoptosis 
through two possible mechanisms: removal of the sub-
strate arachidonic acid via COX-catalytic activity or gen-
eration of PG products. In addition, COX-2 and the 
COX-2 product PGE 2  are involved in the apoptosis path-
way by up-regulating p53, p21, c-myc, bcl-2 and bcl-xl, 
and down-regulating bax or bak  [30] . 

 Regardless of the cancer cell lines used and gene mark-
ers analyzed, all in vitro studies  [16–28]  showed inhibi-
tion of cell proliferation and induction of apoptosis ( ta-
ble 1 ) .  The MKN45 and CACO-2 cell lines, which abun-
dantly express COX-2, showed a reduction of both 
COX-2 mRNA and protein expression as well as cell pro-
liferation rate when exposed to selective and non-selec-
tive COX-2 inhibitors NS-398 and indomethacin  [16, 17, 
19] . In addition, both selective and non-selective COX-2 
inhibitors exerted minimal effects on proliferation of 
Kato III and MKN28 which express signifi cantly lower 
levels of COX-2  [16, 17, 19] . The COX-2-specifi c inhibi-
tor JTE-522 induced apoptosis and suppressed cell pro-

  Table 1.  In vitro experimental studies of COX inhibitors in gastric cancer lines 

Author Year Cultured cell lines Intervention Molecular mechanism Results Ref.

Tsuji 1996 Kato III; MKN28; 
MKN45

NS-398; indomethacin f COX-2 mRNA f proliferation 16

Sawaoka 1998 Kato III; MKN28; 
MKN45

NS-398; indomethacin f COX-2 mRNA f proliferation 17

Uefuji 2000 MKN28; MKN45 JTE-522 d c-myc; f bcl-2 f proliferation d apoptosis 18
Husain 2001 MKN28 NS-398; indomethacin f MAPK (ERK2) f proliferation d apoptosis 19
Zhou 2001 AGS; MKN28 Aspirin; indomethacin d bax; d bak; d caspase 3 f proliferation d apoptosis 20
Li 2002 SGC7901 Nimesulide d P27kip1 f proliferation d apoptosis 21
Jiang 2002 AGS SC236 f PKC-� d apoptosis 22
Wong 2003 AGS; MKN28 SC236 f NF-�B d apoptosis 23
Wu 2003 AGS; MKN45;

MKN28
SC236 d 15-LOX-1 d apoptosis 24

Liu 2003 SGC7901 Melecoxicam; celecoxib; rofecoxib f COX-2 mRNA f proliferation d apoptosis 25
Wang 2003 SGC7901 Aspirin f COX-2 mRNA; f fos f proliferation 26
Leung 2003 Kato III NS398 f COX-2 f VEGF proliferation 27
Hu 2004 SGC7901 Nimesulide f TERT; f PKB f proliferation 28
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liferation in MKN28 and MKN45 cell lines by up-regula-
tion of c-myc and down-regulation of bcl-2 protein ex-
pression  [18] . In the SGC7901 cell line, nimesulide, a 
selective COX-2 inhibitor, suppressed proliferation and 
cell viability in a time- and dose-dependent fashion by 
reducing PGE 2  release and telomerase activity  [21] . Fur-
thermore, Leung et al.  [27]  demonstrated that treatment 
with NS398 reduced VEGF expression in Kato III cell 
lines transfected with COX-2 expressing vector. 

 Animal Models or in vivo Experimental Studies 
 In vivo experimental studies would be helpful in better 

understanding the mechanism of tumor suppression by 
COX-2 inhibitors before use in human protocols. Animal 
models involve the application of cancer-inducing agents 
such as MNNG (N-methyl-N � -nitro-N-nitrosoguani-
dine), NSEE (N-nitrososarcosine ethyl ester) and NNK 
(4-methylnitrosamino-1-3-pyridyl-1-butanone). Using 
these models, several NSAIDs have been studied in ex-
perimentally induced GC in rodent animals ( table 2 ), 
however the results have been confl icting  [31–37] . Leh-
nert et al.  [31, 33] , in two different studies, found an in-
crease in gastric tumor incidence in the rodent model of 
MNNG-induced GC treated with a powerful COX-in-
hibitor fl urbiprofen. In another two studies  [32, 34] , treat-
ment with indomethacin, sulindac and ibuprofen of rats 
exposed to NSEE and NNK led to a decrease in tumor 
size and number, whereas the administration of piroxi-
cam did not produce the same result. Finally, four recent 
studies have demonstrated that treatment with COX-2-
selective inhibitors NS-398, rofecoxib or celecoxib, sup-
pressed the growth or implant rate of a GC xenograft in 
nude mice by stimulation of apoptosis and inhibition of 
proliferation and neoangiogenesis  [34–37] . 

 Human Studies 
 A growing body of evidence suggests that COX-2 in-

hibitors may have some benefi cial effect, for GC chemo-
prevention, even if data retrieved from the literature ( table 
3 ) are still limited to case-control or cohort studies  [38–44] . 
Initial reports came from record linkage studies performed 
in Finland and Sweden on patients with rheumatoid ar-
thritis. In a large cohort study, supported by the American 
Cancer Society, on 653,031 participants observed at fol-
low-up for approximately 10 years, Thun et al.  [38]  dem-
onstrated that regular exposure to aspirin exerted a protec-
tive effect against GC. In that study, those patients who 
reported aspirin use for more than 16 times per month 
showed a reduction of approximately 50% of the GC risk  
when compared with non-users. Analyzing data from the 
population-based North Jutland prescription database 
and the Danish Cancer Registry, comprising 172,057 in-
dividuals, a reduced risk was found for GC among non-
aspirin NSAIDs users over a 9-year study period  [44] . 
Coogan et al.  [41]  found that regular NSAIDs use (at least 
4 days a week for  1 3 months) reduced the risk of GC in a 
hospital-based case-control study of 254 patients. The pro-
tective effect was more pronounced in those patients using 
NSAIDs continually for  1 5 years (OR 0.2; 95% CI 0.1–0.7) 
than in those using NSAIDs for less than 5 years (OR 0.4; 
95% CI 0.1–0.9). In a case-control study from the UK, 
Langman et al.  [42]  found a lower risk of GC in subjects 
who had used NSAIDs for 13–16 months before cancer 
diagnosis. Two different case-control studies found that 
users of aspirin, compared to non-users, were at decreased 
risk of non-cardia gastric adenocarcinoma but not of gas-
tric cardia adenocarcinoma  [39, 43] . Moreover, Zaridze et 
al.  [40]  reported that only  H. pylori- infected patients using 
NSAIDs were at decreased risk of GC. 

  Table 2.  In vivo experimental studies of COX inhibitors in gastric cancer 

Author Year Animal model Trigger factor Drug tested Result Ref.

Lehnert 1987 Rat MNNG Flurbiprofen d Tumor incidence 31
Bespalov 1989 Rat NSEE Indomethacin + dexamethasone f Tumor incidence 32
Lehnert 1990 Rat MNNG Flurbiprofen d Tumor incidence 33
Jalbert 1992 Mouse NNK Sulindac; ibuprofen; piroxicam; naproxen f Tumor number 34
Sawaoka 1998 Nude mouse MKN45 NS-398; indomethacin f Xenograft tumor volume 35
Liu 2003 Nude mouse SGC7901 Rofecoxib f Xenograft tumor implant 25
Fu 2004 Nude mouse SGC7901 Sulindac; celecoxib f Xenograft tumor volume 36
Hu 2004 Rat SGC7901 Indomethacin; rofecoxib f Tumor incidence and growth 37

MNNG = N-methyl-Ni-nitro-N-nitrosoguanidine; NSEE = N-nitrososarcosine ethyl ester; NNK = 4-(methylnitrosamino)-1-(3-pyri-
dyl)-1-butanone.
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 Other Factors:  H. pylori  and Diet 
 GC is a multifactorial disease in which environment 

plays a key pathogenetic role. The most important envi-
ronmental factor is  H. pylori  infection. In 1994, just 10 
years after the incidental discovery by Warren and Mar-
shal, the International Agency for Research on Cancer 
 [45]  declared  H. pylori  to be a group I human carcinogen 
for gastric adenocarcinoma. The relationship between 
 H. pylori  and GC has been postulated to exist mainly on 
the basis of epidemiological investigations and animal 
models studies. The most powerful evidence comes from 
a prospective study including 1,526 Japanese patients fol-
lowed for approximately 7.8 years  [46] . GC developed in 
36  H. pylori- positive patients (2.9%) in contrast to none 
of the 280 non-infected subjects. The close relationship 
between  H. pylori  infection and GC leads to the critical 
question of whether antimicrobial therapy can be consid-
ered for GC chemoprevention. Until now, there is only 
one prospective, randomized, placebo-controlled, popu-
lation study carried out in a high-risk area of China in-
volving 1,630 subjects observed from 1994 until 2002. A 
comparable incidence of GC was found in the subjects 
receiving  H. pylori  eradication treatment and those re-
ceiving placebo, while eradication of  H. pylori  signifi cant-
ly decreased the development of GC in a subgroup of 
 H. pylori  carriers not presenting precancerous lesions 
 [47] . 

 Interventional studies in which cancer diagnosis is the 
primary end-point are not easily feasible since they re-
quire follow-up of a large number of individuals for sev-

eral decades. An effective alternative could be smaller 
and shorter-term trials focusing on intermediate steps or 
precancerous lesions, i.e., atrophy, intestinal metaplasia 
and dysplasia. Many studies have focused on this issue 
but the results are still controversial even if more data 
were obtained showing regression of precancerous lesions 
following eradication  [48–54] . A synergistic interaction 
between  H. pylori  infection and diet in GC has been sug-
gested  [55] . In an Italian study, co-administration of 
ascorbic acid with  H. pylori  eradication led to a signifi cant 
improvement in intestinal metaplasia of the gastric mu-
cosa  [56] . Likewise, in Columbia, anti- H. pylori  treat-
ment and dietary supplementation with antioxidant mi-
cronutrients induced regression of cancer precursor le-
sions  [57] . Tea is one of the most widely used beverages 
in the world. The prevalence of GC, caused by a combi-
nation of  H. pylori  and salted foods, has been shown to 
be lower in a tea-drinking population compared to a non-
tea-drinking control  [58] . Thus, diet and life-style play an 
important role in the pathogenesis of GC. Indeed, sev-
eral observational case-control studies in many countries 
have demonstrated that a diet rich in complex carbohy-
drates, salted, pickled or smoked foods, dried fi sh, and 
cooking oil were linked with an increased GC risk while 
diets rich in fresh fruit and vegetables were associated 
with a low GC risk  [59–63] . A consistent inverse associa-
tion between GC and garlic consumption has been re-
ported by a large meta-analysis carried out between Jan-
uary 1996 and August 1999 (RR 0.53; 95% CI 0.31–0.92) 
 [64] . A prospective cohort study on 30,304 Japanese peo-

  Table 3.  Epidemiological studies on COX inhibitors in prevention of gastric cancer 

Author Year Protocol study Population Drug Duration OR 95% CI Ref.

Thun 1993 Cohort 635,031 Aspirin 610 years 0.53 0.34–0.81 38
Farrow1 1998 Case-control        629 Aspirin or 

NSAIDs
– 0.46 0.31–0.68 39

Zaridze1, 2 1999 Case-control        448 Aspirin or 
NSAIDs

2 days/week for 6 
months

0.60 0.41–0.90 40

Coogan 2000 Case-control        254 NSAIDs 4 days/week for 3 
months

0.30 0.10–0.60 41

Langman 2000 Case-control        613 NSAIDs 7 times/last 13–36 
months

0.51 0.33–0.79 42

Akre1 2001 Case-control        567 Aspirin >30 tablets/month 0.70 0.60–1.00 43
Sorensen 2003 Cohort 172,057 NSAIDs >10 prescriptions 0.703 0.40–1.10 44

1 Data refer to non-cardia gastric cancer.
2 Reduction of risk limited to H. pylori-positive patient.
3 SIR = Standardized incidence ratio.
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ple followed for 7 years, showed that intake of soy isofl a-
vones may reduce the risk of death from GC  [65] . In a 
recent large population-based prospective study with a 
10-year follow-up, vegetable and fruit intake, even in low 
amounts, was associated with a lower risk of GC  [66] . The 
protecting role of diet seemed to be mainly due to the an-
tioxidant potential of the micronutrients. Indeed, using 
the total radical-trapping antioxidant potential (TRAP) 
of different plant foods to convert food frequency intake 
into antioxidant potential, the intake of antioxidant 
equivalents was inversely related with the risk of GC (OR 
0.65; 95% CI 0.48–0.89)  [67] . 

 Ideally all the observational results should be con-
fi rmed by randomized interventional trials including a 
large number of individuals and lasting for many years. 
However, at present there are only very few and confl ict-
ing studies. The Linxian chemoprevention trial carried 
out on 29,584 subjects in a high-risk region of China 
showed a reduction in GC incidence and mortality after 
a 5-year follow-up in those subjects who received daily 
supplements containing  � -carotene, vitamin E, and sele-
nium  [68] .   In contrast, another study, in a low-risk US 
population including 22,071 male physicians, showed no 
statistically signifi cant benefi t due to  � -carotene after a 
mean follow-up of 12 years  [69] . Finally,   Xiao et al.  [70]  
reported that a high dose of folic acid signifi cantly re-
duced the development of N-ethyl-N-nitrosoguanidine-
induced GC in beagles, suggesting a role of folic acid in 
the prevention of GC. 

 Conclusions 

 GC remains a major health concern and prevention is 
the only valid alternative for control of the disease. Wide-
spread and long-term use of NSAIDs has been advocated, 
in the healthy population, for GC chemoprevention. Al-
beit, enthusiasm has been thwarted by the potential toxic 
effects, i.e., risk of peptic ulcer disease. 

 Selective COX-2 inhibitors causing less injury to the 
mucosa of the upper gastrointestinal tract may be a valid 
alternative. However, the mechanisms of the antitumor-
al action of the COX-2 inhibitors still remain to be de-
fi ned and may vary from agent to agent and tumor to 
tumor. In vitro studies have shown a mixture of COX-
related mechanisms in controlling proliferation and 
apoptosis balance. Animal models are often performed 
with much higher pharmacological doses than those clin-
ically achievable. Human observational studies are prev-
alently of the case-control type and often suffer from in-

adequate sample size to avoid a type II statistical error. 
Furthermore, due to the high cost of these new agents, 
cost-effectiveness analyses must be carried out to opti-
mize the allocation of resources. The cumulative proba-
bility of developing a lesion from birth to 80 years of age 
is less than 4% thus, in the general population, more than 
95% of people treated prophylactically with COX-2 in-
hibitors will not benefi t  [71] . Therefore, chemopreven-
tion with selective COX-2 inhibitors may be a worthwhile 
goal only in those subjects known to be at an increased 
risk of GC. However, also in these subjects, fundamental 
questions such as safety, effi cacy, mechanisms of actions, 
and optimal treatment regimens need to be defi ned. Very 
recently, rofecoxib, a new selective COX-2 inhibitor, has 
been withdrawn from the market due to the high risk of 
coronary heart attack. 

 Although epidemiological studies have clearly estab-
lished that  H. pylori  infection is associated with GC, there 
are, so far, no defi nitive prospective studies showing that 
eradication treatment signifi cantly reduces the develop-
ment of neoplasia. Prospective studies are hampered by 
the long period of time elapsing between infection and 
cancer development. Cost-effect analyses suggest that 
only a subgroup of  H. pylori -infected subjects may pres-
ent benefi cial changes following eradication therapy, i.e., 
people living in high-risk areas, relatives of GC patients, 
subjects with gastric atrophy and intestinal metaplasia. 
Diet plays an important role in the pathogenesis of GC, 
either increasing the risk or protecting against cancer de-
velopment. Thus, a reasonable suggestion for the general 
population is a natural chemoprevention based on life-
style  ‘eat to live, not live to eat’ . 
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 Introduction 

 Gastric cancer remains a leading cause of mortality 
among all the gastrointestinal, hepatobiliary and pancre-
atic cancers in Japan. In an attempt to reduce the mortal-
ity, mass screening programs have been implemented by 
municipal governments across the country. As a result, 
many asymptomatic gastric cancer patients have been de-
tected in the early stages, resulting in the better survival 
and reduction of gastric cancer mortality. In contrast, the 
majority of gastric cancer cases in Western countries are 
found in the advanced stages that are too late for opera-
tion and hence have very poor prognosis. Therefore, the 
fi rst important lessen to be learned from experience in Ja-
pan is to reach out for the patients without alarming symp-
toms. However, in most Western countries where the in-
cidence of gastric cancer has decreased, general mass 
screening programs as adopted in Japan are not feasible 
in terms of medical economy and resources. Therefore, an 
effective screening methodology must be developed. 

 The other difference between Japan and Western 
countries is on the defi nition of early gastric cancer  [1, 2] . 
While the Japanese pathologists pay more attention to the 
cellular and structural abnormalities of the neoplastic tis-
sue to diagnose cancer, Western pathologists, with rare 
exceptions, are more concerned about the infi ltrative na-
ture of the tumor, and the diagnosis of cancer is usually 
made based on the fi ndings of submucosal invasion. 
Therefore, in Western countries, cancer confi ned to the 
mucosa has been diagnosed as dysplasia or carcinoma in 
situ. Logical weakness of the defi nition based on the sub-
mucosal invasion is obvious as a number of early gastric 
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 Abstract 
 Detection of gastric cancer in early stages is vitally im-
portant for ascertaining better prognosis and quality of 
life for the patients. Therefore, every endoscopist should 
be trained to master enough diagnostic skills to identify 
early gastric cancer that often shows minimal alteration 
from the surrounding mucosa, easily evading detection. 
For the fi rst step, it is essential that endoscopists under-
stand the normal gastric mucosa as well as the mucosal 
changes caused by chronic  H. pylori  infection, a high-risk 
condition for the development of gastric cancer. Once a 
suspicious lesion is identifi ed, use of a dye-spraying 
method may be useful to clarify structural alteration 
caused by neoplastic changes and facilitate the biopsy 
sampling. Development of zoom (magnifying) endosco-
py enabling 80 !  magnifi cation with a one-touch switch 
from conventional endoscopic observation helps to 
identify the detailed surface structure as well as the vas-
cular architecture of the mucosa without tissue biopsy. 
Combined with chromoendoscopy, this powerful endo-
scopic method can be used to identify small cancer foci 
or delineate the margin of early gastric cancer that can 
be treatable by mucosal dissection. Other new modali-
ties using a variety of optical devices have been devel-
oped but the real value of their utility still remains to be 
proven in the actual clinical settings. 
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cancer tissues resected by endoscopic submucosal dissec-
tion (ESD) show evidence of infi ltration in the limited 
area. As shown in  fi gure 1 , the majority of cancer tissues 
are confi ned to the mucosal layer in multiple sections, but 
if one looks carefully at the entire tissue sections, one no-
tices a small part of the tumor cells with identical mor-
phology to adjacent tumor cells that remain within the 
mucosa shows early invasion to the submucosa in a single 
section. With Western criteria, if one looks at the biopsy 
tissue taken from the tumors limited to the mucosa, it 
would be diagnosed as dysplasia because of no evidence 
of invasion to the submucosa. However, it turns out to be 
a cancer after pathological examination of the entire re-
sected mucosal specimen in such a case. Since we encoun-
ter a number of early gastric cancers showing similar char-
acteristics, we feel that the criteria used in Western coun-
tries should be dismissed. In recent years, however, the 
discrepancy between Western and Japanese pathologists 

  Fig. 1.  Early gastric cancer showing invasion to submucosa (arrow). 
Only small foci in the entire cancer tissue showed invasion into the 
submucosa. If a biopsy sample is taken from the non-invasive area, 
it would be diagnosed as dysplasia according to Western criteria. 

 Fig. 2.  Endoscopic features of the normal, 
 H. pylori -negative gastric mucosa.  a  Fundic 
gland polyp.  b  Red streaks on the antral 
folds. Multiple streaks are usually present 
on the folds near the pylorus.  c  Regular ar-
rangement of the collecting venules as ob-
served by conventional endoscopy. Fine 
red spots arranged regularly on the mucosa. 
These red spots correspond to the collecting 
venules and can be clearly observed by
conventional endoscopy at close-up view.
 d  At close-up view with conventional en-
doscopy, these venules can be clearly recog-
nized.  
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has been reconciled in part and the unifi ed classifi cation 
was proposed  [3] . In this report, we adopt Japanese crite-
ria for the defi nition of early gastric cancer that have er-
roneously been labeled as pseudo-disease  [4] . 

 Approach to Asymptomatic, but High-Risk 
Subjects 

 In order to provide a better chance to survive, gastric 
cancer should be detected as early as possible. Since ear-
ly stage gastric cancer is generally asymptomatic, patients 
with early gastric cancer do not seek consultation, much 
less upper gastrointestinal endoscopic examination. 
Therefore, an effi cient approach to screen and select high-
risk patients who should be encouraged to receive exam-
ination by endoscopy must be established. One of the 
possible approaches would be the blood test using  Heli-
cobacter pylori  antibody and pepsinogens. Since the  H. 
pylori  infection is a well-known risk factor of gastric can-
cer  [5, 6] , screening with a suitable serological test should 
reduce the target population. Serum pepsinogens that re-
fl ect the grade of infl ammation and atrophy of the gastric 
mucosa may offer another convenient method to screen 
high-risk patients. Indeed, a screening program based on 
the pepsinogen method is used in Japan and is shown to 
be as effective as the radiological method  [7] . Therefore, 
a systematic program that includes screening of asymp-
tomatic subjects by such low-cost and non-invasive meth-
ods followed by endoscopic surveillance of high-risk sub-
jects should be established to increase the chance of early 
detection of gastric cancer. 

 Endoscopic Features of Normal Gastric 
Mucosa 

 When one examines patients either from a health-
screening program or from referral to pick up early gastric 
cancer, it is essential to understand what the normal gastric 
mucosa looks like by conventional endoscopy. Since there 
would be virtually no gastric cancer development without 
 H. pylori  infection, the features of the normal, uninfected 
gastric mucosal fi ndings will rule out the diagnosis of gas-
tric cancer. Although the correlation between endoscopic 
fi ndings with  H. pylori  status has been considered to be 
poor, there are some features useful for judging  H. pylori  
status. Fundic gland polyps ( fi g. 2 a) are one of the examples 
of negative  H. pylori  status  [8] . Except for a very rare case 
of familial adenomatous polyposis  [9] , gastric cancer does 

not develop from fundic gland polyps, or from the back-
ground mucosa. Linear hyperemic streaks on the ridge of 
the longitudinal folds in the antrum, resembling scratch 
marks by a comb ( fi g. 2 b), are also a feature of the negative 
 H. pylori  status  [10] . If one has access to magnifying en-
doscopy, regular arrangement of collective venules (RAC) 
is a cardinal feature of the normal appearance of the  H. 
pylori -negative corpus mucosa  [11] , which can be identi-
fi ed by conventional high-resolution endoscopy ( fi g. 2 c) 
viewed at a closer distance. 

 In contrast, these features of the normal gastric mu-
cosa are lost when infected with  H. pylori . Instead, sticky 
adherent mucus, turbidity of the gastric juice, and spotty 
erythemas on the mucosa indicate  H. pylori -induced 
chronic gastritis ( fi g. 3 a, b). In younger age groups, nodu-
lar gastritis presenting a goose-pimple-like appearance on 
the antral mucosa ( fi g. 3 c) indicates  H. pylori  infection 
and may be a high-risk condition for undifferentiated gas-
tric cancer  [12] . Enlarged fold gastritis showing markedly 
enlarged hyperemic folds along the greater curvature of 
the corpus ( fi g. 3 d) is also associated with  H. pylori  infec-
tion known to bear a higher risk to develop gastric cancer 
 [13] . Xanthoma ( fi g. 3 e) also indicates chronic  H. pylori  
infection and is closely associated with atrophic changes 
 [14] . It is also well known that atrophy and intestinal 
metaplasia ( fi g. 3 f, g) are high-risk conditions of develop-
ing gastric cancer  [15] . Although there is ample evidence 
that endoscopic fi ndings and histology correlate poorly 
 [16, 17] , atrophy and intestinal metaplasia identifi ed by 
endoscopy showed high specifi city to predict histological 
diagnosis  [18] . Therefore, if gastric atrophy extending to 
the corpus mucosa or the presence of intestinal metapla-
sia is noted by endoscopy, special attention to survey the 
presence of early gastric cancer should be exerted. 

 Endoscopic Clues to Detect Early Gastric 
Cancer 

 Early gastric cancers presenting as protruded, polyp-
oid form (0-I 1  )  or excavated type (0-III 1  )  are obvious at 
endoscopic examination and no special consideration is 
necessary for the diagnosis. However, the majority of ear-
ly gastric cancer cases assume slightly elevated, fl at and 
slightly depressed lesions (0-IIa 1 , 0-IIb 1 , and 0-IIc 1  respec-
tively) ( fi g. 4 a–c). Full awareness of the features of these 
lesions as well as experienced technical skills is required 

  1  
   The classifi cation codes for early gastric cancer are adopted from the Japa-

nese Classifi cation of Gastric Carcinoma (1999). 
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to fi nd them from the chronically infl amed background 
mucosa. Subtle discoloration or increased redness com-
pared to the surrounding mucosa, minute changes in the 
fold calibers, discontinuity of the folds, abnormal friabil-
ity of the mucosa as exemplifi ed by spontaneous bleeding, 
and relative opacities of the mucosa have been proposed 
as endoscopic features indicative of early gastric cancer. 

In order to increase the detection of such lesions, endo-
scopic maneuvers, such as careful aspiration of the gastric 
juice, washing off the adherent mucus by water injection, 
and varying the amount of air insuffl ated, are mandatory. 
Once a lesion in question is recognized, spraying non-ab-
sorbable dye such as indigo carmine (chromoendoscopy) 
to enhance the subtle difference in the mucosal height and 

  Fig. 3.  Endoscopic features of chronic gastritis caused by  H. pylori  infection.  a  Sticky te-
nacious mucus.  b  Spotty erythema.  c  Nodular gastritis.  d  Enlarged folds.  e  Xanthoma. 
 f  Atrophic mucosa with visible submucosal vasculature.  g  Intestinal metaplasia. 
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surface architectures can be utilized to demarcate the 
margin of the lesion for biopsy or mucosal resection. Mul-
tiple biopsy samples should be taken from the suspicious 
lesions which should be diagnosed according to the Vi-
enna classifi cation. If not, dysplasia may eventually be 
found as advanced cancer that is too late for mucosal re-
section. With the advent of magnifying endoscopy ca-
pable of magnifying about 80 ! , fi ne vascular as well as 
mucosal surface structures can be visualized and the anal-
ysis of these elements enabled the demarcation between 
normal mucosa and cancerous lesion as well as prediction 
of the histological nature of the cancer as differentiated 
or undifferentiated type  [19, 20]  ( fi g. 5 ). The magnifying 
endoscopy, however, is not suitable for surveying the en-
tire mucosal surface of the stomach. Therefore, the best 
practical approach at present to improve the detection of 
early gastric cancer is to train endoscopists capable of 
recognizing the subtle mucosal changes presented by ear-
ly cancer. 

 New Modalities of Detecting Neoplastic 
Lesions 

 Fluorescent endoscopy either using tissue autofl uores-
cence or injecting fl uorescence dye has been developed 
 [21, 22] . These methods may have a potential to detect 
unrecognizable lesions by conventional endoscopy. At 
present, however, none of the methods have been used 
routinely in practical clinical settings. 

 Recently, endocytoscopy or confocal endoscopy that 
is based on the confocal imaging technology has been de-
veloped. With this technology, images of tissue autofl uo-
rescence at cellular levels with a scale of magnifi cation of 
1,000 !  can be acquired. The in vivo use of this new im-
aging system has already been published  [23, 24]  for co-
lonic neoplasms, and the cellular and ductal architecture 
can be clearly captured. This revolutionary method may 
enable in vivo real-time pathological diagnosis (virtual 
biopsy) with the reservation that the lesion is identifi ed 
beforehand by a conventional method. 

  Fig. 4.  Early gastric cancer detected by con-
ventional endoscopy.  a  0-IIa type of early 
gastric cancer. Slightly elevated area is not-
ed on the lesser curvature of the oral side of 
the gastric angulus.  b  The tumor stands out 
after indigo carmine dye spraying.  c  0-IIb 
type of early gastric cancer. Note the paler 
mucosa with abnormal tortuous vessel pat-
tern. The margin of the lesion is unclear.
 d  0-IIc type of early gastric cancer (well-dif-
ferentiated type). Well-differentiated ade-
nocarcinoma in the early stage shows in-
creased redness compared with the sur-
rounding mucosa due to increased density 
of the capillary within the tumor tissue (see 
also magnifying images in fi g. 5). 



 Sugano/Sato/Yao 
  
  

 Dig Dis 2004;22:327–333 332

  Fig. 5.  Comparative images of standard and magnifying endosco-
py.  a  Standard endoscopic image of an early gastric cancer of su-
perfi cial depressed type (0-IIc, well-differentiated adenocarcinoma 
involving the mucosal layer). A slightly depressed lesion with faint 
redness was noted in the posterior wall of the antrum (arrow). The 
size of the carcinoma was measured as 6 mm in diameter.  b  Mag-
nifi ed endoscopic fi ndings of the early gastric cancer are shown in 
fi gure 5a. When magnifi ed the reddened mucosa (as shown by an 
arrow in fi gure 5a), microvessels which were irregular in size and 
arrangement proliferating within the depressed reddened part (ir-
regular microvascular pattern) became evident. The presence of 
this irregular microvascular pattern as visualized by magnifi ed en-

doscopy indicates a differentiated type of early gastric cancer which 
mimics gastritis by standard endoscopic examination.  c  Standard 
endoscopic fi ndings of an early gastric cancer of superfi cial de-
pressed type (0-IIc). A small pale mucosal lesion was noted on the 
anterior wall of the gastric angle. The diameter of the lesion was 
8 mm. Histopathological investigation demonstrated undifferen-
tiated carcinoma (signet-ring cell carcinoma) which was limited to 
the mucosal layer.  d  Magnifi ed endoscopic photo of the cancer as 
shown in fi gure 5c. By magnifi cation, density of regular subepithe-
lial capillary network had reduced in the cancerous mucosa that is 
characteristic for early gastric cancer of undifferentiated type. 
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 Promising new advancement of imaging such as laser 
Raman spectroscopy is ongoing  [25]  and we may be able 
to detect early neoplastic lesions in the stomach without 
experienced training in the future. 

 Conclusion 

 In order to improve the prognosis of gastric cancer, a 
systematic program enabling early detection by selecting 
high-risk subjects and recommending endoscopic exami-
nation is mandatory. A ‘wait-and-check’ policy does not 

work for early detection of gastric cancer. Secondly, full 
awareness on the endoscopic features of normal and path-
ological mucosa as well as careful observation by the en-
doscopists is important to diagnose early gastric cancer. 
Although chromoendoscopy and magnifying endoscopy 
help to identify the neoplastic lesions detected by conven-
tional endoscopy, their utility to detect the lesion is limited. 
Future technical advancement may compliment the cur-
rent limitation of endoscopic diagnosis, but at present, ear-
ly detection of gastric cancer depends on motivated well-
trained hands of endoscopists who understand the normal 
gastric anatomy, physiology and gastric carcinogenesis. 
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 Introduction 

 Recent advancements in endoscopic imaging technol-
ogy enable visualization of early stages of cancer or pre-
neoplastic lesions. Chromoendoscopy, magnifying en-
doscopy, spectroscopy and the combination of these tech-
niques play important roles in the identifi cation of small 
and unclear lesions. Two types of ultrahigh magnifying 
endoscopes have been developed which allow the magni-
fi cation of these lesions with a more than 1,000-fold mag-
nifying power. Thereby, living cancer cells and normal 
cells in the gastrointestinal tract were successfully ob-
served in high-quality images. ‘Endomicroscopy’ is an ap-
plication of laser-scanning confocal technology. ‘Endocy-
toscopy’ is an application of contact light microscopic 
technology. By utilizing these imaging technologies, liv-
ing cells in both normal mucosa and cancer tissue were 
clearly demonstrated in the gastrointestinal tract. In par-
ticular cell and nuclei were clearly demonstrated with 
high-quality images which are comparable to convention-
al cytology. This novel technology may be regarded as the 
opening of the in vivo histological diagnosis by virtual 
biopsy and virtual histology. Further developments of 
this interesting technology are expected. 

 Key Words 
 Endomicroscopy  �  Endocytoscopy  �  Confocal 
microscopy system  �  Laser-scanning confocal 
microscopy  

 Abstract 
 Recent advances in endoscopic imaging technology 
have enabled the visualization of cellular-level micro-
structures of early-stage cancer and its precursors. Chro-
moendoscopy, magnifying endoscopy, endoscopic opti-
cal coherent tomography (EOCT) spectroscopy, and 
various combinations of these technologies, are all im-
portant for the recognition of small and unclear lesions. 
In order to observe cancer cells in vivo two types of ul-
tra-high magnifying endoscope – ‘laser-scanning confo-
cal laser-scanning endoscopy series’ and ‘contact endos-
copy series’ – that have a maximum of >1,000 times 
magnifying power have been developed. The use of 
these endoscopes has allowed the generation of high 
quality images of both living cancer cells and normal 
cells in the gastrointestinal tract. In particular, clear im-
ages of cells and their nuclei, equivalent to the high qual-
ity that is possible with conventional cytology, have been 
produced. These novel imaging technologies may make 
in vivo histological diagnosis by virtual histology pos-
sible.  

 Copyright © 2004 S. Karger AG, Basel 
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 Confocal Microscopy System 

 Laser-scanning confocal microscopy is a novel optical 
technology which provides microscopy-level images with-
out obtaining biopsy specimen. This technology was fi rst 
used to investigate superfi cially exposed organs such as 
skin, eye and the oral cavity. 

 In order to use this technology, micromachine technol-
ogy was developed using a thin catheter probe equipped 
a with laser-scanning confocal microscopy system. A 
catheter probe with 3.4 mm outer diameter and 250 cm 
longitudinal length which can pass through the instru-
mental channel of the endoscope was developed (Endo-
Microscopy, Prototype, Olympus). A miniaturized sensor 
is mounted on the distal end of this probe. A digitalized 
image is acquired by counting the refl ective light of the 
laser beam. The light source is a 405-nm wavelength di-
ode laser beam, and the spatial resolution is around 1  � m. 
No vital staining process is required in the endomicros-
copy system. This avoids a possible allergic reaction to 
vital staining dye  [1–3] . 

 At almost the same time, another team independently 
tried to develop a confocal microscopic imaging system. 
Optiscan is laser-scanning confocal microscopy mounted 
onto a colonoscope. A high-quality image is obtained in 
combination with fl uorescent injection  [4] . 

 Endocytoscopy 

 Endocytoscopy is based on the technology of light con-
tact microscopy. In the fi eld of otolaryngology, rigid en-
doscopes (contact endoscopy, Karl Storz, Germany) were 
introduced to observe the cellular abnormality of the mu-
cosa. The tip of the rigid endoscope is in direct contact 
with the dye-stained surface mucosa, and the target mu-
cosa is scanned with condensed normal white light. Cel-
lular-level images were clearly demonstrated by this 
method. Ooue et al. fi rst reported the application of this 
rigid endoscope to the diagnosis of colorectal cancer dur-
ing open surgery. Kumagai et al.  [5]  also reported ex vivo 
application of a contact endoscopy to the esophageal 
squamous cell carcinoma. These achievements indicated 
that the direct observation of the living cell in vivo is 
theoretically feasible, and in order to achieve in vivo   ob-
servation of a living gastrointestinal mucosa, the further 
development of a fl exible catheter-type contact endo-
scope is mandatory. 

 In the era of the fi beroptic scope, the ultra-high mag-
nifying contact endoscope was once designed as a proto-

type endoscope. An approximately 500 !  magnifying 
view was successfully achieved, but the acquired images 
were not satisfactorily translated and were not generally 
accepted until the development of videoendoscope mon-
itoring. 

 The ‘Endo-Cytoscopy system’ (Prototype, Olympus) is 
a new development in this fi eld. Two sets of the prototype 
are available. In the prototype I, 450 !  magnifi cation is 
achieved, and in the prototype II, 1,100 !  magnifi cation 
is achieved ( fi g. 1 ). The outer diameter of the ‘Endo-Cy-
toscope’ is 3.4 mm and the total length is 250 cm. Any 
endoscope with a 3.7-mm working channel may serve as 
a mother endoscope, which then allows the insertion of 
the baby scope ‘Endo-Cytoscope’. Under topical pharyn-
geal anesthesia, a therapeutic endoscope (GIF-1T, Olym-
pus) is fi rst introduced to the upper gastrointestinal tract 
 [5, 6] . In case of assessment of the colon, a colonoscope 
is introduced into the site. 1% methylene blue solution is 
then sprayed onto the lesion through a spraying catheter. 
Just after dye spraying, the stained mucosal surface is 
fl ushed with water. The ‘Endo-Cytoscope’ is introduced 
through the working channel and then touches softly the 
lesion surface. The magnifi ed image is continuously ob-
served as long as the tip of ‘Endo-Cytoscope’ is in contact 
with the mucosal surface. After staining of the surface 
mucosa with methylene blue, the nuclei and cell bodies 
were successfully demonstrated in vivo in the esophagus, 
stomach and colon ( fi g. 1,   2 ). In the esophagus, nucleoli 
were also frequently observed inside the cell. The image 
is clear enough to be evaluated regarding the subcellular 
microstructures. The ‘Endo-Cytoscopy’ images from can-
cer tissue exhibited characteristic features such as blurred 
and irregularly enlarged nuclei. These high-quality im-
ages can be compared to conventional cytology or histol-
ogy images. The authors applied ‘Endo-Cytoscopy’ for 87 
cases (38 cases in the esophagus, 18 cases in the stomach, 
35 cases in the colon). High-quality images were acquired 
in 83 cases (95.4%). In 4 cases of the stomach lesions, im-
ages of cellular level were not acquired because the gastric 
mucous secretion does not allow staining nucleus with 
methylene blue. However, in the esophagus and colon, 
high-quality images were obtained in all cases. Contact 
bleeding from the cancer lesion occurred in 8 cases (9.2%) 
and stopped without intervention. No major bleeding 
was experienced. 

 Endocytoscopy images are of high quality using meth-
ylene blue staining, but vital staining has been associated 
with a risk for tissue and DNA damage  [7] . Endomicros-
copy does not require vital staining although endomicros-
copy images are still of less quality compared to endocy-
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toscopy. Another advantage of endomicroscopy is the 
digitalization of images and the scanning at various 
depths of the tissue, which may allow cross-sectional anal-
ysis of the tissues. In contrast, endocytoscopy scans at a 
fi xed depth of the tissue, and does not allow cross-sec-
tional analysis. 

 These cellular-level microscopic imaging technologies 
will potentially reduce the number of biopsies required 
for diagnosis by offering as simultaneous endoscopical 
and virtual microscopic image. The endomicroscopes 
may also reduce the time delay in acquiring histological 
diagnosis and will allow the targeted examination of le-
sions in the gastrointestinal tract  [8] . 

  Fig. 2.   A  Artifi cial ulcer induced by endoscopic mucosal resection (case as described 
in fi gure 1).  B  Histological image. Hematoxylin and eosin staining. Squamous cell car-
cinoma, m1.  C  Mapping of the lesion on the resected specimen. Red lines demonstrate 
superfi cial cancer spread. 

  Fig. 1.  Endo-Cytoscopy.  A  Normal squa-
mous cell in the esophagus.  B  Squamous cell 
carcinoma in the esophagus.  ! 1,100. 
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 Conclusions 

 Endoscopic imaging of the microstructure of living 
cells from both normal mucosa and cancer tissue of the 
gastrointestinal tract is possible. In endomicroscopy, cell 

and nuclei were demonstrated without vital staining. In 
endocytoscopy, nuclei, cell bodies, and even nucleoli 
were clearly demonstrated with methylene blue staining. 
These novel technologies potentially enable in vivo his-
tological diagnosis during endoscopic examination. 
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nodal dissection is being challenged, especially for early 
gastric cancer. 

 The Japanese Gastric Cancer Association issued the 
fi rst version of Gastric Cancer Treatment Guidelines in 
March 2001 and a revised version appeared in 2004  [3] . 
The aim of this article is to introduce an outline of treat-
ment guidelines for doctors’ reference. The guidelines 
aim to provide a standard indication for doctors to select 
the proper treatments of gastric cancer according to the 
clinical stages of patients. 

 Although gastrectomy of at least two-thirds of the stom-
ach with D2 node dissection was assigned as a standard 
treatment for most stages of advanced gastric cancer, mod-
ifi ed surgeries were also described as standard or investi-
gational treatments in the guidelines. Less extensive gas-
trectomy, which is widely performed in Japan at present 
for ‘presumed mucosal cancers’, is authorized. More ex-
tensive dissection (D3) is set at investigational treatment. 

 In this article we report the background of modifi ed 
treatments and describe the details of every treatment. 

 Less Extensive Surgery for Early Gastric 
Cancer 

 Background 

 D2 lymphadenectomy and detailed histopathologic 
studies of the resected specimens have resulted in an ac-
cumulation of a vast amount of knowledge of the extent 

 Key Words 
 Gastric cancer  �  Early gastric cancer, surgery  �  Node 
dissection 

 Abstract 
 D2 lymphadenectomy has been the mainstay of treat-
ment for every stage of gastric cancer including early 
gastric cancer in Japan. However, the use of conven-
tional D2 nodal dissection is being challenged. There 
was a recent improvement in techniques for preopera-
tive diagnosis and perioperative diagnosis. Less exten-
sive surgeries to maintain patients’ quality of life have 
been introduced as standard treatment for some forms 
of early gastric cancer in the Gastric Cancer Treatment 
Guidelines 2001 (The Japanese Gastric Cancer Associa-
tion). Superextended dissection (more than D2) for non-
early gastric cancer is set at investigational treatment. 
Japanese surgeons are now aiming at wide variations of 
surgical treatment according to the stage of disease 
based on new procedures. Further evaluations are pro-
ceeding to prove superior to standard techniques. 

 Copyright © 2004 S. Karger AG, Basel 
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of nodal metastasis observed for various types and stages 
of gastric carcinoma. As a result, it is now widely accept-
ed by Japanese surgeons that such an extended lymphad-
enectomy (D2) is not inevitable for certain subsets of ear-
ly gastric cancer with a very rare chance of nodal involve-
ment  [4–7]  ( table 1 ). 

 The detection rate of early gastric cancer has also in-
creased in recent times due to the development of diag-
nostic methods and widespread use of mass screening  [8, 
9] . The incidence of aged patients has increased due to a 
prolonged lifespan  [10] . Therefore, recent trends in the 
management of EGC show that Japanese surgeons have 
been increasingly adopting more conservative methods 
to preserve the quality of life while at the same time main-
taining a high level of radicality, such as endoscopic mu-
cosal resection (EMR) or function-preserving gastrecto-
mies for EGC. 

 Lymph Node Metastasis from EGC 

 Distant metastasis from EGC is extremely rare, and 
peritoneal seeding is unlikely because the tumor is com-
pletely confi ned to the gastric wall. The only possible local 
spread is via the lymphatic route. The incidence and ex-
tent of nodal metastasis from EGC is closely related to 
the depth of tumor invasion  [11] . Mucosal cancers rarely 
metastasize (3% or less), while nearly 20% of EGC invad-
ing the submucosa metastasize to the regional nodes, and 
the incidence approaches 50% in T2 tumors  [12] . 

 Treatment Guidelines for EGC 

 A patient with early gastric cancer is usually assigned 
as stage IA (T1N0), stage IB (T1N1) or stage II (T1N2). 
Less extensive surgeries are advocated for stage IA and 
stage IB in the guidelines ( table 2 ). Since T2 tumor has a 
high incidence of nodal metastasis, the accuracy of pre-
operative diagnosis is the key to perform less extensive 
treatment, since understaged patients will have insuffi -
cient treatment. 

 Less extensive resection is defi ned as modifi ed gastrec-
tomy ( table 3 ) in the guidelines according to the Japanese 
Classifi cation of Gastric Carcinoma  [13] . The guidelines 
also introduced optional treatment methods, such as py-
lorus-preserving, vagal nerve-preserving, and laparoscop-
ic assistance. 

  Stage IA (T1N0).  EMR or modifi ed gastrectomy (MG) 
is indicated for this stage according to  table 4 . EMR 
should be indicated for patients with small mucosal can-
cer with no lymph node metastasis. Vigorous retrospec-
tive studies have been made in Japan. Databases contain-
ing several hundreds or even thousands of patients with 
EGC who have undergone surgery with lymphadenecto-
my have been analyzed to identify the specifi c features of 
EGC without lymph node metastasis  [6, 7, 14] . 

 It is now accepted that a tumor satisfying all the fol-
lowing conditions is suitable for EMR: (1) tumor confi ned 
to the mucosal layer; (2) tumor of elevated type (I or IIa), 
or depressed type (IIc) without ulcer or ulcer scar (endo-
scopically no fold convergence); (3) well or moderately 
differentiated adenocarcinoma; (4) tumor  ! 2.0 cm  [15] . 

  Table 1.  Incidence of nodal metastasis by depth of invasion (surgical T) from databases of major Japanese hospi-
tals [data taken from 3] 

Mucosal cancer pN0 pN1 pN2 total 95% CI

Differentiated type 496 (98.0%) 9 (1.8%) 1 (0.2%) 10/506 (2.0%) 1.0–3.6%
Undifferentiated type 320 (93.6%) 20 (5.8%) 2 (0.6%) 22/342 (6.4%) 4.1–9.6%

Submucosal cancer pN0 pN1 pN2

Differentiated type
Tumor size

<1.5 cm 232/242 (95.9%) 10/242 (4.1%) 0/242 (0%)
1.6–2.0 cm 147/164 (89.6%) 12/164 (7.3%) 5/164 (3.0%)

>2.1 cm 431/513 (84.0%) 57/513 (11.1%) 25/513 (4.9%)
Total 810/919 (88.1%) 79/919 (8.6%) 30/919 (3.3%)

Depth of invasion was decided by inspection and palpation during operation.
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Conditions 2–4 are diagnosed by endoscopy and biopsy. 
The EMR is then performed and the resected specimen 
retrieved. When the histological examination confi rms 
condition 1 for the specimen, the procedure is considered 
curative. 

 Mucosal cancer that does not meet this condition 
should be treated by MG A. MG A is also indicated for 

the differentiated submucosal cancer  ! 1.5 cm in diame-
ter. Submucosal cancer that does not meet this condition 
should be treated by MG B. 

  Stage IB (T1N1).  As shown in  table 4 , MG B or stan-
dard gastrectomy is indicated for stage IB cancer accord-
ing to the T and N categories. If the T1N1 tumor is  ! 2.0 
cm in diameter, MG B is indicated, and the T1N1 tumor 
 1 2.1 cm or T2N0 tumor is treated by standard gastrec-
tomy. 

 Treatment Details 

 Endoscopic Mucosal Resection 
 Endoscopic treatment mainly using laser therapy was 

primarily employed as a palliative treatment for patients 
with high operative risks or incurable disease  [16] . Tada 
et al.  [17]  fi rst described the technique of ‘strip biopsy’ in 

  Table 3.  Type of gastrectomy [data taken from 3] 

Gastrectomy Area of
resection

Dissection Option

Modifi ed A <2/3 D1 + No.71 Vagus-preserving
Modifi ed B <2/3 D1+No.7, 8a, 9 Pylorus-preserving
Laparoscopic
Standard 62/3 D2
Extended 62/3 D2 D3

Combined
resection

1 No. 7 nodes along the left gastric artery; No. 8a nodes along 
the common hepatic artery (antero-superior group), and No. 9 
nodes around the celiac artery.

In case of lower third cancer, No. 8a nodes should be dissected. 
Standard gastrectomy includes proximal, distal or total gastrecto-
my associated with D2 according to the size and location of the 
tumor (Japanese Classifi cation of Gastric Carcinoma issue by Jap-
anese Gastric Cancer Association).

  

  Table 4.  Treatment methods for stage IA [data taken from 3] 

Depth of invasion Histology Size Methods

Mucosa (M) Differentiated ^2 cm EMR
Mucosa (M) Else MG A
Submucosa (SM) Differentiated ^1.5 cm MG A
Submucosa (SM) Else MG B

  
  

T N

N0 N1 N2 N3

T1 (M) IA IB II IV
EMR
(wel or mod, ^2 cm, ul (–))

MGB
(^2 cm)

D2 D3

MGA (else) D2 (>2 cm)

T1 (SM) IA IB II IV
MGA
(wel or mod, ^1.5 cm)

MGB
(^2 cm)

D2 D3

MGB (else) D2 (>2 cm)

T2 IB II IIIA IV
D2 D2 D2 D3

T3 II IIIA IIIB IV
D2 D2 D2 (D3) D3

T4 IIIA
D2 extended

IIIB
D2 extended

IV
D2 extended

IV
D3 extended

  

  

  Table 2.  Japanese treatment guidelines 
[data taken from 3] 
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1984 and developed it into a method for the cure of mu-
cosal gastric cancer. The revolutionary point of this tech-
nique is that not only a polypoid but also a depressed 
mucosal lesion can be removed along with the surround-
ing normal mucosa, which provides suffi cient material 
for histological confi rmation of tumor cell infi ltration. 

 After successful EMR, however, close follow-up of the 
patient by endoscopy is mandatory, because multifocal 
lesions, either synchronous or metachronous, are not un-
common in the stomach  [18] . A second or third lesion will 
again be removed by EMR if it satisfi es the above cri-
teria. 

 EMR has already become an essential tool for treat-
ment in Japan  [19] . Large series of up to 400 EMRs in a 
single institution are presented at congresses  [20] . Vari-
ous techniques, such as endoscopic submucosal resection, 
are being tested for safer and wider resection and expan-
sion of inclusion criteria  [19, 21, 22] . Although no pro-
spective study has been published in the English litera-
ture, a prospective, nationwide collection of EMR cases 
will be performed in the future, and the above criteria will 
no doubt undergo modifi cations. 

 D2 Gastrectomy for EGC 
 Gastrectomy with D2 lymphadenectomy has long 

been the standard treatment for gastric cancer in Japan 
as already mentioned. Recently, European surgeons have 
also advocated it as treatment of choice for EGC  [23–25] , 
because of excellent outcomes of retrospective series com-
parable to Japanese results. Although modifi ed gastrecto-
mies are described in the guidelines in Japan, gastrectomy 
with D2 dissection is considered reasonable for ‘seem-
ingly early gastric cancer’, fi rstly because N2 nodes can 
be involved from submucosal EGC, though the incidence 
is low, and secondly because the diagnosis of EGC is not 
always accurate  [26] , leaving the possibility of the tumor 
being T2 or deeper. 

 Modifi ed Gastrectomy for EGC 
 Various modifi ed gastrectomies for EGC have been 

devised in Japan, aimed at preserving the function of the 
stomach. All these operations are employed after careful 
patient selection, again based on the guidelines defi ned 
by lymph node studies, so as not to decrease the survival 
rate. The published studies are classifi ed as phase II or 
pilot, and the functional comparison with conventional 
counterparts is a retrospective one, with historical con-
trols. Then, accuracy of a diagnosis of depth of invasion 
is most important to perform surgery with limited nodal 
dissection. 

  Total Gastrectomy without Splenectomy.  For EGC in 
the proximal stomach, total or proximal gastrectomy is 
performed. According to the Japanese Classifi cation of 
Gastric Carcinoma, D2 for proximal tumors includes dis-
section of the splenic hilar nodes. However, metastasis to 
this area from EGC is extremely rare  [17, 27] . Even in T2 
tumors, the splenic hilar metastasis is seldom seen unless 
the primary tumor is located on the greater curvature. 
Therefore, the spleen should be preserved in these tu-
mors, especially in view of the additional morbidity as-
sociated with splenectomy. 

  Proximal Gastrectomy.  At least for early gastric can-
cer, the benefi t of a total gastrectomy with splenectomy 
has not been seen and is limited. Therefore, for EGC in 
the proximal third of the stomach, proximal gastrectomy 
is being tested in some institutions with or without pres-
ervation of the vagal nerves  [27–29] . Proximal gastrec-
tomy is currently indicated for EGC only when we can 
preserve at least half of the stomach to keep radicality of 
operation and capacity of the remnant stomach. 

 All regional nodes except for the splenic hilum nodes 
(No. 10) and distal splenic nodes (No. 11d) can be dis-
sected as in the standard D2 operation, although the dis-
section of the lesser curvature nodes (No. 3) was incom-
plete at the distal part. An antirefl ux procedure such as 
jejunal interposition (physiological sphincter) and new 
gastric fundus formation is routinely added. 

 Proximal gastrectomy was prospectively evaluated in 
the one arm study in our institution and the survival data 
was almost identical to that after total gastrectomy, and 
was satisfactory  [27] . The literature reported that im-
proved post-operative absorption  [30, 31]  and body 
weight recovery is good as compared to total gastrectomy. 
Pylorus function is also preserved with this method by 
preserving vagus nerves including hepatic and pyloric 
branches, which is the same as pylorus-preserving gas-
trectomy. Refl ux esophagitis may be a possible sequela. 

 Simple esophagogastrostomy produced a higher inci-
dence of refl ux esophagitis  [32, 33] , despite several mod-
ifi cations. Minimizing the incidence of esophagitis has 
been required for routine use of this gastrectomy. Recent 
efforts including the jejunal interposition method pro-
duced good results  [27, 34] . 

  Pylorus-Preserving Gastrectomy (PPG).  PPG was 
originally applied for peptic ulcers  [35]  and has also been 
applied for early gastric cancer  [36–40] . The distal two-
thirds of the stomach are resected but a pyloric cuff of 
about 2 cm is preserved. A recent report showed the ben-
efi t of a longer cuff for gastric motility. Infrapyloric ves-
sels are occasionally preserved to maintain the blood sup-
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ply of a longer pyloric cuff. The result of infrapyloric 
node dissection preserving these vessels should be evalu-
ated. Vagal nerves are identifi ed and preserved to main-
tain pylorus function. Furthermore, preservation of the 
celiac branch of the posterior vagal trunk has also been 
done in combination with a PPG by several Japanese 
surgeons. 

 All regional nodes, except suprapyloric nodes (No. 5), 
can be dissected as in the standard D2 operation. PPG is 
currently indicated for EGC in the middle stomach from 
which nodal metastasis to No. 5 is extremely uncommon 
 [39] . Since a pyloric cuff is retained, PPG is not desirable 
for lesions located in the distal antrum. 

 The literature reports that the incidence of post-gas-
trectomy dumping syndrome, bile regurgitation, and gall 
bladder stone formation is decreased, and body weight 
recovery is good as compared to Billroth-I reconstruction 
 [37–39] . However, these benefi ts have not been proven 
by a prospective randomized trial. Emptying disturbance 
may be a possible sequela. 

  Segmental Gastrectomy.  A gastrectomy with a more 
limited resection of the stomach body is the segmental 
gastrectomy. This is indicated for mucosal tumor in the 
mid-gastric body. A segment of the stomach containing 
the tumor is resected with  [41]  or without preservation of 
the Latarjet branch of the vagal nerve  [42] . The hepatic 
and pyloric branches are preserved. Lymphadenectomy 
is limited to the perigastric regions close to the resected 
segment, but for lesser curve tumors the nodes along the 
left gastric artery can also be dissected. Functional results 
are generally satisfactory. 

  Wedge Resection.  An attempt at local wedge resection 
with regional lymphadenectomy was reported  [43] . Sev-
eral reports showed the possibilities for developing senti-
nel node-guided surgery for gastric cancer  [44, 45] . 

  Laparoscopic Surgery.  Laparoscopic surgery for gas-
tric cancer is underway in some institutions. Laparosco-
py-assisted gastrectomy with nodal dissection was per-
formed and was being evaluated in some reports. The 
evaluation of survival should be very strict, since the sur-
vival rate of open surgery operation is quite good. The 
literature reported faster recovery, less pain, and shorter 
hospital stay. However, the benefi t of quality of life might 
be only better cosmesis. A multicenter randomized con-
trolled trial will be needed in the near future  [46] . 

  Laparoscopic local resection of the stomach:  Two types 
of laparoscopic local resection, laparoscopic wedge resec-
tion by the lesion-lifting method  [47]  and intragastric mu-
cosal resection  [48] , have been performed in Japan for 
early gastric cancer. Since the target of laparoscopic local 

resection is early gastric cancer without lymph node me-
tastasis, expansion of inclusion criteria of endoscopic 
treatment may cause a decrease in the number of patients 
treated by this method. The lesion-lifting method is car-
ried out by retracting the metal rod, piercing the lesion 
through the abdominal and gastric wall, and wedge resec-
tion is carried out with endoscopic staplers  [47] . Intragas-
tric mucosal resection is performed through trocars, 
which are placed in the gastric lumen  [48] . 

 A survey by the Japanese Society for Endoscopic Sur-
gery  [49]  showed low perioperative morbidity and zero 
mortality, and possibly shorter hospital stay. There is a 
report of local recurrence  [47] . 

  Laparoscopy-assisted distal gastrectomy:  Laparosco-
py-assisted Billroth-I gastrectomy for early gastric cancer 
was fi rst performed in 1991 by Kitano et al.  [50] , and the 
Billroth-II gastrectomy was reported in 1992 by Goh and 
Kum  [51] . Laparoscopy-assisted gastrectomy is still in the 
developmental phase around the world, while the number 
of patients with early gastric cancer treated by LADG has 
increased significantly in Japan. 

 The guidelines described LADG as one of the option-
al treatments in MG. Even D2 gastrectomy can be at-
tempted safely at the proper time  [52] . LADG is still per-
formed in only a limited number of hospitals in Japan. 

 The survey of the Japan Society for Endoscopic Sur-
gery showed low morbidity-mortality rates of LADG, 
similar to open distal gastrectomy  [49] . A small random-
ized study showed some advantages including less pain 
and less impaired pulmonary function after LADG to 
open distal gastrectomy  [53] . A multicenter randomized 
controlled trial is needed to confi rm the clinical advan-
tages of LADG including medical expenses. 

 Investigational Treatment for Non-Early 
Cancer 

 Superextended Para-Aortic Lymphadenectomy 

 Since 1980, more extended lymphadenectomy than 
D2 procedures have been practiced in many Japanese 
specialized centers. The literature reported that 20–30% 
of patients with non-early gastric cancer had microscopic 
metastasis present in the para-aortic nodes  [54–57] . The 
5-year survival for these patients has reached 14–30% 
after superextended systematic dissection. 

 In addition to D2 lymphadenectomy, lymph nodes 
around the upper abdominal aorta were dissected, pri-
marily for ultimate local tumor control. However, this 
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dissection may not only increase operative morbidity but 
also may affect the function of other abdominal organs. 
To evaluate the survival benefi t and operative complica-
tions of D2 gastrectomy and extended para-aortic dissec-
tion in gastric cancer surgery, a multi-institutional ran-
domized controlled trial was conducted on behalf of the 
Japan Clinical Oncology Group. Although the morbidity 
for the superextended surgery group was slightly higher, 
the hospital mortality rate was as low as 0.8% in each 
group  [58] . 

 Total Gastrectomy with Spleen Preservation 

 Japanese retrospective studies revealed that 15–20% 
of patients with non-early carcinoma in the proximal 
stomach have nodal metastasis in the splenic hilum  [59]  
and the 5-year survival rate after dissection is 20–25% 
 [60, 61] , and therefore pancreas-preserving splenectomy 
 [62]  is part of the standard operation in specialized cen-
ters. However, even in Japan, there are several studies 

that report on the lack of benefi t of splenectomy  [63–66] . 
Recent European clinical trials of gastrectomy showed 
that splenectomy is an important risk factor for post-op-
erative morbidity and mortality  [67, 68] . 

 To evaluate the role of splenectomy in potentially cu-
rative total gastrectomy for proximal gastric carcinoma 
in terms of survival benefi t and post-operative morbidity, 
a multi-institutional randomized controlled trial was con-
ducted on behalf of the Japan Clinical Oncology Group 
 [69] . Since metastasis in the splenic hilum is frequently 
found for the tumor invading the greater curvature, the 
tumor invading greater curvature will be excluded  [70] . 

 Conclusion 

 The latest developments in surgery for gastric cancer 
could be described as wide variations of surgical treat-
ment according to the stage of disease based on new pro-
cedures. Further evaluation is required to prove the su-
periority to standard techniques. 
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 Introduction 

 Despite the improvements of surgical resection as pri-
mary curative treatment for gastric cancer in Japanese 
and Western countries, between 50 and 70% of patients 
with T3–4 tumors undergoing radical primary tumor re-
section relapse and die within 5 years ( table 1 ). Therefore, 
there is an urgent need to further improve the treatment 
for gastric cancer. 
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 Abstract 
 Despite surgical R0 resections, patients with gastric can-
cer stage UICC II–III have a high risk of recurrence and 
metachronic metastases. Preliminary evidence exists 
that adjuvant chemotherapy or neoadjuvant chemo(ra-
dio)therapy protocols may improve the prognosis of 
these patients undergoing surgery of gastric cancer with 
curative intention. As for palliative regimens, 5-fl uoro-
uracil and cisplatin are integral components of such 
(neo)adjuvant strategies. Upcoming cytostatic agents, 
i.e. irinotecan, docetaxel, oxaliplatin, and oral fl uoropyr-
idines are currently under investigation in new multimo-
dality treatment regimens and may further increase R0 
resection rates and may prolong disease-free and overall 
survival in the treatment of advanced localized gastric 
cancer. 
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  Table 1.  Biological behavior of gastric cancer: incidence of metas-
tasis and survival rate after resection according to Sasako [49] 

Tumor
depth

JCGC
stage

Tumors Lymph
node, %

Liver
%

Perito-
neum, %

5-year survival 
rate, %

T1 M 1,063 3.3 0.0 0.0 93.3
SM 881 17.4 0.1 0.0 88.9

T2 MP 436 46.4 1.1 0.5 81.3
SS 325 63.7 3.4 2.2 65.8

T3 SE 1,232 78.9 6.3 17.8 35.5
T4 SI 724 89.8 15.5 41.6 10.1
Overall 4,683 47.8 4.5 11.5 60.3

JCGC = Japanese classifi cation of gastric cancer; M = mucosal; 
SM = submucosal; MP = muscularis propria; SS = subserosa; SE = 
serosa exposed; SI = serosa infi ltrating (neighboring organ or organs 
involved).

  



 Moehler/Schimanski/Gockel/Junginger/
Galle 
  

 Dig Dis 2004;22:345–350 346

 Since 1960, chemotherapy has increasingly justifi ed its 
role in the treatment of metastatic disease, as the surviv-
al of treated patients was signifi cantly better compared 
with patients under best supportive care  [1, 2] . Up to now, 
5-fl uorouracil (5-FU) combined with cisplatin have been 
approved to be the most useful standards of palliative 
chemotherapy, most often additionally modulated by 
combinations with other anticancer drugs, such as epiru-
bicin or leucovorin (folinic acid, FA)  [2] . Since these pro-
tocols allow response rates of more than 40%, they have 
the potential to reduce the local recurrence rate and to 
increase survival of patients with advanced localized gas-
tric cancer in an adjuvant or neoadjuvant setting. 

 Currently, three main strategies are under develop-
ment to improve the clinical outcome of patients with 
advanced gastric cancer: (1) adjuvant treatment, given as 
postoperative chemotherapy or chemoradiation; (2) neo-
adjuvant treatment, combined with or without radiation, 
and (3) perioperative therapy, as a combination of neo-
adjuvant and adjuvant protocols. 

 Extended Lymph Node Dissection and/or 
Adjuvant Therapy? 

 Since 1993, different meta-analyses have compared 
adjuvant treatment protocols versus surgery alone  [3–5] . 
In the early meta-analyses mostly studies with only 5-FU 
were included and no signifi cant difference over surgery 
alone was found. However, in a recent meta-analysis 
comparing combination regimens such as ELF, 5-FU plus 
mitomycin- or cisplatin-based regimens  [6] , the 5-year 
survival results suggested a moderate improvement of 5% 
for the use of adjuvant treatment. In contrast, such an 
improvement has not been demonstrated in any single 
randomized, large phase III study. 

 This discussion was further stimulated by the study 
presentation of the SWOG 9008-INT 0116 group, with 
the combination of radiochemotherapy in resected stage 
IB–IV gastric cancers ( table 2 )  [7] . After randomization 
of 566 patients to either observation or to two cycles of 
FA/5-FU followed by radiation + FA/5-FU and another 
two cycles of FA/5-FU, a statistically signifi cant differ-
ence for disease-free and overall survival in favor of the 
chemoradiation was shown. Additionally, the local re-
lapse rate was reduced from 90 to 29% in the multimo-
dality arm. 

 However, there was no difference for the risk of distant 
metastasis for either group. Despite the positive data, sev-
eral concerns have been raised: (1) The survival rates in 

the surgery-only arm were signifi cantly lower compared 
to European patients in different studies. (2) The surviv-
al benefi t with chemoradiation was comparable to Euro-
pean patients after surgery without adjuvant treatment. 
This can be explained by a limited resection (54% of be-
low D1) and raised the possibility that suboptimal surgery 
was counterbalanced by adjuvant chemoradiation. (3) 
Only 76% of patients received a full dose of radiation in 
the SWOG trial, possibly demonstrating a high level of 
toxicity. 

 To analyze the role of extended lymphadenectomy and 
the extent of gastrectomy, several prospective random-
ized trials were performed in Western countries. Two 
large trials were performed comparing D1 with D2 dis-
section, one of which in the Netherlands by the Dutch 
Gastric Cancer Group (DGCG), and the other one in the 
UK by the Medical Research Council (MRC)  [8, 9] . Both 
trials demonstrated that extended lymphadenectomy is 
associated with signifi cantly higher morbidity and mor-
tality rates as compared with limited lymphadenectomy 
 [10, 11] . Likewise, splenectomy and pancreatectomy 
were signifi cantly associated with an increased risk of op-
erative mortality. Interestingly however, no signifi cant 
survival difference was found for both groups in the fi nal 
results of the DGCG study after 11 years’ follow-up 
 [12] . 

 In contrast, a retrospective multicenter observation 
study in Germany found a signifi cant survival advantage 
in patients undergoing extended lymphadenectomy  [13] . 
Very recently, the Japan Clinical Oncology Group (JCOG) 
presented an ambitious trial of D2 lymph node dissection 
as compared with more extensive lymphadenectomy. 
Here, the extended lymphadenectomy included the lymph 
node tissue along the aorta within a D2 dissection  [14] . 
In this study, the mortality rate was less than 1%, which 
is remarkably low compared to a large population-based 
study of US patients, where the operative mortality 

  Table 2.  Protocol of adjuvant radiochemotherapy according to 
Macdonald et al. [7] 

Bolus 5-FU 425 mg/m2, days 1–5
Folinic acid 20 mg/m2, days 1–5
radiation 45 Gy tumor bed and 1,8 Gy/d regionally

(days 26–63) plus
Bolus 5-FU 400 mg/m2, days 1–5
Folinic acid 20 mg/m2, days 1–5
on days 1–4 and the last 3 days of radiation
Repeat chemo in weeks 13 and 17 (days 1–5)
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reached approximately 9%  [15] . However, the median 
patient age was only 61 years, with no patient being older 
than 75 years, which is lower compared to most ‘Western’ 
studies. Secondly, the surgeons were highly experienced 
in performing the procedure. All participating hospitals 
treated more than 50 cases of gastric resections per year 
strongly arguing for the role of high volume centers, which 
has also been shown for other countries  [16] . Addition-
ally, the JCOG surgeons rarely employed splenectomy 
and vigorously avoided pancreatectomy, with 36.5 and 
4.2% respectively  [14] . 

 In addition to the above-mentioned SWOG trial, Park 
et al.  [17]  and Italian colleagues investigated a similar 
protocol in 290 patients, all of whom were curatively re-
sected with extensive D2 lymph node dissection. After a 
median follow-up of 49 months, 43% of patients relapsed, 
with 67% local relapses and 36% distant metastases. The 
5-year overall and relapse-free survival rates were 60 and 
57% – better than in the SWOG trail – respectively  [17] . 
Therefore, it is still questionable whether Japanese or Eu-

ropean patients undergoing D2 resection may benefi t of 
postoperative chemoradiation ( table 3 ). 

 On the other hand, the availability of new substances 
more effective than the 5-FU/FA Mayo Clinic protocol, 
as used in the SWOG and Italian trials, promise to be su-
perior compared to former standard chemotherapy. In 
the near future, prospective randomized phase III trials 
will be presented to elute these questions. 

 Neoadjuvant Multimodality Treatment: 
Chemotherapy or Chemoradiation? 

 Although a number of randomized studies have sug-
gested a clinical benefi t with improved survival for neo-
adjuvant chemotherapy as compared to historical con-
trols, randomized trial evidence is yet missing  [18–21] . 
Again, a recently reported randomized study of preop-
erative chemotherapy compared with surgery alone in 56 
patients showed no benefi t with chemotherapy  [22] . 

 As there is little doubt that gastric cancer is a chemo-
sensitive tumor and a response rate can be achieved in 
at least 40%, the use of new adjuvant protocols is inter-
esting for locally advanced tumors  [6, 23, 24] . Ongoing 
trials have shown improvement of survival with pallia-
tive ECF, PLF, irinotecan plus the AIO regimen, and 
docetaxel plus cisplatin/5-FU (DCF). The duration of 
response is still short ( table 4 )  [2] .The value of preopera-
tive FAMTX (5-FU, doxorubicin and methotrexate) is 
currently under investigation in the Netherlands, and in 

  Table 3.  Comparison of results to trials 0116 and JCOG [49] 

0116 JCOG

Patients treated with surgery, %
D0 54 –
D1 36 –
D2 10 50
D4 – 50

Adjuvant treatment
Radiation 45 Gy None
Chemotherapy Fluorouracil

and leucovorin
None

Patients 281 523
Tumor localisation

Antrum 53 –
Gastric body 24 –
Gastric cardia 21 –
Multiple lesions 2 –
Lower third – 41
Middle third – 39
Upper third – 19

Tumor stage
I 14 23
II 74 257
III 175 230
IV 18 13

Tumor-related deaths 3 (1.1%) 4 (0.8%)
Survival, %

3 years 50 –
5 years 42 71.4

  
  

  Table 4.  Recent randomized phase III studies in advanced gastric 
cancer 

Group
(fi rst author)

Protocol Patients
n

RR
%

Median sur-
vival, months

p value

Webb [50] FAMTX 130 21 5.8 0.0009
ECF 126 45 8.9

Ross [51] MCF 44 8.7
ECF 42 9.4

Vanhoefer [52] FUP 134 20 7.2 NS
ELF 132 9 7.2
FAMTX 133 12 6.7

Ajani
ASCO 2003

DCF 111 39 10.2 0.0064
CF 112 23 8.5

C or P = cisplatin; F = 5-fl uorouracil; M = mitomycin; E = epi-
rubicin; ELF = etoposide/leucovorin/5-fl uorouracil.
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a joined MRC study with ECF (epirubicin, cisplatin and 
5-FU). 

 Neoadjuvant chemotherapy was particularly interest-
ing as short-term therapy (i.e. two cycles of 6–8 weeks) 
simultaneously given or/and sequentially given with 
chemoradiation ( table 5 )  [25] . Furthermore, patients re-
sponding to neoadjuvant treatment presented with a bet-
ter performance status during their remission without 
compromising the later operation with a higher morbid-
ity and mortality  [26] . 

 While the incidence of distal gastric cancer is decreas-
ing, cancers of the proximal stomach and the gastroesoph-
ageal junction, including the Barrett’s carcinoma, are a 
dramatically increasing challenge  [27] . Meanwhile, ade-
nocarcinomas of the gastroesophageal junction have been 
categorized as an important group with its own patho-
logical and treatment characteristics, counted neither 
among the patterns of esophagus nor of gastric cancer 
 [27] . 

 Very recently, Ajani et al.  [28]  demonstrated a sub-
stantially high R0 resection of 70%, pathologic complete 
and partial response rates of 30 and 24%, respectively, 
and resulting in durable overall survival time of 33.7 
months in a multi-institutional trial of preoperative 
chemoradiotherapy, mainly for ‘proximal’ gastric tu-
mors. To extrapolate the neoadjuvant data of the gastro-
esophageal junction, three main randomized studies for 
esophagus cancer included high percentages of adenocar-
cinomas of the lower esophagus or even the cardia region 
 [29–31] . In contrast to one large negative phase III trail 
with chemotherapy/surgery versus surgery alone  [29] , two 
studies showed a signifi cant survival benefi t and a trend 
for benefi t in 3-year survival for the chemoradiation arm, 
respectively  [30, 31] . Additionally, a recent MRC trial 
randomized 802 patients comparing two cycles of preop-
erative cisplatin/5-FU against surgery alone and demon-

strated a survival benefi t for the chemotherapy-treated 
group revealing no difference in the number of periop-
erative deaths or the rate of postoperative complications 
 [25] . Thus, it is reasonable to continue to use surgery as 
standard of care, as well as to continue investigation of 
potentially more effective multimodality regimens. How-
ever, it has still to be determined whether chemotherapy 
alone or chemoradiation is of more benefi t for these tu-
mors  [32–36] . 

 Perioperative Chemotherapy 

 So far, the recently published MAGIC trial is the only 
large randomized study of perioperative chemotherapy 
conducted with an adequate follow-up period. It was ini-
tiated to compare surgery alone (S) with perioperative 
chemotherapy in which patients received three preopera-
tive and three postoperative cycles of ECF (CS). After 
enrolment of 503 patients with resectable gastric (74%) 
or lower esophageal cancer (26%), the proportion of pa-
tients with curative resection was greater in the CS arm 
(79 vs. 69%, p = 0.018). After 5 years, the progression-free 
survival favored the CS arm over the S arm (hazard ratio 
0.70, 95% CI 0.56–0.88, p = 0.092) and a potential im-
provement in overall survival, although this failed to 
reach statistical signifi cance (hazard ratio 0.80, 95% CI 
0.68–1.01, p = 0.063). However, there is still considerable 
hope that the continued follow-up of the MAGIC trail 
will allow defi nitive conclusions with regards to the im-
plications of such a perioperative strategy on the survival 
in advanced gastric cancer. 

 Conclusions 

 In the adjuvant setting, meta-analyses suggest that sys-
temic treatment may achieve a small but signifi cant reduc-
tion in the risk of death. Preoperative chemotherapy alone 
however, generally well tolerated, did not yet decrease the 
incidence of local failure beyond the level achieved with 
surgery alone. Preoperative radiotherapy alone enhanced 
local control, but failed to improve overall survival. Thus, 
only neoadjuvant radiochemotherapy with better antican-
cer drugs may improve survival, especially after reaching 
high pathological complete and partial remission rates. 
Additionally, the neoadjuvant approach may be worth a 
direct comparison with postoperative adjuvant chemora-
diotherapy. The MAGIC trial – a combination of both as 
perioperative chemotherapy – already demonstrated an 

  Table 5.  Possible advantages of neoadjuvant therapy 

Better tumor vascularization results in higher therapeutic effi cacy 
and downstaging

Excision of chemoradiated areas may result in lower long-term 
toxicity

Early systemic therapy may allow better control of tumor micro-
metastases

Operation may not be compromised with higher morbidity and 
mortality
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improvement in progression-free survival and a slight im-
provement in overall survival. 

 In recent years, new anticancer drugs such as irinote-
can, taxanes and oxaliplatin reported even higher objec-
tive response rates of up to 70% and an improvement of 
overall median survival of up to 12 months in palliative 
treatment  [2, 37–39] . These new chemotherapy regimens 
may be additional treatment options for localized resect-
able or unresectable advanced disease to further decrease 
incomplete resection rates as well as morbidity and mor-
tality rates. Ongoing and upcoming adjuvant, neoadju-
vant or perioperative studies with these new promising 
compounds will defi ne their defi nitive role. 

 Furthermore, new diagnostic techniques, such as en-
doscopic sonography, (mini)laparoscopy, magnetic reso-

nance tomography and position emission tomography al-
low better pre- or postoperative staging  [40, 41] . In this 
regard, endosonography with its high sensitivity in the 
assessment of tumor size and local lymph node involve-
ment has increasingly been accepted for preoperative 
staging  [42–44] . In addition, (mini)laparoscopy allows 
detection of peritoneal carcinosis, which is being found 
in  � 20–30% of gastric cancer patients at primary diagno-
sis  [45–48] . As the position emission tomography scan 
has been additionally proven to effectively predict the 
clinical response in esophageal and gastric cancer, such 
diagnostic procedures will allow better allocations and 
adjustments for an individualized and optimized treat-
ment strategy. 
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 Introduction 

 More than 50% of patients with advanced gastric can-
cer have incurable disease at presentation and require 
palliative treatment for dysphagia, motility problems and 
gastric outlet stenoses  [1] . Patients presenting with high-
grade gastric outlet obstruction are diffi cult to treat due 
to the underlying disease. They often exhibit intractable 
vomiting, nausea and inability to eat. The consequences 
are gastric distension, weight loss, and dehydration re-
quiring treatment with additional fl uid and nutritional 
support  [1] . Furthermore, the patients are at a risk of as-
piration with consecutive pneumonia. Therefore, rapid 
palliation of obstructions is mandatory. 

 The aim of this review is to demonstrate endoscopic 
therapeutic options for palliation in these groups of pa-
tients and to summarize the rationale for nutritional sup-
port in patients with advanced gastric cancer. 

 Treatment Options 

 Surgery versus Endoscopy 
 Palliative surgical management of patients with ad-

vanced gastric cancer is considered of high risk and lim-
ited effect due to the poor condition of the patient on 
presentation  [2] . The classical treatment for these pa-
tients has been surgical open gastrectomy or gastroenter-
ostomy, sometimes combined with choledochojejunos-
tomy with high primary success rates up to 90%  [3] . 

 Key Words 
 Gastric outlet obstruction  �  Self-expanding metal
stents  �  Malignant stricture  �  Gastrointestinal stents  � 
Percutaneous endoscopic gastrostomy  �  Enteral 
nutrition  �  Introducer long-term nutrition  �  Skin jejunal 
nutrition  �  Nasoenteral tube  �  Cachexia 

 Abstract 
 Most of the patients with advanced gastric cancer have 
incurable disease at presentation and require palliative 
treatment to reduce symptoms as vomiting, nausea and 
inability to eat. Treatment options are palliative surgery 
and endoscopic techniques. Insertion of self-expanding 
metal stents is nowadays a well-established method of 
treating biliary and esophageal strictures and is also ef-
fective in gastric tumors. The indication and application 
technique are described in this review. In addition, en-
teral nutrition is indicated if the gastrointestinal tract 
functions but swallowing or mastication is compromised 
by disease or if it is needed to pass an obstructed area, 
especially in gastric tumor patients. This article reviews 
the enteral nutrition techniques and their clinical value 
for patients with advanced gastric cancer. 
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 The major shortcomings of these surgical procedures 
are: (1) their relative high risk of mortality and morbid-
ity, estimated as high as 8–33% and 20–60% respectively, 
in patients with advanced disease and poor general status; 
(2) a lengthy hospital stay for bowl transit recovery, and 
(3) digestive dysfunction, such as persistent symptoms of 
delayed gastric emptying, which develops in about 10–
26% of all patients  [4–6] . 

 The use of minimally invasive operative techniques 
has been applied recently to the management of palliation 
of gastric outlet obstruction. Initial trials have shown that 
laparoscopic gastroenterostomy associated with cholecys-
tojejunostomy offers a less invasive alternative than open 
surgery with a shorter hospital stay and a more rapid re-
turn to normal activity  [7, 8] . 

 Two recently published randomized trials comparing 
the open or laparoscopic surgical approach with the en-
doscopic stenting for antropyloric stricture palliation 
have shown that placement of metal stents is an effective 
alternative to surgical palliation  [9, 10] . Both studies re-
vealed a lower complication rate and signifi cant reduced 
hospitalization rate. Therefore, the surgical approach is a 
valid option in patients fi t for laparotomy with the inten-
tion of curative resection. Patients who present intraop-
erative criteria for non-resectability and patients with a 
good prognosis and an expected survival of more than 6 
months are also candidates for surgery  [11, 12] . Today 
there is an ongoing debate about the best therapeutic ap-
proach in these patients, as patient selection is crucial  [12, 
13] . 

 Endoscopy 
 Alternative non-surgical endoscopic modalities are 

balloon dilatation or periodic bougienage, laser ablation, 
and placement of feeding tubes. APC has had only lim-
ited use for imminent gastric outlet obstruction  [14] . The 
main disadvantage of these tools are that they are often 
ineffective or produce only a transient effect on symp-
toms allowing the patients to consume adequate oral in-
take  [15–18] . 

 To palliate gastrointestinal bleeding, Nd:YAG laser 
has been used. In 18 patients with bleeding esophageal 
and gastric cancer, hemostasis with Nd:YAG laser was 
achieved in 94.5%. This effect was persistent for 77.8% 
of patients  [19] . Oguro et al.  [20]  noted successful hemo-
stasis in 75% of their patients with upper gastrointestinal 
cancer bleeding. One study has shown that the cessation 
of hemorrhage with Nd:YAG laser can be only tempo-
rary, with all patients rebleeding within several days  [21] . 
APC has also been used infrequently to treat diffuse gas-
tric cancer hemorrhage  [14] . In general, APC treatment 
for upper gastrointestinal cancer bleeding is safe but not 
very effective in long-term follow-up. 

 Stenting 
 Insertion of self-expanding metal stents (SEMS) is 

nowadays a well-established method of treating biliary 
and esophageal strictures. More recently, enteral SEMS 
have been used to palliate malignant gastric outlet steno-
sis and gastroduodenal obstructions after Truong et al. 
 [22]  published their fi rst stent procedure in 1992. Today 
it is accepted that placement of a SEMS for gastric outlet 
obstruction has the potential of providing immediate and 
more durable relief than other non-surgical modalities 
 [12] . 

 Indication 
 Because most of the patients are in a state of advanced 

disease at the time when they present with signs of gastric 
outlet obstruction, indications for stenting in patients are 
mainly given in tumors of the antropyloric region  [12] . In 
some cases, stent placement in pericardial tumors can be 
useful but the necrosis of gastric wall tissue due to the 
mechanical damage of the metal stent often reduces the 
overall success rate of this approach. Furthermore, stent 
placement can support a non-functioning surgical gastro-
enterostomy in a minimally invasive way ( fi g. 1 ) and is 
sometimes very helpful after primary surgical interven-
tion  [23] . 

  Fig. 1.  Enteral stent in gastroenterostomy with PEG in place. 
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 Enteral Stenting 
 Beside a CT scan, an upper gastrointestinal series and 

endoscopy can be performed prior to stent placement to 
estimate the character and length of the stenosis. Distal 
obstruction in the small bowl which could compromise 
passage and gastric hypomotility due to diffuse tumor 
infi ltration should also be excluded. If this can be diag-
nosed, the post-interventional clinical success rate dete-
riorates and the indication for enteral stenting should be 
proven again by discussing other treatment options (e.g. 
total parenteral nutrition via Port-A-Cath). 

 SEMS placement for gastric tumors can sometimes be 
very diffi cult due to the anatomical angulation of the 
stomach and gastroduodenal lumen, leading to diffi cul-
ties in stent deployment, and is therefore not very widely 
used  [24] . Stent placement was initially performed via 
gastrostomy or by using esophageal SEMS or biliary Wall-
stents with a small diameter  [25] . However, in order not 
to subject the patient to an additional procedure and risk, 
the peroral route of stent implantation should be chosen. 
All esophageal SEMS have shortcomings related to their 
large size (Z-stent) and limited length (Endocoil, Ultra-
fl ex) of the delivery system  [25, 26] . 

 After introducing newly designed enteral stents, the ap-
proach is now divided between through-the-scope place-
ment, fl uoroscopy with endoscopic control and fl uoros-
copy only. In a recently published systematic review on 
SEMS in gastroduodenal obstruction, we could evaluate 
that in 606 patients the endoscopic approach was favored 
in 73% of the users. Through-the-scope placement was per-
formed in 39%, fl uoroscopy with endoscopic control in 
34% and fl uoroscopy only in 27% of all  [12] . In the minor-
ity, stents had been placed using fl uoroscopy alone because 
the tortuosity of the access route and dilatation of the 
stomach makes manipulation of the catheters and stent 
diffi cult  [27] . Endoscopy alone gives an inaccurate assess-
ment of the lesion and shows only the proximal margin of 
the stricture well. In addition, endoscopy alone requires 
blind cannulation of the lesion and blind predilatation of 
the stricture for endoscopic assessment of the distal extent 
of the lesion. In our experience the combined approach 
with endoscopy and fl uoroscopy is most effective. 

 Several different stents are available which are suitable 
for the use in the gastrointestinal tract. Stent types which 
were used in 606 analyzed procedures were Enteral Wall-
stent TM  (Boston Scientifi c, Natwick, Mass., USA) in 51%, 
other Wallstent TM  (Boston Scientifi c) in 23%, InStent TM  
 (InStent Inc., Eden Prairie, Minn., USA) in 8%, Ultrafl ex TM  
(Boston Scientifi c) in 8%, Choo/Song TM  (MI Tech Ltd, 
 Korea) in 3% and several other types in 7% of all cases. 

 The main stent used in the more recently published 
papers was the enteral Wallstent TM . It is currently avail-
able in lengths of 60 and 90 mm and in diameters of 18, 
20, and 22 mm. The enteral Wallstent TM  originally de-
signed for colonic stenting furthermore offers the advan-
tage of a small delivery system (10 Fr) and a long working 
shaft (230 cm). The stent has a good radial force, which 
is particularly useful when sited across the pylorus or 
along the curve of the duodenum. To place the stent 
through-the-scope, a ‘therapeutic channel’ endoscope 
(channel size minimum 3.6 mm) is needed. 

 After being kept on a nil-per-os regimen for 8–12 h, 
patients are placed in the left lateral position. Following 
intravenous sedation (e.g. 50 mg pethidine i.v., 5 mg mid-
azolam i.v.) the endoscope is advanced to the proximal 
end of the stenosis. Proximal and distal margins of the 
stricture can be assessed by contrast injection with fl uo-
roscopical control. Sometimes it is helpful to mark the 
margin with a submucosal injection of contrast (e.g. 1 ml 
lipiodol). A stiff guide wire (0.035 or 0.038 inch with a 
soft tip) is then advanced as deep as possible across the 
stenosis with fl uoroscopic control ( fi g. 2a ) .  The choice of 
the guide wire is important in negotiating the often ir-
regular and tortuous strictures and sometimes a hydro-
philic wire is needed and can later be changed into a stiff 
wire which reduces buckling of the insertion shaft. A dil-
atation with a balloon or a bougienage prior to stent in-
sertion it not recommended and only necessary if the 
stent device does not pass the stricture. The stent is then 
advanced over the wire through-the-scope and placed by 
keeping the endoscope stationed adjacent to the stricture 
( fi g. 2b ) .  Pushing forward the stent can be assisted by pull-
ing the wire a little backward especially in very tortuous 
and tight strictures. Wallstents shorten during expansion, 
which must be taken into consideration when positioning 
the introduction system. 

 Deployment of the stents should be performed under 
both fl uoroscopic and endoscopic control. Pulling back 
the restraining sheath is normally easy to perform. In cas-
es with strong angulated tumors it can be more diffi cult 
and needs time. The stent should always be selected at 
least 2–3 cm longer than the treated stricture and placed 
with a minimum distance of 2–3 cm proximally or dis-
tally at an angulation to reduce intestinal obstruction. 
During stent deployment, continuous, gentle upward 
traction should be applied on the catheter to prevent dis-
tal stent migration. An advantage of the Wallstent TM  is 
that it can be recaptured (if not expanded over more than 
75%) by advancing the constraining sheath and reposi-
tioning the entire stent. Dilatation after stent deployment 
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is rarely needed, as these stents tend to self-expand with-
in the next 24–48 h after deployment. 

 Endoscopic evaluation without passage through the 
stent followed by Gastrografi n contrast-enhanced upper 
gastrointestinal radiography should immediately be car-
ried out to assess the patency and location of the stent 
( fi g. 3a ) .  The next day, contrast images should be per-
formed to ensure stent passage ( fi g. 3b ) .  

 Follow-Up 
 Technical success defi ned as successful stent place-

ment and deployment can be achieved in 97% of all pa-
tients  [12] . In less than 5%, technical failure occurs main-
ly due to failure to gain access through the obstruction – 
complicated anatomy or severe obstruction. Sometimes 
failures are caused by stent positioning and deployment 
issues. Clinical success defi ned as relief of symptoms and/
or improvement of oral intake can be achieved in 89% of 
the technically successful stented patients. 

 Clinical improvement of gastric emptying can be mea-
sured on the pooled population in accordance with the 
Gastric Outlet Score (no oral intake = 0, liquids only = 1, 
soft solids = 2, full diet = 3)  [28] . At baseline, the score of 
the 606 review patients was 0.4 and reached 2.4 after the 
intervention  [12] . Post-procedure oral intake improved 
for all clinically successful patients. 48% of them were on 
full diet, 39% on soft solids and 13% on liquids only. 11% 

of the group did not experience symptom relief and/or 
improvement of food intake. The majority of these fail-
ures (61%) were due to progression of the disease, 20% to 
early migrations, and 15% to procedure-related reasons 
such as a stent deployed too proximally or too distally, a 
stent not expanded fully or a prosthesis not correctly 
placed. 

 It is important for the clinical management that fi nal 
resolution of symptoms is attained within a mean of 4 
days and a broad range of 1–7 days. So after the procedure 
the patients can be started on clear liquid diet within 24 
h, progressing to full diet as tolerated. These outcomes are 
strong indicators of patient comfort, and therefore qual-
ity of life after the intervention. To improve clinical ef-
fi cacy, a standardized enteral feeding protocol should be 
followed within the fi rst 3–5 days after stent insertion 
 [12] . Because the survival time of patients after palliative 
enteral stenting is limited with a mean of 12.1 weeks, pa-
tient description is a major but diffi cult issue. 

 Complications 
 The stent procedure is in general safe and no proce-

dural mortality has been reported up to now in the litera-
ture  [12] . Severe complications including perforation and 
bleeding are rare, occurring in less than 1.2% of all inter-
ventions. Non-severe complications occur in 27% of the 
stent population. Obstruction of the stent represents the 

  Fig. 2.   a  Guide wire in position.  b  Stent in position during release. 
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majority of events with 18%. The causes of obstruction 
were mainly due to the progression of the disease: tumor 
in- or overgrowth and obstruction at other sites. Some 
obstructions are due to stent and technical reasons (gen-
erally implantation issues, such as insuffi cient stenosis 
coverage, stent fracture or broken struts, and collapse of 
the stent etc.). Obstruction of SEMS remains a problem 
especially when utilizing non-covered devices in patients 
for long-term palliation. New stent designs with greater 
diameter and the effi cacy to prevent tumor ingrowth may 
solve this problem in the future  [29, 30] . 

 Rarely, obstructions due to the migration of the stent, 
food impaction or mucosal prolapse occur. The migration 
rate of enteral stents is about 5%. In the majority of pa-
tients, stent migration can be managed by insertion of an 
additional stent; some patients do not need another in-
tervention or must undergo surgery. 

 Post-procedural biliary problems due to stent-induced 
obstruction of the papilla major rarely occur and can be 
managed by placement of a biliary stent. There is still 
discussion regarding primary biliary drainage before an-
troduodenal stenting. Some authors have reported high 
biliary intervention rates due to secondary biliary ob-
struction following duodenal stent insertion  [28] . This 
data may support a recommendation for primary biliary 
evaluation and SEMS stent placement in patients with 
distal tumor involvement of the papilla or expected stent 
application across the papilla to prevent secondary biliary 
obstruction. 

 Nutritional Support in Gastric Cancer Patients 
 Nutritional support in patients with upper gastrointes-

tinal cancer is often diffi cult to achieve for several reasons. 
Obstruction caused by the tumor may preclude oral inges-
tion, and odynophagia, and anorexia may compound the 
problem. Although the variety of palliative methods de-
scribed above are often effective, failures do occur. Fur-
thermore, many studies have shown that even when lumi-
nal patency is achieved, dysphagia persists because of 
functional diffi culties with swallowing that may be related 
to tumor invasion of neuromuscular structures  [31] . 

 There are four primary perspectives in the nutritional 
care of cancer patients  [32] . First, nutritional care should 
always be considered supportive, whether the oncologic 
aim is cure or palliation. The goal of nutrition care is al-
ways to support nutritional status, body composition, 
functional status, and quality of life. 

 Second, nutritional intervention in end-stage malnu-
trition is potentially more successful than chemothera-
peutic approaches in end-stage malignancy. In both cases, 
early diagnosis and intervention offer the best chance for 
success  [33] . Hospital malnutrition is well known and the 
incidence in hospitalized tumor patients ranged from 30 
to 55%  [34] . Malnutrition has an economic impact and 
is associated with longer hospital stays, higher costs and 
increased mortality and morbidity  [35] . 

 Third, reduced caloric and protein intake serve as the 
primary basis for clinically evident nutritional deteriora-
tion in malignancy. Anorexia is the most common symp-
tom contributing to poor nutrient intake in many of the 

  Fig. 3.   a  Stent after release.  b  Contrast study after 24 h. 
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tumor patients. In addition, inadequate oral intake is 
caused by numerous gastrointestinal symptoms (e.g. nau-
sea, vomiting, stomatitis, mucositis, diarrhea, obstipa-
tion), sensory changes and pain. In cancer, high infl am-
matory stress is usual and the tumor cell-initiated infl am-
mation process has a paradoxical effect  [32] . The 
infl ammatory response is as effective as invading patho-
gens. However, while the infl ammatory process may be 
effective in dealing with single malignant cells, once can-
cer is established the infl ammatory process becomes a 
cause of the patient’s demise, rather than a means of de-
stroying the tumor. In addition to stimulating the cyto-
kine mediated and hormonal aspects of the infl ammatory 
response, tumor-specifi c products also add to the level of 
infl ammatory stress in the patient. There is a different 
quality of tissue depletion in the syndrome of cancer ca-
chexia to that seen during starvation. While starvation 
results primarily in fat loss, with secondary loss in protein 
mass, cachexia results almost equally in fat and protein 
loss. 

 Fourth, a standardized, easily performed, cost-effec-
tive and predictive assessment tool is absolutely neces-
sary to judge the success or failure of any nutritional reg-
imen (e.g. subjective global assessment (SGA)). This as-
sessment instrument formalizes standard available 
information obtained as part of a patient database in a 
manner similar to the subjective evaluation of perfor-
mance status  [32] . 

 Enteral Nutrition 
 Enteral nutrition is indicated if the gastrointestinal 

tract functions but swallowing or mastication is compro-
mised by disease or neurological disorders, or if it is need-
ed to pass an obstructed area, especially in gastric tumor 
patients. It is important that the decisions about tube 
feeding be made after a proper evaluation of the patient. 
This will avoid initiating enteral nutrition in instances 
where a more conservative approach may be successful 
 [36] . Decisions in tumor patients need to be individual-
ized, however, because many patients will do well if in-
structed and helped from the onset of therapy by a skilled 
dietician. In some cases with anorexia, food supplements 
and appetite enhancers can be quite effective and are less 
risky, and certainly much less expensive than tube feed-
ing  [36] . 

 The advantage of tube feeding is that it is like oral feed-
ing and relies on the absorption of nutrients or specifi c 
solutions providing supplemental or complete nutrition 
through the intestinal mucosa. Enteral nutrition support 
can be achieved by the use of transnasally and percutane-

ous endoscopically placed tubes in the stomach or the 
jejunum. The types of tubes have different indications, 
advantages and complications. Specifi c details of inser-
tion have been described before  [38] . 

 Tube Feeding 

 Nasoenteral Tube Feeding 
 Nasogastral and nasoenteric feeding tubes are avail-

able for short-term ( ! 4 weeks) use in cancer patients. The 
advantage is that no endoscopic access is necessary to 
place nasogastric tubes. In gastric tumors, nasogastric 
feeding is often ineffective and the risk of aspiration 
pneumonia is high in patients with delayed gastric emp-
tying  [37] . The indication for nasoenteral feeding should 
primarily be given in cases with malignant outlet stenoses 
 [38, 39] . In these patients, two or three lumen tubes should 
be preferred because they increase the tolerance of en-
teral feeding by simultaneous gastric decompression  [39] . 
Endoscopic or fl uoroscopic guidance are essential to place 
nasoenteric tubes and both techniques are often com-
bined  [40, 41] . Endoscopic positioning can be achieved 
by pulling the tube into the jejunum beneath the scope 
(BTS) or pushing it over a wire (OTW) which was ini-
tially placed under endoscopical control  [38]  ( fi g. 4 ). 

 Percutaneous Tube Feeding 
 Since its clinical introduction by Gauderer et al.  [42] , 

percutaneous endoscopic gastrostomy (PEG) has been 
widely used to maintain long-term ( 1 4 weeks) enteral nu-
trition and is currently the standard method for enteral 
feeding in patients with swallowing disorders  [38].  Stud-
ies have shown good long-term success of PEGs in sup-
plying nutrition and preventing aspiration in patients 
with cancer  [43] . It is today evident from these studies 
that percutaneous endoscopically placed tubes for enter-
al nutrition are safe to insert and are effective in provid-
ing long-term nutrition for patients with dysphagia, gas-
tric outlet obstruction, or recurrent aspiration  [38] . 

 In patients with advanced tumors and ascites the prob-
lem of leakage after PEG occurs in up to 25%  [44] . Di 
Lorenzo et al.  [45]  reported a signifi cant risk of leakage 
and subsequent peritonitis due to displacement of the 
stomach from the abdominal wall. However, Lee et al. 
 [46]  could demonstrate a favorable result of the pull-
through PEG in patients with ascites after preinterven-
tional paracentesis. Ryan et al.  [47]  performed percutane-
ous radiological gastrostomy placement using the T-fas-
tener technique in patients with malignant ascites with a 
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complication rate of 15.6%. The combination of endoscop-
ic suture gastropexy with the PEG pull-through technique 
can be very effective in patients with ascites  [48] . Due to 
our experience with the gastropexy technique, we think 
that three or four sutures are needed to have a safe attach-
ment of the anterior gastric to the abdominal wall ( fi g. 5 ). 
PEG tubes may be required for purposes of gastric decom-
pression in patients with malignant ascites. We think that 
this new technique can be a helpful tool in these cases. 

 Patients with malignant gastric or gastroduodenal out-
let obstructions often suffer from gastric distension and 
vomiting. The jejunal enteral tube through the PEG 
(PEG-J) can be very helpful to give gastric decompression 
via PEG and simultaneous jejunal nutrition. The tube 
can be placed by pushing a jejunal feeding tube through 
the previously placed PEG using a BTS or OTW tech-
nique. An initial positioning of the tube behind the liga-
ment of Treitz is essential to reduce the retrograde migra-
tion rate  [49] . Although the effi cacy to reduce tube feed-
ing-related aspiration has not been proven defi nitively in 
many patients, the gastric decompression via PEG and 
simultaneous jejunal nutrition shows clinical benefi t in 
many patients  [50, 51] . 

 For long-term jejunal feeding, direct percutaneous en-
doscopic jejunostomy (D-EPJ), a modifi cation of the pull 
PEG technique, is the ideal procedure. D-EPJ can nor-
mally placed without problems in patients with partial or 

post-gastrectomy and is considerably more diffi cult prior 
to surgery  [52–54] . 

 No guidelines are available for selecting patients for 
either PEG-J or D-PEJ. Although it is evident that patients 
with partial (Billroth I or II resection) or total gastrectomy 
are ideal candidates for D-EPJ. The decision to use PEG-
J or D-EPJ depends on the individual situation of the pa-
tients  [55] . In patients with gastroparesis and a history of 
aspiration or refl ux we prefer D-EPJ, and also in those 
with gastric outlet stenosis and vomiting PEG-J  [38] . 

 In experienced centers, endoscopic tube placement is 
not successful in less than 2% of all patients. There are 
different techniques to create a surgical gastro- or jejunos-
tomy but also laparoscopic techniques are available now. 
Needle catheter jejunostomy can always be applied in 
surgical interventions in cancer patients and carries few-
er complications than a formal tube jejunostomy  [56] . 

 An important aspect of long-term enteral access are 
minor or major complications. The main complications 
are leakage, bad odor from the stoma, skin irritation and 
granulation tissue. To reduce these problems and to in-
crease patient’s quality of life, skin-level devices were in-
troduced. Skin-level gastrostomy tubes provide an easy 
and comfortable approach for enteral nutrition and are 
well established. These systems (e.g. button, skin-level 
conversion system, one-step button) should not be pri-
marily used in cases with advanced gastric tumors  [38] . 

  Fig. 4.  Multiple lumen nasoenteral tube in position – the tip of the 
tube is behind the ligament of Treitz. 

  Fig. 5.  Pull-through PEG in a patient with ascites combined with 
four gastropexy sutures. 
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 Total Parenteral Nutrition (TPE) 
 Cancer is the most common indication for the use of 

TPE as a method used for the delivery of nutrients di-
rectly into the blood, bypassing the decreased food intake 
and dysfunction of the gastrointestinal tract  [57] . TPE has 
been shown to be appropriate for malnourished cancer 
patients receiving aggressive anticancer treatment, and to 
have a permissive role in those patients who cannot be 
given oncologic therapy because of a poor nutritional sta-
tus. 

 TPE should be reserved for patients with gastrointes-
tinal tract dysfunction due to an obstruction, peritoneal 
carcinomatosis, surgery, high output fi stula, fi brosis or 
major intestinal resections, who have a reasonable prog-
nosis and cannot tolerate enteral feeding  [57] . This cate-
gory of patients can benefi t from long-term TPE at home, 

with TPE-related complications comparable to those seen 
in benign diseases. The use of TPN in advanced cancer 
with gastrointestinal obstruction or severe dysfunction 
should be carefully considered with reference to several 
factors. It is predicated on the expectation of demonstra-
ble benefi t for the patient. The effi cacy depends on wheth-
er it improves the quality of life rather than simply length-
ening survival. In different studies mean survival ranging 
from 17 days to 3.7 months from appearance of bowl ob-
struction has been reported in advanced cancer patients 
treated by medical management. Unfortunately, poor 
candidates for TPN are evident retrospectively and the 
routine use of TPN should be avoided when it takes the 
form of prolongation of life. Only those patients who 
strongly support this decision after explanation should be 
offered this regimen. 
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 Introduction 

 In Germany, gastric cancer is diagnosed in approxi-
mately 20,000 individuals every year. Most patients suf-
fer from advanced disease either due to local invasion or 
the presence of lymph node and/or distant metastases. In 
this stage, a curative resection is impossible and palliative 
treatment, besides palliative surgery or endoscopical pro-
cedures, is the only option for these patients with a poor 
prognosis. Therefore, the development of effective and 
well-tolerated systemic palliative chemotherapy regimens 
is very important for the clinical management of these 
patients. Here we review the latest results from clinical 
studies assessing the role of palliative chemotherapy of 
advanced gastric cancer. 

   Treatment Regimens 1  

 5-FU and Combination Chemotherapy 
 5-FU is a pyrimidine antagonist that is similar in struc-

ture to the pyrimidine base thymine and inhibits DNA 
synthesis by blocking the formation of normal pyrimidine 
nucleotides through enzyme inhibition and by interfering 
with DNA synthesis after incorporation into a replicating 
cell. Furthermore, 5-FU is also able to block the produc-
tion of RNA, thereby contributing to cell death. Since the 
therapy of gastric cancers with 5-FU alone only achieves 
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  Abstract 
 Approximately 1 million individuals develop gastric can-
cer every year and the mortality of gastric cancer is only 
second to lung cancer. The poor prognosis is caused by 
late diagnosis of most cancers in advanced stages and 
the limited therapeutic options in these stages. Apart 
from the elucidation of underlying molecular and genet-
ic changes in the development and progression of gas-
tric cancers, the development of new treatment strate-
gies is critical for the improvement of the treatment and 
prognosis of these patients. In this review we have sum-
marized and critically assessed recent studies dealing 
with the chemotherapy of advanced gastric cancer. While 
the effi cacy of most treatment regimens is only limited, 
new developments may indicate that treatment with che-
motherapy may confer some benefi t in the future. 
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low response rates, recently, new combinations with oth-
er drugs were tested and compared to the standard ECF 
protocol. ECF consists of Epirubicin, Cisplatin and 5-FU 
and has been demonstrated to be of high effi cacy in at 
least two large phase III studies in which results were sig-
nifi cantly better than Fluorouracil/Doxorubicin/Metho-
trexate (FAMTX) and mitomycin plus cisplatin plus 5-
FU (MCF)  [1, 2] . ECF is not preferred in some countries 
because it requires a central intravenous line, therefore, 
other treatment regimens have been developed. A phase 
III study of the EORTC tested ELF (Etoposide/Leuco-
vorin/Fluorouracil) against cisplatin/5-FU (FUP) and 
against FAMTX. The overall response rates were disap-
pointing, cisplatin/5-FU achieved only a response rate of 
20%. The median time of survival was between 6.7 
months (FAMTX) and 7.2 months (cisplatin/5-FU and 
ELF)  [3] . In Europe, cisplatin and 5-FU combinations are 
mainly used. In Germany, PLF is used frequently, a com-
bination consisting of cisplatin, and weekly 24-hour con-

tinuous infusion of 5-FU. To this date, a controlled ran-
domized comparison of PLF against ECF has not been 
performed, but based on phase II studies it seems that 
PLF may be superior to ECF. 

 In conclusion, treatment with 5-FU-based combina-
tion therapy shows some survival benefi t for patients with 
advanced gastric cancer, therefore, it has become a basic 
strategy in the past decade for the palliative treatment of 
gastric cancer. However, 5-FU is rapidly degraded by di-
hydropyrimidine dehydrogenase (DPD), and the expres-
sion of DPD seems to be of considerable importance for 
the effi cacy of 5-FU-based therapy. Recently, combina-
tions using oral fl uoropyrimidine co-administered orally 
with inhibitors of this enzyme have been developed. An 
oral compound with DIF (DPD inhibitory fl uoropyrimi-
dine) activity, named S1, has been evaluated in several 
clinical studies. Two earlier phase II clinical studies 
showed a combined response rate of 44.6%  [4, 5] . In 2003, 
Koizumi et al.  [6]  published a new phase I/II study with a 
combination of S1 combined with cisplatin (CDDP). The 
phase II study consisted of 19 patients with advanced gas-
tric cancer that where treated with this regimen. The over-
all response rate was 74% with a median survival time of 
12.6 months. Hematological and non-hematological side 
effects were observed in 15.8 and 26.3%, respectively. 

 UFT, a combination of the oral accessible fl uoro-
pyrimidines uracil and tegafur, is frequently used in pa-
tients with advanced gastric cancer in Japan. Takiuchi  
and Ajani  [7]  tested UFT in a trial with patients suffering 
from advanced gastric cancer and achieved response rates 
of 42% for UFT alone, and of 50% for the combination 
with cisplatin and/or epirubicin. Capecitabine is a recent-
ly developed prodrug of 5-FU that is metabolized to ac-
tive 5-FU after enteral uptake. Capecitabine is activated 
to 5-FU by the enzyme thymidine phosphorylase, which 
is highly expressed in the cancer cells. This 5-FU prodrug 
has been studied in several trials with patients suffering 
from gastric or colon cancer. Kim et al.  [8]  conducted a 
phase II study of capecitabine in combination with cis-
platin. The overall response rate was 55% with a median 
survival time of 10.1 months. Grade 3 and 4 toxicity, ac-
cording to WHO guidelines, was observed in approxi-
mately one third of patients (neutropenia 32.5%). How-
ever, its oral application and selective activation in can-
cer cells makes it an interesting option for the palliative 
treatment of gastric cancer patients. 

   Platinum and Derivatives 
 Platinum is an alkylating agent inhibiting DNA repli-

cation by forming adducts between two adjacent gua-

1  Summary of the abbreviations of treatment regimens

5-FU 5-Fluorouracil
CAC Capecitabine + Cisplatin
CAD Capecitabine + Docetaxel
CDDPS1 Cisplatin + S1 
CF Cisplatin + 5-FU
CFSFU Cisplatin + Folinic acid + 5-FU
CG Cisplatin + Gemcitabine
DC Docetaxel + Cisplatin
DCF Docetaxel + Cisplatin + 5-FU
DFUE Docetaxel + 5-FU + Epirubicin
DG Docetaxel + G-CSF
ECF Epirubicin + Cisplatin + 5-FU
EDP Epirubicin + Docetaxel + Cisplatin
ELF Etoposide + Leucovorin + 5-FU
FAM Fluorouracil + Doxorubicin + Mitomycin
FAMTX Fluorouracil + Doxorubicin + Methotrexate
FS Folinic acid
FUP Cisplatin + 5-FU
I Irinotecan
IC Irinotecan + Cisplatin
IFU Irinotecan + 5-FU
IFSFU Irinotecan + Folinic acid + 5-FU
IFUL Irinotecan + 5-FU + Leucovorin
IOP Irinotecan [CPT-11] + Oxaliplatin [L-OHP]
MCF Mitomycin + Cisplatin + 5-FU
OFSFU Oxaliplatin + Folinic acid + 5-FU 24 h
PELF Cisplatin + Epidoxorubicin + Leucovorin +

Fluorouracil
PLF Cisplatin + 5-FU + Leucovorin
UFT Uracil + Tegafur
UFT + C/E Uracil + Tegafur + Cisplatin and/or Epirubicin
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nines or between guanine and adenine molecules. Re-
cently a study using a new cisplatin-based combination 
was published by De Lange et al.  [9]  in 2004. They used 
cisplatin with gemcitabine and tested it in 24 patients 
with advanced gastric cancer. Gemcitabine itself showed 
no signifi cant antitumor activity in gastric cancer, despite 
the fact that this drug has been demonstrated to be effec-
tive in various gastrointestinal cancers and was even ap-
proved as fi rst-line therapy for advanced pancreatic can-
cer. The overall response rate in this study was 30%. In-
terestingly, the median time of survival was 11 months, 
which was considered a positive result. Aside from cis-
platin, other platin derivatives have also been studied in 
gastric cancer. Oxaliplatin, another alkylating agent, ap-
pears to be more effective than cisplatin regarding the 
inhibition of DNA synthesis. This drug along with fo-
linic acid and fl uorouracil was recently tested in a phase 
II study in 41 patients. Al-Batran et al.  [10]  reported an 
overall response rate of 43% and a median time of sur-
vival of 9.6 months. While these results are comparable 
to other chemotherapy regimens, their patients experi-
enced signifi cantly less toxicity, mainly consisting of 
WHO grade 1 and 2 nausea (73.1%), vomiting (41.5%) 
and diarrhea (36.6%). Grade 3 and 4 toxicities were ane-
mia (7.3%) and neutropenia (4.9%). A treatment regimen 
including a platin derivative called PELF (Cisplatin/
Epidoxorubicin/Leucovorin/Fluorouracil) was tested by 
Cocconi et al.  [11]  against fl uorouracil and doxorubicin/
mitomycin (FAM) in a controlled randomized trial in 
patients with gastric cancer. PELF proved to be superior 
with an overall response rate of 38% and a median time 
of survival of 7.7 months ( table 1 ). 

   Taxanes 
 Taxane-based drugs interfere with mitosis and cell rep-

lication by binding to a subunit of tubulins. Mainly two 
taxane-based drugs are used for the treatment of ad-
vanced gastric cancer: paclitaxel (Taxol) and docetaxel 
(Taxotere). Several phase II studies have been performed 
over the last decades to evaluate the effi cacy of these drugs 
for the control of gastric cancer growth. Among others, 
Kim et al.  [12]  used a regimen consisting of Taxol, cis-
platin and 5-FU in 41 patients with advanced gastric can-
cer. The overall response rate was 51%, but the overall 
survival was just 6 months. In the same year, Chun et al. 
 [13]  reported the results of their study using the same 
regimen in 37 patients. In this study, the overall response 
rate was higher with 64%, however overall survival was 
again poor with 7 months. Kollmannsberger et al.  [14]  
took a different approach and combined paclitaxel with 

cisplatin and 5-FU. They treated 45 patients and the 
overall response rate was 51% with an overall survival 
time of an impressive 14 months. 

 Since docetaxel (Taxotere) is considered to be more 
potent in tumor growth control compared to Taxol, sev-
eral groups used this drug for the therapy of gastric cancer. 
In 2000, Roth et al.  [15]  used Taxotere and cisplatin as a 
combination therapy in 48 patients with advanced gastric 
cancer, gaining an overall response rate of 56% and an 
overall median survival time of 9 months. Four years lat-
er the same group  [16]  tested a combination of Taxotere, 
cisplatin and 5-FU in 52 patients, but the result was not 
superior to the two-drug regimen (RR 50%; overall sur-
vival time 9.3 months). The group of Ajani et al.  [17]  also 
tested docetaxel, cisplatin and 5-FU (DCF) in a phase III 
study and compared their results to the combination of 
cisplatin und 5-FU (CF). While DCF was superior to CF 
with a response rate of 39% compared to 23% and an over-
all median survival of 10.2 months compared to 8.5 
months, it was not superior compared to other docetaxel-
based studies. Even worse, the rate of WHO grade 3 and 
4 neutropenia increased to 80% for the DCF regimen. In 
2001, Ridwelski et al.  [18]  also tested docetaxel and cis-
platin in 39 patients. The overall response rate was 37% 
and the median survival was 10.4 months in their study 
population. In a further phase II study reported by Lee et 
al.  [19] , docetaxel was combined with cisplatin and epiru-
bicin. 30 patients were treated, the overall response rate 
was 47% and the median survival was 11 months. Mav-
roudis et al.  [20]  published a phase II study with 30 pa-
tients who were treated with docetaxel and granulocyte 
colony-stimulating factor. The response rate was only 20% 
und the median survival 7 months. Interestingly, the com-
bination of docetaxel with capecitabine, an oral fl uoropy-
rimidine, proved to be more successful. Park et al.  [21]  
enrolled 42 patients in a phase II study between 2001 and 
2003. Of these patients, 38 were available for evaluation 
of tumor response, the overall response rate was 60% with 
a median survival time of 10.5 months ( table 1 ). 

   Irinotecan 
 Irinotecan is a DNA topoisomerase I inhibitor that 

interferes with DNA replication and cell division. Re-
cently, a signifi cant survival advantage for the single 
agent in patients with colorectal cancer, who failed in a 
fi rst-line therapy with 5-FU, has been reported  [22] . Chun 
et al.  [23]  used a similar approach and conducted a phase 
II study in 37 patients with advanced gastric cancer, who 
failed in the fi rst-line therapy with cisplatin. The result 
was an overall tumor control rate of 42.9% but the overall 
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response rate was just 20% with a median time of sur-
vival of 5.2 months. Main complications were neutrope-
nia and diarrhea. Those fi ndings were confi rmed by Bugat 
 [24]  who used irinotecan as a single agent in patients with 
gastric cancer and reported response rates between 17 and 
23%. Assersohn et al.  [25]  combined irinotecan with 5-
FU/leucovorin in a phase II study with patients with pri-
mary refractory or relapsed advanced esophageal and gas-
tric carcinomas; 38 patients were treated in this study. 
The overall response rate was 29% and the median time 

of survival was 6.4 months. In 2003, Koehne et al.  [26]  
studied the effi cacy of irinotecan as a single agent in 40 
patients with metastatic gastric cancer, but the response 
rate was only 20%, with a median survival of 7.1 months. 
More promising results were achieved through the com-
bination of irinotecan (CPT-11) with oxaliplatin as a fi rst-
line treatment. Souglakos et al.  [27]  analyzed 32 patients 
who received this regimen. The overall response rate was 
50% and the median time of survival 8.5 months. Bouche 
et al.  [28]  conducted a randomized phase II trial using 

Table 1. Overview of recent chemotherapy studies for the treatment of gastric cancer

Group (fi rst author) Year Protocol Design Patients Overall
response
rate, %

Median time
of survival
months

Platinum and combinations
Cocconi 2001 FAMTX RCT 97 21 6.9

PELF 98 38 7.7
Koizumi 2003 CDDPS1 Phase II 19 74 12.5
De Lange 2003 CG Phase II 23 30 11.0
Al-Batran 2004 OFSFU Phase II 41 43 9.6

Taxanes
Kim 1999 Taxol + Cisplatin + 5-FU 41 51 6.0
Chun 1999 Taxol + Cisplatin + 5-FU 37 64 7.0
Mavroudis 2000 DG Phase II 30 20 7.0
Roth 2000 Taxotere + Cisplatin 48 56 9.0
Kollmannsberger 2000 Paclitaxel + Cisplatin + 5-FU Phase II 45 51 14.0
Ridwelski 2001 DC Phase II 39 37 10.4
Ajani 2003 DCF Randomised

phase III
39 10.2

CF 23 8.5
Lee 2004 EDP Phase II 30 47 11.0
Park 2004 CAD Phase II 38 60 10.5
Roth 2004 Taxotere + Cisplatin + 5-FU Phase II 52 50 9.3

Irinotecan based
Boku 1999 IC 44 48 10.1
Pozzo 2001 IFSFU Randomized 

phase II
74 34 10.7

IC 72 26 6.9
Ajani 2002 IC 38 58 9.0
Köhne 2003 I Phase II 40 20 7.1
Bouche 2003 LFU Randomized 

phase II
45 14 6.8

PLF 44 27 9.5
IFUL 45 40 11.3

Bugat 2003 I 17–23
Louvet 2004 IFSFU Phase II 40 11.3

CFSFU 27 9.5
Assersohn 2004 IFUL Phase II 38 29 6.4
Chun 2004 I 37 20 5.2
Souglakos 2004 IOP Phase II 32 50 8.5
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leucovorin and 5-FU. This treatment was then combined 
with either cisplatin or irinotecan in their study. The com-
bination with irinotecan achieved the best result in this 
study with a response rate of 40% (14% for single infusion, 
27% for the cisplatin combination) and a median time of 
survival of 11.3 months (6.8 single; 9.5 for cisplatin com-
bination). Recently, very promising results were reported 
from the group of Ajani et al.  [29],  who used the combina-
tion of irinotecan with cisplatin in 38 patients with gastric 
cancer. The response rate was 58% with a median time of 
survival of 9 months. Boku et al.  [30]  also combined iri-
notecan and cisplatin and tested this regimen in 44 pa-
tients. The overall response rate was 48% and, thus, lower 
compared to the study reported by Ajani et al.  [29] , how-
ever the median time of survival was increased (10.1 
months). In contrast, other groups have reported less 
promising results for the combination of irinotecan with 
other chemotherapeutic agents for the treatment of gastric 
cancer. In a phase II study conducted by Pozzo et al.  [31]  
the combination of irinotecan/cisplatin was tested against 
irinotecan/folinic acid/5-FU. The two-agent regimen 
achieved a response rate of 26%, whereas the triple ther-
apy achieved a response rate of 34%. Overall median time 
of survival was 6.9 months for irinotecan and cisplatin 
compared to 10.7 months for irinotecan/folinic acid/
5-FU. This triple therapy was tested again in 2003 by 
Moehler et al.  [32] , who tested the irinotecan-based ther-
apy against a therapy with etoposide and 5-FU (ELF). The 
response rate in the irinotecan-based therapy was 43%. 
Furthermore, Louvet et al.  [34]  conducted a study in 
which the treatment with irinotecan/folinic acid/5-FU 
was tested against cisplatin/folinic acid/5-FU. The re-

sponse rate for the irinotecan-based therapy was very sim-
ilar with 40% (compared to 27% for the cisplatin-based 
therapy) and the overall median time of survival was 11.3 
months  [33–35] . Altogether, irinotecan improved the me-
dian time of survival in a subgroup of patients with gastric 
 cancer. 

   Conclusion 

 Despite recent developments in the assessment of new 
therapeutic reagents for the therapy of advanced gastric 
cancer, the impact on survival has been limited. The de-
velopment of prodrugs and orally available drugs are in-
teresting new approaches which need to be studied in 
larger patient series. Nonetheless, a signifi cant subgroup 
of patients with advanced gastric cancer benefi t from the 
therapy with taxanes and/or irinotecan. For the future it 
will be important to (1) further elucidate the pathology of 
gastric cancer(s) on transcriptomic and proteomic levels 
to identify novel targets for a specifi c therapy (please also 
see the article related to advances in molecular therapy 
in this issue); (2) determine subgroups of patients with 
gastric cancer – based on clinical and/or molecular char-
acteristics – that may benefi t from patient-tailored che-
motherapy; (3) determine the underlying molecular 
causes of chemotherapy resistance in gastric cancers and, 
fi nally (4) perform clinical studies with a signifi cant num-
ber of patients in order to confi rm the promising results 
obtained in smaller phase I or phase II studies using the 
new drugs irinotecan and/or taxanes. 
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 Natural History 

 The description of outcomes after curative resection 
of gastric cancer helps in understanding the mechanism 
of peritoneal carcinomatosis development. In 2003, Rovi-
ello et al.  [1]  reported a prospective multicentric study of 
recurrence predictive factors. After potentially curative 
surgery, with adequate lymphadenectomy according to 
the criteria described by the Japanese Research Society 
for Gastric Cancer  [2] , and without adjuvant therapy, the 
regular follow-up after a median period of 48 months 
showed a recurrence in 215 of the 441 patients (49%). 
Peritoneal recurrence occurred in 77 cases (36%) associ-
ated with locoregional recurrence in 16 cases. Both lo-
coregional and peritoneal recurrence represented 80% of 
cases. The clinicopathological features associated with 
this peritoneal evolution were diffuse-mixed Lauren his-
tological type  [3] , depth of invasion and particularly the 
serosal involvement, lymph node involvement and tumor 
size. Maehara et al.  [4]  in 1996, with a cohort of 1,117 
patients, as well as Yoo et al.  [5]  in 2000 with a cohort of 
2,328 patients, had already published the same conclu-
sions of poor prognosis for patients with gastric cancer 
operated with a curative intent, when pathologic results 
showed poorly differentiated tissue type with serosal in-
volvement and lymph node metastasis. A high growth 
pattern represented by the level of proliferating cell nu-
clear antigen and by younger age is also reported  [4, 5] . 
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 Abstract 
 Peritoneal carcinomatosis may occur after curative sur-
gery of any gastrointestinal carcinoma, but it is however 
the most frequent form of evolution after curative resec-
tion of gastric carcinoma and is present at the time of 
surgery in many cases. This locoregional extension of 
cancer has a poor prognosis, with a great mortality and 
a poor quality of life. It is sometimes considered of such 
a poor prognosis that patients do not go through any 
resection or palliative procedure. Techniques of radio-
therapy, chemotherapy and intraperitoneal chemother-
apy have been used with moderate clinical effi cacy. 
Since the 1990s, intraoperative hyperthermic peritoneal 
chemotherapy combined with comprehensive cytore-
ductive surgery has been proposed to improve progno-
sis of patients with peritoneal carcinomatosis from gas-
tric origin as well as carcinomatosis from colorectal 
origin or pseudomyxoma peritonei. 
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 The role of peritoneal free cells seems to be another 
main prognostic factor. Bando et al.  [6]  examined the 
prognostic value of intraoperative peritoneal lavage for 
cytological examination in 1,297 patients with gastric 
cancer. A strong correlation was found between positive 
cytology and carcinomatosis: 50% of positive cytology in 
case of peritoneal carcinomatosis, versus 5% in its ab-
sence. But most interesting was the correlation between 
the depth of the tumor invasion and the positive cytology 
with 0 positive cytology for pT1 tumor, 9% for pT2 and 
30% for pT3 and pT4 tumors. Cytology was also more 
often positive for undifferentiated carcinoma. A perito-
neal positive cytology was a signifi cant poor prognostic 
indicator: 77% of patients without macroscopic carcino-
matosis but with positive cytology developed peritoneal 
recurrence (risk ratio = 31.8). Further, in 1994, Ikeguchi 
et al.  [7]  calculated the area of serosal invasion. When it 
was  ! 10 cm 2 , only 17% of patients had positive cytology, 
versus 68.5% when it was  1 20 cm 2 . 

 Many mechanisms of peritoneal carcinomatosis have 
been proposed: not only spreading of free cancers cells 
due to serosal involvement of the primary tumor  [8] , with 
implantations of cells due to the presence of adherence 
molecules  [9] , but also lymphatic and venous dissemina-
tion of malignant cells. With surgery, manipulation of the 
tumor, transsection of the lymphatic channels and blood 
vessels will draw malignant cells out of their primary site, 
in the peritoneal cavity. Healing of all surgical wounds 
could include these malignant free cells and enhance their 
proliferation, increased by their own capabilities of mul-
tiplication  [10] . 

 Terminal evolution of patients with peritoneal carci-
nomatosis leads to ascites, bowel occlusion, pain, and 
death in all cases. The EVOCAPE 1 trial  [11]  showed that 
death occurred after diagnosis within a mean of 6.5 
months and median of 3.1 months (range 0.1–48.0) in a 
cohort of 125 patients. 

 Adjuvant Chemotherapy 

 Drugs found to be effective for treatment against gas-
tric cancer are 5-fl uorouracil, cisplatin, epirubicin, doxo-
rubicin, etoposide, mitomycin C, taxol, oxaliplatin or iri-
notecan (CPT-11), but there is no standard treatment for 
gastric cancer. Many studies evaluated the role of chemo-
therapy on survival and cure after surgery, but their re-
sults are controversial. Three meta-analyses tried to con-
clude thanks to a greater number of patients included in 
the statistical analysis. However, as described by Hu et 

al.  [12] , many of these prospective comparative studies 
were of low methodological quality. 

 The fi rst meta-analysis reported by Hermans et al.  [13]  
in 1993 included 2,096 patients from 11 trials published 
between 1980 and 1993. The odds ratio (OR) calculated 
by comparison of the adjuvant chemotherapy arm versus 
the surgery-only arm was 0.88 (95% CI 0.78–1.08). In 
conclusion, there was no additional survival benefi t of 
adjuvant chemotherapy for patients treated by surgery 
with curative intent. 

 The second meta-analysis published by Hu et al.  [12]  
in 2002 on 4,543 patients from 14 trials concluded on the 
survival benefi t of adjuvant chemotherapy versus surgery 
alone, with an OR of 0.81 (95% CI 0.70–0.94), but the 
authors concluded that this result was not very strong be-
cause studies compiled were not of good methodological 
quality. 

 Janunger et al.  [14]  reported the third meta-analysis 
showing a similar signifi cant survival benefi t for adjuvant 
chemotherapy versus surgery alone (OR 0.84; 95% CI 
0.74–0.96). However a second analysis in this study, 
which compared results obtained in Western countries to 
those of Asian countries, showed no benefi t of chemo-
therapy for patients treated in Western countries (OR 
0.96; 95% CI 0.83–1.12). More recent trials testing ‘new 
drugs’ like oxalipatin or irinotecan showed interesting re-
sults in phase II trials, when compared with historical 
studies, but median survival did not exceed 8.5–12 
months  [15, 16] . 

 In conclusion, adjuvant chemotherapy does not ap-
pear to really improve survival of patients with gastric 
cancer. 

 Preoperative Chemotherapy 

 To improve the chance of complete surgical resection 
and patient survival, several trials were conducted testing 
preoperative chemotherapy. The theoretical base is that 
vascularization is impaired after surgery with multiple 
vascular ligations. Drugs given before surgery could then 
be better delivered in all sites and lead to a downstaging 
of the tumor which could offer more possibilities of com-
plete resection. Moreover, destruction of free circulating 
cells could be more effective before surgery, because of 
often delayed postoperative chemotherapy due to com-
plicated postoperative courses. This signifi cant prognos-
tic advantage seems to be reached with the results pub-
lished by Newman et al.  [17]  in 2002 in a trial with only 
22 patients; 19 could undergo surgery with 18 R0 resec-
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tions. Understaging was effective with 16% pT3 after che-
motherapy versus 85% uT3 preoperatively, and 37% 
stage IIIA versus 70% before treatment. The authors 
agreed with a probably overstaging in the initial evalua-
tion, but downstaging was important. Only 1 postopera-
tive death was described, and median survival was not 
reached at 15 months. 

 In 2001, Schumacher et al.  [18]  reported a phase II 
trial with 42 patients treated preoperatively by doxorubi-
cin + cisplatin + etoposide for 3–4 cycles followed by sur-
gery 28 days after the completion of chemotherapy. Side 
effects were described as ‘substantial’, but only 28/42 pa-
tients received the whole treatment. Thirty-one patients 
underwent a curative resection and 5 a palliative one. 
Specifi c severe postoperative complications occurred in 
7 patients, linked to abdominal abscesses. Median sur-
vival for patients with complete resection was 28.4 months 
versus 7.6 for those with R1–R2 resections (p = 0.0001) 
and response to chemotherapy was a signifi cant prognosis 
factor of survival (p = 0.008). Recurrence appeared to be 
more frequent in locoregional and peritoneal sites than 
visceral metastasis. 

 In the trial of Ott et al.  [19],  49 patients received pre-
operative treatment with cisplatin, leucovorin and 5-fl u-
orouracil (5-FU) for 2 cycles and the surgical procedure 
was programmed 2 weeks after. Only 38/49 patients re-
ceived the scheduled treatment because of toxicity or 
general health status deterioration, and 32/42 patients 
underwent a curative resection versus 5 patients a pal-
liative one. Median survival was 32 months (range 7.6–
80) after complete resection and 7.5 (range 5.8–73) after 
the palliative one (p  !  0.0001). Recurrence appeared to 
be more frequently local or peritoneal than hepatic. 
Moreover, in these trials, postoperative morbidity was 
not increased by neoadjuvant chemotherapy. In another 
publication. Marcus et al.  [20]  reported the same conclu-
sions for neoadjuvant therapy with cisplatin + 5-FU, but 
morbidity was high after such extensive surgery: 39% 
with neoadjuvant chemotherapy versus 41% for surgery 
alone. 

 Nevertheless, the Dutch FAMTX trial  [21]  premature-
ly closed after inclusion of 59 patients. A high rate of ad-
verse effects from preoperative chemotherapy with 5-FU 
+ doxorubicin + methotrexate was observed with no ad-
vantage in survival: median survival after randomization 
was 18.2 months in the FAMTX group versus 30 months 
in the surgery-alone group. Authors concluded that che-
motherapy delayed surgical resection and was a loss of 
chance for patients. 

 Although results of preoperative chemotherapy seem 
promising, large randomized trials are needed to prove 
its effi cacy. 

 Surgery 

 Peritoneal seeding is one of the statuses that makes the 
surgeon hesitant about the usefulness of his actions for 
patients. However, it is not a rare situation. For 10–20% 
of patients preoperatively well explored with no pejora-
tive sign, no ascites or macroscopic node, a peritoneal 
carcinomatosis will be discovered at the time of surgical 
exploration. Then, the fi rst thought to decide the type of 
surgery must be to assess the goal that can be reached: Is 
curative surgery possible? Is palliative surgery necessary? 
A decision must be taken knowing that palliation should 
provide an acceptable quality of life and avoid potential 
complications like bleeding, perforation or intestinal ob-
struction. Moreover, adjuvant therapy could be more ef-
fective for smaller tumor nodules, and reduction of peri-
toneal carcinomatosis should limit ascites occurrence. All 
these theoretical points should infl uence the surgeon to 
do a maximal resection. 

 For years, many trials have shown that resection of the 
tumor with total or partial gastrectomies improves qual-
ity of life and survival when compared to palliative by-
pass. Historical studies like those published in 1988 by 
Hallissey et al.  [22]  from the Birmingham Cancer Regis-
try or in 1989 by Haugstvedt et al.  [23]  with the national 
Norwegian Stomach Cancer Trial showed signifi cant im-
provement of survival after surgical resection of tumor 
even in stage IV disease. However, because of poor sur-
vival results for advanced cancer, some studies tried to 
identify if such resections should be performed for all tu-
mors. Isozaki et al.  [24]  in 1993, Maekawa et al.  [25]  in 
1996 and Hartgrink et al.  [26]  in 2002, agreed that large 
resections were not benefi cial for all patients. Analyzing 
the type of extension of the primary tumor, these authors 
separated prognosis factors like peritoneal carcinomato-
sis, liver metastasis, lymph nodes invasion, serosal inva-
sion of adjacent organs or positive resection margins. 
They demonstrated that prognosis of patients with more 
than one site invaded was not improved by surgical resec-
tion. Age  1 70 years was another factor of poor prognosis. 
And Hagiwara et al.  [27]  emphasized that resection of 
peritoneal carcinomatosis was benefi cial only for patients 
with local peritoneal extent but not with distant perito-
neal involvement. More recently, under the impulsion of 
Japanese centers which have studied intraperitoneal hy-
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perthermic chemotherapy for about 20 years, maximal 
cytoreductive surgery demonstrates its usefulness. Not 
only gastrectomy should be performed, but also resection 
of adjacent organs in T4 tumors and peritonectomies in 
case of peritoneal carcinomatosis  [27, 28] . 

 Usual procedures of oncologic gastrectomy should be 
performed: total gastrectomy, or partial distal gastrecto-
my with adequate margins for distal well-differentiated 
adenocarcinoma. 

 Locoregional lymphadenectomy should be achieved as 
recommended by the Japanese Research Society for Gas-
tric Cancer  [2]  with a D2 resection. Thus, a European 
randomized trial from the Dutch Gastric Cancer Group 
trial fi rst published by Bonenkamp et al.  [29]  in 1995 
showed an increased morbidity and mortality with D2 
lymphadenectomy compared with the D1 procedure (43 
vs. 25% and 10 vs. 4%, respectively) due to the harmful 
consequences of pancreatectomy and splenectomy. In 
2004, Hartgrink et al.  [30]  published the fi nal results of 
this trial and demonstrated that the higher postoperative 
mortality withdrew the benefi cent long-term results of the 
D2 procedure. The conclusion was that extended lymph 
node dissection may be of benefi t if morbidity and post-
operative mortality can be avoided. 

 Peritonectomy procedures have been well described by 
Sugarbaker  [31] , with fi ve steps according to the extension 
of the peritoneal seeding. The epigastric peritonectomy 
removes the preperitoneal fat pad with the round and fal-
ciform ligaments of the liver. The anterolateral peritonec-
tomy removes the greater omentum, the right paracolic 
gutter with the appendix and the subhepatic space, in 
continuity with the right subphrenic peritonectomy. The 
omental burse peritonectomy includes cholecystectomy 
and stripping of the peritoneum recovering the hepatic 
pedicule, the hepatoduodenal ligament and the perito-
neal fl oor of the omental bursa. The last step is the pelvic 
peritonectomy associated if necessary with a rectosig-
moid resection and/or a peritonectomy of the left para-
colic gutter. Mesenteric peritoneum is rarely extensively 
removed and some acceptable small bowel resections can 
be performed for the localized area of tumor nodes. Oth-
er small peritoneal localizations can be destroyed by elec-
trosurgical fulguration. These extensive peritonectomies 
should be realized in order to remove all macroscopic 
disease to increase the effi cacy of intraoperative intra-
peritoneal chemotherapy. However, Hagiwara et al.  [27]  
showed in 126 patients that survival was also increased 
after peritonectomy in cases without intraperitoneal che-
motherapy, but only when the extension of the carcino-
matosis did not reach the distant peritoneum. 

 Intraperitoneal Hyperthermic Chemotherapy 

 This technique was described in the 1980s, mainly in 
Asia by Fujimoto et al.  [32]  and Fujimura et al.  [33] . 
 Fujimoto’s group described peritoneal chemotherapy us-
ing mitomycin C in association with a thermosensitizing 
drug at perfusion temperatures of about 43–44.5   °   C. In-
traperitoneal hyperthermic chemotherapy (IPHC) com-
bined the effects of hyperthermia with those of chemo-
therapeutic drugs, locally delivered for a best distribution 
to peritoneal tumoral cells, hardly reached by intravenous 
drugs. 

 Hyperthermia 

 The curative antitumoral effects of hyperthermia were 
established a long time ago. The cytotoxicity of hyperther-
mia starts at 41   °   C in human cells, as well described by 
Armour et al.  [34],  with exponential inactivation of tu-
moral cells. Mechanisms of action are multiple: impair-
ment of DNA repair, denaturation of proteins and ion-
izing radiation-like effects. Thus, thermoresistance exists, 
dependent of genetic and of previous exposure to the 
same hyperthermic situations. Overcoming this phenom-
enon is possible, by increasing the heating temperature 
 [35] . 

 Thus, hyperthermia is not only used for its own anti-
cellular properties, but also for its ability to enhance the 
antitumoral effects of some chemotherapeutic drugs. 

 Hyperthermic Chemotherapy 

 Many tests have been made to prove that hyperther-
mia does not denature chemotherapeutic drugs and to 
fi nd whether drug effects should be enhanced by hyper-
thermia. 

 First we must understand that hyperthermia, in vivo, 
increases cell membrane permeability, alters cell metabo-
lism and alters active drug transport and evacuation out 
of cells  [36] . Therefore, a high cell concentration of ther-
apeutic drugs can be locally achieved without high plasma 
concentration and its potential toxicity  [37] . Moreover, 
many drugs have been shown not to be altered by hyper-
thermia and on the contrary to have synergy with it. One 
of them is mitomycin C (MMC), which is the most fre-
quently used for IPHC. The synergistic effect between 
MMC and hyperthermia was demonstrated in vitro by 
Teicher et al.  [38],  where MMC was 40-fold more effec-
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tive at 43   °   C than at 37   °   C. In vivo, regular dosages showed 
a rapid absorption by peritoneal tissues, with a low plas-
matic concentration  [39] . 

 Other drugs were found to be more effi cient with hy-
perthermia: platinum complex like cisplatin, carboplatin 
and more recently oxaliplatin, doxorubicin, bleomycin, 
gemcitabine or irinotecan  [40] . 

 Techniques 

 Different techniques have been described for admin-
istration of the hyperthermic drug solution immediately 
after the resection time of surgery. Most authors use a 
‘closed’ sterile circuit with a closed or an open abdominal 
wall. In all cases, 3 or 4 drains are inserted through the 
abdominal wall for infl ow and outfl ow drainage, and ther-
mic probes are disposed to measure thermic homogene-
ity in the abdominal cavity. Sugarbaker et al.  [10]  pro-
moted the so-called ‘coliseum’ technique, using a ring re-
tractor sutured to the skin of the open abdomen, allowing 
a large volume of perfusion and hand manipulation of the 
bowel to control distribution of drugs. However, loss of 
temperature is very high and the health risk for the oper-
ating room staff is not negligible. Asian surgeons and the 
Lyon Center preferentially use a closed abdominal tech-
nique with an ingenious device for running and heating 
the chemotherapeutic solution. This closed technique in-
creases abdominal pressure which might increase the 
penetration of drugs into tissues. Moreover, it avoids 
drug spillage and allows more stability in the drug’s heal-
ing ability and intra-abdominal temperature. But homo-
geneity of distribution of the drugs is not absolutely cer-
tain  [41]  and a gentle massage of the abdomen throughout 
the procedure can be useful to improve peritoneal drug 
distribution  [42] . 

 Results 

 Cytoreductive surgery and peritonectomy procedures 
affect the reduction of tumor volume which has always 
been considered an important factor in achieving a re-
sponse to chemotherapy  [43, 44] . However, combining 
two aggressive procedures (surgery and IPCH) can lead 
to greater mortality and morbidity rates. Glehen et al. 
 [45]  reported a morbidity rate of 16% in patients who 
underwent IPCH with limited cytoreductive surgery and 
reported a considerably higher rate of 47% in patients 
who underwent IPCH combined with extensive cytore-

ductive surgery. The number of resections and peritonec-
tomy procedures, the number of anastomoses, and in par-
ticular the duration of surgery contribute to a signifi cant-
ly higher rate of complications  [46] . It would be expected 
that morbidity would correlate with the magnitude of sur-
gery. Surgeons must use their judgment to achieve a bal-
ance between the postoperative risk of extensive surgery 
and potential benefi t in survival and quality of life. The 
risk of postoperative complications also emphasizes the 
necessity for patient selection using the current strict cri-
teria   (young patients with good performance status, ac-
ceptable renal and myocardial function, no systemic che-
motherapy administration 1 month prior to the proce-
dure, no extra-abdominal metastases, no previous 
abdominal radiation therapy, evaluation of carcinomato-
sis extent by abdominal CT scan). 

 Glehen et al.  [45]  reported 1-, 2- and 5-year survival 
rates which were 48.1, 19.9 and 16%, respectively, in 6 
patients who had a prolonged survival (2  1  3 years and 
4  1  5 years). These survival results are similar to those 
previously reported by Yonemura et al.  [47]  ( table 1 ). 
They updated their experience in 1996 with 83 patients 
who had peritonectomy in addition to IPCH with MMC, 
cisplatin, and etoposide. They were the only authors who 
reported 5-year survivors in patients with peritoneal 
seeding arising from gastric cancer. As Sayag-Beaujard et 
al.  [48]  reported,   carcinomatosis with localized or small 
tumor nodules seems to be the best indications for IPCH. 
Their updated results showed that median survival of 
limited carcinomatosis was 19 months whereas it was 6.6 
months for extended carcinomatosis. All 5-year survivors 
had a carcinomatosis with limited and small tumor nod-
ules. Fujimoto et al.  [49]  also reported impressive sur-
vival in patients with limited carcinomatosis (P1: perito-
neal dissemination limited to the adjacent peritoneum, 
and P2: several scattered metastases in the distant peri-
toneum). For P1 and P2 PC, the 5-year survival rates were 
55 and 42%, respectively, whereas the 1-year survival rate 
was only 18% for P3 PC (numerous metastases to the dis-
tant peritoneum). 

 The most important prognostic indicator seems to be 
the completeness of cytoreduction. IPCH appears to be 
most effective when cytoreduction achieves a complete 
or nearly complete resection, with the intent to cure. Gle-
hen et al.  [45]  reported that patients treated by complete 
or sub-complete surgery had a median survival of 21.3 
months whereas patients treated by incomplete cytore-
ductive surgery had a median survival of only 6.1 months 
(p  !  0.0001). The same observations have been reported 
by other peritoneal surface malignancy centers, for carci-
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nomatosis arising from gastric cancer (5-year survival 
rates in patients treated by complete cytoreduction and 
IPCH ranging between 11 and 31%  [47, 50] ). Similar re-
sults for carcinomatosis arising from other origins have 
been reported  [43, 51, 52] . An aggressive attempt at com-
plete resection including surgical excision of all sites of 
macroscopic disease may add to the effi cacy of IPCH. 
When the cytoreductive surgery does not allow a suffi -
cient downstaging, the survival benefi t of IPCH remains 
extremely low, and the median survival does not exceed 
6–8 months  [47, 49] . In the light of the risk of postopera-
tive complications, IPCH may be not indicated in pa-
tients who are not candidates for complete or sub-com-
plete cytoreductive surgery. 

 IPHC as Prophylaxis 

 For many Korean and Japanese authors, IPCH has 
been performed prophylactically or in an adjuvant setting 
 [53–56] . They report encouraging survival results in pT3 
gastric adenocarcinoma. Yonemura et al.  [55]  recently 
conducted a randomized controlled study on 139 patients 
with T3 or T4 gastric tumor, allocated in three groups: 

IPCH + surgery, intraperitoneal normothermic chemo-
therapy + surgery and surgery alone. After a median fol-
low-up  1 5 years, the 5-year survival rate of patients treat-
ed by the combination of IPCH with surgery was signifi -
cantly higher at 60% than those of the two other groups, 
with similar morbidity rates. But these promising results 
were not confi rmed by all Japanese studies  [56] . In West-
ern countries, only one German study reported the use of 
IPCH for the prevention of carcinomatosis recurrence in 
advanced gastric cancer  [57] . Nine patients were included 
in the study with a high postoperative morbidity rate 
(66%). Prospective randomized studies are needed in Eu-
rope to demonstrate the benefi t of IPCH in earlier stages 
of carcinomatosis. Positive peritoneal cytology is a risk 
factor for the development of peritoneal carcinomatosis 
and may be indicative of poor prognosis. A prospective 
multicenter study, EVOCAPE 2, is currently being con-
ducted in France to evaluate if patients with positive peri-
toneal cytology are at risk for peritoneal carcinomatosis. 
This study could defi ne a group of patients at risk for car-
cinomatosis development for whom IPCH would be in-
dicated. 

  Table 1.  Treatment of peritoneal carcinomatosis with cytoreductive surgery combining with IPCH 

Group (fi rst author) Year n Follow-up
months

Treatment Median sur-
vival months

1-Year
survival, %

5-Year
survival, %

5-Year 
survivor

Yonemura [47] 1996 83 46 CC+IPCH
(MMC, CDDP, Etop)

– 43 11 5

R0 28 13.9 61 17 3
R2 55 6.8 30 2 2

Fujimoto [49] 1997 48 – CC+IPCH (MMC) 16.5 54 31 –
P1 PC 21 73 55 –
P2 PC 8 52.8 62 42 –
P3 PC 19 8.3 18 0 No

Hirose [50] 1999 17 14.6 CC+IPCH
(MMC, CDDP, Etop)

11 44 – –

Glehen [45] 2002 49 99 CC+IPCH (MMC) 10.3 48 16 4
Stage 1–2 PC 18 19 71 30 4
Stage 3–4 PC 31 6.6 32 0 No
CCR-0 or 1 25 21.3 75 29 4
CCR-2 24 6.1 16 0 No

CC = Cytoreductive surgery; CDDP = cisplatin; Etop = etoposide; R0 = complete cytoreduction; R2 = resid-
ual disease; P1 = PC limited to the adjacent peritoneum; P2 = several scattered metastases in the distant perito-
neum; P3 = numerous metastases to the distant peritoneum. Stage 1 and 2 disease = tumor nodules <5 mm; stage 
3 and 4 PC: tumor nodules >5 mm; CCR-0 or 1 = residual tumor nodules <5 mm; CCR-2 = residual tumor nod-
ules >5 mm.
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 Conclusion 

 While peritoneal carcinomatosis is a common evolu-
tion for gastric cancer, it has been considered for a long 
time without therapeutic resources. Systemic chemother-
apy was a poor treatment in such situations and surgeons 
avoided operating because of the potential high risks in-
volved with such interventions. However, many trials 
showed an interest of the primary tumor resection on 
quality of life and survival. For about 15 years now, ex-
perimental, then phase I and phase II studies on IPHC 
with MMC and cisplatin have had a tendency to provide 
hopeful results. On the other side, randomized trials 
showed an interest in prophylactic IPHC for advanced 

gastric cancer without carcinomatosis at the time of sur-
gery. After adequate cytoreduction, IPHC works on both 
free peritoneal tumoral cells and residual microscopic 
disease, increasing then both local disease-free survival 
and general survival, with some long-term survivors. But 
morbidity of such an aggressive procedure is high and 
patient selection should be strict, not only on age, health 
status and medical past, but on the current disease exten-
sion, to avoid useless procedures. Moreover, we need 
large prospective randomized trials to conclude on effi -
ciency of IPHC according to a standardized peritoneal 
staging, with standardized types of drugs and proce-
dure. 
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search aiming to enhance anti-tumor effi cacy and to im-
prove selectivity of infection and replication, will eventu-
ally lead to full realization of the therapeutic potential of 
(replicating) viral vector systems for gastric cancer. 

 Copyright © 2004 S. Karger AG, Basel 

 Introduction 

 Worldwide, cancer of the stomach is the second most 
common form of cancer with about 800,000 new cases 
per year and with a mortality that counts for almost 10% 
of all new cancer deaths  [1] . Despite advances in conven-
tional cancer treatment strategies, the prognosis of gastric 
cancer is poor, with reported overall 5-year survival rates 
rarely exceeding 20%. Thus, gastric cancer is a disease 
that urgently requires development of new therapeutic 
modalities. Gene therapy and virotherapy represent ra-
tional approaches to treat this cancer entity. 

 Cancer Gene Therapy 

 Cancer gene therapy involves the introduction of ther-
apeutic genes into tumor cells of a cancer patient aiming 
to result, directly or indirectly, in eradiation of the tumor 
[reviewed in  2] . Originally, gene therapy was based on 
curing a disease by manipulating genes related to the de-
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 Abstract 
 Despite advances in current treatment modalities, the 
clinical outcome of gastric cancer remains dismal. New 
treatment modalities are urgently required to improve 
the prognosis of patients with gastric cancer. Cancer 
gene therapy and virotherapy comprise a potential cat-
egory of new therapeutics and will be discussed in this 
review. To date, various gene therapy strategies have 
been developed, but fi rst clinical trials reported only lim-
ited therapeutic effi cacy as a result of limited gene trans-
fer effi ciency. Consequently, targeted viral vectors for 
enhanced delivery of transgenes to tumor cells and rep-
licative viral systems designed to replicate selectively   in 
malignant tissue were developed. Replication-selective 
oncolytic viral vectors have the advantage over non-rep-
licative systems to cause pronounced bystander effect 
via self-perpetuating infection of adjacent cells after cy-
tolysis of primary targeted cells. So far, clinical studies 
on virotherapy showed encouraging results; especially 
promising are combinations of virotherapy with current 
modes of treatment like chemo- and radiotherapy, or in-
sertion of therapeutic genes in the viral genome such as 
combination with enzyme-prodrug therapy. Further re-
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velopment and maintenance of the disease  [3] . Initially, 
this type of gene therapy was believed to easily cure most 
diseases, however, it fi nally showed a promising thera-
peutic outcome in only a few disease contexts  [4, 5] . In 
case of cancer gene therapy, the concept of compensating 
altered genes by a normal copy in tumor cells remains 
challenging. The effi cacy of mutation-compensation ther-
apy is highly dependent on the effi ciency of gene transfer 
into tumor cells. Since it is diffi cult to reach all tumor cells 
by gene transfer vectors and tumors often involve mul-
tiple genetic disorders, the gene replacement strategy is 
realized to be a relatively unsuitable method for cancer 
gene therapy. 

 As a result, various other gene transfer approaches 
have been developed, which focus on a ‘bystander effect’, 
i.e. both tumor cells containing the transgene and neigh-
boring non-transduced tumor cells will be killed, directly 
or indirectly, by the therapeutic protein encoded by the 
transgene. These strategies include enzyme-prodrug ther-
apy  [6] , genetic immunopotentiation  [7]  or approaches 
that induce death of tumor cells via inhibition of neovas-
cularization and inactivation of signal transduction path-
ways involved in the malignant phenotype, e.g. NK4 gene 
therapy  [8]  ( fi g. 1 ). 

 Enzyme-prodrug therapy is based on the selective de-
livery and expression of a drug-sensitivity gene into can-
cer cells in order to eradicate them after drug treatment. 
Most widely used enzyme-prodrug systems are herpes 
simplex virus thymidine kinase (HSV-TK) gene together 
with ganciclovir,  Escherichia coli  cytosine deaminase 
(CD) gene together with 5-fl uorocytosine (5-FC), carbox-
yl esterase (CE) gene together with irinotecan (CPT-11), 

and  E.coli  nitroreductase (NR) gene together with CB1954 
 [6] . To date, a phase I and pharmacokinetic study of the 
prodrug CB1954 has been evaluated on gastrointestinal 
malignancies, including gastric cancer  [9] . This study 
demonstrated that suffi cient serum and peritoneal pro-
drug levels needed for an enzyme-prodrug approach could 
be achieved after intraperitoneal administration and that 
the prodrug at that dose was well tolerated. A subsequent 
clinical trial evaluating adenovirus-mediated nitroreduc-
tase gene transfer was performed in patients with liver 
tumors (no patients with gastric cancer were included), 
indicating tolerability of the adenoviral vector and trans-
gene expression after intratumoral injection  [10] . The 
trial continues to evaluate the combination of prodrug 
and nitroreductase gene transfer as treatment for patients 
with non-resectable primary or secondary liver cancer 
(www.wiley.co.uk/genetherapy/clinical/). 

 Genetic immunopotentiation involves approaches 
that augment the immune response against tumor cells. 
Several genes have been investigated for their potential 
to induce an immune response against tumor cells, in-
cluding, among others, expression of cytokines like IL-2, 
tumor-specifi c antigens like CEA, or co-stimulatory mol-
ecules like CD80 (B7-1). So far, a phase I–II study evalu-
ating Adv-IL-2 in patients with unresectable gastric can-
cer has been performed  [11] . Results from the clinical 
trial demonstrated safety of administration of adenovirus 
to patients. 

 Altogether, numerous cancer gene therapy clinical tri-
als using enzyme-prodrug therapy or genetic immunopo-
tentiation have been carried out to date. Many patients 
with gastrointestinal tract tumors were recruited in these 

  Fig. 1.  Strategies for gene therapy and virotherapy. Schematic representation of different approaches available 
for gene therapy and virotherapy (see text for details). 
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trials; however, patients with gastric carcinoma were 
hardly included. These cancer gene therapy clinical trials 
have fallen short of expectations. Although most studies 
indicated safety of administration of the gene transfer 
vectors to patients (the adenovirus was by far the most 
used vector), only limited clinical responses were report-
ed. The trials demonstrated limited tumor transduction 
frequencies thereby limiting therapeutic outcome  [7, 12, 
13] . Since also these ‘bystander-effect’-inducing gene 
therapy approaches are dependent on the ability to de-
liver the therapeutic gene to target cells with a requisite 
level of effi ciency, adequate tumor transduction is a key 
factor that must be addressed to realize gene therapy for 
cancer. Therefore, cancer gene therapy research has fo-
cused a lot on engineering vectors that more effi ciently 
transfer the therapeutic genes into tumor cells than con-
ventional vectors, including genetic and immunological 
targeting strategies, and the use of replication-competent 
viral systems. 

 Genetic, Immunological, and Transcriptional 
Targeting 

 A lot of research in the fi eld of cancer gene therapy has 
focused on enhancement of gene transfer to tumor cells 
and selectivity of transduction. In order to make treat-
ment effective and safe, the transgene should only be ex-
pressed in the tumor cells and not in the functionally 
normal epithelium of the stomach. For the use of adeno-
virus as gene transfer vehicle, for example, it has been 
shown that the natural tropism of the adenoviral vector 
favors the transduction of normal gastric epithelium ver-
sus gastric cancer cells  [14] , indicating that targeting strat-
egies are needed to prevent unwanted gene transfer and 
expression in normal cells. 

 In recent years, a number of innovative strategies have 
been proposed to address the problem of ‘targeting’  [2] . 
Methods to modify the tropism of vectors are: (1) immu-
nological targeting by using ligands for cellular receptors 
or antibodies against cellular antigens to redirect the vec-
tor to tumor-specifi c markers, in combination with the 
use of genetically modifi ed vectors with ablated native 
tropism. Successful for gastric cancer is, for example, the 
use of CAR and integrin binding-ablated adenoviral vec-
tors (also known as doubly-ablated adenoviral vectors) in 
combination with bispecifi c EpCAM-targeting conju-
gates  [15] . (2) Genetic targeting by incorporation of new 
binding domains in the vector in combination with de-
leted native tropism, for example an integrin-binding 

RGD motif replacing the knob domain in the adenoviral 
vector  [16] . (3) Transcriptionally targeting of gene expres-
sion using a cell-specifi c promoter, whereby the expres-
sion of the transgene will only occur in cells in which the 
promoter is activated. Interesting examples for gastric 
cancer are CEA, EpCAM, or COX-2  [17] . 

 Virotherapy 

 In parallel with efforts to develop more effi cient and 
selective gene transfer vectors, the ongoing progress in 
vector development and virology has led to the creation 
of replication-competent viral vectors. The use of replica-
tion-competent viral vector systems may overcome the 
limitation of replication-defective viral gene transfer sys-
tems which demonstrate only modest anti-tumor effi cacy 
due to poor transduction effi ciency and penetration ca-
pacity in solid tumor masses, even after intratumoral in-
jection of the viral vector. Transduction of tumor cell by 
a replicative viral vector results in viral replication and 
subsequent release of viral progeny from the tumor cells 
which offers the potential to amplify viral vectors in situ 
and to achieve lateral spread to neighboring cells in a 
solid tumor, thus resulting in effi cient tumor penetration 
( fi g. 1 ). Moreover, the use of viruses that replicate through 
a lytic cycle allows amplifi cation of therapeutic effect 
through virus-mediated oncolysis. After several rounds of 
viral replication and cell lysis, the tumor will ultimately 
be destroyed. 

 To date, various replicative viral vector systems based 
on relatively well-known viruses have been explored as 
novel anti-cancer agents, e.g. adenovirus  [18–21] , herpes  
 simplex virus  [22] , infl uenza virus  [23] , Newcastle disease  
 virus  [24, 25] , poliovirus  [26] , reovirus  [27, 28] , vaccinia  
 virus  [29, 30] , vesicular stomatitis virus  [31] , and parvo-
virus  [32–35] . Important in the design of virotherapy for 
cancer is the use of viruses which possess the ability to 
replicate specifi cally in tumor cells, leading to direct tu-
mor cell lysis while leaving normal cells unaffected. 
Therefore, oncotropic viruses have been used or attenu-
ated strains have been developed that possess the ability 
to replicate only within specifi c tissues; some of which 
will be described in detail below. 

 An example of an oncotropic virus is the parvovirus 
 [32–35] . Parvoviruses, including minute virus of mice 
(MVM) and H-1, have been shown to preferentially rep-
licate and exert cytopathological effect (CPE) in various 
oncogene-transformed cells while sparing their non-trans-
formed counterparts in vitro and in vivo. Parvovirus ex-
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hibits oncotropism because of the strong cell-cycle and 
oncogene-inducible parvoviral promoter P4. MVM and 
H-1 viral vectors have been constructed for virotherapeu-
tic purposes, which retain in particular the oncogene-re-
sponsive parvoviral expression cassette, including the 
gene coding for the multifunctional (replicative, transac-
tivating and cytotoxic) non-structural protein 1 (NS1). 
Due to their oncotropism, parvoviral vectors are promis-
ing agents for virotherapy. So far, no clinical trials have 
been reported evaluating parvoviral vector-mediated vi-
rotherapy in patients with gastric cancer. 

 Conditionally replicating adenoviral vectors (CRAd) 
and herpes simplex viruses (HSV) also belong to the group 
of oncolytic viral therapeutics. However, in contrast to 
the replicative viral vector system described above, ade-
noviruses and HSV lack endogenous oncotropism. Im-
portantly, much is known about the replication cycle of 
these viruses, making it feasible to exploit this knowledge 
for the development of replication-competent adenoviral 
and HSV vector systems with precise replication on the 
basis of cancer-specifi c markers. Thus, CRAds and HSV 
are designed to take advantage of tumor-specifi c changes 
creating preferential replication in tumor cells  [36, 37] . 
For example, selective replication of CRAds in cancer 
cells is achieved through the introduction of mutations in 
adenoviral genes that abrogate the interaction of the en-
coded proteins with cellular proteins that are necessary 
to complete the viral life cycle in normal cells but can be 
selectively compensated by particular mutations existing 
in cancer cells (e.g. ONYX-15  [18] , and Ad � 24  [20, 21] ), 
or by placing adenoviral genes that are needed for repli-
cation under a tumor-specifi c promoter (e.g.  � -fetopro-
tein promoter  [38] , CEA promoter  [39] , or cycloxygenase-
2 (COX-2) promoter  [40] ). 

 So far, a clinical trial examining virotherapy based on 
 dl 1520, also known as ONYX-015, that as a result of  E1B-
55kD  deletion cannot inactivate p53 and is able to replicate 
in cells with dysfunctional p53  [18] , has been performed in 
patients with metastatic gastric carcinoma to the liver. The 
CRAd was delivered by intra-arterial administration and 
combined with chemotherapy (5-FU and leucovorin)  [41] . 
The study demonstrated that intra-arterial administration 
of replicating adenoviral vectors was safe, though response 
to therapy was modest with no complete responses. 

 At the moment, replication-competent HSV express-
ing granulocyte-macrophage colony-stimulating factor 
(OncoVEX GM-CSF ) is under investigation in patients with 
gastric cancer that has spread to the skin (www.wiley.
co.uk/genetherapy/clinical/). An intermediate study re-
port described safety of administration of OncoVEX GM-CSF  

to patients, and that signs suggestive of anti-tumor activ-
ity have been observed, including evidence of virus repli-
cation (virus in tumor swabs up to 2 weeks following virus 
administration), tumor necrosis, and signifi cant infl am-
mation consistent with the activity of GM-CSF  [42] . 

 Taken together, clinical trials performed so far evalu-
ating oncolytic viruses show that administration of onco-
lytic viruses is a safe procedure without the manifestation 
of severe side effects; however, they also demonstrate that 
oncolytic virotherapy has not yet been effective in com-
plete tumor eradication in clinical studies. 

 Ways to Enhance Effi cacy of Virotherapy 

 Several problems were encountered in the above-de-
scribed clinical trials that need to be addressed to guar-
antee oncolytic viruses as therapeutic agent in cancer 
treatment in future, as single agent or in combination 
therapy. First, like for non-replicative viral vector sys-
tems, low infectivity may be key problem hindering full 
realization of the therapeutic potential of oncolytic viral 
vector systems because infection effi ciency of the progeny 
virus affects viral spread during each round of viral am-
plifi cation. Therefore, research is ongoing to overcome 
low infectivity by engineering oncolytic viruses with ge-
netic modifi cation of their target cell-binding motif (e.g. 
CRAds with an integrin-binding RGD motif in the HI-
loop of the fi ber knob region  [40] ), or retargeted viruses 
which have incorporated an expression cassette for their 
targeting molecule in the genome (i.e. bispecifi c retarget-
ing conjugate is produced by infected tumor cells, thereby 
the progeny virus subsequently produced will have retar-
geting ability as well  [43] ). 

 Secondly, identifi cation of novel methods to control 
viral replication must continue and combination of vari-
ous control mechanisms should be pursued to achieve 
greater safety for clinical application. So far, for example, 
truly selective replication of CRAds has not yet been ac-
complished by introduction of viral gene mutations and 
concerns about their selectivity restrict the use of CRAds 
in clinical trials. Therefore, research has focused on nov-
el CRAds with enhanced selectivity of viral replication 
by introduction of multiple deletions in the adenoviral 
genome, e.g. combining two different E1A deletions (like 
in AdCB016  [44] , and Ad dl 01-07  [45] ). More preclinical 
and clinical data are needed to test if introduction of mul-
tiple mutations in the adenoviral genome may render 
these vectors into truly selective CRAds that still exhibit 
effective oncolytic capacity. 
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 Thirdly, viruses with greater oncolytic potency will 
have to be engineered to ensure therapeutic effi cacy. Be-
cause the best chance of completely curing cancer patients 
lies with attacking tumor cells through combination of 
different agents with diverse mechanisms of action, in-
vestigation of incorporation of therapeutic genes into on-
colytic viruses and combinations of oncolytic virotherapy 
with conventional therapy have to be considered to en-
hance anti-tumor effi cacy. Since many oncolytic viruses 
have the cloning capacity for small transgenes, the onco-
lytic virus can be used as potent expression vector for 
anti-cancer therapeutics, e.g. drug sensitivity genes, im-
mune response-stimulating genes, or anti-angiogenic 
genes. Also, the gene product can be used to enhance the 
inherent cancer cell killing potency of oncolytic viruses 
to realize full anti-tumor potential, e.g. incorporation of 
wt-p53 in CRAd Ad � 24 to provide functional p53 ex-
pression during adenovirus replication in cancer cells 
thereby accelerating cell death and progeny virus release 
 [46–48] . Furthermore, several clinical trials on combina-
tion of oncolytic virotherapy and chemotherapy (includ-
ing the study described above using combination of 
 dl 1520, 5-FU, and leucovorin for treatment of metastatic 
gastric cancer  [41] ) or preclinical studies combining on-
colytic viruses with radiation treatment have confi rmed 
improved anti-cancer effi cacies without an increase in 
toxicity  [49] . Since viruses kill cells by oncolytic mecha-
nisms differing from standard anti-cancer therapies, there 
is a rational for synergistic interactions when used in com-
bination with chemo-, radio-, and/or immunotherapy. 

 Conclusion, Discussion and Future 
Perspectives 

 Considering the poor therapeutic outcome of inoper-
able gastric cancer patients, continued attempts to de-
velop successful therapeutic strategies are needed. Gene 
therapy and virotherapy are rational novel therapeutic 
modalities for gastric cancer. To date, however, there 
is no gene or virotherapeutic strategy that shows out-
standing clinical effi cacy for gastric cancer. Despite sig-
nifi cant advances in vector development, current prob-
lems hindering clinical implementation include thera-
peutic potency and tumor-selectivity for safety. 
Therefore, to ensure the full realization of the clinical 
potential of gene and virotherapy in future, continuous 
research is needed to improve tumor-targeting strate-
gies, to obtain truly tumor-specifi c control of viral rep-
lication required for clinical safety, and to enhance 
anti-tumor activity. 

 In summary, the fi eld of gene therapy and oncolytic 
virotherapy has now matured beyond the fi rst high expec-
tancy. Valuable lessons have been learnt from fi rst clinical 
trials and directed future research. Further development 
and evaluation of second- and third-generation agents is 
important to ensure full therapeutic potential. Most likely, 
inclusion of gene and virotherapy into multimodal cancer 
treatment regimens combined with surgery, chemo- and 
radiotherapy, will be most effective in improving the over-
all survival of patients with gastric cancer. 
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 Introduction 

 Gastric cancer is one of the most common cancers 
worldwide, accounting for over 870,000 new cases and 
over 650,000 deaths annually  [1] . Mortality from gastric 
cancer is second only to lung cancer. A history of infec-
tion and chronic infl ammation is strongly associated with 
the risk of gastric cancer and its precursor lesions  [2] . In 
Western countries, two-thirds of the gastric cancer pa-
tients are diagnosed in advanced stages, when surgery can 
only be palliative; meanwhile, gastric cancers are largely 
resistant to chemotherapy and radiotherapy  [3] . Due to 
late diagnosis and limited treatment options, gastric can-
cer has a poor prognosis. Despite a decreasing incidence 
the overall prevalence of gastric cancer is increasing and 
it will remain a major clinical problem in the future. 

 Over 90% of gastric cancers are adenocarcinomas  [4, 
5] . The recent WHO classifi cation of tumors of the diges-
tive system divides four common histological patterns of 
gastric adenocarcinomas, i.e. the papillary, tubular, mu-
cinous and signet ring cell pattern  [2] . The older Laurén 
classifi cation separates intestinal and diffuse type of gas-
tric adenocarcinoma  [6] , and has validated its usefulness 
multiple times, both in terms of patient management, and 
in understanding the pathogenesis of gastric cancer: these 
two subtypes differ in their epidemiology and etiology, 
molecular biology, as well as clinical outcome. During the 
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ing of the molecular pathology and pathogenesis of 
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past 15 years, much has been learnt about the molecular 
basis of the development and progression of gastric can-
cer  [7, 8] , which enables us to fi nd new molecular bio-
markers particularly for the detection of gastric cancer in 
its early stages, and helps us to develop new molecular 
therapies for gastric cancer. 

 Molecular Basis of Gastric Cancer 

 Carcinogenesis of gastric cancer is a complex multistep 
process, including numerous genetic and epigenetic al-
terations. Environmental risk factors interplay with the 
host genetic profi le and both infl uence gastric carcinogen-
esis.  Helicobacter pylori  is the most important environ-
mental risk factor for the development of gastric cancer. 
More than 70% of cases with gastric cancer are attribut-
able to  H. pylori- associated chronic gastritis. However, 
the individual host response to infection, infl uenced by, 
e.g., the genetic polymorphisms of pro-infl ammatory cy-
tokines also contributes to the risk of gastric cancer  [3, 8] . 
The interleukin-1 ( IL-1 ) gene cluster polymorphisms 
were found to be associated with an increased risk of gas-
tric cancer in  H. pylori- infected patients  [9] . Genomic 
instability is also a fundamental event in gastric carcino-
genesis. Two molecular phenotypes with distinct path-
ways of genomic instability have been uncovered in gas-
tric cancer: the phenotype with a high-level microsatellite 
instability caused by inactivation of DNA repair genes, 
and the phenotype with chromosomal or intrachromo-
somal instability caused by mutations in genes control-
ling the segregation of genetic material during mitosis. 
The latter is characterized by chromosomal rearrange-
ment and loss or gain of chromosomes, which in turn can 
induce the activation of oncogenes (i.e.  c-met ,  c-erbB-2 ,  
K-sam ), or inactivation of tumor-suppressor genes (i.e. 
 p53, p16, APC ), abnormal alterations of genes implicated 
in cell proliferation and apoptosis (i.e.  cyclin D1, bcl-2, 
E2F –1, SC-1 ), as well as telomerase activation of genes 
involved  [8] . With regard to gastric cancer invasion and 
metastasis, molecular alterations in cell-cell or cell-
matrix interactions (i.e. E-cadherin,  � -catenin, ICAM-1, 
VCAM-1, MMPs) and neo-angiogenesis (i.e. VEGF,
HIF-1 � , ECM1) are considered to play important roles 
 [10–13] . Apart from genetic alterations, epigenetic alter-
ations have recently drawn increasing attention in gastric 
carcinogenesis and metastasis. Cancer-related epigenetic 
alterations include a global genomic hypomethylation 
and a dense hypermethylation of the CpG islands in gene 
regulatory regions by DNA methyltransferases (DNMTs), 

as well as formation of transcriptionally repressive chro-
matin states by histone deacetylase (HDAC) activity 
 [14–16] . Global genomic hypomethylation may lead to 
chromosomal instability, activation of endogenous par-
asitic DNA sequences (i.e.  L1  and  Alu  repeats) and loss 
of imprinting (i.e. 11p15)  [16–19] . Hypermethylation of 
the CpG islands in gene regulatory regions and forma-
tion of transcriptionally repressive chromatin states can 
result in gene transcriptional silencing  [15, 16, 20] . A 
signifi cant proportion of tumor-related genes, including 
well-characterized tumor suppressor genes ( p16  INK4a , 
 p15  INK4b ,  p14  ARF ,  p73 ,  APC , and  BRCA1 ), DNA repair 
genes ( hMLH1 ), and genes related to metastasis and in-
vasion ( CDH1 ,  TIMP3 , and  DAPK ) have been demon-
strated to be silenced by aberrant promotor hyper-
methylation in different cancers including gastric cancer 
 [16, 20] . 

 Molecular Diagnosis 

 To date, most of the classic cancer-associated molecu-
lar alterations have also been found in gastric cancer. 
Some of these changes occur commonly in all various 
types of malignant tumors and some differ depending on 
the histological type. For instance, loss of functional  p53  
and telomerase activation, are common to all tumor sub-
types  [8] . Down-regulation of cell adhesion molecules, 
such as cadherins, however, is associated mainly with 
cancers showing a diffuse, non-cohesive growth pattern; 
germline mutations of E-cadherin ( CDH1 ) gene have 
been detected in 50–70% of diffuse-type gastric cancers 
and are responsible for a small subset of familial gastric 
cancer  [21, 22] . Conversely, mutation or loss of heterozy-
gosity (LOH) of the adenomatous polyposis coli ( APC ) 
gene occurs mainly in intestinal-type gastric cancers  [8] . 
Despite the large body of data, none of the molecular er-
rors identifi ed thus far in gastric cancer are totally spe-
cifi c or unique for gastric cancer, in a more general sense, 
and for specifi c histological subtypes of gastric cancer in 
particular. It is very likely that a combination of different 
molecular markers is necessary to effectively predict in-
dividual gastric cancer risk, and to detect gastric cancer 
in its early stages. In 1993, Yasui et al.  [23, 24]  established 
a genetic diagnosis system for gastrointestinal pathology 
specimens and performed this as a routine service in an 
analysis of more than 10,000 cases, using so-called clas-
sical molecular and genetic markers, including  p53, APC, 
p27, EGFR ,   microsatellite assay and others. Recent fi nd-
ings of the spectrum of epigenetic alterations for a rela-
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tively small subset of genes involved in important cellular 
pathways in tumorigenesis indicate that this is specially 
present in certain tumors of the gastrointestinal tract. For 
example, gastrointestinal tumors (colon and gastric) share 
a set of genes silenced by hypermethylation such as 
 p16INK4a ,  p14ARF ,  MGMT ,  APC , and  hMLH1.  There-
fore, a molecular marker system for cancer based on ab-
errant methylation is proposed for the early detection of 
the major forms of human cancers including gastric can-
cer  [16, 20] . 

 In recent years, with the progress of the Human Ge-
nome Project (HGP), molecular diagnosis of gastric can-
cer enters into the post-genomic era. New techniques of 
functional genomics include methods of gene expression 
profi ling at the transcriptional level (transcriptomics, i.e. 
cDNA microarray, serial analysis of gene expression 
(SAGE), differential display, subtractive hybridization) 
and protein level (proteomics). These techniques have 
been used in conjunction with laser capture microdissec-
tion (LCD) to study the pathology and pathogenesis of 
gastric cancer  [25–34] . These novel and powerful tech-
niques permit the analysis of thousands of genes and their 
products simultaneously in a quick and high-throughput 
way and hold great promise in the molecular diagnosis of 
gastric cancer. New strategies from basic cancer research 
to clinical molecular diagnosis of gastric cancer can be 
proposed by combining these new functional genomic 
techniques with classical clinic detection techniques. 
Firstly (basic research stage), by using SAGE, differential 
display, or subtractive hybridization together with LCD 
to analyze normal gastric tissue, gastric cancer tissue and 
metastatical tissue, comparative gene expression profi les 
can be obtained from gastric cancer, cancer metastases, 
and matching non-neoplastic mucosa or precursor le-
sions. Subsequent proteome analyses provide the corre-
sponding protein expression profi les. Finally, comparing 
the gene expression profi les with the protein expression 
profi les, helps to identify putative differentially expressed 
genes, gene products and regulatory pathways involved 
in the development of gastric cancer and metastases. Sec-
ondly (pre-clinical study stage), the expression of specifi -
cally up or down-regulated genes/proteins is confi rmed by 
real-time RT-PCR, immunohistochemistry or enzyme-
linked immunosorbent assays in a larger number of gas-
tric cancer patients leading to the selection of biomarkers 
for clinical application. Thirdly (clinical diagnostic stage), 
the confi rmed gastric cancer-specifi c biomarkers can be 
used to prepare custom-made cDNA microarrays or pro-
tein chips, and establish clinical detection systems for 
blood or tissue specimens. 

 Molecular Therapy 

 Based on the understanding of the molecular mecha-
nisms underlying gastric carcinogenesis and metastasis, 
new molecular therapies directed at tumor-specifi c mo-
lecular defects in gastric cancer have been investigated in 
recent years. These molecular strategies include direct in-
duction of tumor cell death, reversal of tumorigenesis by 
correcting genetic abnormalities, enhancing tumor re-
sponse to conventional chemo- and radiotherapy, modu-
lation of the host immune response against tumors, and 
protection of normal tissue from toxic effects of antitu-
mor treatment by means of drug or gene therapy. Al-
though most of these molecular strategies for gastric can-
cer treatment are currently only performed on cell lines 
or animal models, promising results from these studies 
indicate their future clinical application. New strategies 
for molecular therapy of gastric cancer are summarized 
in  fi gure 1 . 

 Molecular therapy targeting oncogene transcripts and 
products include antisense oligonucleotides or specifi c 
hammerhead ribozymes, as well as monoclonal antibod-
ies or drugs antagonizing protein function. Oncogene (i.e. 
 c-myc ,  K-ras ,  c-erbB-2 ,  EGFR ) inhibition has been wide-
ly studied in gastric cancer cell lines and animal models. 
Promising results in growth inhibition and apoptosis in-
duction of gastric cancer have been reported  [35–38] . Re-
activation of tumor suppressor genes presents an alterna-
tive approach that includes the direct transfer of wild-
type tumor suppressor genes (i.e.  p53 ,  p16  INK4A ,  FHIT ) 
into gastric cancer cells  [39–41]  or more recently the so-
called ‘transcriptional therapy’ using DNA demethylat-
ing drugs (i.e. 5 � -azadeoxycytidine, procainamide) and/or 
histone hyperacetylating drugs (i.e. 4-phenylbutyrate, 
trichostatin A). These therapies aim to reactivate silenced 
tumor suppressor genes by reversing methylation of CpG 
islands in gene promotor regions and/or histone deacety-
lase activity  [42, 43] . Inhibition of extracellular proteo-
lytic systems (i.e. MMPs) or blockage of factors involved 
in neo-angiogenesis (i.e. VEGF, HIF-1 � ) have also been 
reported to inhibit the formation of gastric cancer metas-
tases  [44–47] . Recently, several groups reported the in-
duction of cell cycle arrest and the inhibition of cell growth 
in gastric cancer cells by treatment with antisense telo-
merase RNA (anti-hTR). Anti-hTR targets rather specif-
ically and selectively cancer tissue, making it highly at-
tractive for the treatment of gastric cancer  [48, 49] . 

 Gastric cancer is largely resistant to chemotherapy, 
however, based on the knowledge of the molecular mech-
anisms underlying gastric carcinogenesis and anticancer 
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drug metabolism, a new strategy termed ‘gene-chemo-
therapy’ has been introduced more recently. One type of 
gene-chemotherapy is aimed at the reversal of the chemo-
resistance of gastric cancer cells in chemotherapy. Che-
moresistance of cancer cells is due to abnormal altera-
tions of oncogenes (i.e.  c-erbB-2 ), tumor suppressor genes 
(i.e.  ERCC1 ), apoptosis-related genes (i.e.  Bcl-2 ) and spe-
cifi c or multidrug resistance (MDR) genes  (i.e.   ZNRD1, 
MRP1, MDR1/PGP )  [50–52] . Gene therapy targeted at 
these chemoresistance-related genes can reverse tumors 
with drug-resistance phenotype to drug-sensitive and 
thereby enhance the effect of chemotherapy. A further 
approach of gene-chemotherapy is the ‘cytotoxic gene 
therapy’ or ‘suicide gene therapy’. The strategy of cyto-
toxic gene therapy or suicide gene therapy involves the 
transduction of tumor cells with a foreign enzyme, follow-
ing administration of a prodrug. The transduced enzyme 
catalyses the formation of toxic molecules, that induce 

tumor cell death. By using tissue-specifi c promoters, the 
enzyme transduction can be targeted at special tumor 
sites. The most frequently investigated enzyme/prodrug 
systems in cytotoxic gene therapy of gastric cancer are the 
HSK-TK/GCV (herpes simplex virus thymidine kinase/
ganciclovir) system, the CD/5-FC (cytosine deaminase/5-
fl uorocytosine) system, the UPRT/5-FU (uracil phospho-
ribosyltransferase/5-fl uorouracil) system and very recent-
ly the IAP/EP (intestinal alkaline phosphatase/etoposide 
phosphate) system  [53–56] . 

 Although gastric cancer cells, in general, have a low 
sensitivity to chemotherapy and low immunogenicity re-
lated to the stimulation of immune competent cells, new 
methods including biochemical modulation and non-spe-
cifi c immunopotentiation with biological response modi-
fi ers (BRMs) (i.e. PSK, OK-432) have permitted us to 
augment the clinical effi cacy of immunochemotherapy in 
gastric cancer  [57] . Apart from the non-specifi c immuno-

  Fig. 1.  Summary of strategies and molecular 
targets in treatment of gastric cancer. 
Adapted from the review by Chen et al. 
 [63] .     �      �      �      �     = Inhibition;  ]  = activation. 
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therapy, several novel cancer vaccines have also been de-
signed recently (i.e. G17DT, MG7,  c-erbB-2 ,  EGF ); pilot 
clinical trials indicate that these cancer vaccines can in-
duce specifi c antibodies and T-cell responses in gastric 
cancer patients  [58–62] . 

 Conclusion 

 In conclusion, during the past 15 years, much has been 
learnt about molecular alterations in gastric cancer, and 
many of these molecular changes can be used as biomark-
ers in gastric cancer diagnosis. Based on the understand-
ing of the molecular mechanisms underlying gastric car-
cinogenesis and metastasis, new therapeutic strategies, 
targeting molecular defects in gastric cancer, have been 
designed and many new promising principles have been 

developed in recent years. There is, however, still a gap 
between identifi cation of molecular defects and the suc-
cessful application of a specifi c therapy in clinical prac-
tice. The use of new techniques of functional genomics, 
including the combined approach of transcriptomics and 
proteomics, may allow the fi nal molecular characteriza-
tion of gastric cancers in the individual patient and may 
form the basis for new therapeutic strategies specifi c for 
the molecular changes present in a single subject with 
gastric cancer in the future. 
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negative (0.8  8  0.3 mm) patients in the study group. 
Similar to the study group, there was no statistically sig-
nifi cant difference between mean carotid IMT of HP se-
ropositive (0.56  8  0.19 mm) and negative patients (0.67 
 8  0.13 mm) in the control group (p = 0.2). Future studies 
concerning virulent strains are needed to determine the 
probable role of HP in atherosclerosis. 

 Copyright © 2004 S. Karger AG, Basel 

 Introduction 

  Helicobacter pylori  (HP) is a Gram-negative micro-
aerophilic bacterium which colonizes the gastric mucosa 
of approximately 50% of all adults. It is a major cause of 
chronic gastritis and peptic ulcer disease  [1] . 

 In recent studies, atherosclerosis is appreciated as an 
infl ammatory disease and there is growing belief that cer-
tain viral and bacterial infections such as cytomegalovi-
rus, herpes simplex virus,  Chlamydia pneumoniae  and HP 
may contribute to the initiation and progression of athero-
sclerosis  [2–4] . Modifi cations in the serum lipid profi le, 
increased serum levels of cytokines and acute-phase reac-
tants, alterations in fi brinolysis and coagulation pathway, 
increased endothelial infl ammatory activity, direct infec-
tion of arterial wall with macrophages and increased se-
rum antibodies to mycobacterial heat-shock protein are 
the potential mechanisms that are suggested to contribute 
to the pathogenesis of atherosclerosis  [5–12] . 

 Key Words 
 Atherosclerosis  �   Helicobacter pylori   �  Infections  �  
Carotid artery  �  Intima-media thickness 

 Abstract 
 Certain viral and bacterial infections may contribute to 
the initiation and progression of atherosclerosis. The 
aim of this study is to determine whether  Helicobacter 
pylori  (HP) seropositivity contributes to conventional 
atherosclerosis risk factors in the development of an ear-
ly sign of atherosclerosis: intima-media thickness (IMT) 
of the carotid artery. Eighty-four patients who had at 
least two conventional atherosclerosis risk factors and a 
control group of 50 patients having no risk factors for 
atherosclerosis were enrolled in the study. None of the 
patients had ever received HP eradication treatment. HP 
IgG antibodies were determined by enzyme-linked im-
munosorbent assay. Carotid artery IMT was measured 
1 cm before the carotid bifurcation. Seventy-fi ve percent 
of the study group was HP seropositive. HP seropositive 
(n = 64) and seronegative (n = 21) groups were identical 
in terms of sex distribution, smoking pattern, mean age, 
hemoglobin, leukocyte, platelet, C-reactive protein, 
erythrocyte sedimentation rate, glucose, cholesterol, tri-
glyceride, low-density lipoprotein, high-density lipopro-
tein, systolic blood pressure and diastolic blood pressure 
levels. There was no signifi cant difference between the 
mean carotid IMT of HP seropositive (0.8  8  0.3 mm) and 
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 Among the infections, the causal link to atherosclerosis 
is strongest for  C. pneumoniae   [13, 14] . The reports con-
cerning the causal relation between HP and atherosclero-
sis are confl icting and are potentially biased by factors 
such as socioeconomic status and genetic characteristics 
of the patients  [15] . 

 Intima media of arterial wall thickens during the de-
velopment of atherosclerosis. There is accumulating evi-
dence that intima-media thickness (IMT) is an early sign 
of atherosclerosis and can be used as an indicator of ath-
erosclerosis in clinical studies  [16] . High-resolution B-
mode ultrasonography can be used to visualize the IMT 
of carotid arteries for this purpose. 

 The aim of this study is to determine whether HP se-
ropositivity contributes to conventional risk factors in the 
development of atherosclerosis. 

 Methods 

 Patients 
 The study group consisted of 100 patients. They were random-

ly chosen among patients attending to our clinic who had at least 
two of the conventional risk factors for atherosclerosis including 
hypertension, hyperlipidemia, obesity, diabetes, smoking, female 
gender, personal history of atherosclerosis and family history of 
premature atherosclerosis. All of the patients underwent a physical 
examination. Smoking behavior and family history of atheroscle-
rosis were recorded. Blood pressure was measured twice after 5 min 
of rest in the sitting position. Hypertension was defi ned on the ba-
sis of the fi fth report Joint National Committee on Detection, Eval-
uation and Treatment of High Blood Pressure, or as current use of 
antihypertensive drugs. Hyperlipidemia was defi ned as a serum 
cholesterol level of  6 200 mg/dl, or current use of a hypolipidemic 
drug. Height and weight of each patient was measured and body 
mass index (BMI) was calculated (kg/m 2 ). Obesity was defi ned as a 
BMI of  6 30 kg/m 2 . Diabetes was defi ned on the basis of American 
Diabetes Association criteria, or as current use of oral hypoglyce-
mic agents or insulin. Smoking history was obtained as pack/year. 
With respect to smoking behavior, patients were grouped as smok-
ers and non-smokers. Patients who quitted smoking  ! 10 years ago 
were classifi ed as smokers. Patients with clinical signs or symptoms 
of infectious diseases and those taking any medication known to 
interfere with acute phase reactants were excluded from the study. 
Patients who received HP eradication treatment during their life-
time were also excluded. Eighty-four patients (24 male, 60 female) 
fulfi lled the criteria and were enrolled in the study. 

 Taking the variety of risk factors and the limited number of pa-
tients in the study group into consideration, a control group (50 
patients) having no risk factors for atherosclerosis were incorpo-
rated into the study. All of the patients gave informed consent to 
participate in the study. 

 Biochemical Measurements 
 Blood samples were drawn from each patient after an overnight 

fasting. Lipid analysis including total cholesterol, lipoprotein anal-

ysis (low-density lipoprotein, high-density lipoprotein), triglycer-
ides and acute phase reactants such as erythrocyte sedimentation 
rate (ESR) and C-reactive protein (CRP) were measured immedi-
ately using a Boehringer Mannheim Hitachi 717 automatic ana-
lyzer. Complete blood count was measured by using a Beckman P 
Coulter MaxM blood count analyzer. 

 Serology 
 Serum was centrifuged at 4,000  g  for 10 min and frozen at –20   °   C 

until analysis. HP-specifi c serum IgG antibodies were measured
by a commercial enzyme-linked immunosorbent assay test kit 
 (EUROIMMUN, Lübeck, Germany). Calibration was performed 
in relative units per milliliter (RU/ml). According to the manu-
facturer’s instructions titers,  1 20 RU/ml were considered to be 
 seropositive. 

 Ultrasound Methods 
 A linear-array real-time ultrasound equipment with a 7.5-MHz 

transducer (GE LOGIQ MD 400, Milwaukee, Wisc., USA) was 
used by two radiologists. Common carotid artery IMT was mea-
sured 1 cm before the carotid bifurcation at the far wall of the ca-
rotid artery. The distance between the echoes arising from the in-
tima-media interface and media-adventitia interface was taken as 
the measure of IMT. At least 6 longitudinal and cross-sectional 
measurements of both common carotid arteries were summarized 
and a mean carotid IMT was calculated for each patient. 

 Statistical Analysis 
 SPSS for Windows 6.0 statistical software was used for the sta-

tistics. Results were expressed as mean  8  SD. Groups were com-
pared with Mann-Whitney U test and  �  2  test. Correlations between 
variables were examined by using the Pearson’s and Spearman’s 
test. Any p value  ! 0.05 was considered to be signifi cant. 

 Results 

 The study group consisted of 84 patients (24 male, 60 
female) with a mean age of 48  8  13 years. Seventy-fi ve 
percent of the study group (17 male, 46 female) was HP 
seropositive. Hypertension was present in 60 patients (45 
HP seropositive, 15 HP seronegative; p = 0.7); hypercho-
lesterolemia, in 16 (11 HP seropositive, 5 HP seronegative; 
p = 0.3); obesity, in 52 (40 HP seropositive, 12 HP sero-
negative; p = 0.8); diabetes, in 4 (3 HP seropositive, 1 HP 
seronegative, p = 0.6); smoking, in 25 (19 HP seropositive, 
6 HP seronegative; p = 0.7); personal history of atheroscle-
rosis, in 12 (9 HP seropositive, 3 HP seronegative; p = 0.8) 
and family history of premature atherosclerosis, in 18 (13 
HP seropositive, 5 HP seronegative; p = 0.5). The results 
of blood biochemistry, atherosclerosis risk factors and 
IMT of the carotid artery classifi ed according to HP sero-
positivity is presented in  table 1 . There was no signifi cant 
difference between the sex distribution, smoking pattern, 
mean age, hemoglobin, leukocyte, platelet, CRP, ESR, 
 glucose, cholesterol, triglyceride, low-density lipoprotein, 
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high-density lipoprotein, systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) of HP seropositive and 
 negative groups. There was no signifi cant difference be-
tween the mean carotid IMT of HP seropositive (0.85  8  
0.38 mm) and negative groups (0.88  8  0.3 mm), which 
were statistically indifferent in response to conventional 
atherosclerosis risk factors. In a univariate and multivari-
ate analysis, none of the risk factors were found to correlate 
with the mean carotid IMT of the patients. 

 The control group consisted of 30 HP seropositive (10 
male, 20 female, mean age 45  8  11 years) and 20 HP se-
ronegative (6 male, 14 female, mean age 45  8  10 years) 
patients. None of the patients in the control group had 
any of the risk factors for atherosclerosis. Similar to the 
study group, there was no statistically signifi cant differ-
ence between mean carotid IMT of HP seropositive (0.56 
 8  0.19 mm) and negative groups (0.67  8  0.13 mm) (p = 
0.2). The mean carotid intima media of the patients in 
the study group were signifi cantly thicker than the control 
group both in the HP seropositive (0.85  8  0.38 vs. 0.56 
 8  0.19 mm; p = 0.02) and HP seronegative patients (0.88 
 8  0.3 vs. 0.67  8  0.13 mm; p = 0.04). 

 Discussion 

 Although it is still not widely accepted, infectious dis-
eases appear to be implicated in the occurrence of athero-
sclerotic disease. Among the microorganisms the causal 
link between atherosclerosis and infections is strongest for 

 C. pneumoniae . Reports concerning the causal relation 
between HP and atherosclerosis are confl icting. In the 
USA, peak in the incidence of coronary heart disease from 
the 1940s through the 1970s coincides with the peak in 
duodenal ulcer, suggesting a causal association between 
HP and coronary heart disease  [17] . The association be-
tween coronary heart disease and HP was fi rst reported 
by Mendall et al.  [18]  in 1994. The authors reported an 
increased prevalence of HP seropositivity in patients with 
coronary heart disease and concluded that childhood HP 
infection may be an important risk factor for the develop-
ment of adult coronary heart disease. Since the fi rst report 
by Mendall et al., the studies published in the following 
years have confl icting results. In a meta-analysis of 18 
studies, Danesh and Peto  [15]  found no signifi cant cor-
relation between HP seropositivity and coronary heart 
disease risk factors. In that meta-analysis, only increased 
BMI and increased HDL cholesterol had a signifi cant cor-
relation with HP seropositivity but they were not accept-
ed to present a causal relation. Atherosclerosis Risk in 
Communities Study Investigators observed a signifi cant 
relation between HP seropositivity and low homocysteine 
concentrations and high fi brinogen levels. Also they found 
a signifi cant correlation between HP seropositivity and 
increased BMI. Despite these associations they concluded 
that neither conventional risk factors nor mean carotid 
IMT is associated with HP seropositivity  [19].  Blasi et al. 
 [20]  reported high seroprevalence of HP in patients with 
atherosclerosis, but found no evidence for the presence of 
HP in atherosclerotic plaques of abdominal aortic aneu-

HP(+)
(n = 63)

HP(–)
(n = 21)

p Total
(n = 84)

Age, years 46.7814.7 45.187.1 0.2 46.3813.1
Sex, M/F 17/46 7/14 0.5 24/60
BMI, kg/m2 32.886.5 31.983.2 0.5 32.885.9
Smokers, packs/year 5.6810.2 12.7822.2 0.4 6.8813.5
Hemoglobin, g/dl 14.181.4 13.881.9 0.6 13.981.4
Leukocytes, 109/l 6.181.1 6.281.9 0.6 6.281.7
Platelets, 109/l 225.0866.2 216.3873.1 0.6 222.4866.5
CRP, mg/dl 0.380.3 0.580.8 0.6 0.380.5
ESR, mm/h 25.0817.4 17.7812.1 0.1 23.6816.6
Glucose, mg/dl 100.8817.4 101.1811.2 0.3 100.5816
Cholesterol, mg/dl 231.0838.4 213.8843.1 0.1 227.3839.3
Triglyceride, mg/dl 150.8870.5 167.68127.3 0.4 158.5887.7
HDL, mg/dl, 57.2811.9 54.4814.0 0.4 56.4812.2
LDL, mg/dl 142.2835.1 124.2836.8 0.06 137.8835.5
SBP, mm Hg 155.0821.0 160.8827.0 0.3 151.3826.6
DBP, mm Hg 93.8811.0 94.4817.8 0.9 91.9813.6
IMT, mm 0.880.3 0.880.3 0.3 0.880.3

  
  

  Table 1.  Blood biochemistry, atheroscle-
rosis risk factors and IMT of the carotid 
artery of the HP seropositive and negative 
groups 



  H. pylori  and Atherosclerosis  Dig Dis 2004;22:386–389 389

rysm specimens. In 1999, Danesh et al.  [21]  were the fi rst 
to demonstrate the presence of HP genome in buffy coat 
samples and diseased arterial segments in living subjects. 
Farsak et al.  [22]  found HP DNA in a considerable num-
ber of atherosclerotic plaques by polymerase chain reac-
tion and concluded that HP may have a role in the devel-
opment of atherosclerosis, especially in countries where 
infection is prevalent. Ameriso et al.  [23]  isolated HP 
from atherosclerotic lesions by a highly sensitive poly-
merase chain reaction method and concluded that it is 
especially associated with those with infl ammatory fea-
tures. In a prospective analysis, Mayr et al.  [24]  reported 
that HP seropositivity correlated signifi cantly with carot-
id atherosclerosis when the statistical analysis was re-
stricted to low social status. 

 In Turkey the seroprevalence of HP is high and around 
70–80%  [25, 26] . It is thought to increase in lower socio-
economic classes, who have low folate and high homocys-
teine levels. We conducted our study in a less developed 

region of our country and our patients were in low socio-
economic class. However, we did not fi nd any signifi cant 
difference between the conventional atherosclerosis risk 
factors and carotid IMT of HP seropositive and negative 
groups. Therefore we suggest that seropositivity does not 
necessarily indicate persistent exposure of the vascular 
system to infection. We think that CagA-positive HP 
strains may be more strongly associated with coronary 
heart disease than CagA-negative strains and the viru-
lence of the microorganism may determine the insult. 

 In summary, we did not fi nd any causal relation be-
tween HP seropositivity and atherosclerosis risk factors, 
including carotid IMT in our study population with low 
socioeconomic class. However, important limitations of 
our study were the small number of patients and the lack 
of information about the virulence of the microorgan-
isms. We believe that future studies concerning virulent 
HP strains in a large group of patients are needed to de-
termine the probable role of HP in atherosclerosis. 
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by about 75% (1,494–1,826 pg/50  � g protein) compared 
to  Hp -negative NUD (6,563 pg/50  � g protein, p  !  0.001, 
ANOVA). Tumor tissue had twofold higher SLPI levels 
than surrounding tumor-free gastric mucosa (3,900 vs. 
1,826 pg/50  � g protein, p = 0.013), but revealed reduced 
SLPI levels compared to  Hp -negative NUD patients (p = 
0.067). No differences were found between SLPI expres-
sion of intestinal and diffuse GC. SLPI transcript levels 
were unchanged throughout all groups and locations im-
plying that transcriptional regulation of SLPI is not in-
volved.  Conclusion:  Local down-regulation of SLPI in an-
tral mucosa is a general phenomenon of  Hp -related 
diseases. 

 Copyright © 2004 S. Karger AG, Basel 

 Introduction 

  Helicobacter pylori (Hp ) infection has been linked to 
the development of variety of gastroduodenal diseases, 
including gastric and duodenal ulcers, gastric adenocar-
cinoma and mucosa-associated lymphatic tissue lympho-
ma  [1–3] . The initial interaction between the bacterium 

 Key Words 
 Secretory leukocyte protease inhibitor  �  Gastritis  �  
Gastroduodenal disease  �  Gastric cancer  �  Duodenal 
ulcer 

 Abstract 
  Background:  Secretory leukocyte protease inhibitor 
(SLPI) represents a multifunctional protein of the gastric 
mucosa exerting anti-microbial and anti-infl ammatory 
effects. Recently, a local down-regulation of antral SLPI 
expression in  Helicobacter pylori  ( Hp) -infected healthy 
volunteers was demonstrated.  Aim:  To analyze mucosal 
SLPI expression in patients with various gastroduodenal 
disorders.  Methods:  The prospective study included 90 
patients with following gastroduodenal disorders diag-
nosed: gastric cancer (GC, n = 22), duodenal ulcer (DU, 
n = 17),  Hp -positive dyspeptic patients (NUD, n = 31) and 
 Hp -negative NUD (n = 20). During esophagogastroduo-
denoscopy, biopsies were taken each from antrum, cor-
pus and tumor. SLPI expression was analyzed by quan-
titative RT-PCR and ELISA.  Results:  Antral SLPI levels 
were reduced in all  Hp -infected patients (NUD, DU, GC) 
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and gastric epithelial surface leads to various molecular 
changes in epithelial cells including cytoskeletal rear-
rangement, intracellular phosphorylation and the induc-
tion of pro-infl ammatory cytokines, such as IL-8, IL-1 �  
and TNF- �   [4–7] . In context with chronic-active gastritis, 
caused by  Hp , an activation of pro-infl ammatory path-
ways occurs that lead subsequently to the induction of 
cytokines, chemokines, reactive oxygen species and pro-
teases contributing to cellular damage seen in gastroduo-
denal diseases  [4, 8–11] . Recently, we identifi ed the secre-
tory leukocyte protease inhibitor (SLPI) as a potential 
target gene in the course of  Hp  infection  [12] . Healthy 
volunteers, who were  Hp -infected, revealed a dramatic 
reduction of mucosal SLPI levels in their antrum (–67%) 
compared to  Hp -negative subjects. The fact that after 
eradication therapy, the initial reduced SLPI levels re-
versed to normal ranges implied a pathophysiological role 
of  Hp  for the down-regulation of antral SLPI levels  [12] . 

 SLPI represents a serine-protease inhibitor that pos-
sesses inhibitory activity toward several serine proteases 
 [13]  and has bactericidal and anti-fungal activities  [14] . 
Using the SLPI knock-out model, it was shown that SLPI 
promotes wound healing by regulating the equilibrium be-
tween proepithelin and epithelin, an epithelial growth fac-
tor  [15, 16] . Furthermore, SLPI is considered as anti-in-
fl ammatory molecule that acts as negative regulator on the 
NF- � B signal pathway  [17–19] . There are several studies 
showing an up-regulation of SLPI during infl ammation in 
lung, intestinal and systemic diseases  [20–23] . In contrast, 
 Hp  infection and associated gastritis resulted in a local loss 
of SLPI in the antrum that was inversely associated with 
activity and chronicity of infl ammation  [12] . 

 In order to study whether this SLPI down-regulation 
represents a general phenomenon in  Hp -associated dis-
eases, we investigated mucosal SLPI levels in the gastric 
mucosa of patients suffering from duodenal ulcer, non-
ulcer dyspepsia and gastric cancer (GC). 

 Methods 

 Study Population 
 The outpatient-based prospective study was conducted at the 

Clinic for Gastroenterology and Hepatology (Clinical Center of Ser-
bia, University of Belgrade). All patients gave informed consent for 
participation in this study and the study protocol was approved by 
the local Ethics Committee. 

 Ninety patients with either dyspeptic symptoms ( Hp -positive: 
n = 48 and  Hp -negative: n = 20) or GC (n = 22) were included 
into the study. All patients with GC were  Hp- positive. Demo-
graphic factors including age, sex and smoking are presented in 
 table 1 . 

 Dyspepsia was defi ned in accordance to the Rome II classifi ca-
tion of functional dyspepsia. According to this defi nition, dyspepsia 
refers to pain or discomfort centered in the upper abdomen, while 
pain in the right or left hypochondrium is not considered to be rep-
resentative of dyspepsia  [24] . Duration of symptoms was not spec-
ifi ed by Rome II criteria, but it was advised that in research studies 
investigators might specify the duration of symptoms in order to 
improve the homogeneity of the patients studied. Therefore, we 
modifi ed the defi nition as proposed by Knill-Jones  [25]  stating that 
symptoms should persist for at least 4 weeks.   Exclusion criteria 
were in concordance with the recommendations from European 
Helicobacter Study Group  [26] . In brief, age ( ! 20 and  1 80 years), 
pregnancy, gastric outlet obstruction, administration of antibiotics, 
H 2  antagonists, omeprazole- and/or bismuth-containing prepara-
tions within 30 days prior to endoscopy; the use of non-steroid anti-
infl ammatory drugs and the presence of associated diseases (he-
patic, renal, cardiac, respiratory, suspected or confi rmed malignant 
disease) eliminated patients from the study. 

  Hp  infection was diagnosed if simultaneous positivity existed 
for two of the three following tests: rapid urease test, histology and 
serology. Patients were divided into 4 groups according to the en-
doscopic fi ndings. In duodenal ulcer (DU) group endoscopy re-
vealed presence of active ulcer without any sign of cancer, and all 
patients were  Hp- positive. Non-ulcer dyspepsia group (NUD) con-
sisted of patients in which endoscopy did not show any signs of 
ulcer or cancer, and the upper gastrointestinal symptoms had per-
sisted for at least a month. The NUD group was further divided 
into  Hp -negative and  Hp- positive subgroup. The GC group con-
sisted of  Hp- positive patients with tumor localized in the distal 
parts of the stomach and histology revealed gastric adenocar-
cinoma. 

 Esophagogastroduodenoscopy and  Hp  Status 
 Each patient underwent esophagogastroduodenoscopy and test-

ing for the presence of  Hp  by   rapid urease test and histology. Biop-
sies from antral and corpus mucosa were stained using hematoxy-
lin-eosin and modifi ed Giemsa staining procedures. Biopsy speci-
mens were assessed separately according to the Sydney System  [27]  
by an experienced pathologist who was blinded to the clinical data. 
Infl ammation, activity of gastritis, presence of atrophy and intesti-
nal metaplasia as well as the number of bacteria were assessed on 
a four-grade scale as described previously  [27] . In addition to rou-
tine biopsies, two additional biopsies were taken each from antrum, 
corpus and gastric carcinoma if suspected. 

  Table 1.  Demographic factors of the study group 

Hp– NUD
(n = 20)

Hp+ NUD
(n = 31)

Hp+ DU
(n = 17)

GC1

(n = 22)

Age, years 45816 53812 45814 64811
Sex, males 8 13 8 14
Smokers 9 11 10 5

1 The GC group consisted of patients with both intestinal (n = 
11) and diffuse type (n = 11) gastric adenocarcinoma.
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 Blood samples were taken from the patients after endoscopic 
examination and sera were separated by centrifugation and stored 
at –20   °   C until analyzed. The concentration of anti- Hp  IgG antibod-
ies was analyzed using the Pyloriset EIA-G III™ (Orion Diagnos-
tica, Finland) according to the manufacturer’s instructions and as 
described  [28] . 

 Extraction of Total Protein from Gastric Biopsies and ELISA 
 Gastric biopsies were snap-frozen in liquid nitrogen, and 

 homogenized in 1 ml ice-cold lysis buffer containing 0.5% SDS,
0.5% Triton X-100, 0.5% Tween 20, 10% (v/w) glycerol, 62.5 m M 
Tris (pH 6.8). The lysate was centrifuged in a microcentrifuge 
(10,000  g , 4   °   C) for 15 min. The supernatant was transferred to a 
new tube and total protein content was analyzed using the Ad-
vanced™ protein assay (Tebu, Offenbach, Germany). Finally, sam-
ples were stored at –80   °   C in aliquots until usage. The SLPI concen-
tration was investigated using the SLPI kit (R&D Systems, Min-
neapolis, Minn., USA). 

 RNA Extraction and Quantitative RT-PCR 
 Gastric biopsies were snap-frozen in liquid nitrogen and subse-

quently stored in 0.5 ml TRIzol Reagent™ (Life Technologies, 
USA) at –80   °   C until usage. Total RNA was extracted using a two-
step protocol as described previously  [29] . Briefl y, after homogeni-
zation, the total RNA fraction was isolated using the TRIzol pro-
tocol according to the manufacturer’s instructions. The RNA pellet 
was resolved in 100  � l RNase-free water and subsequently purifi ed 
using the RNeasy kit™ (Qiagen, Hilden, Germany) following the 
protocol described by the manufacturer. RNA concentration was 
quantifi ed by UV spectroscopy and its integrity was verifi ed by gel 
electrophoresis. The cDNA synthesis and quantitative RT-PCR 
were performed as described previously  [12, 29] . 

 Statistical Analysis 
 All data were entered into a database and analyzed using the 

Microcal Origin™ 5.0 program package (Northhampton, Mass., 
USA). p values of  ! 0.05 were regarded as signifi cant. Differences 
between groups were analyzed by one-way analysis of variance 
(ANOVA). 

 Results 

 As shown recently in healthy volunteers, signifi cantly 
reduced antral SLPI levels were detected in  Hp -infected 
patients by ELISA. Overall, the antral SLPI levels were 
reduced between 40 and 78% ( fi g. 1 A). Patients with 
NUD, DU and GC had signifi cantly lower antral SLPI 
levels (1,494–1,826 pg/50  � g protein) than  Hp -negative 
dyspeptic patients (6,563 pg/50  � g protein, p  !  0.001). 
Interestingly, the SLPI expression of endoscopically nor-
mal tumor-free antral mucosa, obtained from tumor pa-
tients, showed a signifi cant higher SLPI expression than 
the tumor itself (3,900 vs. 1,826 pg/50  � g protein, p = 
0.013). Compared to  Hp -negative dyspeptic patients, the 
SLPI level of the tumor-free antral mucosa was in ten-

dency lower without reaching the signifi cance level 
( fi g. 1 A). The down-regulation of SLPI was locally con-
fi ned to the antrum regardless of the associated disease 
( fi g. 1 A,  2 A). 

 The analysis of the antral SLPI transcript levels did 
not reveal signifi cant differences among all groups 
( fi g. 1 B). The apparent slight increase of SLPI transcript 
levels in the tumor tissue is presumably caused by two 
facts. First, due to limited material, only 13 out of 22 tu-
mor samples could be analyzed by quantitative RT-PCR. 
Second, 3 out of 13 samples revealed extremely high SLPI 
transcript levels exceeding other samples by a factor of 
 1 100. 

 The comparison of SLPI level with respect to location 
confi rmed the previous fi nding that mucosal SLPI levels 
of  Hp -negative persons are higher in antrum than corpus 
( fi g. 1 A,  2 A). In contrast to antral mucosa, corresponding 
biopsies from corpus mucosa revealed similar SLPI levels 
among all patient groups. Moreover, the SLPI expression 
of the tumor was not different from that of the adjacent 
tumor-free corpus mucosa ( fi g. 2 A). All together, no dif-
ference of SLPI expression in corpus was found with re-
spect to the presence of  Hp  infection or GC. 

 The analysis of patients with GC concerning the tumor 
type did not reveal differences between gastric carcinoma 
of the intestinal or diffuse type. Both groups exhibited the 
same pattern of SLPI expression, the adjacent antral mu-
cosa had in tendency higher SLPI levels than the tumor 
itself ( fi g. 2 B). However, due to the limited number of 
patients, both observations were not signifi cant ( fi g. 2 B). 

 Discussion 

 Recently, we showed that in contrast to other infl am-
matory processes located in other types of tissues  [20, 21] , 
the infl ammation of gastric mucosa was accompanied by 
a signifi cant decrease of mucosal SLPI levels. It is notable 
that the initial study was performed in young and healthy 
volunteers who had  Hp  infection without any complica-
tions or associated diseases  [12] . The aim of this study 
was to investigate this phenomenon in a routine clinical 
setting and to verify the general importance of this fi nd-
ing with respect to  Hp -associated diseases. 

 Overall, the study could confi rm the previous fi nding 
obtained from healthy volunteers. The  Hp  infection was 
found to be associated with a signifi cant reduction of mu-
cosal SLPI in the antrum, whereas SLPI expression of 
corpus mucosa was not affected. The reduction rate of 
SLPI was about 70–78% and very similar among all dis-
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eases analyzed. The analysis of SLPI expression in GC 
revealed two fi ndings. First, GC tissue has lower SLPI 
expression than the normal surrounding tissue. This is in 
contrast to other tumors that were shown to overexpress 
SLPI  [30–32] . Furthermore, it was shown in a mouse 

model that SLPI can also promote tumorigenic and met-
astatic potency of tumor cells  [33] . 

 Second, the down-regulation of SLPI was restricted to 
the antrum only, and endoscopically normal tumor-free 
gastric mucosa adjacent to the tumor had higher SLPI 

  Fig. 1.  Comparison of SLPI gene expression in antral mucosa of 
patients with different gastroduodenal diseases.  A ,  B  Data from 
ELISA and quantitative RT-PCR, respectively. Data are shown as 
box plot for each group. Boxes represent the 25th, 50th and 75th 
percentile values (horizontal lines of the box) and means (squares). 
The Y-axes illustrate the SLPI content in pg/50  � g protein ( A ) and 
the ratio of SLPI/ � -actin mRNA expressed as arbitrary units (AU) 
( B ). The X-axes show the different groups of patients as indicated. 
The open boxes identify antrum samples, whereas gray boxes rep-
resent samples from gastric tumors. The asterisks represent the 1 
and 99% percentiles of data sets. 

  Fig. 2.  Comparison of SLPI protein levels in corpus mucosa of pa-
tients with different gastroduodenal diseases and GC. Data are 
shown as box plot as described in fi gure 1. The Y-axes illustrate the 
SLPI content in pg/50  � g protein. The X-axes identify the different 
groups of patients as indicated.  A  Data for corpus mucosa. The dark 
gray boxes represent corpus mucosa, the light gray box represents 
GC and is identical to fi gure 1.  B  Comparison of mucosal SLPI 
levels between the two types of GC. The locations investigated are 
identifi ed in the legend within the graph. 
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levels than the tumor itself. The fact that the corpus mu-
cosa, which in most cases undergoes atrophic changes 
during gastric carcinogenesis, had no changes in SLPI 
expression supports the hypothesis that there is a direct 
link between antral SLPI expression and the presence of 
 Hp.  The observation that in GC patients the antral SLPI 
levels were slightly higher compared to the levels found 
in the tumor tissue of the same patient is another hint for 
this hypothesis. It is well known that during the progres-
sion towards gastric neoplasia, the density of the bacte-
rium is changing. In most patients, the colonization of  Hp  
in the antrum reaches a peak in the chronic gastritis. Dur-
ing atrophic changes, the milieu of the stomach is chang-
ing towards higher pH, which subsequently might enable 
other bacteria to colonize in the stomach and to suppress 
the growth of  Hp . Based on our hypothesis, the disappear-
ance of  Hp  could lead to a recovery of mucosal SLPI ex-
pression as demonstrated by  Hp  eradication therapy in 
healthy volunteers  [12] . The analysis of the GC patients 
strongly supports this model. Most of our cancer patients 
exhibited signs of atrophy in their endoscopically normal 
tumor-free antral mucosa, which in tendency had higher 
SLPI levels than the tumor itself. Since atrophic areas 
have less infl ammation than normal epithelium, the par-
tially normalized SLPI levels in the tumor-free antrum of 
these patients might be attributed to the reduced number 
of  Hp.  The fact that the tumor had similar low levels of 
SLPI as chronically infl amed gastric mucosa ( Hp -positive 
NUD or DU patients) is a novel fi nding and implies that 
the tumor might originate from epithelial cells directly 
involved in the interaction with  Hp . Since  Hp  has been 
recognized to be an important co-factor in the etiology of 
non-cardia GC of both the diffuse and intestinal type  [34, 
35] , our fi ndings concerning the similar SLPI expression 
between both groups are in line with the current concept 
of the role of  Hp  in gastric carcinogenesis. 

 The functional consequences of the decreased SLPI 
expression on gastric mucosa on the molecular level are 
not well understood. Taking the pleiotropic effects of this 
protein into consideration, SLPI might be involved in 
different processes. On the one hand, the decreased antral 
SLPI levels might affect the proteolytic capacity of serine 
proteases like cathepsin G or elastase in the mucosal mi-
croenvironment. For instance, Zhu et al.  [16]  reported 
that in the absence of SLPI, proepithelin (PEPI), an epi-
thelial growth factor, is increasingly converted to epithe-
lin (EPI). PEPI and EPI exert opposing activities. EPI 
inhibits the growth of epithelial cells but induce them to 
secrete the neutrophil attractant IL-8, while PEPI blocks 
neutrophil activation by tumor necrosis factor, prevent-

ing release of oxidants and proteases. The authors con-
cluded that the equilibrium between SLPI and elastase 
determines the ratio of PEPI and EPI, which affects re-
pair processes of gastric mucosa and represents a link 
between innate immunity and wound healing. On the 
other hand, SLPI seems to be involved in the regulation 
of the NF- � B-signaling pathway in lung tissue  [17, 18]  
that could represent a further link between SLPI expres-
sion and the infl ammation of the gastric mucosa as seen 
in gastritis. Last but not least, SLPI might also exert an 
anti-microbial effect against  Hp  since the molecule was 
shown to inhibit the growth of Gram-positive and -nega-
tive bacteria at micromolar concentrations  [36, 37] . 

 Taken together, this study provides evidence that the 
signifi cant decrease of SLPI in antral mucosa of  Hp -in-
fected patients is a general phenomenon in  Hp -mediated 
diseases. The functional role of SLPI, in particular for the 
antrum, and its potential involvement in gastric tumori-
genesis need further investigations. 
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dysphagia. Despite previous therapeutic failures, alimen-
tation could be restored in all patients.  Conclusion:  Fa-
vourable long-term results with signifi cant improvement 
of symptoms can be achieved by esophageal resection 
even if endoscopic therapy or non-resecting surgical mea-
sures are unsuccessful. Transhiatal esophagectomy with 
gastric pull-up should be the preferred procedure and can 
be performed with low morbidity. 

 Copyright © 2004 S. Karger AG, Basel 

 Introduction 

 Motility disorders rarely necessitate the removal of the 
esophagus since medical therapy, pneumatic dilation 
and/or non-resecting surgical procedures suffi ciently pal-
liate the patients’ symptoms. Only if all of the latter treat-
ment modalities fail is esophageal resection advisable. 

 The aim of any treatment is to abolish dysphagia with-
out exposing the patient to gastroesophageal refl ux or to 
an extreme operative risk. While the available literature 
suggests favorable long-term results after esophagectomy 
for the end stage of achalasia (AC)  [1–8] , little informa-
tion exists with regard to its use in non-specifi c motility 
disorders of the esophagus. Over a period of 18 years, we 
encountered 8 patients with esophageal motility disor-
ders in whom esophageal resection was the only remain-
ing therapeutic option, 2 of these patients had motor dis-
orders other than AC. The following report describes the 
patients’ long-term clinical course. 

 Key Words 
 Motility disorders of the esophagus  �  Advanced and 
decompensated stage  �  Subtotal esophageal resection  �  
Perioperative course  �  Long-term results 

 Abstract 
  Background:  Esophagectomy for motility disorders is per-
formed infrequently. It is indicated after failed medical 
therapy, pneumatic dilation, non-resecting surgical and 
redo procedures. Patient selection in this group is chal-
lenging and the operative risk has to be weighted care-
fully against the poor quality of life with persistent or re-
current dysphagia.  Patients and Methods:  Between 
September 1985 and April 2004, subtotal esophageal re-
sections for advanced esophageal motility disorders of the 
esophagus not responding to previous therapy were car-
ried out in 8 patients (6 females, 2 males). The median age 
of these patients was 59.5 (43–78) years. Six patients had 
a megaesophagus secondary to achalasia; 1 patient had a 
non-specifi c esophageal motility disorder with a stenosis 
of the distal esophagus, and a further patient displayed a 
recurrent huge epiphrenic diverticulum, which occurred in 
the context of a collagen disease. A transhiatal esophageal 
resection was performed in 6, a transthoracic procedure 
in 2 patients.  Results:  Outcome assessment was done af-
ter a follow-up of 43.5 (3–92) months in median. The resec-
tion and reconstruction of the esophagus in advanced and 
decompensated esophageal motility disorders led to a 
marked functional improvement with disappearance of 
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 Patients 

 Between September 1985 and April 2004, 424 esophageal resec-
tions were performed for carcinoma of the esophagus at the Depart-
ment of General and Abdominal Surgery at the University of 
Mainz. During the same period, subtotal esophageal resections for 
advanced esophageal motility disorders of the esophagus not re-
sponding to medical therapy were carried out in 8 patients (6 fe-
males, 2 males). The median age of these patients was 59.5 (43–78) 
years. Two patients were classifi ed as ASA II, and 6 as ASA III. In 
6 cases, radiographic and manometric studies showed megaesoph-
agus secondary to AC; 1 patient had a non-specifi c esophageal mo-
tility disorder with a stenosis of the distal esophagus after failure of 
multiple therapeutic options, and a further female patient dis-
played a recurrent huge epiphrenic diverticulum, which occurred 
in the context of a collagen disease (lupus erythematodes dissemi-
natus). The demographic data of these 8 patients are presented in 
 table 1 . The median postoperative follow-up was 43.5 (3–92) 
months. Due to the heterogeneity of the described motility disor-
ders, we intend to focus on patients with AC. 

 Clinical Course prior to Esophageal Resection 

 Previous Surgery 
 Six patients had undergone a total of nine surgical pro-

cedures at a median of 12.5 (0.75–27) years prior to 
esophageal resection. In 3 patients with AC, a Heller-my-
otomy with an anterior semifundoplication had been pre-
viously performed but was later followed by megaesoph-
agus and a peptic stricture. Another female patient had 
undergone fi rst a fundic and later a partial distal esopha-

geal resection with esophagogastrostomy at another insti-
tution, now presenting with Barrett’s esophagus and se-
vere dysphagia refractory to conservative management. 

 The patient with non-specifi c motility disorder had 
been treated by thoracoscopic myotomy 2 years earlier at 
another institution under the presumptive diagnosis of a 
diffuse esophageal spasm. Two months later, a 360° Nis-
sen fundoplication was added for newly occurring gastro-
esophageal refl ux. This was followed by balloon dilata-
tion, and 1 year later by laparoscopic conversion of the 
360° wrap into a 180° semifundoplication as treatment of 
recurrent vomiting and weight loss. 

 In the female patient with collagen disease, an epi-
phrenic diverticulum measuring 15  !  13  !  12 cm in size 
had been removed transthoracically. Seven years later, 
she presented with a recurrent epiphrenic diverticulum 
sized 12 cm in diameter accompanied by severe dyspha-
gia ( table 1 ). The indications for esophageal resection are 
shown in  table 2 . 

 Preoperative Clinical Symptoms 
 Patients with AC presented with long-standing dys-

phagia (median: 35 (25–63) years) for solid and liquid 
food. All patients reported regurgitation of undigested 
food as well as retrosternal pain. Two patients described 
signifi cant weight loss, and another 2 had pulmonal symp-
toms with recurrent aspiration, whereas 3 patients suf-
fered from frequent heartburn. Bolus obstruction oc-
curred in 3 patients and necessitated endoscopic extrac-
tion of food particles. 

 Radiological Findings 
 The median diameter of the esophageal body in pa-

tients with AC was 7.25 (6–15) cm. The criterion of a 
dolichomegaesophagus (DME) ( 1 7 cm in diameter) was 
therefore met by 5 of 6 patients. The median maximum 
width of the gastric cardia amounted to 5 (3–15) mm. 
None of the patients showed any radiologic evidence of 
peristalsis. 

 Manometric Findings 
 Perfusion manometry was performed in all patients 

with AC: In 4 cases with a tortuous and dilated esophagus, 
the probe could not be passed through the lower esopha-
geal sphincter. In the remaining 2 patients, the resting 
lower esophageal sphincter pressure was 5 and 12 mm Hg 
(respectively after preceding pneumatic dilation). 

 All patients exhibited aperistalsis of the esophageal 
body with low contraction amplitudes and partly repeti-
tive contractions. 

  Table 1.  Demographic data and preceding therapy 

Diag-
nosis

Sex Age
years

Duration of
symptoms
years

Treatment modalities prior 
to esophageal resection

AC f 45 28 4!PD
AC f 77 42 15!PD, Myo + SF
AC m 64 27 3!PD, Myo
AC f 43 25 4!PD, Myo + SF
AC f 78 63 2!PD
AC f 63 53 1!PD, fundic and distal

esophageal resection (2!)
NEMD m 47 10 Myo, 360°-FP K 180°-SF, 

1!PD
CD f 56 8 Transthoracic resection of 

an epiphrenic diverticulum

AC = Achalasia, NEMD = non-specifi c esophageal motility dis-
order, CD = collagen disease, PD = pneumatic dilation, Myo = 
myotomy, SF = semifundoplication, FP = fundoplication.

  
  



 Gockel/Kneist/Eckardt/Oberholzer/
Junginger 
  

 Dig Dis 2004;22:396–401 398

 Surgical Procedures and Follow-Up 

 The median length of operation (n = 8) was 250 (175–
315) min. In 6 patients, the operative procedure consist-
ed of a transhiatal subtotal resection of the esophagus. In 
these cases, the esophagus was replaced by the pulled-up 
stomach with cervical esophagogastrostomy, while in 2 
patients a colon interposition was performed. A dual op-
eration was carried out in the female patient who had had 
two partial distal resections at another clinic. First, a 
retrosternal colon interposition with cervical esophago-
colostomy and proximal closure of the remnant esopha-
gus, which was left in situ to limit the risk of the operation 
was done ( fi g. 1 ). Secondary, the rest of the esophagus was 
removed 5 months later by means of a rethoracotomy. 
Surgical therapy and follow-up is shown in  table 2 . 

 During the early postoperative course, 1 female pa-
tient developed a fi stula of the cervical esophagogastros-
tomy, which spontaneously closed during conservative 
therapy. The patient with a non-specifi c motility disorder 
of the esophagus developed a chylothorax and a transtho-
racic revision with ligation of the lymphatic vessels had 
to be performed. In 3 patients, repeated bouginage of
the cervical esophagogastrostomy became necessary. 
4½ years after surgery, 1 patient with a colon interposi-

tion developed a bleeding ulcer in the area of the distal 
interposition and underwent a revised cologastrostomy 
at an outside institution. This patient died for unknown 
reasons on the 7th postoperative day. The remaining pa-
tients had an uneventful postoperative course. 

 Patients were followed and examined in the outpatient 
clinic of the gastroenterologist (V.F.E.). Interviews were 
performed with the assessment of dysphagia, regurgita-
tion, retrosternal pain, weight and refl ux. Six patients re-
mained free of symptoms during their long-term clinical 
course (median observation time: 43.5 (3–92) months). 
One patient complained about occasional retrosternal 
pain. She was found to have refl ux esophagitis immedi-
ately proximal to the cervical esophagogastrostomy. Ali-
mentation could be restored in all patients. 

 Histopathological Findings 
 All patients with a dilated esophagus in the context of 

AC showed a marked rarefaction of the intramural gan-
glion cells. In addition, they exhibited a distinct fi brosis 
of the smooth muscular layer and myopathic changes of 
the smooth muscle cells. An epithelial hyperplasia with 
macroscopically clearly visible polypoid changes of the 
complete esophageal mucosa ( fi g. 2 a) as well as microcal-
cifi cations of the esophageal wall, probably due to stasis 

Patient Indication for
surgery

Surgical
procedure

Duration
of surgery 
min

Follow-up
months

1 AC, DME TH
colon interposition

245 51

2 AC, DME
peptic stenosis

TH
gastric pull-up

315 72

3 AC, DME 
peptic stenosis

TH
gastric pull-up

275 60

4 AC, DME TH
gastric pull-up

255 36

5 AC, DME TH
gastric pull-up

175 8

6 AC, Barrett‘s-
esophagus

1. colon interposition
2. TT esophageal resection

245 3

7 NEMD, stenosis TH
gastric pull-up

205 5

8 collagenosis, recurrent
epiphrenic diverticulum

TT
gastric pull-up

305 92

AC = Achalasia, DME = dolichomegaesophagus, NEMD = non-specifi c esophageal 
motility disorder, TH = transhiatal, TT = transthoracic.

  

  Table 2.  Surgical therapy and follow-up 
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  Fig. 1.  A dual operation was performed in a patient with two previous partial distal (fundic and esophageal) re-
sections: fi rst, a retrosternal colon interposition with a cervical esophagocolostomy, a coloantral anastomosis and 
proximal closure of the remnant esophagus, which was left in situ to limit the risk of the operation. In a second 
step, the rest of the esophagus was removed by a rethoracotomy 5 months later (barium swallow shown after the 
fi rst operation).  a  Arrow = cervical esophagocolostomy; c = clavicle.  b  Upper arrow = esophagofundostomy; low-
er arrow = coloantral anastomosis; s = sternum. 

and retention esophagitis, were found in a patient who 
had the disease for 63 years ( fi g. 2 b). 

 Discussion 

 The etiology of esophageal motility disorders is largely 
unknown. Correspondingly, any therapy remains pallia-
tive and is directed at the removal of symptoms, such as 
dysphagia, regurgitation and retrosternal pain. For the 
treatment of AC, pneumatic dilation and open or laparo-
scopic extramucosal myotomy are most frequently used 
and often alleviate symptoms. Only in cases of recurrent 
symptoms, if a scarring of the esophagogastric junction 
as a consequence of long-lasting refl ux occurs, or if the 
esophagus has become massively dilated, may more ag-
gressive therapy become indicated. The extensive dila-
tion of the esophagus leads to a retention esophagitis with 
regurgitation and the danger of aspirations, and in rare 
cases it can be the cause of malign degeneration  [9–11] . 

 Such end stages of AC are fairly infrequent. Among a 
total group of 132 patients, which had been treated surgi-
cally at our institution during 18 years, a decompensated 
form of AC was found in 6 patients. In all of them, dys-
phagia leading to malnutrition was the prominent symp-
tom. The median length of symptoms was 35 years, and 
all patients had previously undergone multiple dilation 
therapies or surgical procedures. 

 Resections of the esophagus as a result of a DME are 
described in the literature with a frequency of 8–9% in 
relation to the total number of treated AC patients  [8, 12] , 
whereas this frequency in patients with Chagas disease is 
markedly higher (14%)  [13] . 

 Different types of resection have been proposed. The 
limited distal esophageal resection with interposition of 
a short colon segment was shown by Hsu et al.  [14]  to lead 
to good functional results. This procedure, however, does 
not prevent the rare complication of esophageal carci-
noma. Therefore, Orringer advocated a subtotal resection 
of the esophagus, which was developed further by De-
Meester as a vagal-sparing procedure  [15–17] . 
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 While most larger series used the stomach as an esoph-
ageal substitute, as described by Orringer and Devaney, 
a colon interposition was preferred by others  [5, 6, 15, 16, 
18, 19] . In a series of 255 patients with benign esophageal 
diseases, mostly esophageal motility disorders, Young et 
al.  [2]  performed a gastric pull-up in 65.9%, a colon in-
terposition in 27.5%, and a small intestine interposition 
in 6.6% of all cases. Thus, in patients undergoing esopha-
geal resection for benign diseases, the most frequently 
performed procedure is the transhiatal esophagectomy 
with gastric pull-up and cervical esophagogastrostomy, 

which may be prohibitive if scarring of the gastric cardia 
is encountered as a consequence of previous surgery. A 
colon interposition is burdened by a higher rate of long-
term complications, and is therefore less suitable as an 
esophageal replacement in benign disease  [19, 20–22] . 

 In the long-term course, 1 female patient with a colon 
interposition suffered from a bleeding ulcer in the area of 
the distal interposition with an ensuing new formation of 
the cologastrostomy outside. The patient died 4½ years 
later of the consequences of the operation. All other pa-
tients were largely free of major complications. 

  Fig. 2.   a  Epithelial hyperplasia with macro-
scopically clearly visible polypoid changes 
of the complete esophageal mucosa was ob-
vious in a patient with AC and DME.  b  Mi-
crocalcifi cations of the esophageal wall, 
probably due to stasis and retention esoph-
agitis, were found in a patient who had a 
history of AC for 63 years. 
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 Devaney et al.  [6]  described the anastomotic insuffi -
ciency in 10% of all cases, a lesion of the recurrent laryn-
geal nerve in 5%, a mediastinal bleeding with thoracoto-
my in 2%, and a chylothorax in 2%, with a mortality rate 
of 2% on account of respiratory insuffi ciency and sepsis 
as major complications. 

 Resection of the esophagus led in all of our patients to 
the disappearance of dysphagia. Such positive functional 
long-term result with an improvement of the quality of 
life has been described by other authors: Peters et al.  [3]  
reported a satisfactory postoperative outcome with an 
improvement of dysphagia in 80%. Although similar data 
was described by others, their results have to be viewed 
with caution because of the use of different grading sys-
tems for functional results and the heterogeneity of the 
underlying syndromes  [5, 7, 13, 18, 23, 24] . 

 Motility disorders other than AC are rarely an indica-
tion for a subtotal esophageal resection. Literature on a 
larger series of cases does not exist. Our decision to oper-
ate was based on the failure of multiple previous thera-
pies. The postoperative course of these patients suggests 
that favorable long-term results with signifi cant improve-

ment of dysphagia can be achieved by esophageal resec-
tion even if endoscopic therapy or non-resecting surgical 
measures are unsuccessful. 

 Conclusion 

 In summary, the resection and reconstruction of the 
esophagus in advanced esophageal motility disorders led to 
a marked functional improvement with disappearance of 
dysphagia. As these decompensated stages are irreversible 
and not infl uenced by conservative and/or non-resecting 
surgical procedures, symptomatic relief can be achieved  by 
esophagectomy which is the only available treatment in or-
der to restore alimentation and quality of life. 

 The choice of the operative approach and the type of 
interposition may be determined by the presence or ab-
sence of scarring due to previous surgery. If the latter is 
absent, we believe that transhiatal esophagectomy with 
gastric pull-up and cervical esophagogastrostomy should 
be the preferred procedure and can be performed with 
low morbidity. 
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