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Foreword

V

It is an honor to be asked to comment on the occasion of the publication of The Diver-
sity of Gastric Carcinoma: Pathogenesis, Diagnosis, and Therapy, edited by Prof.
Michio Kaminishi, Dr. Takubo, and Dr. Mafune. This book provides a very valuable,
wide coverage of molecular carcinogenesis and prevention, through to diagnosis and
treatment of stomach neoplasia. A particularly important aspect for gastric cancer
control is the biological diversity of the tumors themselves. The stomach is a compli-
cated organ, and the cardiac and pyloric portions have different cellular compositions
and functions. The many types of cells are in a constant flux of differentiation from
stem cells. Precancerous conditions such as intestinal metaplasia and atrophic gastri-
tis are well known, and there are various factors that have already been established as
promoting cancer development. They include sodium chloride intake, infection of
Helicobacter pylori, and the host genetic background. It is therefore not surprising that
stomach cancers demonstrate great diversity in their biological and clinical behavior.
The practical consequence is that the clinical handling that is most suitable for each
individual patient is also diverse. Each chapter of this volume is well presented by
authors who are specialized in fundamental and clinical sciences and who are cur-
rently active at the forefront of their own fields. The entire book is compiled taking
into account the most up-to-date knowledge, with a balanced viewpoint. This book
should be widely recommended to researchers and clinicians dealing with one of most
ugly and common diseases of mankind, gastric cancer.

Takashi Sugimura
President Emeritus, National Cancer Center
Chairman of Section II, The Japan Academy



Preface

VII

Gastric cancer is still the second leading cause of cancer death worldwide, although
the incidence of this disease has been gradually decreasing. Vigorous research on the
mechanisms of gastric cancer development, invasion, and metastasis is required to
establish prevention, early detection, and precise therapies for gastric cancer.

The diversity of gastric cancer is well known. In terms of histological classification,
gastric carcinoma is divided into five types according to the general rules for gastric
carcinoma of the Japanese Gastric Cancer Association. Compared with other gas-
troenterological carcinomas, it is characteristic in gastric cancer that respective his-
tological types develop at a constant rate. Therefore, on the basis of clinicopathological
features, gastric carcinoma is divided into two major types: diffuse and intestinal in
Lauren’s classification; differentiated and undifferentiated in Nakamura’s classifica-
tion; and gastric and intestinal phenotype by mucin immunohistochemistry. In addi-
tion, genetic and epigenetic alterations in gastric carcinogenesis have been postulated.
Sex and age differences in the incidence and clinicopathological features also have
been given attention.Analysis of the underlying mechanisms of the diversity of gastric
carcinogenesis is likely to provide the development of not only early detection and
tailor-made therapies but also prevention of gastric cancer.

In this book, the following major topics are addressed: the history of clinical and
experimental gastric cancer research; undated issues of molecular and pathological
research on gastric carcinogenesis; multidisciplinary methods in diagnosis, treatment
and chemotherapy; and perspectives in minimally invasive surgery.We hope this book
will provide a comprehensive knowledge of gastric cancer and will encourage further
development of gastric cancer research and its clinical application.

We would like to express our deepest appreciation to those who have contributed
their work to this book.

April 2005, Tokyo
M. Kaminishi

K. Takubo
K. Mafune
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Part 1

History of Gastric Carcinoma Research



History of Gastric Carcinoma Research
in Japan: Basic Aspects
Masae Tatematsu, Tetsuya Tsukamoto, and Tsutomu Mizoshita

Introduction

Human gastric cancers histologically present with various morphological structures,
which is one of the most characteristic features compared with other digestive 
apparatus carcinomas. Great variation may even be evident within the same gastric
cancerous mucosa. Many pathological and biological analyses of gastric carcinomas,
including precancerous lesions, have been performed with human samples and exper-
imental animals, and in this chapter we focus on the history of gastric carcinoma
research in Japan from the point of view of basic aspects, concentrating especial atten-
tion on pathological findings.

Experimental Animals and Gastric Carcinomas

In general, spontaneous adenocarcinomas of the glandular stomach are very rare in
experimental animals, although Oettle et al. reported an incidence of more than 40%
in animals dying from natural causes in their Mastomys (Praomys natalensis) colony
[1,2]. The tumor cells arising in the glandular stomach of old males and females were
found to contain argyrophil granules when tissues fixed in formalin were colored with
solutions of silver salts [3]. In short, the tumors were not gastric cancers, but rather
carcinoids.

Since the 1930s, attempts to experimentally induce stomach cancers in animal 
have been performed by many researchers using several carcinogens such as
benzo[a]pyrene, 3-methylcholanthrene, and 2-acethylaminofluorene [4–6]. However,
the incidences of experimentally induced stomach cancer were low in all animal
models, and it was only in 1967 that Sugimura et al. were able to report good yields of
adenocarcinomas in the glandular stomachs of rats treated with N-methyl-N¢-nitro-
N-nitrosoguanidine (MNNG) [7]. Tumors were selectively produced with very high
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frequency when MNNG was continuously administered as a solution in drinking 
water [7]. In the pyloric mucosa of the rat glandular stomach thus exposed to MNNG,
erosive lesions occur. Second, disordering of glandular structures and proliferation of
pyloric mucosa are observed. Then, atypical glands and gastric cancer cells become
detectable, and finally both differentiated and undifferentiated gastric carcinomas
mimicking the histological types of human gastric cancer are induced in this model.
In hamsters and dogs, MNNG also proved to be a gastric carcinogen. Oral adminis-
tration of the carcinogen to hamsters at a concentration of 50–83mg/ml in the drink-
ing water resulted in a high incidence of tumors in the glandular stomach [8,9].
Similarly, production of stomach cancer in dogs by MNNG has been well documented
[10], and with these animals it is possible to perform endoscopic observation and 
take stomach biopsies on a sequential basis. The presence of surfactants, such as 
alkylbenzenesulfonate, enhances the effect of carcinogens in the stomach of animals
[11,12]. Dr. Sugimurag’s group at National Cancer Center Research Institute in Tokyo
has pioneered and established most of studies of experimental gastric carcinogenesis.

Stomach cancers also occur in experimental animals such as the rat, hamster, and
dog given N-ethyl-N¢-nitro-N-nitrosoguanidine (ENNG) [13,14]. Oral administration
of 4-nitroquinoline 1-oxide (4-NQO) and 4-hydroxyaminoquinoline 1-oxide (4-
HAQO) similarly induces carcinomas in the stomach as well as various other tissues
[15,16]. However, the yields of gastric carcinomas using these chemical carcinogens
are lower than with in MNNG.

The glandular stomach of mice has generally been found to be relatively resistant
to carcinogen action, and administration of MNNG in the drinking water to
BRSUNT/NJms mice over the life span only resulted in adenomatous hyperplasia of
gastric epithelium [17]. In 1992, however, Tatematsu et al. reported induction of ade-
nocarcinomas in the glandular stomach of BALB/c mice treated with N-methyl-N-
nitrosourea (MNU) [18]. Reasonable yields were also obtained in C3H mice treated
with this agent [19]. Thus, MNU in the drinking water selectively induces neoplastic
lesions in the glandular stomach of mice.

Helicobacter pylori (H. pylori) is a major causative factor for gastric disorders, and
strong epidemiological evidence has been accumulated indicating a significant 
relationship with active chronic gastritis, peptic ulcers, atrophic gastritis, intestinal
metaplasia, and malignant lymphoma or cancer development [20–32]. Based on the
epidemiological findings, H. pylori was defined as a “definite biological carcinogen”
by WHO/IARC in 1994 [33]. Many animals have been successfully infected 
with human H. pylori to study the pathogenetic background, but none of the 
flat models studied proved sufficiently similar to the situation with human H. pylori
infection and pathology [34–40]. In 1996, however, Hirayama et al. reported a 
Mongolian gerbil (MG) model of human H. pylori infection, with the 
bacteria detectable throughout a 12-month study period [41]. MGs can be easily
infected with H. pylori, and the resultant chronic active gastritis, peptic ulcers, and
intestinal metaplasia resemble lesions apparent in man. Then, in 1998, Tatematsu et
al. described establishment of an animal model of stomach carcinogenesis using 
MGs with MNU and MNNG as the carcinogens [42]. H. pylori infection increases the
incidence of both MNU- and MNNG-induced adenocarcinomas of all histological
types in the MG glandular stomach [43–45]. The H. pylori-infected and chemical 
carcinogen-treated MG has thus proved very useful for the analysis of gastric 
carcinogenesis.
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Precancerous Lesions for Gastric Carcinomas

Intestinal Metaplasia
Intestinal metaplasia (IM) has been extensively studied as a possible premalignant
condition in the human stomach [46–50]. However, many questions remain regard-
ing its pathogenesis as well as the actual relationship to gastric cancers. The present
widely applied classification, into complete and incomplete types, was first proposed
by Sugimura and colleagues at National Cancer Center Research Institute in Tokyo
[51,52]. Classification based upon mucin secretion patterns as well as morphology has
also allowed division into a small intestine type and a colonic type [53,54]. Jass and
Filipe described three grades of IM (types I, II, and III) on the basis of morphology
and classical mucin staining using the periodic acid-Schiff, alcian blue, and high iron
diamine methods [55]. Type I corresponds to the complete and types II and III to the
incomplete type with mild and severe distortion of the glandular structures. These
classifications are generally accepted, but are only based on intestinal properties and
do not take into account the gastric properties that are still preserved in association
[56].

With recent developments in mucin histochemistry and immunohistochemistry,
intestinal metaplastic cells can now be readily classified into a gastric epithelial cell
type, encompassing pyloric gland cells and surface mucous cells, and an intestinal
epithelial cell type, such as goblet and intestinal absorptive cells, on analysis of phe-
notypic expression [56]. Concerning gastric phenotypic markers, the surface mucous
cell type contains galactose oxidase-Schiff (GOS) and sialidase-GOS reactive mucin,
also being positive for MUC5AC and human gastric mucin (HGM). Cells of pyloric
gland cell type contain class III mucin, are positive for MUC6, and show pepsinogen
reactivity. Regarding intestinal epithelial markers, the goblet cell type contains mucin
that is GOS negative and sialidase-GOS reactive, and exhibits sialyl-Tn antigen and
MUC2 core protein. Cells of intestinal absorptive cell type demonstrate sucrase and
intestinal-type alkaline phosphatase activity (I-ALP), harboring CD10 as a surface
marker and the structural protein villin. Cells of Paneth cell type are reactive with
antidefensin 5 antibodies [57,58].

Inada et al. have proposed a new IM classification based upon the cell differentia-
tion status using both gastric and intestinal cell phenotypic markers [59]. Division is
into two major types, a gastric and intestinal (GI) mixed type and a solely intestinal
(I) type. GI-IM, which is further subdivided into six subtypes [59], predominates in
the pyloric mucosa, whereas the I-IM is most frequent in the fundic region, suggest-
ing that the pathogenesis differs between these two locations. All the subtypes of
GI-IM and a subtype of I-IM without Paneth cells belong to the incomplete IM cate-
gory whereas the subtype of I-IM with Paneth cells corresponds to complete IM. In
many cases of GI-IM, atrophied pyloric glands are present under the intestinalized
cells. To confirm this phenotypic classification, stomach mucosa was subjected to a
gland isolation technique to show the characters of glands consisting of gastric and
intestinal phenotypic cells through from the top to the bottom. Isolated glands were
classified into gastric (G), GI mixed, and I types according to the preservation of
pyloric glands and appearance of goblet cells as revealed with paradoxical con-
canavalin A and alcian blue staining (Fig. 1) [56]. Intestinal metaplastic glands still
preserving gastric mucin can be considered as reflecting GI-IM at the cellular level,
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whereas others are true I-IMs, indicating more progression in the phenotypic shift
from gastric toward intestinal. Thus, IM subtypes should be thought of not as inde-
pendent entities, but rather as a sequence of pathological states with a gradual change
from stomach to intestinal character [56,59]. Experimentally, a phenotypic shift from
GI-IM to I-IM could be clearly observed on sequential observation of rat stomach
treated with X-rays [60]. Heterotopic proliferative glands (HPGs) frequently develop
with H. pylori infection in the glandular stomach of infected MGs, with a slightly dys-
plastic change of constituent cells [61]. Although these often resemble differentiated
carcinomas, they are not malignant in character. HPGs also show a phenotypic shift
from G type to GI type or I type with appearance of Paneth cells during the overall
course of H. pylori infection [61].

With regard to direction of cell migration and differentiation of gastric and intes-
tinal phenotypic cells in GI-IM, gastric surface mucous, intestinal absorptive, and
goblet cells are found in the upper glandular portions from the proliferative zone (P-
zone) and pyloric gland cells and Paneth cells are found in the lower glandular por-
tions (Fig. 2). Hattori et al. speculated, on the basis of autoradiographic analyses, that
IM might first appear in the P-zone wihin pyloric mucosa [62,63]. It is believed that
stem cells (multipotent progenitor cells) are present in the P-zone in the isthmus region
of the gastric glands, giving rise to all the various cell types by differentiation, so that
consequently gastric glands are monoclonal in the adult stage [64,65]. In normal
gastric and intestinal mucosa of C3H/HeN¤BALB/c chimeric mice, Tatematsu et al.
have previously demonstrated that each gland is composed entirely of C3H strain-
specific antigen (CSA)-positive or -negative cells, with no mixed glands found,
providing convincing evidence that each individual gland in the adult mouse is derived
from a single progenitor cell [66,67]. Inada et al. have previously identified Paneth cells
in pyloric glands in GI-IM using a specific antibody against human defensin-5 (HD-
5), below the P-zone [68]. GI-IM might be the consequence of abnormal differentia-
tion of stem cells that can produce both gastric and intestinal phenotypic cells, with
the normal cell migration pattern preserved. In short, GI-IM can be considered an
abnormal and unstable differentiation status between stomach and intestine [56,59]
(see Fig. 2).

Homeobox genes play an important role in developing and maintaining organ dif-
ferentiation. Caudal-type homeobox gene (Cdx)1 and Cdx2, mammalian members of
the caudal-related homeobox gene family, are believed to be important in the early
differentiation and maintenance of intestinal epithelial cells [69–72]. Cdx2 ectopic
expression induces IM in the glandular stomach of transgenic mice [70,73,74], and in
humans, Cdx1 and Cdx2 are widely present in the intestinal and colonic mucosa, but
not in the gastric mucosa, further pointing to a contribution to the intestinal pheno-
type [75]. Nuclear staining of Cdx1 and Cdx2 can be detected in intestinal metaplas-
tic cells, not in the normal gastric epithelial cells [76–78]. With regard to the gastric
phenotype, cSox2 gene, a member of the transcription factor family containing an
Sry-like high-mobility group (HMG) box, demonstrates localized expression in the
chicken stomach [79]. Sox2 could be a key molecule for gastric differentiation in 
the gastrointestinal tract, also in mammals [80]. Indeed, Sox2 is found localized in the
nuclei of human gastric foveolar cells [81].

In isolated glands, Sox2 has been found to gradually decrease from G, through GI,
to the I type, whereas Cdx1 and Cdx2 increase through this sequence. MUC5AC and
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MUC6 transcripts also decrease from G, through GI, to the I type, whereas MUC2 and
villin demonstrate the inverse. Downregulation of Sox2, besides ectopic expression of
Cdx genes, may thus be an important factor in the development of IM [81].

It has been suggested that “intestinal”-type carcinomas arise in intestinalized
mucosa, while their “diffuse”-type counterparts develop from the gastric mucosa
proper [82–85]. This hypothesis is based on morphological similarities between
cancers and IM, and on the results of comparisons of carcinomas and surrounding
mucosa. However, recent studies on clonality of gastric cancers and phenotypic
expression of individual intestinal metaplastic or stomach cancer cells have pointed
to several contradictions [60,66,78,86–96]. The details of this discrepancy are
explained later in this chapter.

Pepsinogen-Altered Pyloric Glands
Pepsinogen isozymes are divided into pepsinogen isozyme (Pg) 1, Pg2, Pg3, and Pg4
in the normal rat glandular stomach. Three isozymes (Pg1, -3, -4) occur in the pyloric
mucosa, and all four (Pg 1–4) in the fundic mucosa [97,98]. Of the three pepsinogen
isozymes that have been separated from the pyloric mucosa by polyacrylamide gel
electrophoresis [99], Pg1 disappears or preferentially decreases in areas of pyloric
mucosa during the early stages of MNNG-induced rat glandular stomach carcino-
genesis and before morphologically distinct preneoplastic histological changes appear
[100,101]. This altered pepsinogen isozyme pattern has been also been consistently
observed in gastric tumors [102]. More recent immunohistochemical studies have
demonstrated individual pyloric glands low in Pg1 (thus termed Pg1-altered pyloric
glands, PAPG) in otherwise normal-appearing pyloric mucosa after MNNG treatment
[103] and have furthermore revealed that cells of pyloric gland cell type within gastric
tumors contain little or no Pg1 [104]. In addition, induction of PAPG has been found
to be dependent on the dose of MNNG administered, and numbers increase with time
[103,104]. The susceptibility of different rat strains to induction of gastric carcinomas
by MNNG also correlates with their susceptibility to induction of PAPG [105], and the
constituent cells demonstrate a degree of independence from the surrounding pyloric
glands with regard to proliferation kinetics [106]. Therefore, PAPG detected immuno-
histochemically are considered to be putative preneoplastic lesions in the glandular
stomach of rats. An experimental protocol consisting of the following four compo-
nents, (i) PAPG as the endpoint marker lesion; (ii) single dose of MNNG as the ini-
tiator; (iii) test chemical administration for 14 weeks; and (iv) administration of
saturated sodium chloride solution during the test chemical exposure, has been used
effectively for the detection of gastric carcinogens as well as promoters of gastric car-
cinogenesis in relatively short time period [107]. The altered methylation of the Pg1
gene observed in stomach cancer is acquired early in the carcinogenesis process, and
progressive methylation changes occur with tumor development [108]. In mice, PAPG
are also detectable immunohistochemically, suggesting possible use as a preneoplas-
tic lesion for gastric chemical carcinogenesis in this species [109], independent of the
strain [110]. Thus, PAPG can be regarded as a common change in rodents, acting as
a precursor for a variety of adenocarcinoma types.
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Modification of Gastric Carcinogenesis

Salt
Salt and salted foods are probable risk factors for gastric cancer, based on evidence
from a large number of case-control and ecological studies [111–114]. In experimen-
tal animals, Tatematsu et al. found sodium chloride to enhance the carcinogenic effects
of MNNG and 4-NQO in the rat glandular stomach [115]. It is possible that sodium
chloride decreases the viscosity of the gastric mucus and so reduces the protective
mucous barrier.When given alone, it has no apparent carcinogenicity in rats, but when
administered with MNNG or 4-NQO it promotes gastric carcinogenesis in the rat
glandular stomach [115] in a dose-dependent fashion [116]. A high concentration 
of sodium chloride causes initial tissue damage and consequent regenerative cell 
proliferation [117]. Furthermore, in 2002, Nozaki et al. demonstrated that a high-salt
diet enhances the effects of H. pylori infection on gastric carcinogenesis, and 
these two factors act synergistically to promote the development of stomach cancers
in the MG model, while high salt intake has a minor influence compared to H. pylori
[118]. The available data from experimental animal models clearly support the
concept that salt-preserved foods and salt increase the risk of stomach cancer in
humans.

Endocrine Hormones
The frequency of gastric carcinoma is much greater in achlorhydric individuals than
in those with high acid secretion [119–121], and lesions are rarely found in patients
with duodenal ulcers accompanied by hypersecretion of HCl [122,123]. Indeed, gastric
acid secretion may decrease during gastric cancer development in rats [124], and
Tatsuta et al. have shown that prolonged administration of gastrin to rats after MNNG
initiation results in a significant increase in acid production and a concomitant reduc-
tion in the incidence of stomach adenocarcinomas [125]. Histamine is similarly asso-
ciated with decreased incidences of adenocarcinomas in the rat glandular stomach,
but only gastrin affects the histological type [126]. Prolonged administration of
gastrin to rats after MNNG exposure also suppresses development of gastric cancer
precursors [127], but administration of a small dose during MNNG treatment results
in the development of so-called undifferentiated adenocarcinomas [128].

A consistent sex difference is seen in areas of high and low incidence of gastric
cancer; males have twice the likelihood of tumor development of females [129]. An
equivalent male preponderance is also seen in the rat experimental model of gastric
cancer with MNNG [130]. As Palli et al. have reported that early menopause predis-
poses women to gastric cancer [131], it is possible that sex steroid hormones have a
role, with estrogen exerting protective effects and androgens causing enhancing
effects [132]. Estrogen and progesterone receptors have been detected in adenocarci-
nomas of the stomach [133–138], and determination of their expression in individual
tumors may facilitate understanding of their biochemical and pathophysiological
behavior [139].

With regard to other hormones, Moyer et al. have demonstrated that somatostatin
enhances growth of human gastric cancer cells [140]. In addition, it has been reported
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to enhance gastric carcinogenesis after MNNG treatment in rats [141]. However,
somatostain can act as a positive regulator under certain conditions [142,143]. Iishi
et al. have demonstrated that thyroxine may enhance the development of gastric
cancers in rats [144] and may be related to its induction of increased proliferation of
gastric epithelial cells [144,145]. Feurle et al. found that neurotensin can also act as a
trophic factor on gastric antrum, leading to an increase in the thickness of the epithe-
lium [146,147], and promotion of gastric carcinogenesis was confirmed in the MNNG
rat model [148]. It also has been shown that specific binding sites for vasoactive intes-
tinal peptide (VIP) are localized in plasma membranes of gastric glands [149] and in
human gastric cell lines [150]. Iishi et al. have further demonstrated enhancement by
VIP of gastric carcinogenesis induced by MNNG in rats [151], although Kobori et al.
found that it exerts little or no stimulatory effects on the growth of rat stmach cancer
cells [152]. Substance P, a digestive hormone, may also promote gastric carcinogene-
sis induced by MNNG in rats [153].

Bile
An increased risk of gastric cancer in stomach remnants long after partial gastrec-
tomy and possibility of effects of reflux of bile and/or pancreatic juice have been
reported [154–157]. Promoting effects of bile on experimental stomach tumorigene-
sis in the rat have also been suggested [158–162], and it has been shown that the inci-
dence of gastric cancers induced by carcinogens is increased after partial gastrectomy,
with tumor development related to the promotional effect of bile reflux [163,164].
Because gastrectomized rats not receiving any unequivocal carcinogen also frequently
demonstrate cancers in the regions of anatomosis, however, not only tumor-promot-
ing but also tumor-initiating activity is conceivable on the gastric stump [165,166].
Although the cancer incidence is very low in gastric stumps after partial stomach
resection with transit reconstruction by the Billroth II technique (BII) [167], the pro-
portion of human patients with cancer in the gastric stump after surgical procedures
has been reported to range from 23% to 42% [166,168]. Such high incidences imply
that strong gastric carcinogens equivalent to MNNG may be present in refluxing bile.
The fact that spontaneous adenomas and carcinomas in the stomach and intestines
of rodents are extremely rare makes it unlikely that unknown strong gastric carcino-
gens are present in their bile and/or pancreatic sections [169].

Diversion of bile secretion from the duodenum through a bypass to a distal intes-
tinal loop, named the Roux-en-Y procedure (RY), is associated with lower incidence
of neoplasms in the gastric stump [166]. Most of the proliferative lesions induced in
the absence of chemical carcinogen are adenomatous hyperplasias (AHs), which are
reversible after diversion of bile reflux by RY [167]. Cells of AHs can be classified phe-
notypically into a G type (pyloric gland and surface mucous cells) and a mixed GI or
I type (intestinal absorptive and goblet cells), but most consist solely of G-type struc-
tures. All the cell types in AH show similar proportional decreases in bromod-
eoxyuridme (BrdU) incorporation after RY diversion, suggesting a benign nature 
for the lesions [170]. Thus, bile reflux is not an initiator, but rather an important pro-
moter, in the carcinogenesis of gastric stump after partial gastrectomy.
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Helicobacter pylori
From epidemiological findings, there is little room for doubt that H. pylori infection
has a “positive correlation” with stomach cancer development [24–26,29,33,171,172].
Mongolian gerbils can be easily infected with H. pylori, and the resultant chronic
active gastritis, peptic ulcers, and IM resemble lesions apparent in man. Thus, MGs
appear to be an ideal experimental animal for detailed analysis of the roles of H. pylori
in gastric disorders. All histological types of gastric cancer development can be
observed in the glandular stomach of MGs treated with the chemical carcinogens
MNU or MNNG [42], and H. pylori infection markedly enhances the yields of lesions
[43–45]. As already noted, a high-salt diet enhances the effects of H. pylori infection
on gastric carcinogenesis, and the two factors act synergistically to promote the devel-
opment of stomach cancers in the MG model [118]. To evaluate variation in suscep-
tibility to stomach carcinogenesis in relation to age of acquisition of H. pylori
infection, Cao et al. designed an experiment involving inoculation of H. pylori fol-
lowed by MNU exposure at different time points in the MG life span [173]. Early acqui-
sition of H. pylori significantly increases gastric chemical carcinogenesis with MNU,
as compared to the case with later infection, possibly because of differences in host
gastric mucosal factors and immunological responses [173]. This finding would imply
that childhood H. pylori infection must not be overlooked in approaches to the pre-
vention of stomach cancer in adult life [174,175].

Several studies based on histopathology showed no carcinomas in animals treated
only with H. pylori infection [42–45,176].However,two reports concluded that H. pylori
infection alone can induce well-differentiated adenocarcinomas at very high incidences
in the glandular stomach of MGs [177,178], whereas another study resulted in only one
poorly differentiated adenocarcinoma [179]. The incidences and histological patterns
of the lesions differed greatly in these three papers. After H. pylori infection, glands in
the stomach of MGs start to proliferate into the submucosa,disrupting the lamina mus-
cularis mucosa. Submucosal HPGs develop in the glandular stomach of MGs with H.
pylori infection alone, often resembling differentiated carcinomas [61]. The character-
istics of the HPGs include (1) organized polarity of their component cells; (2) differen-
tiation from G-type HPGs into I-type HPGs with mature Paneth cells; (3) formation of
large cystic dilatations containing mucin, often with calcification; (4) shedding of
epithelial cells and necrosis at the tips of lesions; (5) high-grade inflammation with infil-
tration of inflammatory cells; and (6) organized polarity of proliferating zones [61].
These characteristics are quite different from those of well-differentiated adenocarci-
nomas, which are characterized by obvious cellular atypia.After eradication, HPGs are
obviously reduced, and gastric lesions in mucosa also disappear with few remnants of
the former injury. Reversible HPGs are frequently induced solely by H. pylori infection
in this species, and are related to severe gastritis, rather than being malignant in char-
acter.Thus,distinguishing reversible lesions from true neoplasms is necessary in inves-
tigating the relationship of H. pylori infection with gastric carcinogenesis in the MG
model [61]. Taking into account all the available data, we conclude that H. pylori is a
strong promoter of gastric carcinogenesis rather than an initiator.Many of these works
of H. pylori infection and gastric carcinogenesis have been done by groups of Division
of Oncological Pathology, Aichi Cancer Center Research Institute and Department of
Gastrointestinal Surgery, The University of Tokyo.
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Characteristics and Differentiation of Gastric 
Cancer Cells

Histological Classification of Gastric Carcinomas
Human gastric cancers histologically can be divided into two major groups, the “intes-
tinal” and “diffuse” types of Lauren [82], which, respectively, correspond closely to the
“differentiated” and “undifferentiated” types of Nakamura et al. [83] and Sugano et al.
[180,181]. Although these classifications have been widely used, they are inadequate
for studies of histogenesis of gastric carcinomas and phenotype expression at the cel-
lular level, because of the confusion of intestinal phenotypic cancer cells with “diffuse”
structure and the presence of a gastric phenotype with the “intestinal” type of Lauren
[56]. It is in fact possible to analyze the phenotypic expression of each gastric cancer
cell using gastric and intestinal epithelial cell markers [78,87,88,91,93,182–187]. The
details of the phenotypic classification are explained later in this section.

DNA Ploidy Patterns of Gastric Cancers
The DNA ploidy pattern reflects the degree of chromosomal instability and offers a
key to understanding the biological characteristics of neoplasms. There are known to
be differences between differentiated and undifferentiated types of gastric cancers
[188,189]. Polyploid cells appear to occur less frequently in minute than in large
advanced cancers [190]. In differentiated lesions, the incidence of polyploidy is high
in both early and advanced stages, whereas in undifferentiated gastric cancers it is low
in early stages but significantly increases with progression. In gastric cancers, it has
been shown that growth factor receptor genes such as c-erbB, c-erbB-2, c-met, and K-
sam are often amplified in close relation to the histological type [192,193]. Amplifi-
cations of c-erbB-2 and K-sam occur in differentiated and undifferentiated types,
respectively [191–194]. Tsujimoto et al. have shown that the amplification of growth
factor receptor genes is associated with polyploidy, irrespective of the DNA-ploidy
mode [195]. The time course of oncogene amplification and kinds of genes amplified
may also differ between differentiated and undifferentiated gastric cancers.

Monoclonal Growth of Gastric Cancers
Gastric cancer cells show heterogeneity in terms of both the histological and pheno-
typic types, raising the question of clonality [56]. Recently, numerous histological
markers have been used for analysis of mosaicism in chimeric mice, and establish-
ment of antibodies strictly recognizing a C3H strain-specific antigen (CSA), by 
Kusakabe et al., has enabled immunohistochemical discrimination of C3H cells in his-
tological sections of C3H/HeN¤BALB/c chimeric mice [196,197]. In normal gastric
and intestinal mucosa of chimera adult mice, each individual gland is composed
entirely of CSA-positive or -negative cells and no mixed glands are apparent, indicat-
ing that each is derived from a single progenitor cell [66,67]. Surface mucous cells
(foveolar epithelial cells), mucous neck cells, parietal cells, and chief cells in the fundic
glands thus all arise from the same cell. Similarly, surface mucous cells and pyloric
gland cells in each pyloric gland are from a single progenitor cell. MNU in the drink-
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ing water selectively induces neoplastic lesions in the glandular stomach of BALB/c
and C3H mice [18,19], and gastric cancers in C3H/HeN¤BALB/c chimeric mice
treated with MNU were also found to be composed of only one parental type. Thus,
individual gastric cancers are derived from single cells with multipotential activitiy
[66].

Phenotypic Classification and the Shift from Gastric to
Intestinal Phenotype with Progression in Gastric Cancers
The phenotypic expression of malignant cells is widely thought to resemble that of
the tissue of origin. Using gastric and intestinal epithelial cell markers, it is possible
to analyze the phenotypic expression of each gastric cancer cell, independent of the
histological type (Figs. 3, 4) [78,87,88,91,93,182,185–187,198]. MUC5AC, HGM, GOS,
MUC6, and PCS class III mucin are markers of the gastric epithelial cell phenotype,
whereas MUC2, sialidase-GOS, sialyl-Tn antigen, sucrase, I-ALP, CD10, and villin are
typical of the intestinal epithelial cell phenotype [56,78,88,93,183–185,187,198,199].
Gastric cancers comprising epithelial elements presenting only gastric or intestinal
phenotypic expression are classified as of gastric (G type) or intestinal (I type) phe-
notype, respectively. Those with both gastric-type cells and intestinal-type cells are
classified as having a gastric and intestinal mixed phenotype (GI type), whereas the
remainder exhibiting neither are grouped as unclassified (N type) [88,93,183,184,186].

In the rat glandular stomach, experimentally induced adenocarcinomas consist
mainly of G-type cancer cells, with I-type cancer cells appearing later in larger tumors
[89,90,199–201]. This phenotypic shift occurs in accordance with increasing depth of
invasion in human signet ring cell carcinomas and with progression in human dif-
ferentiated gastric cancers [91,183,185,198]. A shift from gastric to intestinal pheno-
typic expression is in fact observed with progression of each histological type of
gastric cancer [182]. The incidence of gastric cancer cells with intestinal phenotypic
expression in early differentiated cases is higher than in undifferentiated cases, sug-
gesting that gastric cancer cells of differentiated type may be more prone to intesti-
nalization [78,182,183]. In humans, gastric cancers at early stages, independent of the
histological type, mainly consist of G-type cancer cells, and a phenotypic shift from
gastric to intestinal phenotypic expression is clearly observed with progression [56].

Regarding the histogenesis of gastric cancers, it would be logical if those originat-
ing from IM should be of the I type. Even if the phenotypic expression of I-type gastric
cancer cells is unstable, the incidence of I-type cancer cells in small gastric cancers
should then be higher than in large gastric cancers, although expression in fact
appears to be stable [90]. Sequential and quantitative analysis of the appearance of
IM- and I-type gastric cancer cells during gastric carcinogenesis induced by chemi-
cal carcinogens in rats has clearly demonstrated the following points [89]. (i) Adeno-
matous hyperplasias consisting totally of G-type cells appear first. (ii) All
adenocarcinomas consist mainly of G-type cancer cells, and in more than 50% of cases
they are composed entirely of cells of G type. No tumors consisting only of I-type cells
are found. (iii) The incidence of I-type cancer cells increases significantly in gastric
lesions with progression from adenomatous hyperplasia through small well-differen-
tiated adenocarcinomas to large well-differentiated adenocarcinomas. (iv) Tumor cells
of G and I types may be present in the same acini in adenocarcinomas. (v) Adeno-
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carcinomas with I-type cancer cells occasionally develop in pyloric mucosa in the
absence of IM, and tumors without I-type tumor cells sometimes occur in pyloric
mucosa with IM. In humans, also, there is no consistent phenotypic expression
between gastric cancers and surrounding gastric mucosa between that with or without
IM [93].

The phenotypes of microcarcinomas (defined as lesions less than 3.0 mm across)
and their surrounding mucosa have also been found to be unrelated [78,88]. Tumors
consisting mainly of G-type gastric cancer cells are commonly found within intestinal
metaplastic mucosa, suggesting that IM is not a preneoplastic lesion for gastric
cancers in man [182]. Differentiated gastric cancers may arise incidentally from
gastric mucosa in which the carcinoma and the surrounding mucosa are becoming
intestinalized independently [86,92,202]. Thus, it has been proposed that IM is impor-
tant not as a precancerous lesion but as a paracancerous phenomenon [86,93,202].
Therefore, Tatematsu et al. have concluded that IM is not a preneoplastic change in
gastric carcinoma, but rather that cells of the I type may appear independently in the
gastric mucosa in IM or in gastric cancers (Fig. 5) [56,89–91].

Sugihara et al. and Fujimori et al. have revealed an organoid differentiation of
intramucosal signet ring cell carcinomas [203,204]. The upper and lower layers of
the typical intramucosal laminated structures consist of carcinoma cells containing
surface mucous cell and pyloric gland cell type mucins, respectively, whereas the
middle layer is occupied by immature carcinoma cells. Such a structure appears to
simulate cellular differentiation occurring in normal mucosa. Similar organoid dif-
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Fig. 5. Schematic illustration of the hypothesis for pathways of intestinal metaplasia and intesti-
nalization of gastric carcinoma based on the pathological findings of human materials and
experimental results with rodent models. Intestinalization progresses from GI mixed type
toward I type in noncancerous (left flow) and cancerous (middle flow) tissue independently. Sox2
has been found to gradually decrease from G, through GI, to I type; caudal-type homeobox gene
1 (Cdx1) and Cdx2 increase through the sequence. GI mixed type IM, gastric and intestinal
mixed-type intestinal metaplasia; I type IM, solely intestinal-type intestinal metaplasia; G type
CA, gastric epithelial cell-type carcinoma; GI mixed-type CA, mixed gastric and intestinal epithe-
lial cell-type carcinoma; I type CA, intestinal epithelial cell-type carcinoma



ferentiation, mimicking pyloric gland mucosa, with GI-IM and I-IM, is often found
within differentiated adenocarcinomas [183].

Expression of Homeobox Genes in Gastric Cancers
Intestinalization of gastric cancer cells differs from the non-systematic deregulation
of a single gene that is often seen during carcinogenesis. Rather, orchestrated changes
in the expression of various genes determining cell structures and functions are
involved, as a kind of homeotic transformation. In the course of human ontogenesis,
homeobox genes play key roles in developmental processes. Fetal stomach, which
develops from the foregut, displays areas of “intestinal-type mucosa” with goblet cells
and epithelial cells with striated borders in the antrum and cardia [205]. Intestinal-
ization of gastric cancer cells may thus indicate a loss of ability to maintain the adult
phenotype. Initiation of carcinogenesis may lead to a less-differentiated state or the
capacity to differentiate in both gastric and intestinal directions, perhaps with dereg-
ulation of homeobox genes, several of which may contribute to processes leading to
malignancy. Silberg et al. and Bai et al. have shown that Cdx1 is sometimes expressed
in adenocarcinomas of the stomach [76,206], and Cdx2 nuclear staining has been
observed in gastric carcinomas [206,207]. Almeida et al. have demonstrated a strong
association between the expression of Cdx1 and Cdx2, as well as between both these
and the intestinal mucin MUC2 [77]. Cdx1 and Cdx2 are indispensable for intestinal
phenotypic expression even in gastric cancer cells [78,186,187], and their transcripts
increase from G-, through GI-, to I-type gastric cancers [187]. There is no association
with the histological type of tumor [77,78,186,187]. Cdx2 may be expressed in very
early stages of gastric carcinogenesis in association with a shift from gastric to intes-
tinal phenotypic expression [78]. The high rates for both Cdx2 and intestinal pheno-
typic expression in small differentiated lesions support the conclusion that the shift
to intestinal phenotypic expression might occur more readily in these than in coun-
terpart undifferentiated cancers [78].

With regard to gastric phenotypic expression, Sox2 may play an equivalent role,
decreasing with the shift to I type [208].

Gene Mutations in Gastric Carcinomas

See the chapter by W. Yasui, this volume.

Prevention of Gastric Carcinomas

Polyphenols
Epidemiological studies have shown a lower risk of gastric cancer among people who
consume a large amount of green tea [209], or vegetables [210]. These foods contain
various polyphenols, (-)-epigallocatechin (EGCG) being a major constituent of green
tea. Several experimental studies have revealed that green tea polyphenols and EGCG
can inhibit chemical carcinogenesis in the duodenum [211], colon [212], skin
[213–215], and lung [216,217], and in one study EGCG reduced MNNG-induced car-
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cinogenesis of the glandular stomach in the rat [218], associated with a significant
decrease in the BrdU labeling index of the mucosa. EGCG has been reported to induce
apoptosis in human gastric cancer cell lines [219–221]. Tumor necrosis factor-a (TNF-
a) is an endogenous tumor promoter whereas activator protein 1 (AP1) and NF-kB
are directly involved in expression of the TNF-a gene. In vitro, EGCG was found to
inhibit both TNF-a gene expression and TNF-a release from gastric cancer cells,
mediated by inhibition of AP1 and NF-kB activation [222]. Clinical applications of
EGCG without harmful effects and at low cost are conceivable.

Eradication of Helicobacter pylori
Shimizu et al. have provided direct evidence that H. pylori eradication may be useful
as a prevention approach against gastric cancer [176]. In the H. pylori-infected MGs
treated with MNU, the incidences of gastric cancers after curative treatment for H.
pylori were thus significantly lower than without H. pylori eradication. For further
evaluation, an experimental model with eradication in the early, middle, or late period
was studied using H. pylori-infected and MNU-treated MGs [223]. H. pylori infection
was found to strongly enhance gastric carcinogenesis initiated with the chemical car-
cinogen, and following eradication at an early period this effect was effectively
reduced. However, after complete clearance of the bacteria, reflux esophagitis often
occurs [224], and this side effect is thought to be an important risk factor for
esophageal adenocarcinoma development [225]. Therefore, establishment of criteria
for H. pylori eradication is now a top priority [176].

Restriction of Salt and Salted Food
Salt and salted foods are probable risk factors, based on evidence from a large number
of case-control and ecological studies [111–114]. With regard to experimental animal
models, Tatematsu et al. already reported in the 1970s that sodium chloride enhances
the carcinogenic effects of MNNG and 4-NQO in the rat glandular stomach [115]. In
2002, Nozaki et al. further demonstrated that a high-salt diet acts to promote effects
of H. pylori infection on gastric carcinogenesis, and these two factors act synergisti-
cally to drive the development of stomach cancers in the MGs model [118]. Taking
into account the combination of available data, restriction of salt and salted food
intake is a practical strategy for prevention of gastric cancer [226].

Conclusions

Gastric cancers develop from single cells, based on data from clonality analysis in
C3H/HeN ¤ BALB/c chimeric mice. We can conclude that IM is important not as 
a precancerous lesion but as a paracancerous cord from such studies of clonality of
gastric cancers and of phenotypic expression of each intestinal metaplastic or
stomach cancer cell. Intestinalization progresses from G, through GI, to I types in non-
cancerous and cancerous tissue independently, accompanied by homeotic transfor-
mation of underlying control factors. H. pylori is not an initiator, but rather a strong
promoter in gastric carcinogenesis, and its eradication, together with reduction in salt
intake, might effectively prevent gastric cancer development.
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Fig. 1. Isolated stomach glands from pyloric mucosa. a Gastric (G) type; b gastric and intest-
nial (GI) mixed type; c intestinal (I) type. Alcian blue-paradoxical concanavalin A (AB-PCA)
stain. ¥200
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Fig. 2. Direction of cell migration and differentiation of gastric and intestinal phenotypic cells
in GI mixed intestinal metaplasia (IM). a Isolated GI mixed intestinal metaplastic glands incu-
bated in the presence of 10 mg/ml bromodeoxyuridine (BrdU) for 2 h. Proliferating cells are
visualized with BrdU immunohistochemistry and goblet cells with alcian blue. ¥100. b
Schematic view of cell differentiation (left panel) and direction of cell migration in GI mixed
intestinal metaplastic glands consisting of both gastric (highlighted red) and intestinal (high-
lighted blue) phenotypic cells (right panel)
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Fig. 3. Gastric phenotypic expression in both differentiated (a–c) and undifferentiated (d–f)
type gastric carcinomas. a, d Hematoxyln and eosm (H&E) stain; b, e MUC5AC is detected in
the cytoplasm of cancer cells; c, f MUC6 is apparent in the cytoplasm of tumor cells. ¥320
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Fig. 4. Intestinal phenotypic expression in both differentiated (a–c) and undifferentiated (d–f)
type gastric carcinomas. a, d H&E stain; b, e MUC2 is evident in the cytoplasm of cancer cells;
c, f villin is apparent at the luminal surfaces of cancer cells. Inset, higher magnification of villin-
positive tumor cells in a signet ring cell carcinoma a–c ¥400; d–f ¥320; red squares indicate a
element ¥640



Historical Review of Research and
Treatment of Gastric Cancer in Japan:
Clinical Aspect
Toshifusa Nakajima

Introduction

Gastric cancer has been decreasing in incidence in Western countries, but it still
remains a leading cause of death in the world. Recent Japanese statistics (http://home-
page3.nifty.com/mickeym/simin/140toukei-sibou.html) show that mortality due to
gastric cancer is the second highest among males and the highest among females.
However, in the past two decades, the death rate itself has been gradually decreasing
in Japan as well as in Western countries, and this change is regarded as the result of
the development of diagnosis, surgical techniques, effective chemotherapeutic agents,
and patient care. Figure 1 shows the chronological changes in 5-year survival rate of
gastric cancer patients treated in the Cancer Institute Hospital (1946–1999) by clini-
cal stage, which clearly demonstrates the gradual increase decade by decade in all
stages, especially remarkable in moderately advanced stage II and III diseases, and
also shows concurrent decrease in morbidity and mortality. These improvements in
treatment results are not prominent in other countries. The historical review of gastric
cancer research in Japan may give some encouragement to clinicians who still strug-
gle with the high morbidity and mortality rate of gastric cancer.

Diagnosis of Gastric Cancer

Development in the morphological diagnosis of gastric cancer in early days originated
from the invention of the X-ray fluoroscopy apparatus, which Holzknecht [1,2] applied
for the diagnosis of gastric disease in 1906 (Table 1). It has become one of the routine
procedures in the diagnosis of gastric cancer. Conventional fluoroscopy and direct
radiography were useful to detect advanced gastric cancer by a deformity, or filling
defect using barium meal but were not sufficient for detection of early-stage cancer
that could be cured by surgery.

Poor treatment results drove physicians to develop an effective mass-survey system
with the aim of detecting early-stage cancer. Hauser employed X-ray fluoroscopy as a
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tool of mass survey of this disease in 1934, and Castro invented indirect radiography
of the stomach in 1944, which facilitated later development in the mass-survey system
[3]. In Japan, where gastric cancer had been prevalent, Irie initiated the mass-survey
system with indirect radiography in 1953 [3], and this system was later incorporated
into one of the important national health policies, which owed greatly to the endeavor
of Ariga [4] and Kurokawa. Fluoroscopy was further developed as a tool of early detec-
tion of gastric cancer by incorporation of the double-contrast method by Shirakabe
[5] in 1958. He found a mixture of barium meal and air in the stomach gives a clear
contrast shadow of early cancer in the gastric mucosa. The curative resection rate was
relatively low until this novel technique had been incorporated into clinical routines
and the mass-survey system in Japan.

Endoscopy is another important tool for finding gastric cancer. Elsner [6] invented
a metal gastroscopy in 1911, followed by a soft gastroscopy by Schinder in 1932, and
in Japan, improved by Kirihara in 1934. The gastrocamera was invented by Uji [7] and
Sugiura in 1950, which allowed color photography of the gastric lumen. The gastro-
camera attracted the enthusiastic attention of physicians and drove them to detect
mucosal, or early-stage, cancer. Hiroschowitz [8] demonstrated the principle of light
transmission through glass fibers in 1957, and Japanese researchers and industries
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Fig. 1. Chronological changes in 5-year survival rates by clinical stage for 10 688 patients who
underwent surgery at Cancer Institute Hospital from 1946 to 1998

Table 1. Historical events in diagnosis

Year Reporter Events

1906 Holzknecht Gastrofluoroscopy for gastric cancer
1911 Elsner Hard gastroscope
1929 Porges Gastrocamera
1932 Schindler Soft gastroscope
1934 Kirihara Soft gastroscope in Japan
1934 Hauser Mass surgery with gastrofluoroscopy
1944 Castro Indirect gastrofluoroscopy
1950 Uji, Sugiura Gastrocamera
1953 Irie Mass surgery with indirect gastrofluoroscopy
1957 Hiroschowitz Fiberscope
1958 Shirakabe Double-contrast method for early cancer
1958 Ariga, Kurokawa Systematic mass survey in regional district



succeeded in the practical use of fiberscopy. Thus, the 1950s was a memorable era of
the beginning of the early detection of gastric cancer in Japan. Tasaka [9] reported the
nation-wide registry of early gastric cancer in 1962, and the incidence of early gastric
cancer was 6.2% of resected cases. Recent statistics show that early-stage cancer is seen
in more than half of the resected specimens among major cancer centers in Japan,
which owes greatly to the recent development of diagnostic modalities.

Pathology and Biology

Pathology and biology are important for clinicians, not only to confirm the diagnosis
but also to make an individual treatment plan for a given patient. Borrmann [10]
reported macroscopic classification of tumor types in 1926, and his study has given
most important information to clinicians as to how to proceed with treatment plans.
He classified gastric cancer into four types according to the gross appearance of
tumors, namely (1) localized, protruded, (2) localized, ulcerated, (3) infiltrating, ulcer-
ated, and (4) diffuse, infiltrating types. This classification is the prototype of the later
Japanese classification of macroscopic tumor types, and later studies reported a close
correlation between the types of tumors and pattern of metastasis. In contrast to the
macroscopic classification of advanced gastric cancer by Borrmann, that of early
gastric cancer was defined in 1962 in Japan based on the proposal by Murakami et al.
[11]. They defined three basic types (I, II, III) and four subbasic types (IIa, IIb, IIc, IIc
+ III) according to the macroscopic appearance of early gastric cancer.

Lymph node metastasis is the most frequent pattern of metastasis of gastric cancer.
Inoue [12] reported close observation of the regional lymph node system in the upper
abdomen of cadavers, and completed the map of lymphatic nodes and channels
around the stomach in 1936. This map is also the prototype of lymph node station in
the Japanese Classification of Gastric Carcinoma in 1961, and provided the basis for
the theoretical concept of radical lymphadenectomy in Japan.

Associated with the diagnostic development of gastric cancer, relatively early-stage
cancer increased in number among the resected cases. Although Borrmann already
described incidental mucosa cancer in his text, Ayabe [13] reported the first two cases
of mucosal cancer that were diagnosed preoperatively in 1949, and triggered enthu-
siasm for early diagnosis of gastric cancer in the 1950s. He introduced in his text that
Bertrand and Konjetzny had separately reported a case of early gastric cancer with
regional node metastasis, despite no infiltrative changes of atypical cells in the sub-
mucosal layer. He insisted that atypical cells in the mucosal epithelium that had hyper-
stained, various-sized nuclei, and the disappearance of normal glandular structures
even with no metastasis, were enough to suggest malignancy. His idea is consistent
with those of Bertrand, Konjetzny, and current Japanese pathologists. Western pathol-
ogists were reluctant to admit it as malignant when there were abnormal changes in
epithelial cells without invasion into submucosal layer or lymph nodes, and instead
defined such changes as dysplasia [14,15]. Thus, such discrepancy in the diagnosis of
cancer or dysplasia in the mucosa between Japan and Western countries has contin-
ued for more than 50 years. Referring to the reports by Bertrand and Konjetzney might
give some hints to solve this discrepancy between Japan and Western countries.

Although Hauser discussed the pathogenesis of gastric cancer arising from the scar
of chronic gastric ulcer in 1883, in Japan, Takizawa, Ohta, Murakami, and many other
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researchers devoted their efforts to such issues as histological classification, macro-
scopic classification of early cancer, pathogenesis, morphological aspects of early
cancer, malignant cycles of early cancer, and the process of developing from early to
advanced cancer [16].

The current of early cancer detection resulted in founding the Japan Anti-Cancer 
Association (chaired by Shioda, Sugimura) in 1958, the Japanese Research Society for
Gastric Cancer Study (chaired by Kajitanl, Niski) in 1962, and several research soci-
eties for early gastric cancer or mass-screening in 1962. Recently Helicobacter pylori
has attracted the attention of etiologists and physicians because of its potential to
cause gastric cancer, but it is still controversial as to its definite evidence for carcino-
genesis [17].

Surgery

Dawn of Gastric Cancer Treatment [1,18,19]
No one is likely to disagree with the idea that surgery still remains the first choice of
treatment modalities for gastric cancer, even at the beginning of the 21st century. The
first gastrectomy was attempted by Pean in 1879, and successfully followed by Billroth
in 1881 (Table 2). Mikulicz also succeeded in making the precise diagnosis of gastric
cancer with gastroscopy and performed successful distal gastrectomy in 1883. Schlat-
ter succeeded in total gastrectomy in 1897. In the same year, in Japan, Kondo [20]
reported his first success in distal gastrectomy, followed by Itoh who succeeded in the
first case of total gastrectomy in 1906. He placed a proximal cut line in the cardia, and
true total gastrectomy was owing to Miyake in 1918, who placed the proximal cut line
in the esophagus. Successful cardiectomy was reported by Mikulicz in 1896. Miyake
[21] reported in 1914 his 10 years experience, in which resectability was 42.9%
(167/389), postoperative mortality was 14.6%, and 3-year survival rate was 19.2%
(19/39). Mutou [22] compared the mortality rate between Japan and Western countries
in 1965: (1) decreased tendency of mortality rate in Japan and Western countries was
observed associated with decades; (2) Japanese mortality rate ranged from 13.8% to
21.1% before World War II and fell below 10% after the war, whereas, in Western coun-
tries it ranged from 11.0% to 38.8% in the former period and from 6.0% to 18.6% in
the latter period; and (3) these results suggested that Japanese surgery was superior to
that in Western countries in terms of number of operated cases and treatment results.

Standard Gastrectomy
From the point of view of radicality, eradication of malignant lesions as complete as
possible might allow us to expect longer survival of patients with gastric cancer.
Radical gastrectomy aims to eradicate both the primary lesion and lymphatic spread
regional to the stomach. Based on meticulous examination of the surgical stump of
resected specimens, Tomoda [23] advocated wide indication of total gastrectomy in
1950. This idea coincides with total gastrectomy de principe in the later period [24].
As is discussed in the next paragraph, systematic radical lymph node dissection was
advocated by Kuru [25], Kajitani [26], and Jinnai [27]. To avoid the suture insufficiency
of gastroduodenostomy, Nakayama fixed the posterior wall of the remnant stomach
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to the pancreas head [28]. Before this report, most surgeons preferred Billroth II type
anastomosis after Miyagi [29], or the Shioda method because of its safety. General
consensuses on safe and radical gastrectomy were reflected in the statement of radical
gastrectomy in the General Rules for the Gastric Cancer Study issued by the Japanese
Research Society for Gastric Cancer Study in 1961 in Japan. Instead of total gastrec-
tomy de principe, the resection line has been recommended to be placed properly
according to the tumor type, namely, 3 cm in localized cancer, and 5 cm in diffused
cancer apart from the tumor margin. There is no comparative study related to total
versus subtotal gastrectomy in our country, but two randomized controlled trials
(RCTs) [30,31] are available in Europe. There were no differences in stump recurrence
at resection margin and survival benefit between the two methods.
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Table 2. Historical events in surgery 

Year Reporter Events

1879 Pean First attempt of distal gastrectomy
1881 Billroth First success in distal gastrectomy
1883 Mikulicz Diagnosis with gastroscopy and successful

gastrectomy
1896 Mikulicz First success in cardiectomy
1897 Schlatter First success in total gastrectomy
1897 Kondo First success in distal gastrectomy in Japan
1908 Voelcker Success in cardiectomy
1918 Miyake First success in total gastrectomy in Japan
1940 Seo Jejunal interposition after total gastrectomy
1940 Morton Total gastrectomy de principe
1942 Kajitani Wide dissection of lymph nodes
1947 Brunshwig Pancreaticoduodenectomy (PD) for distal gastric

cancer involving pancreas head
1949 Yoshioka, Kajitani PD for distal gastric cancer in Japan
1950 Tomoda Total gastrectomy de principe
1950 Weinberg Vital staining of lymph nodes during surgery
1952 Kajitani Extended radical dissection
1953 Appleby Appleby surgery 
1955 Kajitani, Yamada Vital lymph node staining with sky blue
1961 Jinnai Extended radical gastrectomy
1969 Wada Introduction of Appleby surgery into Japan
1969 Hauser Lymph node scanning with isotope
1980 Takekoshi Endoscopic mucosal resection (EMR) with endoscopic 

double snare polypectomy (EDSP)
Hirao EMR with endoscopic resection with hypertonic 

saline-epinephrine (ERHSE)
1984 Tada EMR with strip biopsy
1984 Kajitani, Ohashi Left upper abdominal evisceration
1984 Aiko Lymph node scanning with isotope in Japan
1987 Takahashi Lymph node staining with active carbon particles
1992 Goh Laparoscopic Billroth II gastrectomy (ulcer)
1994 Kitano Laparotomy-assisted gastrectomy (LAG) with 

Uyama abdominal wall elevating method
1999 Bonenkamp Randomized controlled trial (RCT) of D1 vs. D2

dissection in radical gastrectomy



Since 1961, D2 dissection (eradication of all nodes in N1–N2 stations) has been the
Japanese standard procedure of radical gastrectomy for locally advanced gastric
cancer. The General Rules define the degree of lymph node dissection as R0–R3 (later
D0–D3) according to the anatomic stations of lymph nodes. Radicality of surgery is
defined as curative (D-number � N-number with M0) or noncurative (D-number <
N-number, or M1) in relation to the extent of surgery and spread of disease based on
the meticulous postoperative dissection of the resected specimen. All documents of
operative findings are described and recorded in relation to the extent of disease (T,
N, and M categories) and extent of surgery (type of surgery and radicality) based on
the General Rules. It has provided the common basis of documentation to facilitate
the Nationwide Registry of Gastric Cancer since 1969 [32].

Lymph Node Dissection
As stated previously, metastasis to the lymph nodes is the most frequent type of cancer
spread, which could only be controlled by surgeons with meticulous lymphadenec-
tomy. Kajitani [26] stressed the importance of wide dissection of regional lymph
nodes to eradicate lymphatic spread in 1944, and Jinnai [27] also advocated a sys-
tematic radical gastrectomy in 1961. Use of intraoperative vital dye staining of lymph
nodes with pontamine sky blue was reported by Weinberg and Greaney [33] in 1950
to facilitate the identification of regional lymph nodes to perform radical dissection.
Intraoperative or preoperative lymph node staining was studied by many investiga-
tors with sky blue [34] or iodine contrast medium [35], radioisotopes [35–37], or acti-
vated carbon particles [38]. Approach to the regional lymphatic channels with
radioisotopes paved the way to later development of sentinel node navigation surgery,
although its significance is still controversial in gastric cancer surgery.

D2 dissection is supported in Japan and in some Asian and Western countries
[39–42] as a standard surgery for locally advanced gastric cancer. D2 dissection has
been advocated from the theoretical and anatomic point of view to minimize the
residual tumor after surgery. There is no critical evaluation on the comparison
between D1 and D2 in Japan. However, in Europe, a large-scale phase III trial was per-
formed in Holland, reporting that higher incidences of postoperative morbidity and
mortality were observed in D2 than in D1 [43], and in 1999, later results of two
prospective randomized controlled trials (RCT) in Europe [44,45] reported that no
survival advantage of D2 was observed over D1. These reports seemed to be a chal-
lenge to D2 supporters and led to heated arguments among surgeons [46–48]. Up to
date, the results seem to be accepted as true in most Western countries, but are subject
to criticism by D2 supporters because very high postoperative morbidity and mor-
tality are thought to have spoiled the survival benefit of radical dissection, mainly due
to low hospital and surgeon volumes. The benefit of D2 surgery should be established
by further RCT to determine whether to adopt it as a standard surgery.

Extended Surgery
As part of the combined multiorgan resection of involved organs that are adjacent to
the stomach, pancreatoduodenectomy (PD) for distal gastric cancer involving the
head of the pancreas was reported by Brunshwig in 1947 [19]. In Japan, Yoshioka [49]
and Kajitani [50] also paved the way to extended radical surgery with PD in 1949.
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Appleby [51], in 1953, advocated an approach to the celiac axis for the radical eradi-
cation of the whole stomach, distal pancreas, spleen, and regional lymph nodes. This
procedure was introduced to Japan by Wada [52] in 1969. Extended lymph node dis-
section was advocated by Jinnai [27] in 1961. Prophylactic combined resection, includ-
ing pancreatosplenectomy or splenectomy, has been justified as the standard
procedure to perform complete D2 dissection of lymph nodes along the lienal artery
and those at the splenic hilum in upper or middle gastric cancer in Japan. However,
these prophylactic combined resections involving the pancreas are subject to argu-
ment in Western countries because of the high incidence of postoperative complica-
tions. Dissection of lymph nodes along the abdominal aorta, which was initiated in
the Cancer Institute Hospital in the 1950s, attracted the attention of surgeons to these
terminal nodes in 1976 by yielding long-term survivors who had nodal involvement
in the terminal stations [53]. Indications for paraaortic nodes were discussed posi-
tively [54–56] and negatively [57]. Left upper abdominal evisceration (LUAE) was pro-
posed by Kajitani for the eradication of proximal advanced gastric cancer in 1984 [58].
LUAE includes total gastrectomy, pancreatosplenectomy, transverse colectomy, and
sometimes left hepatectomy if necessary. These methods of extended radical gastrec-
tomy have been proposed from the theoretical and anatomic points of view, and some-
what improved treatment results of moderately advanced gastric cancer, namely, stage
II and III disease [59]. However, the survival benefit is not yet confirmed by prospec-
tive RCTs.

Less-Invasive Surgery
In contrast to extended gastrectomy, modified minimized gastrectomy has attracted
the attention of surgeons in accordance with the increased number of occurrences of
relatively early-stage cancer. Modified gastrectomy includes reduction of the resected
area, reduced extent of lymphadenectomy (D1 or less), and some function-preserving
procedures such as pylorus ring or vagal nerve preservation [60]. Mucosal cancer sup-
posedly without lymphatic spread is safely subjected to endoscopic mucosal resection
(EMR) in Japan since 1980 [61–64].

Endoscopic intervention later developed into the laparoscopic approach to gas-
trectomy. In 1992, Goh et al. [65] reported success in laparoscopic Billroth II gastrec-
tomy for gastric ulcer, and Kitano et al. [66] and Uyama et al. [67] succeeded in
laparoscopic gastrectomy for early cancer in 1994. These minimal invasive approaches
clearly have contributed to improvements in the postoperative quality of life of treated
patients, but still remained to be evaluated in terms of radicality and technical skill.

Common Podium for Research and Practice
Associated with developments in treatment modality, clinicians have had a variety of
treatment options according to disease extent, and some confusion was raised con-
cerning the proper indication. The Japanese Gastric Cancer Association (JGCA) issued
gastric cancer treatment guidelines for doctors [60] and patients [68] in 2001 to provide
a standard indication to the complexity of various disease extents. The Japanese 
Classification of Gastric Carcinoma [69] and Treatment Guidelines now consist of
two columns that provide a common podium for research and practice of gastric
cancer.
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Chemotherapy

Short History of Chemotherapy for Advanced Gastric Cancer in
Japan [70,71]
Modern anticancer chemotherapy is well known to have its origin from a chemical
weapon in World War II, nitrogen mustard. One of the various derivatives, nitromin,
developed by Ishidate et al. [72], was incorporated into clinical practice in the early
1950s in our country. A rush of clinical reports appeared in medical journals on its
marginal anticancer effect associated with serious side effects. Nitromin was suc-
ceeded in the late 1950s by mitomycin C (MMC) and 5-fluorouracil (5-FU), a stem
combination regimen in later studies for advanced gastric cancer. Tegafur and adri-
amycin (ADM) were introduced to clinical practice in the late 1960s, and used as a
single agent or a part of combination regimens for advanced gastric cancer. Their
response rates (RR) were around or less than 20% with minimum survival benefit.
FAM therapy [73], a combination of 5-FU, ADM, and MMC, was widely used as a stan-
dard regimen in Western countries, and primarily produced a 50% RR, although such
high response was not proved in the following trials (Table 3).

Incorporation of cisplatin (CDDP) to clinical trials in the late 1970s was an epoch-
making event in terms of its contribution to improving RR of CDDP-containing reg-
imens. Recent effective regimens include a combination of 5-FU and CDDP, which is
followed by S-1, taxanes, and CPT-11 in current chemotherapy. Phase I and II studies
of S-1-based regimens [74–76], or a combination of taxanes and CDDP [77], or CPT-
11 and CDDP [78,79] showed RR higher than 50% with potential survival benefit,
although phase III trials do not yet include the standard chemotherapy to date.

Oral Chemotherapy
Principles of traditional Western chemotherapy had been based on the total cell kill
theory in the treatment of leukemia [80], and systemic dose-intensive regimens have
been employed until recently. Therefore, Western oncologists did not favor the oral
administration of anticancer drugs.

However, the efficacy of oral chemotherapy has been established in breast [81] and
lung cancer [82], but not in gastrointestinal (GI) cancer [83–85], in Western countries.
Negative results of previous trials of GI tract cancers in Western countries could be
attributed to the use of active-type drugs. In contrast, oral administration of masked
compounds has been a popular and characteristic drug delivery route in Japan. This
delivery route is reported to have an advantage of keeping a constant drug concentra-
tion in the peripheral blood for a relatively long time because of gradual conversion
from masked to active type in the liver. It is also convenient for treating patients at
home. Oral tegafur, 5-FU, 5¢-DFUR (doxifluridine), and HCFU (carmofur) were used in
Japan in the 1980s, and UFT (tegafur, uracil) and S-1 (TS-1) were applied in the 1990s
to this delivery route. Reviewing recent literature shows that beneficial evidence of oral
chemotherapy has been accumulated not only in our country but also in Western coun-
tries. One RCT showed that a combination of UFT and leucovorin (both oral) showed
a comparable effect with less toxicity than intravenous 5-FU and leucovorin (LV) in
colorectal cancer [86,87]. A comparative UFT/LV study between Japan and the United
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States showed similar effects and mild toxicities in advanced colorectal cancer [88]. A
combination of VP-16, UFT, and leucovorin was also proved to be effective in advanced
gastric cancer [89]. 5¢-DFUR–based chemotherapy was also active in advanced gastric
cancer [90,91]. S-1, as a single agent, was proved to have an outstanding RR, up to 50%,
with marginal survival benefit [74,92], and S-1-based combination chemotherapy
seems to be useful regarding both safety and higher local response [75,76,93]. These
results seems to crush persistent adherence to i.v. chemotherapy in Western countries
[94], and oral chemotherapy should properly be evaluated to be one of the useful deliv-
ery routes in GI tract cancers.

Regional Chemotherapy
Chemotherapy outcome may partly depend on the local concentration of drugs at 
the tumor site. To increase drug concentration, regional chemotherapy has been
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Table 3. Historical events in cancer chemotherapy

Year Reporter Event

1952 Tasaka, Ohtsuki, Chemotherapy with nitromin
Katsunuma

1956 Yamamoto Chemosensitivity test with CAP (cylinder agar
plate method)

1957 Ishibashi Sensitivity test with I.N.K. (Institute for Infectious 
Nishioka Diseases, National Institute for Health, Kimoto Clinic)

method
1957 Heidelberger 5-Fluorouracil
1959 Tasaki, Taguchi, Chemotherapy for gastric cancer with mitomycin C (MMC)

Tasaka, Kimura
1962 Moore, Adjuvant chemotherapy with Thio-TEPA

Longmire Multicenter randomized controlled study
1962 Shiba Adjuvant chemotherapy with MMC
1962 Inokuchi Intraceliac artery chemotherapy
1964 Skipper Total cell kill theory
1964 Watkins Continuous intraarterial (ia) chemotherapy pump
1964 Kondo Succinic dehydrogenase inhibition (SDI) test
1967 Karnofsky Performance status and outcome
1967 Yamagata Chemotherapy response criteria by Japanese

Society for Clinical Oncology
1972 Folkman Tumor dormancy concept
1976 Ohsawa Introduction of in vivo chemosensitivity test with nude

mouse
1979 WHO Chemotherapy Response Criteria
1982 Miura Introduction of infusaid (implantable continuous

infusion pump)
1993, 1994 Hermans Meta-analysis of adjuvant chemotherapy
1995 Holmgren Angiogenesis suppression

Takahashi Long NC for new endpoint of chemotherapy, and tumor
dormancy therapy

1998 Sakata 49% response rate (RR) with S-1 alone
2000 Therasse RECIST
2001 Macdonald Survival benefit with adjuvant chemoradiotherapy



attempted in various delivery routes such as intraarterial or intraabdominal. One-shot
intraarterial (ia) chemotherapy was used in the early days with the introduction of a
catheter into the artery. Inokuchi et al. reported a method of ia chemotherapy into the
celiac artery with an artificial artery and plastic catheter [95]. Invention of portable,
and later implantable, infusion pumps [96–98] and implantable portal devices facili-
tated continuous ia chemotherapy. Good local response and some survival benefit
were reported by many clinicians [99–101], but the survival benefit of ia chemother-
apy is not established compared with systemic chemotherapy. Survival benefit would
be obtained by curative resection after achieving tumor reduction with regional
chemotherapy. Nakajima et al. [102] reported long-term survivors, more than 5 years,
who had extensive paraaortic lymph node metastasis treated with systemic and ia
chemotherapy followed by radical surgery.

Reevaluation of Endpoints and Evaluation Criteria 
in Chemotherapy
Response rate (RR) has been adopted as the primary endpoint in almost all cancer
clinical trials. However, it should essentially be a surrogate endpoint for survival
benefit. Survival benefit is usually evaluated by median survival time (MST), survival
rate at a certain time, or median time to progression (TTP). Recent trials often employ
both RR and MST for their endpoints. RR sometimes correlates with survival time,
but does not correlate with other time measures. It is an important issue to solve the
conflict in evaluation when there is a discrepancy between local response and sur-
vival endpoints. 5¢-DFUR is reported to yield a low, not encouraging, RR with a very
long stable state so long as the drug is administered [103]. If RR is employed as the
only endpoint, this kind of drug might not be evaluated as being effective. Takahashi
and Nishioka [104] employed the concept of tumor dormancy to make a reasonable
explanation of these observations, and recommended median TTP as an endpoint
superior to RR in this case. TTP may be better than MST because the former endpoint
could eliminate the effect of secondary survival benefit, which might be actually
attributed to second- or third-line chemotherapy with recent new drugs. Quality of
life (QOL) and cost–benefit efficiency may serve as a complimentary endpoint when
survival benefit is equal in a comparative study. As mentioned previously, compara-
tive study of oral UFT/leucovorin and i.v. 5-FU/leucovorin is a good example of this
endpoint. There are several QOL evaluation criteria available in Japan and in Europe.

Common evaluation criteria for treatment response are mandatory to make a fair
evaluation of effect and to compare the results from different groups. For this purpose,
WHO issued common response criteria of chemotherapy in 1979, followed by the
Japanese Society of Clinical Oncology [105] in 1986. Recent RECIST criteria [106] are
widely accepted for available response evaluation. NCI-CTC [107] is also commonly
used in many recent trials for evaluation of toxicity. Japanese clinical trials employ
JSCO or JGCA response criteria combined with these for gastric cancer chemotherapy.

Adjuvant and Neoadjuvant Chemotherapy
Prophylactic use of anticancer drugs after curative gastrectomy aims at suppressing
cancer relapse from minimum residual foci after curative surgery. Clinical trial of
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adjuvant chemotherapy for gastric cancer in Japan was initiated in the late 1950s.
According to reviews [108–110] on adjuvant chemotherapy trials in Japan, two groups,
namely the National Hospital Group (chaired by Dr. Y. Koyama) and University 
Hospital Group (Dr. H. Imanaga), took leadership in conducting multicenter trials in
phase III type with MMC alone, or MMC and 5-FU-based combination chemother-
apy such as MFC (combination of MMC, 5-FU, and cytosine arabinoside) [111–113].
The Japanese Research Foundation for Multi-disciplinary Therapy (formerly chaired
by Inokuchi, succeeded by Saji) carried out a series of clinical trials of nonspecific
immunotherapy with PSK (Krestine: a polysaccaride), or OK-432 in the late 1970s
[114,115], and also oral chemotherapy with tegafur was incorporated into clinical
trials in the late 1970s [116–120]. The Japan Clinical Oncology Group (JCOG), sup-
ported by the Ministry of Welfare and Labor, is also active in clinical trials in this field
[119,121]. These studies suggested no overall survival benefit, but some marginal
benefit in certain subsets, namely moderately advanced stage II or III disease. Meta-
analysis in Western countries and ours [122–127] revealed significant survival benefit
from adjuvant chemotherapy in gastric cancer, and further studies are warranted for
yielding solid evidence for survival benefit by single (namely not combined) trial. In
response to this need, a large-scale adjuvant chemotherapy trial is now comparing
curative gastrectomy followed by adjuvant S-1 with surgery alone (ACTS-GC trial).

Encouraged by good response to recent chemotherapy for advanced cancer, neoad-
juvant chemotherapy has become an alternate approach for locally advanced gastric
cancer. The concept of neoadjuvant chemotherapy was introduced by Frei et al. [128],
who claimed that preoperative chemotherapy could minimize the viability of resid-
ual microfoci left behind after surgery. However, in Japan, neoadjuvant chemotherapy
has been used in inoperable advanced gastric cancer, with the aim of downstaging the
disease enough to be operable. Table 4 shows a series of novel neoadjuvant chemother-
apy trials in our country and abroad, which sometimes yielded more than 50% RR
and long-term survivors. Most Japanese neoadjuvant chemotherapies include a com-
bination of 5-FU or its derivatives and CDDP as an essential part of the regimens
[102,129,130]. Protracted continuous infusion of 5-FU associated with low-dose
CDDP is a favorite regimen for neoadjuvant therapy among surgical oncologists
[131–134] because of its relatively high response rate with mild toxicities, although
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Table 4. Neoadjuvant chemo (radio) therapy with excellent results

Year Reporter Event

1993 Yonemura Good local response (66%) and survival benefit (MST 17 months) 
in stage IV patients with PMUE

1996 Kondo Low-dose cisplaton (CDDP) + protracted 5-fluorouracil (5-FU)
produced good local response (55%) and increased resectability
(71%)

1996 Suga UFT + CDDP yielded good local response in scirrhous cancer
1997 Nakajima FLEP yielded good local response (50%) and long survivors in

unresectable cancer (5-year survival rate, 17.7%)
2001 Lowy Continuous 5-FU and pre- and intraoperative radiotherapy produced

good local response (RR, 74%)

MST, median survival time; PMUE, CDDP + MMC + etoposide + UFT; FLEP, 5-FU + leucovorin
+ etposide + CDDP; RR, response rate



the late survival outcome is not yet available in most trials. Comparative study is nec-
essary between the standard and low-dose regimen of FP therapy.

It is difficult to carry out phase III trials of neoadjuvant chemotherapy in inoper-
able disease to determine survival benefit, and no trials are available in our country.
However, some trials were done abroad in operable disease. These trials showed that
neoadjuvant chemotherapy failed to suggest either survival benefit [135] or improve-
ment in curability [136]. However, this approach is mandatory in Japan to clarify the
survival benefit of neoadjuvant chemotherapy.

Chemosensitivity Test
As an in vitro chemosensitivity test for gastric cancer in Japan, CAP (cylinder agar
plate) method [137] and INK method (Institute for Infectious Diseases, National 
Institute for Health, and Kimoto Clinic [138]) were used in early days. Ishibashi et al.
[139] reported with the INK method that 33% (6/18) of gastric cancers responded to
nitromin, 40% (8/26) to sarkomycin, and 29% (5/17) to TESPA. In 1964, Kondo et al.
[140] reported with the succinic dehydrogenase inhibition (SDI) test that the response
rate was 62% to nitromin, 24% to mitomycin C, and 34% to toyomycin. Ohsawa [141]
introduced to Japan the in vivo sensitivity test with xenograft transplanted in the nude
mouse in 1975. Since then, various in vitro and in vivo sensitivity tests have been
developed in Japan. According to Tanigawa [142], the most popular test currently is
CD-DST (collagen gel droplet embedded drug sensitivity test), followed by the MTT
assay, HDRA (histoculture drug response assay), and SDI test. These sensitivity tests
seem to produce a favorable outcome in clinical trials [143], but the clinical signifi-
cance still remains to be elucidated.

Summary

The history of basic and clinical research in gastric cancer originated from the 19th
century in Europe, but surprisingly rapid response to this flow abroad occurred in
Japan in every aspect of research and treatment of this disease. Researchers in early
days devoted their best efforts to conquer the most frequent cancer in Japan.
Diagnosis of gastric cancer has been highly elaborated with the aid of the double-
contrast method of X-ray fluoroscopy and meticulous endoscopic apparatus, which
facilitated both minimum and extended surgery according to the extent of disease.
Effective anticancer drugs are available now, some of which were developed originally
in our country. Daily use of gene diagnosis and treatment could be expected in 
the near future. Now we can enjoy a high level of treatment results in the fields 
of surgery and chemotherapy and should try to establish a global standard of
diagnosis and treatment of gastric cancer. International corroboration is mandatory
to achieve these goals, and we could expect the International and Japanese 
Gastric Cancer Associations and the WHO Collaborating Center for Primary 
Prevention, Diagnosis and Treatment of Gastric Cancer (chaired by Suemasu,
Maruyama, Sasako) will take a leading role in this field. Gastric cancer still remains
one of the prevailing cancers in our country, and our next goal should be based in
prophylaxis to reduce the incidence of gastric cancer.
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Wataru Yasui1, Naohide Oue1, Yasuhiko Kitadai2, and Hirofumi Nakayama1

Introduction

Cancer is a chronic proliferative disease with multiple genetic and epigenetic alter-
ations, namely, disease with altered gene expression. Integrated research in molecular
pathology over the past 15 years has uncovered the molecular mechanism of the de-
velopment and progression of gastric cancer [1–5]. Multiple genetic and epigenetic
alterations involve inactivation of tumor suppressor genes, activation of oncogenes,
abnormalities of DNA repair genes, cell-cycle regulators, cell adhesion molecules,
growth factors/receptors, matrix metalloproteinases, and so on. Gastric carcinoma is
histologically classified into two types, well-differentiated and poorly differentiated
types, and the former can be further classified into those with gastric and intestinal
phenotypes. Some of these alterations occur commonly in both well-differentiated
and poorly differentiated types whereas some differ depending on the histological
types or mucin phenotypes. Recent advances in genomic science have enabled reveal-
ing the molecular mechanism of stomach carcinogenesis more in detail; these include
global analysis of gene expression by microarray or other techniques and study of the
association of genetic polymorphism with cancer risk. A better knowledge of the
molecular bases of gastric cancer may lead to new approaches to diagnosis, treatment,
and prevention.

This chapter presents an overview of the classical pathway of molecular stomach
carcinogenesis, mechanism of epigenetic alterations, importance of genetic polymor-
phism, search for novel genes specific in gastric carcinoma through global analysis of
gene expression, and the clinical implications.
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Table 1. Footprint of molecular research on gastric cancer
Cancer in general Gastric carcinoma

1911 Rous sarcoma virus 1983 Helicobacter pylori
1914 Fijinami sarcoma virus
1953 DNA double helix structure
1956 Viral transformation 1984 c-myc amplification
1969 Oncogene theory 1985 Establishment of TMK-1

Normal phenotype by cell fusion 1986 EGF overexpression
1970 Reverse transcriptase H-ras altered expression
1971 Knudson’s two-hit theory 1986 Identification of HST-1
1972 Epidermal growth factor (EGF) 1988 EGFR overexpression

Apoptosis HER-2/c-erbB2 amplification
1973 DNA transfection 1990 K-sam amplification
1975 Southern blot analysis 1991 Loss of E-cadherin
1976 Proto-oncogene c-src Multiple loss of heterozygosity (LOH)
1979 Transformation by cellular DNA 1992 p53/APC mutations

c-src encodes tyrosine kinase c-met amplification
1982 Human H-ras oncogene Cancer–stromal interaction
1983 Polymerase chain reaction (PCR) method 1993 Genetic changes in intestinal metaplasia

Platelet-derived growth factor (PDGF) as c-sis, EGFR as v-erbB Interleukin 1 (IL-1) as an autocrine growth factor
1986 Rb as a tumor suppressor gene Molecular diagnosis

Transcription factor Sp1 1994 Microsatellite instability in multiple cancer
1987 Cell adhesion molecule E-cadherin 1995 Increased telomerase activity
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1988 Vogelstein’s model for colon cancer Cyclin E gene amplification
1989 p53 as a tumor suppressor 1996 Reduced p21 expression
1990 Cell-cycle regulator p34CDC2 Microsatellite instability in precancerous lesion

Microsatellite assay 1997 Reduced p27 expression
Gene therapy for melanoma 1998 E-cadherin germline mutation

1991 APC as a causative gene for famalial adenomatous polyposis (FAP) hTERT expression
Angiogenesis: VEGF IL-8 and VEGF expression

1993 hMSH2 as a causative gene for hereditary nonpolyposis colorectal 1999 hMLH1 hypermethylation
carcinoma (HNPCC) p73 genomic imbalance

p53 as transcription factor for p21 2000 Hypoacetylation of histones
1994 TRAP assay for telomerase 2002 23040 gene expression profile by microarray
1995 DNA microarrray technology 2004 Serial analysis of gene expression (SAGE) libraries of gastric 

Serial analysis of gene expression cancer
CpG island methylation of p16

1996 Laser capture microdissection
1997 Histone deacetylation

Human telomerase reverse transcriptase (hTERT)
1999 DNA demethylase

Chrosome 22 whole genome sequence
2001 Draft sequence of human genome
2003 Complete sequence of human genome

Era of Post-Genome
and Genomic Medicine
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Overview of the Classical Pathway of Molecular 
Stomach Carcinogenesis

Footprint of Molecular Research on Gastric Carcinoma
We have learned from the footprint of cancer research that the history of cancer
research is a repetition of establishment of hypothesis, development of new tech-
nologies, and discovery of novel findings (Table 1). For instance, Todaro and Huebner
[6] hypothesized the oncogene theory in 1969 and Knudson [7] proposed the two-hit
theory in 1971. After several years, methods of DNA transfection, Southern blotting,
and polymerase chain reaction (PCR) amplification were developed and enabled them
to verify and identify c-src as an oncogene and Rb as a tumor suppressor gene.
Microarray is a powerful technique to reveal gene expression profiles of individual
cancers. As of April 2003, the human genome sequence has been completed, and this
is now the era of postgenome sequence and genomic medicine.

The history of molecular research on gastric carcinoma began only 20 years ago
when c-myc amplification was found in primary gastric carcinoma in 1984 [8]. The
first oncogene of gastric carcinoma, HST-1, was isolated from a primary gastric cancer
in 1986 in the National Cancer Center in Tokyo [9]. In the late 1980s and 1990s, exten-
sive analyses of molecular pathogenesis had been performed and the role and signif-
icance of novel genes and molecules, identified in other tumors or systems, had been
clarified in gastric carcinoma with minimal time lag [4]. Examples include epidermal
growth factor (EGF), EGF receptor (EGFR), E-cadherin, p53, cyclin E, p27Kip1, human
telomerase reverse transcriptase (hTERT), and hMLH1. The importance of DNA
methylation and genetic instability during stomach carcinogenesis was also proved.
In 1993, a routine system of molecular diagnosis on pathology specimens was estab-
lished and this useful information was given to clinics [2,10]. Furthermore, the molec-
ular mechanism of cancer–stromal interaction and genetic changes in intestinal
metaplasia was explored, and the HGF/c-met system and mutations of p53 and APC,
respectively, were found to be involved [4]. Recently, dissection of gene expression
profiles has been carried out using miroarray or other technology, and vast amounts
of information regarding carcinogenesis, biological behavior, and chemosensitivity
have been obtained, information that is directly connected with diagnosis and 
treatment.

Outline of Molecular Stomach Carcinogenesis
A variety of genetic and epigenetic alterations occur during multistep stomach 
carcinogenesis (Fig. 1) [1–5]; these include activation of oncogenes and growth
factors/receptors, inactivation of tumor suppressor genes, DNA repair genes, and cell
adhesion molecules, and abnormalities of cell-cycle regulators. Genetic alterations
found in gastric carcinoma are gene amplification, point mutation, and loss of het-
erozygosity, whereas representative epigenetic changes are gene silencing by DNA
methylation and overexpression at the transcriptional level [5]. Some alterations are
found in both well- and poorly differentiated types, and others are unique depending
on the histological type. The former may confer development of cancer whereas the
latter may participate in tumor morphogenesis and biological behavior. Genetic
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polymorphism predisposes to an endogenous cause and alters cancer susceptibility.
Genetic instability, cytosine p guanine (CpG) island methylation, telomerase activa-
tion, and p53 mutation commonly participate in the early steps of stomach carcino-
genesis. Amplification and overexpression of the c-met and cyclin E genes are
frequently associated with the advanced stage. Reduced expression of p27Kip1 partici-
pates in both development and progression of gastric carcinoma. Overexpression of
growth factors/cytokines confers progression through multiple autocrine loops. On
the other hand, K-ras mutations, HER-2/c-erbB2 amplification, and APC mutation
preferentially occur in the well-differentiated type. Precancerous lesions such as 
intestinal metaplasia and adenoma share alterations similar to those of the well-
differentiated carcinomas. Loss of heterozygosity (LOH) of the p73 gene occurs specif-
ically in well-differentiated gastric carcinomas with foveolar epithelial phenotype.
Inactivation of cadherins and catenins and amplification of the K-sam and c-met are
frequently associated with poorly differentiated or scirrhous-type carcinomas.

Telomeric Repeats and Telomerase
The DNA sequence at telomeres consists of tandem repeats of TTAGGG, which pro-
tects chromosome ends from recombination and fusion and stabilizes the chromo-
some structure. Maintenance of the telomere by telomerase activation induces cellular
immortalization [11]. Strong telomerase activity associated with hTERT expression is
present in a majority of gastric carcinomas regardless of histological type and tumor
staging [4]. Some intestinal metaplasia and adenomas express telomerase acvitity at
certain levels. Telomerase activity is found in half of gastric adenomas at a level of
activity about 10% of that in gastric carcinomas [12]. Hyperplasia of epithelial “stem
cells” expressing hTERT and telomerase activity in precancerous lesion may be trig-
gered by Helicobacter pylori (H. pylori) infection.

PINX1, a telomeric-repeat binding factor (TRF)1-binding protein, binds hTERT and
inhibits its activity directly [13]. Reduced expression of PINX1 is detected in 70% of
gastric carcinomas that show higher telomerase activity [13]. LOH of PINX1 locus
(8p23) is found in 33% of gastric carcinoma and is correlated significantly with
reduced PINX1 expression. There are cases with reduced PINX1 expression but
without LOH. Treatment with histone deacetylase inhibitor (HDAC) induces PINX1
expression, enhances histone H4 acetylation, and inhibits telomerase activity in
gastric carcinoma cell lines. Therefore, reduced expression of PINX1 by LOH of PINX
locus and hypoacetylation of histone H4 cause telomerase activation, resulting in
cancer development.

POT1, a telomere end-binding protein, is proposed not only to cap telomeres but
also to recruit telomerase to the ends of chromosomes [14]. POT1 expression levels
are significantly higher in gastric carcinomas of advanced stage, and downregulation
is frequently observed in those of early stage [14]. Reduced expression of POT1 is asso-
ciated with telomere shortening and decreased telomerase activity. Inhibition of
POIT1 by antisense oligonucleotides increases telomere shortening, inhibits telom-
erase activity, and increases anaphase bridging, a sign of telomere dysfunction. There-
fore, POT1 may play an important role in regulation of telomere length and that
inhibition of POT1 may induce telomere dysfunction. Changes in POT1 expression
levels may be associated with development and progression of gastric carcinoma.
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Microsatellite Instability
Genomic instability is broadly classified into microsatellite instability associated with
mutator phenotype and chromosome instability recognized by gross chromosomal
abnormalities. A defect in DNA mismatch repair (MMR) is responsible for hereditary
nonpolyposis colorectal carcinoma (HNPCC). Target genes for microsatellite insta-
bility (MSI) include TGFBRII, IGFIIR, BAX, hMSH3, hMSH6, and MBD4 [4]. MSI or
genetic instability causes accumulation of genetic alterations and participates in
pathogenesis of sporadic gastric carcinomas as well [4]. The frequency of MSI is esti-
mated to be about 30% of gastric carcinoma; the frequency is especially high in well-
differentiated gastric carcinoma of foveolar phenotype with papillary morphology.
Some intestinal metaplasias and adenomas also show MSI, and these should be con-
sidered “true precancerous lesions.” Another important aspect of genetic instability is
that multiple primary cancers frequently display MSI. Representative reports demon-
strating the relation between MSI and tumor multiplicity are shown in Table 2.
Although the frequency of MSI differs depending on the number and site of
microsatellites, all show that the frequency of MSI is significantly higher in cases with
multiple primary cancers. This finding indicates that the detection of MSI in a cancer
may serve as a good molecular marker for the assessment of the risk of a second
cancer in the same patient. CpG island hypermethylation of hMLH1 and loss of
expression is the main mechanism of MSI in sporadic gastric carcinoma [15].

Cell-Cycle Regulators
Cell-cycle checkpoints are regulatory pathway that control cell-cycle transitions and
ensure that DNA replication and chromosome segregation are completed with high
fidelity. The checkpoints also respond to damage by arresting the cell cycle to provide
time for repair. Imbalance in cell-cycle regulators results in genomic instability and
unbridled cell proliferation and is implicated in stomach carcinogenesis [2,4]. Table 3
shows representative abnormalities of cell-cycle regulators found in gastric carci-
noma. The cyclin E gene is amplified in 15%–20% of gastric carcinoma, and the over-

Table 2. Representative reports of Microsatellite instability (MSI) and multiple primary gastric
carcinomas
Multiple vs. solitary MSI cases Reference

Early gastric cancer Multiple cancer 21/63 (33%) Takahashi H, Endo T,
Solitary cancer 3/39 (8%) Yamashita K, et al. (2002) Int 

J Cancer 100:419–424
Synchronous gastric Multiple cancer 9/18 (50%) Lee HS, Lee BL, Woo DK, et al.

cancer + adenoma Solitary cancer 14/149 (9%) (2001) Int J Cancer 91:619–
624

Gastric cancer Multiple cancer 11/14 (79%) Nakashima H, Honda M,
Solitary cancer 5/24 (21%) Inoue H, et al. (1995) Int J 

Cancer 64:239–242
Gastrointestinal and Multiple cancer 34/38 (89%) Horii A, Han JHJ, Shimada M,

biliary cancer Solitary cancer 19/174 (11%) et al. (1994) Cancer Res
54:3373–3375
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expression of cyclin E tends to correlate with tumor invasion and advanced stage. The
overexpression of CDC25B is found in 70% of gastric carcinoma that is associated
with invasion and metastasis. On the other hand, reduction in the expression of p27Kip1

is associated with both development and progression of gastric carcinoma. An impor-
tant downsteam target of cyclins/CDKs at G1/S transition is a family of transcription
factor E2F. E2F-1 is overexpressed in 40% of gastric carcinoma and 70% of gastric car-
cinomas show reduced expression of E2F-3, suggesting that E2F family members may
have a distinct role in stomach carcinogenesis. Chk1 and Chk2 are DNA damage-
activated kinases involved in the G2/M checkpoint. Both Chk1 and Chk2 are overex-

Table 3. Abnormalities in cell-cycle regulators found in gastric carcinoma
Cell-cycle regulators Methoda Incidence Roleb References

CDC2 high kinase activity Kinase 92% D Yasui W, Ayhan A, Kitadai Y et al.
(1993) Int J Cancer 53:36–41

Cyclin E gene Southern 16% P Akama Y, Yasui W, Yokozaki H,
amplification et al. (1995) Jpn J Cancer Res 

86:617–621
Cyclin E overexpression IHC 27% D/P Yasui W, Yokozaki H, Shimamoto 

F, et al. (1999) Pathol Int 
49:763–774

CDC25A overexpression Northern 38% D Kudo Y, Yasui W, Ue T, et al.
(1997) Jpn J Cancer Res 
88:947–952

CDC25B overexpression Northern 70% D/P Kudo Y, Yasui W, Ue T, et al.
(1997) Jpn J Cancer Res
88:947–952

p21 reduced expression Northern 53% D Akama Y, Yasui W, Kuniyasu H,
et al. (1996) Mol Cell Differ 
4:187–198

p21 reduced expression IHC 46% D Yasui W, Akama Y, Kuniyasu H,
et al. (1996) J Pathol
180:122–128

p27 reduced expression IHC 56% D/P Yasui W, Kudo Y, Semba S, et al.
(1997) Jpn J Cancer Res 
88:625–629

E2F-1 overexpression Northern 40% D Suzuki T, Yasui W, Yokozaki H,
et al. (1999) Int J Cancer 
81:535–538

E2F-3 reduced expression Northern 70% D Suzuki T, Yasui W, Yokozaki H,
et al. (1999) Int J Cancer 
81:535–538

Chk1 overexpression Western 71% D Shigeishi H, Yokozaki H, Oue N,
et al. (2002) Int J Cancer
99:58–62

Chk2 overexpression Western 78% D Shigeishi H, Yokozaki H, Oue N,
et al. (2002) Int J Cancer
99:58–62

a Kinase, kinase assay; Southern, Southern blotting; Northern, Northern blotting; IHC, immuno-
histochemistry; Western, Western blotting
b Participation in tumor development (D) or progression (P)
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pressed in more than 70% of gastric carcinoma. The overexpression is associated with
p53 mutations. Therefore, Chk1 and Chk2 may play a role in checkpoint function in
gastric carcinoma harboring p53 mutation when their functions are preserved to
prevent cell-cycle progression.

Angiogenic Factors
Angiogenesis, which is a prerequisite for tumor growth and metastasis, depends 
on the production of angiogenic factors by host and tumor cells (Fig. 2). Increased
vascularity enhances the growth of primary neoplasms and provides an avenue for
hematogenous metastasis. In gastric carcinoma, increasing microvessel counts corre-
late with lymph node metastasis, hepatic metastasis, and poor prognosis. Several
growth factors have been identified that regulate angiogenesis in gastric carcinoma
[4]. Gastric carcinoma cells produce various angiogenic factors, including vascular
endothelial growth factor (VEGF), interleukin (IL)-8, basic fibroblast growth factor
(bFGF), and platelet-derived endothelial cell growth factor (PD-ECGF) [4,16–18].
Takahashi et al. [16] have found that the angiogenic phenotype differs between the
well-differentiated type and poorly differentiated type of gastric carcinoma. Well-
differentiated-type tumors, but not the poorly differentiated type, highly express
VEGF, whose levels significantly correlate with vessel counts. bFGF expression was
higher in the poorly differentiated type, especially scirrhous-type carcinoma.A major-
ity of gastric carcinomas express IL-8/receptor systems, and the expression levels of
IL-8 directly correlate with tumor vascularity [17]. Gastric carcinoma cells transfected
with the IL-8 gene produce rapidly growing and highly vascular neoplasms at the
orthotopic site (gastric wall) in nude mice [19]. Furthermore, IL-8 increases the
expression of EGFR, VEGF, and IL-8 itself by the tumor cells themselves [20].

The microenvironment may influence the angiogenic phenotype of gastric car-
cinoma. In our in vitro study, H. pylori infection, a candidate promoter for gastric 
carcinoma, increased expression of mRNA encoding IL-8, VEGF, and angiogenin by
tumor cells [21]. In addition to the neoplastic cells, various interstitial cells in the
tumor microenvironment may be involved in angiogenesis. Macrophage infiltration
into gastric carcinoma correlates significantly with tumor vascularity and monocyte
chemoattractant protein (MCP)-1 expression by tumor cells. Because the activated
macrophage is a producer for VEGF, IL-8, and PD-ECGF, MCP-1 expressed by gastric
carcinoma cells plays a role in angiogenesis via macrophage recruitment and 
activation.

Molecular Bases of Gastric and Intestinal Phenotype 
Gastric Carcinoma
Well-differentiated gastric carcinoma is classified into those with gastric and intes-
tinal phenotypes by mucin histochemistry and immunohistochemistry [22]. Gastric
carcinoma cells can be differentiated into a gastric epithelial cell (G) type, resembling
pyloric glands and foveolar epithelia, and an intestinal epithelial cell (I) type, such as
goblet and intestinal absorpitive cells, by analyzing phenotypic expression. The p53
gene abnormalities are frequently associated with I-type carcinoma, whereas LOH of
the p73 gene, a homologue of p53, occurs specifically in G type with foveolar epithe-
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lial phenotype [23,24]. Caudal-type homeobox (CDX) 1 and CDX2 are members of the
caudal-related homeobox gene family, and CDX proteins act as intestine-specific tran-
scription factors [25]. CDX2 upregulates goblet-specific MUC2 gene expression [26].
I-type carcinomas express CDX1 and CDX2 at high levels [25]. Liver-intestine (LI)
cadherin, also known as cadherin 17 (CDH17), is overexpressed in I-type carcinoma
that is correlated with tumor invasion and metastasis [27–29]. It has been shown that
CDX2 binds to the promoter of CDH17 and upregulates gene expression [30]. On the
other hand, the expression of SOX2, a member of transcription factor family con-
taining an Sry-like high-mobility group box, is well preserved in G-type carcinoma
and down-regulated in I-type carcinoma [22]. MSI associated with hMLH1 hyperme-
thylation is frequent in G-type carcinoma [23]. Details of the molecular bases of
gastric carcinoma with foveolar epithelial phenotype are described in chapter by
Yokozaki et al. (this volume).

Epigenetic Alterations of Tumor-Related Genes

DNA Methylation
Many lines of evidence indicate that DNA methylation is important in differential
control of gene expression. The abnormal methylation of CpG islands associated with
tumor suppressor genes can lead to transcriptional silencing, inactivating the gene
and participating in tumorigenesis. In gastric carcinoma, aberrant methylation is
involved in the inactivation of various important genes such as p16MTS1/INK4A, CDH1 (E-
cadherin), hMLH1, RAR-beta, RUNX3, MGMT (O6-methylguanine methyltransferase),
TSP1 (thrombospondin-1), HLTF (helicase-like transcription factor), RIZ1
(retinoblastoma protein-interacting zinc finger gene-1), and CHFR [4,31–36]. The
incidence of DNA hypermethylation and inactivation of these genes in gastric 
carcinoma ranges from 10% to 70%. The expression is restored by treatment of 5-
aza-2¢-deoxyxytidine (5-aza-dC), a DNA methyltransferase inhibitor. Because these 
genes have respective functions, the inactivation participates in stomach carcino-
genesis through abnormalities in cell-cycle regulation, cell adhesion property,
signal transduction, gene regulation, DNA repair, and so on. Carcinomas frequently
have the CpG island methylator phenotype (CIMP) [37]. Gastric carcinomas showing
methylation at more than three of the five loci of methylated in tumors (MINT) 
were designated as CIMP positive. Significant association is found between the CIMP-
positive and promoter hypermethylation of hMLH1, p16, CDH1, and RAR-beta. By 
a genome scanning technique, methylation-sensitive representational difference
analysis, Kaneda et al. [38] found that nine CpG islands (CGIs) in the 5¢-regions of
nine genes, LOX, HRASLS, bA305P22.2.3, FLNc (gamma-filamin/ABPL), HAND1, a 
homologue of RIKEN 2210016F16, FLJ32130, PGAR (HFARP/ANGPTL4/ARP4), and
thrombomodulin, were methylated in gastric carcinoma cell lines but unmethylated
in the normal samples. These genes may include important genes in gastric 
carcinoma development and would be useful to identify a distinct subset of gastric
carcinomas.

Alterations in DNA methylation patterns sometimes differ depending on histolog-
ical type of gastric carcinoma [39,40]. Hypermethylation of hMLH1 is frequent in pap-
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illary subtype (foveolar phenotype) of well-differentiated adenocarcinomas [23]. On
the other hand, CpG island methylation of CDH-1 and reduced E-cadherin expres-
sion is commonly observed in poorly differentiated adenocarcinoma of nonsolid 
(scirrhous) type [39]. Methylation of CDH1 promoter is known as the second genetic
hit in hereditary scirrhous gastric carcinoma. Furthermore, CIMP and p16 methyla-
tion are frequent in well-differentiated type or poorly differentiated solid type,
whereas RAR-beta methylation is common in the poorly differentiated nonsolid type
[40].

In addition to tumor-specific DNA methylation, some gene promoters become
hypermethylated in nonneoplastic condition during aging.Alternatively, the incidence
of promoter hypermethylation of hMLH1 and p16 is more frequent in nonneoplastic
gastric mucosa of gastric carcinoma patients than in those of noncancer individuals.
Although hypermethylation of hMLH1, p16, TSP1, and TIMP-3 sometimes occurs in
intestinal metaplasia and adenomas, the number of methylated genes increases from
normal mucosa to intestinal metaplasia to adenoma to carcinoma [41]. These obser-
vations indicate that DNA methylation occurs early and accumulates along the mul-
tistep stomach carcinogenesis.

Although DNA methyltransferase and demethylase are enzymes potentially affect-
ing promoter methylation status, tumor-specific hypermethylation is not fully under-
stood and does not simply depend on the expression levels of promethylating
(DNMT1, DNMT3A, DNMT3B) and antimethylating (MBD2) enzymes. It has been
shown that DNMT1 and DNMT3B cooperate to silence genes and that DNMT1 is
required to maintain CpG methylation and aberrant gene silencing in human cancers
[42,43].

Histone Modification and Chromatin Remodeling
Histone acetylation and chromatin remodeling linked with CpG island methylation
play a major role in the epigenetic regulation of gene expression [44]. Acetylation of
histones through an imbalance of histone acetyltransferases and deacetylases disrupts
nucleosome structure, which leads to DNA relaxation and a subsequent increase in
accessibility for transcription factors. There is a tight association between histone
acetylation and DNA methylation. Histone deacetylase-1 (HDAC1) can form a
complex with both methyl-CpG-binding proteins (MeCP) and DNMT1 to silence the
gene expression. In contrast, methylation of histone tails is alternately linked to acti-
vation and repression, depending on the residue methylated [45]. The expression of
acetylated histone H4 is reduced in 70% of gastric carcinomas, 40% of gastric adeno-
mas, and some of the intestinal metaplasia adjacent to carcinoma, suggesting that a
low level of global histone acetylation may occur even in precancerous cells [5].
Furthermore, reduced histone acetylation is significantly associated with depth of
tumor invasion and nodal metastasis of gastric carcinoma. Hypoacetylation of
histones H3 and H4 in the p21WAF1/Cip1 promoter region is observed in more than 50%
of gastric cancer tissues by chromatin immunoprecipitation (ChIP). Hypoacetylation
of histone H3 in the promoter is associated with reduced expression of p21
regardless of p53 gene status. A HDAC inhibitor, trichostatin A (TSA), induces growth
arrest and apoptosis and suppresses invasion of gastric carcinoma cells [5]. TSA
increases the expression of p21, CBP, Bak, and cyclin E, while it reduces the 
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expression of E2F-1, E2F-4, HDAC-1, and the phosphorylated form of Rb protein [5].
TSA also induces the expression of many suppressor genes of invasion and metasta-
sis including TIMPs and nm23H1/H2. These findings suggest that histone deacethy-
lation may participate not only in tumorigenesis but also in invasion and metastasis
through modifying a variety of gene expression. Therefore, histone acetylation should
be a promising target for cancer therapy, especially against invasive and metastatic
disease.

Histone hypoacetylation and DNA hypermethylation occur concordantly in tran-
scriptional regulation of several genes. For instance, HLTF is a homologue to
SWI/SNFs, which are ATP-dependent chromatin remodeling enzymes [34]. Half of
gastric cancers show DNA methylation of HLTF gene, whereas no gastric mucosa 
from healthy subjects show the methylation. Loss of HLTF expression in gastric car-
cinoma cells is rectified by 5-aza-dC and TSA. The acetylation levels of histones H3
and H4 in the CpG island of the HLTF are inversely associated with DNA methylation
status.

Genetic Polymorphism and Gastric Carcinoma Risk

Genetic polymorphism is an important determinant for the endogenous cause of
cancer. Individual variations in cancer risk are associated with genetic polymor-
phisms (specific variant alleles of different genes) that are present in a significant 
proportion of the normal population. Gonzalez et al. [46] has described an overview
of genetic susceptibility and gastric carcinoma risk. Genetic susceptibility must be
crucial in various processes relevant to stomach carcinogenesis, including (1) mucosal
protection against H. pylori infection or other carcinogens; (2) the inflammatory
response that conditions the maintenance, severity, and outcome of the H. pylori infec-
tion; (3) the functioninig of carcinogen detoxification and antioxidant protection; (4)
the intrinsic variability of DNA repair processes; and (5) cell proliferation activity.
Representative reports of the association between genetic polymorphism and gastric
carcinoma risk are shown in Table 4. IL-1beta gene (IL1B) and the IL-1 receptor ang-
agonist gene (IL1RN) variants IL1B (-31 T genotype) and IL1RN IVS 86 bp VNTR 
(2/2 genotype), thought to increase IL-1beta production and to inhibit gastric acid
secretion, are associated with an increased risk of chronic hypochlorhydric response
to H. pylori infection and an increased gastric carcinoma risk. NAT1 is responsible for
N-acetyltransferase activity, which catalyzes acetylation and modification of aromatic
and heterocyclic amine carcinogens. A significant increase of gastric carcinoma risk
is associated with genotypes of NAT1 (1088 T > A, 1095 C > A). In the Japanese pop-
ulation, gastric cancer risk is particularly high in well-differentiated carcinoma and
in heavy smokers, suggesting the involvement of NAT1 in smoking-induced stomach
carcinogenesis.

As to the relation between polymorphism of tumor-related genes and cancer risk,
several studies have been performed. Single nucleotide polymorphism (SNP) (A > G,
Ile > Val) is present in the transmembrane domain of the HER-2/c-erbB2. Our case-
control study has demonstrated that the Val genotype is significantly more frequent
in gastric carcinoma patients than in controls. In patients, gastric carcinomas of
advanced stage are more frequent in patients with Val genotype than those with Ile
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Table 4. Association of genetic polymorphism with gastric carcinoma risk and progression
Site of single nucleotide

Gene and molecule polymorphism (SNP) Role Reference

MUC1 Coding VNTR Risk Portuguese Carvalho F, Seruca R, David L, et al. (1997) Glycoconj 
J 14:107–111

Interleukin 1 beta (1L1B) Promoter -31 C/T Risk El-Omar EM, Carrington M, Chow WH, et al. (2000)
Nature (Lond) 404:398–402

Interleukin 1 receptor antagonist (IL1RN) IVS2 86-bp VNTR Risk El-Omar EM, Carrington M, Chow WH, et al. (2000)
Nature (Lond) 404:398–402

N-Acetyltransferase 1 [NAT1] 1088 T/A, 1095 C/A Risk Katoh T, Boissy RJ, Nagata N, et al. (2000) Int J Cancer
85:46–49

Cytochrome P450 2E1 (CYP2E1) -1053 C/T Risk Brazilians Nishimoto IN, Hanaoka T, Sugimura H, et al. (2000)
Cancer Epidemiol Biomark Prev 9:675–680

Glutathione S-transferase P1 (GSTP1) Coding Ile105Val Risk? Katoh T, Kaneko S, Takasawa S, et al. (1999)
Pharmacogenetics 9:165–169

Methylenetetrahydrofolate reductase (MTHFR) Coding Ala677Val Risk Chinese Shen H, Xu Y, Zheng Y, et al. (2001) Int J Cancer 
95:332–336

HER-2/c-erbB2 Coding Ile 665 Val Risk Kuraoka K, Oue M, Matsumura S, et al. (2003) Int J 
Cancer 107:593–596

MMP-1 Promoter -1607 G/GG Histology Matsumura S, Oue N, Kitadai Y, et al. (2004) J Cancer
Res lin Oncol 130:259–265
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genotype, suggesting that this SNP could modulate gastric cancer risk and serve as a
predictor of risk for a malignant phenotype. Matrix metalloproteinase-1 (MMP-1)
plays a key role in cancer invasion and metastasis. There is 1G/2G SNP in the pro-
moter region of the MMP-1 affecting the transcriptional activity. Although no differ-
ence has been found in the frequency of 1G/2G genotype between gastric carcinoma
patients and controls, a significant association is detected with histological differen-
tiation. The 2G genotype is more frequent in poorly differentiated gastric carcinoma
than in well-differentiated tumors. Controversial observations have been reported in
the association between CDH1 (E-cadherin) promoter (-160 C > A) polymorphism
and the risk of gastric carcinoma. One report indicates that individuals with A/A geno-
type have a decreased risk of gastric carcinoma [47], whereas another shows no dif-
ference in genotype frequencies between gastric carcinoma cases and controls [48].
The important limitations in case-control studies that preclude definitive conclusions
are lack of appropriate control, low number of cases analyzed, and lack of concomi-
tant analysis with exposure to relevant cofactors such as H. pylori infection and
smoking. Proper association studies between genetic polymorphism and cancer risk
and genotype information in individuals must be important because those factors
directly connect with personalized cancer prevention. Furthermore, genetic poly-
morphisms have been associated with therapeutic efficacy and toxicity of anticancer
drugs [49]. For instance, polymorphism of VNTR in the promoter region of thymidy-
late synthase influences response to 5-fluorouracil. Polymorphism (difference in
number of TA repeats) in the promoter region of the UDP-glucuronosyltransferase
1A1 gene affects severity of toxicity during irinotecan (CPT-11) therapy.

Novel Genetic Markers Identified by Gene 
Expression Profile

Microarray Study
Cancer is accompanied by multiple genetic and epigenetic alterations, including muta-
tion, gene amplification, LOH, gene silencing by DNA methylation, and loss of imprint-
ing, all of which modify gene expression profiles. Therefore, genome-wide study of
gene expression is greatly important to uncover the precise mechanism of develop-
ment and progression of cancer. Microarray technology provides high-throughput
analysis of gene expression profiles by means of small-array slides. cDNA microarray,
array slides spotted with cDNAs, is commonly used to detect differences between
tumor and normal cells among various histologies and clinical outcomes, for example.
The use of laser capture microdissection and T7-based RNA amplification helps to
study gene expression profile in a small amount of sample with minimal contamina-
tion of other components than those of interest.

Several microarray studies have been performed on gastric carcinoma. El-Rifai 
et al. [50] examined the gene expression profile of gastric carcinoma using cDNA
microarray with 1200 genes and found that S100A4, CDK4, MMP14, and beta catenin
are the most upregulated in gastric carcinoma. Hippo et al. [28] studied the expres-
sion profile of 6800 genes and identified 162 that were highly expressed in gastric car-
cinoma tissues; these included genes related to cell cycle, growth factor, cell motility,
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cell adhesion, and matrix remodeling. They also found several genes associated with
metastasis, including Oct-2, a POU domain transcription factor, or intestinal histol-
ogy, including CDH17 and LI-cadherin. Hasegawa et al. [51] performed genome-
wide analysis of gene expression in well-differentiated gastric cancer using a cDNA
microarray representing 23 040 genes and reported that 61 genes and 63 genes 
were commonly up-regulated and downregulated, respectively, in gastric carcinoma.
Altered expression of 12 genes including DDOST, GNS, NEDD8, LOC51096, and AIM2
was found to be associated with lymph node metastasis. Hasegawa et al. developed a
“predictive score” based on the expression profiles of these five genes that could dis-
tinguish cancers with metastasis from those without metastasis. A similar approach
has been carried out by Inoue et al. [52] to develop a prognostic scoring system using
cDNA microarray. They selected 78 genes that were differentially expressed between
aggressive and nonaggressive groups with respect to conventional pathological
parameters and determined a coefficient for each gene. The prognostic score, calcu-
lated by summing up the value for each gene, could predict stage of disease and the
patient’s prognosis. Those strategies can be applicable to identify genes associated
with sensitivity of cancer to anticancer drugs [53]. These observations indicate that
the gene expression profile and a scoring system based on microarray analysis have
great potential for dissecting the character of gene expression in individual cancers
and predicting biological behavior and chemosensitivity.

Serial Analysis of Gene Expression (SAGE)
Besides microarray technique, serial analysis of gene expression (SAGE) is a power-
ful technique to allow global analysis of gene expression in a quantitative manner
without prior knowledge of the sequence of the genes [54]. SAGE is based on the fol-
lowing principles. A short nucleotide sequence tag (about 10 base pairs) is sufficient
to uniquely identify a transcript, provided it is isolated from a defined position within
the transcript. Concentration of short sequence tags allows the efficient analysis of
transcripts in a serial manner by the sequencing of multiple tags within a single clone.
Because the SAGE tag numbers directly reflect the abundance of the mRNA, SAGE
data are highly accurate and quantitative, and completion of the human genome
sequence has facilitated the mapping of specific genes to individual tags. Up to now,
four SAGE studies of gastric carcinoma, including ours, have been reported that iden-
tified several upregulated and downregulated genes [55–58]. Our SAGE study on five
samples of gastric carcinoma of different stages and histology from four patients gen-
erated a total of 137 706 tags including 38 903 unique tags [58]. Our SAGE libraries are
the largest gastric carcinoma libraries in the world, and sequence data from our SAGE
libraries are publicly available at SAGEmap (GEO accession number GSE 545, SAGE
Hiroshima gastric cancer tissue) (http://www.ncbi.nlm.nih.gov/SAGE/).

Comparison between SAGE tags from gastric carcinoma and those from normal
gastric epithelia identifies upregulated and downregulated genes that may participate
in stomach carcinogenesis (Table 5) [29,58]. If SAGE libraries are compared between
early cancer and advanced cancer or between primary tumor and metastatic tumor,
candidate genes involved in invasion and metastasis can be identified. The upregu-
lated genes in gastric carcinoma include APOC1, NDUF2, TEBP, COL1A1, and so on,
in addition to TFF3 and S100A4, which are known to be upregulated in gastric carci-



noma [58]. Quantitative real-time reverse transcription-PCR (RT-PCR) confirmed
that APOC1, CEACAM6, and YF13H12 are frequently overexpressed. The down-
regulated gene cluster includes LIPF (gastric lipase), CHIA, ATP4B, MBD3, and many
unknown genes. By comparing gene expression profiles between gastric carcinomas
at early and advanced stages, several differentially expressed genes by tumor stage
were also identified, including FUS, CDH17, COL1A1, and COL1A2, that should be
novel genetic markers for high-grade malignancy. FUS is a tumor-associated fusion
gene, especially in myxoid liposarcoma, and its possible role is supposed to be to 
regulate transcription and maintain chromosomal stability [59]. Regarding genes
involved in metastasis, the 20 most upregulated tags and corresponding genes in the
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Table 5. Upregulated and downregulated tags and genes in gastric carcinoma obtained by
serial analysis of gene expression (SAGE)

Commonly upregulated and downregulated tags and genes in gastric carcinoma in
comparison with normal gastric epithelia

Upregulated APOC1, S100A4, NDUF2, TEBP, COL1A2, SUFU, SYAP1, KIAA0930,
KIAA1694, TFF3, CEACAM6, FLJ20249, FLJ2167, EIF4A1, COLPH2,
G3BP, YF13H12, KRT7, SH3BP2, COL1A1, LOC284371

Downregulated CAGCGCTTCT (no match), CACCTCCCCA (no match), AGCCTCCCCA 
(no match), ACCCTCCCCA (no match), LIPF, AACCTCCCCC (no 
match), CHIA, TAGTGCTTCT (no match), TACAAGGTCC (no match),
GTGGTCAGCT (no match), ATP4B, FLJ20410, MBD3, CAGTGCTTTT 
(no match), Hs.199360, Hs.353061

The 20 most upregulated and downregulated tags and genes in advanced carcinoma in
comparison with early carcinomaa

Upregulated TCCCCGTAAA (no match), TCCCGTACAT (no match), CDH17, FUS,
PRO1073, FLJ36926, FLJ30146, PAI-RBP1, COL1A2, TCCTATTAAG (no 
match), COL1A1, GRAP2, HNRPL, NUTF2, ERP70, PES1, CYP2J2,
DAG1, IQGAP1, IL16, FXYD3, COQ4, LOC91966, CTBP1, TTCGGTTGGT 
(no match), alpha4GnT, Hs.290723, AKT3, CCT3, HMG20A

Downregulated Hs.216636, LOC116228, SH3MD2, NAB1, TTCCCCCAAA (no match),
DDX5, VMP1, LOC51123, LZK1, CGCAGATCAG (no match), IFRD2,
Hs.284464, RPS4Y, RPS4Y2, UAP1, Hs.180804, CATTAAATTA (no 
match), IKBKAP, ARPC3, NAGA, UBE3A, TRAG3, PNN, CTAATTCTTT 
(no match), TCCATCGTCC (no match)

The 20 most upregulated and downregulated tags and genes in metastatic tumor in
comparison with primary tumor of gastric carcinomaa

Upregulated SCAND1, RGS5, S100A11, RNPC2, APOE, FLJ10815, RNASE1, H3F3B,
P24B, LOC151103, CLDN3, MRPL14, PRex1, TCCCCTATTA (no match),
Hs.105379, ATP5G1, NPD007, MGC3180, WDR11, ARPC1B, ABTB2,
DNAJB1, HMGN2, KIAA1393, RAP1B, FLJ12150, STUB1

Downregulated ERdj5, RPL27A, DHRS3, E2IG5, USP7, CTSL, KRTHB1, KRTHB3,
TGCACTACCC (no match), ALG12, S100A9, CTAGCTTTTA (no 
match), ELOVL5, LOC375463, GGGGGAGTTT (no match),
ACTGCCCTCA (no match), SPC18, CTNND1, CYP20A1, FLJ11151,
RPS17, ZYX, RPS16, GCTTTCTCAC (no match), BCL2L2

Symbol of gene is described; UniGene ID is described if symbol is not present
No match, tag sequence is not matched to known gene
a Because some genes share the same SAGE tag, gene numbers are more than 20



66 W. Yasui et al.

metastatic tumor of gastric carcinoma included SCAN D1, RGS5, S100A11, RNPC2,
and APOE [58]. APOE (apolipoprotein E) expression is associated with T grade, N
grade, and advanced stage.

SAGE is also useful to isolate novel biomarkers of gastric carcinoma. The ideal bio-
marker should be overexpressed in a majority of gastric carcinoma and expressed on
the cell surface or secreted to facilitate its detection. Moreover, if the function of the
gene product is involved in the neoplastic process, the gene is not just a biomarker
but can be a therapeutic target. One example is REGIV (regenerating gene type IV),
which is identified by comparing the expressed tags of poorly differentiated nonsolid
type (scirrhous-type) gastric carcinoma with those of normal gastric epithelia [58,60].
About half of gastric carcinomas overexpress REGIV mRNA regardless of tumor stage
and histological differentiation. In vitro studies using RegIV-transfected cells revealed
that RegIV is secreted by carcinoma cells and that RegIV inhibits apoptosis, suggest-
ing that RegIV may serve as a novel biomarker and therapeutic target for gastric car-
cinoma. Other examples include GW112 and MIA, both of which encode secreting
proteins [61,62]. GW112 demonstrates strong antiapoptotic effects in cancer cells
treated with stress exposures and forced expression of GW112 leads to more rapid
tumor formation, indicating that GW112 plays an important role in tumor cell sur-
vival and growth and should be a good therapeutic target [61].

Clinical Implication of Global Gene Expression Analysis
A strategy to clinical applications of global analysis of gene expression such as diag-
nostics, treatment, and prevention is shown in Fig. 3. According to gene expression
profiles among gastric carcinomas or with those in normal gastric tissue obtained by
microarray study or SAGE, specifically upregulated or downregulated genes are iden-
tified. The expression of these genes is confirmed in a large number of cases by real-
time RT-PCR and immunohistochemistry if antibodies are available. With the specific
genes identified by SAGE, known genes participating in the development and pro-
gression of gastric carcinoma and known genetic markers for chemosensitivity, a
custom-made cDNA microarray is prepared. If the specific gene encodes secretory
protein, this may be detected in the blood and should be a novel biomarker of gastric
carcinoma. For such molecules, DNA/RNA aptamer or antibody is produced to estab-
lish a measuring system such as enzyme-limited immunosorbent assay (ELISA) in
blood sample. These methods can be applied for clinical diagnosis and cancer detec-
tion. Polymorphism of genes, highly altered in their expression in gastric carcinoma,
may be candidates of novel risk factors, and this information will be used for cancer
prevention. By functional analysis, the molecular mechanism of stomach carcinogen-
esis can be understood in more detail and the possibility whether the genes are novel
therapeutic targets can be revealed. Combination of these testings not only can attain
cancer detection but also can clarify the character of an individual tumor and person,
which is directly connected with personalized medicine and cancer prevention.

Conclusion

In the course of multistep carcinogenesis of the stomach, various alterations of onco-
genes, tumor suppressor genes, DNA repair genes, growth factors/receptors, cell-cycle
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regulators, and cell adhesion molecules are accumulated. Some of these changes occur
commonly in both well-differentiated and poorly differentiated types and some differ
depending on the histological types. Among various epigenetic alterations, modified
gene expression through DNA methylation and chromatin remodeling by histone
modification are the most important events. Genetic polymorphism is a crucial
endogenous cause and fundamental factor of cancer risk. Using genomic science
including novel techniques for global analysis of gene expression and bioinformatics,
the individual character of each person and cancer can be dissected precisely, which
is directly connected to personalized medicine and cancer prevention. Understand-
ing of the diversity of gastric cancer must be critical in the era of genomic medicine
at the clinical setting.
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Helicobacter pylori and
Gastric Carcinoma
Nobuyuki Shimizu1,2, Masae Tatematsu2, Michio Kaminishi1

Introduction

A large amount of epidemiological evidence has accumulated indicating a significant
relationship between Helicobacter pylori (Hp) infection and chronic gastritis [1,2],
peptic ulcers [3], intestinal metaplasia [4,5], and adenocarcinoma [6–8] or lymphoma
[9] development. In 1994, the World Health Organization/International Agency for
Research on Cancer concluded that “Hp is a definite carcinogen” based on the epi-
demiological findings [10]. Hp infection almost always results in chronic antral gas-
tritis, but only a proportion of patients develop stomach cancer, so it is clear that the
bacterium cannot be the only causative factor. To demonstrate a “causal link” between
Hp infection and stomach carcinogenesis, as well as intervention studies, it is essen-
tial to establish an experimental animal model. In Mongolian gerbils (MGs), Hp infec-
tion, chronic active gastritis, peptic ulcers, and intestinal metaplasia closely mimic
those in man [11]. In this chapter, epidemiological and experimental evidence asso-
ciated with Hp infection and gastric carcinogenesis is reviewed.

Before the Discovery of Hp

Many kinds of stomach diseases and conditions were considered as “precancerous
lesion” before the relationship between Hp infection and gastric cancer development
was investigated (Table 1) [12]. According to development of endoscopy in the 1970s,
many reports described the findings of gastric mucosa and discussed the precancer-
ous condition.

Peptic Ulcers
From the early 20th century, chronic peptic ulcer has been thought to be one of the
most possible candidates for precancerous lesions of gastric cancer. The fact that sur-
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gical specimens resected from patients suffering from gastric ulcer often contained
gastric cancer supported this hypothesis [13]. It was reported that recurring ulcera-
tion in the rat stomach enhanced gastric carcinogenesis induced by a chemical car-
cinogen [14]. This report also implied that the regeneration of gastric mucosa might
play a role in gastric carcinogenesis.

Gastric Adenoma
Gastric “adenoma” has been used for a lesion that is classified in pathological “dyspla-
sia” and is difficult to judge by morphology whether it is a benign or malignant lesion.
Some investigators reported that about a tenth of adenomas developed into adeno-
carcinomas and a quarter of adenomas with colonic phenotype would grow adeno-
carcinomas [15,16]. Flat-type adenomas were reported to turn into gastric cancers
twice as frequently as elevated-type adenomas [17]. It was also reported that stomachs
possessing adenomas tended to possess a differentiated adenocarcinoma. Therefore,
stomachs with adenomas are at least high-risk mucosa, if not precancerous lesions.

Intestinal Metaplasia
The hypothesis that most gastric cancer, especially differentiated-type adenocarci-
noma, grows from intestinal metaplasia is commonly accepted [18], although no
experimental data have demonstrated this hypothesis. The hypothesis has been sup-
ported by the pathological findings that many differentiated gastric cancers were sur-
rounded by or next to intestinal metaplasias. Tatematsu et al. reported that almost all
gastric cancers had a gastric phenotype and acquired an intestinal phenotype accord-
ing to their development, and that gastric cancers mainly developed in the gastric
mucosa [19]. An experimental gastric carcinogenesis model employing rats induced
by chemical carcinogens also showed that early-stage cancers had a gastric pheno-
type and that there was no intestinal metaplasia in the mucosa surrounding the
cancers [20]. Intestinal metaplasia should not be thought of as a “precancerous lesion.”

Remnant Stomach
Remnant stomachs develop gastric cancers more frequently than ordinary stomachs.
Surgical procedures may make many changes in the stomach mucosal condition, such
as decrease of blood flow, denervation, and reflux of duodenal juice [21]. Kaminishi
et al. demonstrated that rats subjected to Billroth II operation developed adenocarci-
noma more frequently than rats subjected to Billroth I operation, and adding vago-
tomy increased the incidence of gastric cancer [22].
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Table 1. “Precancerous lesion” of the stomach

Candidate Reference number

Chronic peptic ulcer 13, 14
Gastric adenoma 15, 16, 17
Intestinal metaplasia 18, 19, 20
Remnant stomach 21, 22
Chronic gastritis 23, 24



Chronic Gastritis
Atrophic gastritis is also thought to be one candidate of precancerous lesions of
gastric cancer [23,24]. This hypothesis was supported by pathological findings that
were observed in surgical specimens from patients suffering from gastric cancer. Up
to the present, there have been no experimental data sufficiently supporting this
hypothesis.

Helicobacter pylori Infection and Gastric Diseases 
in Humans

In 1953, it was reported that there was no bacterium in the human stomach from
observation of more than 1000 clinical materials [25]. This report was widely accepted,
and few reports concerning stomach bacterial flora was discussed. Since 1983, when
infection with Hp was first described by Warren and Marshall [1], there have been a
very large number of reports on the relevance of this bacterium to disease in humans.
Thus, associations between H. pylori infection and chronic gastritis [1,2], peptic ulcers
[3], intestinal metaplasia [4,5], adenocarcinomas [6–8], and lymphoma [9] develop-
ment have been noted.

In addition to these epidemiological studies, Uemura et al. reported that gastric
cancer developed in Hp-positive patients whose early gastric cancers were treated
with endoscopical mucosal resection more frequently than in Hp-negative patients
[26]. Gastric mucosa in which adenocarcinoma had developed might be initiated, so
this report strongly suggested that infection with Hp had enhancing effects for gastric
canrcinogenesis.

Helicobacter pylori and Gastric Carcinogenesis
Employing an Animal Model

Colonization of the stomach mucosa by Hp has been reported in dogs [27], ferrets
[28], monkeys [29], and mice [30]. However, few studies on stomach carcinogenesis in
animal models have been documented so far. Hirayama et al. first established the Hp
infection model in MGs and described the development of chronic active gastritis,
peptic ulcers, and intestinal metaplasia (Figs. 1, 2) [11]. MGs resemble humans in their
susceptibility and response to Hp infection. Therefore, the MG model appears
admirably suited for investigating the role of Hp in human stomach disorders. It is
clear, however, that most persons infected with Hp will never develop stomach cancer,
and the bacterium cannot be the only causative factor.

We subsequently established glandular stomach carcinogenesis models using N-
methyl-N¢-nitro-N-nitorosoguanigine (MNNG) and N-metyl-N-nitorosourea (MNU)
in MGs [31].

Carcinogenesis Model Employing MGs
In a multistep carcinogenesis protocol, we demonstrated that Hp infection enhanced
glandular stomach carcinogenesis in MGs treated with MNU [32] and MNNG [33].
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Briefly, Hp infection followed by chemical carcinogen (MNU or MNNG) administra-
tion or following chemical carcinogen administration could increase the incidence of
induced gastric cancer (Table 2). We previously demonstrated that the proportion 
of undifferentiated-type lesions depends on the concentration of carcinogen given in
mice [34]. In the MG Hp infection model, animals treated with a high concentration
of MNNG tended to develop poorly differentiated adenocarcinomas [33]. This 
result suggests that the histological type of cancer depends on the genotoxic acting
chemical carcinogen rather than the Hp infection. It has been proposed that chronic
inflammation enhances cell proliferation [35], which may enhance carcinogenesis by
increasing the turnover of initiated cells.

In these studies, we observed signet-ring cell carcinomas as well as poorly differ-
entiated and well-differentiated adenocarcinomas (Fig. 3). This variety of induced
stomach cancers as well as response to Hp infection similar to that in humans sug-
gests advantages of this model for research on stomach carcinogenesis in humans
[36]. It has been considered that Hp infection causes atrophic gastritis followed by
development of intestinal metaplasia and well-differentiated adenocarcinomas [37].
However, a meta-analysis indicated that Hp infection is equally associated with dif-
ferentiated and poorly differentiated types of gastric cancer [38], in agreement with
our findings. Intestinal metaplasia in humans has been considered a preneoplastic
change for well-differentiated adenocarcinomas [18], but in the present experiment,
no relationship between intestinal metaplasia and glandular stomach cancers induced
by Hp infection and chemical carcinogen administration in MGs was found.

To explore the influence of Hp infection according to time at which Hp infection is
established, we modified our protocol [39]. MGs were infected with Hp at 4, 18, and
32 weeks of age, and thereafter they were administrated low doses of chemical car-
cinogen (MNU). In this protocol, animals infected with Hp at a younger age showed
higher incidence of induced gastric cancers and higher titers of serum anti-Hp anti-
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Table 2. Summary of stomach carcinogenesis model employing Mongolian gerbils

Chemical Conc Duration Incidence of gastric cancer
carcinogen (ppm) (week) Hp infection (%)

MNU 10 20 pre 36.8
10 20 (-) 0.0
30 10 post 33.3
30 10 (-) 0.0

MNNG 60 10 post 24.0
60 10 (-) 0.0

300 10 post 44.4
300 10 (-) 5.3

20 30 post 60.0
20 30 (-) 5.0

MNU, N-methyl-N-nitrosourea; MNNG, N-methyl-N¢-nitro-N-nitrosoguanidine; conc, concen-
tration of chemical carcinogens; duration, duration of chemical carcinogen administration; pre,
Helicobacter pylori (Hp) infection followed by chemical carcinogen administration; post, Hp
infection following chemical carcinogen administration



body (Table 3). The results implied that Hp infection in childhood might have stronger
enhancing effect on stomach cancer development than that in adulthood and that host
response to Hp might be also important for pathogenicity.

Eradication of Hp
With regard to cancer prevention, we reported that Hp eradication could diminish the
enhancing effect of Hp infection on stomach carcinogenesis [40]. MGs infected with
Hp followed by or following MNU administration showed enhancing effect on gastric
carcinogenesis, but adding eradication diminished this enhancing effect (Table 4).
This study provides direct evidence that Hp eradication may be useful as a preven-
tion approach. Recently, many clinicians have been prescribing Hp eradication for
medical care of patients suffering not only from peptic ulcers [41] and MALT lym-
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Table 3. Age of acquisition of Hp infection and cancer risk

MNU Age (weeks) Incidence of
administration at Hp infection induced cancer (%)

+ 4 60.0
+ 18 18.2
+ 32 10.0
- 4 0.0
- 18 0.0
- 32 0.0
+ - 14.8
- - 0.0

MNU was administrated 2 weeks after Hp infection with a dose
of 10 ppm for 20 weeks

Table 4. Eradication of Hp and gastric cancer incidence

MNU Hp infection Eradication Incidence of
treatment (week) (week) induced cancer (%)

30 ppm ¥ 10 weeks 11 — 65.2 at week 50
30 ppm ¥ 10 weeks 11 21 20.8
30 ppm ¥ 10 weeks — — 6.7
10 ppm ¥ 20 weeks 0 — 34.6
10 ppm ¥ 20 weeks 0 21 9.1
10 ppm ¥ 20 weeks — — 5.6

30 ppm ¥ 10 weeks 10 15 6.7 at week 75
30 ppm ¥ 10 weeks 10 35 27.3
30 ppm ¥ 10 weeks 10 55 38.2
30 ppm ¥ 10 weeks 10 — 56.3
30 ppm ¥ 10 weeks — — 6.3
— 10 — 0.0
— — — 0.0



phomas [42, 43] but also from dyspepsia [44]. However, after complete clearance of
the bacteria, reflux esophagitis may occur [45], and this side effect is thought to be an
important risk factor for esophageal adenocarcinoma development [46]. Therefore,
establishment of criteria for Hp eradication is now a top priority.

For application of Hp eradication to humans, time will presumably be of essential
significance. In the study, we eradicated Hp in the period of active chronic gastritis but
before intestinal metaplasia or atrophic gastritis had appeared. The early phase might
be expected to be most amenable to intervention. To explore the effectiveness of Hp
eradication in later phases, we modified our protocol [47]. MGs were given chemical
carcinogen (MNU) followed by Hp infection. In this study, earlier eradication of
Hp diminished the enhancing effect of Hp on gastric cancer development more 
effectively. This result may imply that clinically Hp eradication at an earlier time is
more effective than at a later time and that eradication at the later time also dimin-
ishes the incidence of stomach cancer development to some degree. Concerning 
the effect of Hp infection on gastric carcinogenesis, it is natural to understand that 
Hp infection has a promoting effect on carcinogenesis but does not itself possess 
carcinogenicity.

High-Salt Diet
A high-salt diet has been also considered as a risk factor of gastric cancer [48], and
we could obtain a solution of the pathogenicity of a high-salt diet using the MG model.
We carried out experiments on MGs using a high-salt diet, chemical carcinogen, and
Hp infection [49]. In this study, a high-salt diet, which had not showed an enhancing
effect on stomach cancer development induced by chemical carcinogen alone could
enhance carcinogenesis induced by chemical carcinogen and Hp infection (Table 5).
It was also observed that the titer of serum anti-Hp antibody and the level of serum
gastrin concentration increased, so it might imply that a high-salt diet enhanced host
response to Hp and consequently the development of stomach cancer.
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Table 5. High salt diet and Hp infection

MNU Hp Incidence Anti-Hp
treatmenta infectionb High salt dietc of cancer (%) titer (A.I.)

+ + + 32.1 337.5
+ + - 11.8 254.7
+ - + 0.0 1.7
+ - - 0.0 2.1
- + + 0.0 283.9
- + - 0.0 121.0
- - + 0.0 1.5
- - - 0.0 2.1

A.I., arbitrary index
a MNU treatment: 20 ppm ¥ 10 weeks
b Hp infection at experimental week 10
c High salt diet contained 10% (w/w) sodium chloride



Mechanism of Gastric Carcinogenesis Related to Hp

To determine the pathogenic role of Hp, it is necessary to investigate the interaction
between parasite and host. Important roles have been demonstrated for cagA and
vacA genes in the pathogenicity of Hp [50]. As Tomb et al. elucidated the complete
genome sequence of Hp in 1997 [51], it is likely that a fuller understanding will be
generated in the near future.

One interesting point in the MG model is the reason for persistent Hp infection in
the stomachs of MG, which is not found in mice and rats. The organism obviously
prefers to colonize the layer of surface mucous cell type mucins in the human stomach
[52]. The decreased rate of Hp infection with aging and with stomach mucosal damage
by MNNG in MGs as noted in the above study and increase in Hp infection related to
stomach mucosal damage by MNU or a salty diet in mice [53] imply important roles
for mucous conditions of the stomach mucosa for Hp infection. It is essential to clarify
this point to develop effective prevention strategies.

Concerning host interaction, it was demonstrated that T-helper 1 cellular immune
responses contribute to Helicobacter-associated gastritis in mice [54] and humans
[55], and D’Elios et al. showed that Hp-specific T-helper 1 effectors might play a role
in peptic ulcers in humans [56]. In our study, although overlap of titer levels between
groups was observed, the titers of anti-Hp antibodies of the tumor-bearing animals
were higher than in tumor-free animals treated in the same manner [33]. The data
imply that humoral immunity, which may mean T-helper 2 response, is dominant with
regard to neoplasia, in contrast to the T-helper 1 dominance in sufferers from peptic
ulcers. The Hp infection model employing MGs, without doubt, may give us infor-
mation concerning treatment of Hp infection in human and suggestions for experi-
ments in vitro, so it was reported that this model would become a main animal model
to investigate the pathogenicity of Hp infection [36].

Concerning Hp itself, the cagA gene is thought to be one of the most virulent factors
to gastric mucosa. The function of CagA protein has been investigated for a long time,
and it became clear that cagA gene is an indirect marker for cag pathogenicity island
(cagPAI). This lesion codes for the genes concerning type IV secretion [57]. Through
the type IV secretion system, Hp transfers many virulent proteins, including CagA,
into the host cells. In host cells, CagA protein is phosphorylated and activated, binds
to the SHP-2 and consequently the complex induces hummingbird morphology
[58,59]. It may imply that CagA protein can function as a growth factor. Another
mechanism was also reported, that CagA binds to growth factor receptor bound 2
(Grb2), one of the intrasignaling molecules, and the CagA-Grb2 complex activates
Ras/MEK/ERK cascade [60]. Therefore, CagA might be a key molecule of patho-
genicity of Hp, if not having direct carcinogenicity [61].

Conclusion

Clinical diversity of Hp infection may be caused by variation of Hp itself and host
reaction, other factors such as food intake, and interaction of these factors. The
present carcinogenesis model employing MGs and epidemiological study have
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demonstrated a causal link of Hp infection and gastric cancer development. In vitro
experiments have showed the mechanisms by which Hp infection inflict injury on
gastric mucosal cells. From the point of view of “tailor-made medicine,” these in vivo
and in vitro experiments may contribute to the development of more effective treat-
ment for Hp infection.
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Color Plates
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Fig. 1. Mongolian gerbil (Meriones Unguiculatu)

Fig. 2. Intestinal metaplasia observed in gerbil infected with Helicobacter pylori at week 50.
H&E, ¥100
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Fig. 3. Histological sections of gastric
mucosa induced by Helicobacter pylori
infection and N-Methyl-N¢-nitro-N-
nitrosoguanidine administration in Mongo-
lian gerbils.aA well differentiated glandular
stomach adenocarcinoma characterized by
tubular structures with cellular atypia. H&E,
¥400. b A poorly differentiated glandular
stomach adenocarcinoma characterized by
little tendency to form glandular structures
with severe cellular atypia. H&E, ¥500. c A
signet ring cell carcinoma characterized by
isolated tumor cells containing abundant
amounts of mucin. AB-PAS, ¥150
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Fundic Mucosal Change Associated
with Oxyntic Atrophy
Hirokazu Yamaguchi1,2, Jeffrey R. Lee2, James R. Goldenring3, and 
Michio Kaminishi1

Introduction

The normal gastric fundic mucosa is assembled from a diverse group of cell lineages
responsible for lumenal secretion of mucins, pepsinogen, intrinsic factor, and HCl. A
number of investigations over the past decade have demonstrated that lineages in the
normal fundic mucosa arise from a progenitor zone located in the glands [1]. In 
the gastric mucosa, the progenitor zone is located at two-thirds of the mucosa from
the base, and this location is maintained by the differentiation of cell lineages with
differing longevity. Short-lived surface mucous cells having a 4- to 6-day lifetime arise
from the progenitor zone and migrate toward the lumen [2]. Although a minority of
parietal cells migrate toward the luminal surface, the majority of parietal cells migrate
toward the basal lamina [3]. Mucous neck cells arise from preneck cells, and it is
thought that they redifferentiate into chief cells during migration toward the base [4].
Those cells have a long lifetime, such as 80 days in parietal cells and 200 days in chief
cells. This process of differentiation of specific cell lineages from the progenitor zone
is regulated by hormonal and paracrine regulators.

To maintain mucosal integrity, the gastric mucosa responds to both mechanical 
and caustic injuries. Chronic injury by Helicobacter pylori infection leads to oxyntic
atrophy, foveolar hyperplasia, and mucous cell metaplasia [5,6]. Recent investigations
have described TFF2/spasmolytic polypeptide expressing metaplasia (SPEM) in mice
infected with Helicobacter felis [7], in humans with fundal predominant H. pylori gas-
tritis [8], and in the mucosa adjacent to gastric adenocarcinoma [8–10]. The cells of
this lineage recapitulate the morphology of duodenal Brunner’s glands or the cells 
of the deep antral glands and immunostain for the trefoil polypeptide spasmolytic
polypeptide (SP), also known as TFF2. SPEM was identified in a high percentage of
gastric fundic biopsies with H. pylori gastritis, and within the adjacent mucosa in 91%
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of gastric cancer resections. In addition, most of these sections demonstrated SP stain-
ing cells within dysplastic cells [8]. The association of SPEM with gastric adenocarci-
noma and oxyntic atrophy suggested that SPEM may represent a candidate precursor
to gastric adenocarcinoma.

In addition to its association with Helicobacter gastritis, SPEM is also observed in
other animal models with oxyntic atrophy. Metallothionein-tumor necrosis factor
(TGF)-a transgenic mice demonstrate not only expansion of the surface cell 
compartment of fundic glands but also marked decrease of parietal cells and emer-
gence of SPEM at the base of fundic glands [11,12]. Another model is rats adminis-
trated with DMP-777 that leads to a reversible pharmacological ablation of parietal
cells [13]. This drug is a cell permeant neutrophil elastase inhibitor that also acts as
a parietal cell-specific protonophore. Treatment of rats with DMP-777 for 3 months
induced oxyntic atrophy and expansion of the surface compartment as well as the
emergence of SPEM from the base of fundic glands [13]. These results support the
hypothesis that loss of parietal cells may be a primary event in evolution of the spec-
trum of lineage changes. Furthermore, the production of SPEM the base of fundic
mucosa suggested the presence of a second cryptic progenitor zone at the base of the
glands.

Previous gastric resection is a risk factor for the development of gastric remnant
cancer [14]. Causative factors have been investigated, including duodenogastric bile
reflux, intragastric bacterial flora overgrowth with an increase in carcinogenic N-
nitroso compounds, denervation, and decreased vascularity [15]. Remnant stomachs
show oxyntic atrophy, and remnant gastric cancer develops in the fundic glands;
therefore, remnant gastric cancer is another good model for investigating the associ-
ation between SPEM, oxyntic atrophy, and gastric cancer development.

Human Remnant Gastric Cancer

In a previous study, we reported SPEM in the remnant stomach with cancer [10]. We
obtained archival tissue on 19 patients who underwent gastric resection or endoscopic
mucosal resection of a remnant gastric adenocarcinoma at the Branch Hospital of the
University of Tokyo and investigated SPEM expression through immunohistochem-
istry using a murine monoclonal IgM anti-TFF2 antibody.

The indications for primary gastric resection in this group were complications of
peptic ulcer disease [9] or gastric cancer [10]. The mean age at the time of presenta-
tion of remnant gastric cancer was 65 years, and the time interval from primary resec-
tions to development of the remnant gastric cancer was 16 years on average. The time
interval was longer in the ulcer group than in the cancer group. Eight malignancies
were intestinal histologic type and 11 were diffuse. According to TMN classification,
8 cases were classified as pT1, 2 were pT2, and 9 were pT3 or pT4. The mucosa of
the remnant stomachs demonstrated atrophic gastritis. Intestinal mataplasia was
observed in 10 cases (52%). Gastritis cystica profunda (GCP) was seen in 5 cases
(26%). All of the GCP demonstrated immunostaining for TFF2. SPEM was identified
in the adjacent fundic mucosa to the cancer. SPEM expression did not appear to cor-
relate with previous disease, time interval, or malignant histological type. In 4 of 16
cases (25%), TFF2 staining within the cells of malignancy was observed (Fig. 1).
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Remnant Gastric Cancer Models in Rats

We have also reported SPEM in a postgastrectomy rat model. Using a well-established
postgastrectomy rat model [16], we examined six groups of rats. Groups I and II
received truncal vagotomy without or with duodenogastric reflux, groups III and IV
received antrectomy and Billroth I anastomosis without or with truncal vagotomy,
groups V and VI received nitrite carcinogen N-methyl-N¢-nitro-N-nitrosoguanigine
(MNNG) treatment before antrectomy and Billroth I anastomosis without or with
truncal vagotomy. Untreated rats were also examined as a control group. Oxyntic
atrophy was quantified in each group as loss of parietal cell mass. Progressive oxyntic
atrophy correlated with the severity of operative procedure and carcinogen adminis-
tration. There was an approximate 22% decrease in parietal cells from the control
group to groups I and II, a 23% decrease from groups I and II to groups III and IV,
and a 40% decrease from groups III and IV to groups V and VI (Fig. 2). GCP was not
seen in groups I and II; however, it was seen in the more severe surgical group. Intesti-
nal metaplasia was seen in groups V and VI (group V, 17%; group VI, 25%). Adeno-
carcinoma was identified in the carcinogen treatment groups (group V, 17%; group
VI, 50%).

Immunohistochemistry using the anti-TFF2 antibody was performed. Truncal
vagotomy with duodenogastric reflux induced scattered TFF2 immunoreactive glands
at the base of the mucosa. Antrectomy with vagotomy caused a marked expansion of
basally located TFF2 immunoreactive cells with early phenotypic changes toward
SPEM. Animals receiving the carcinogen in groups V and VI demonstrated SPEM at
the base of the atrophic fundic mucosa. group V demonstrated SPEM in 50% of cases,
whereas group VI had SPEM in 100% (Fig. 3).

To investigate proliferating cells, immunostaining with antibodies against prolifer-
ating cell nuclear antigen (PCNA) was performed. In groups I, II, and III, PCNA-
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labeled nuclei were observed in the normal progenitor zone; however, in group IV
there was widening of the progenitor zone with increase of PCNA-labeled cells.
With the addition of carcinogen, two distinct zones of PCNA immunostaining were
observed. In addition to proliferative activity in cells at the physiological midgland
zone, PCNA staining cells was observed in the base of the fundic mucosa. The distri-
bution of deep gland PCNA-staining cells in the atrophic mucosa correlated with the
appearance of SPEM at the base of the base of glands (Fig. 4).

Intrinsic factor is a marker for chief cells in rats. In rats without carcinogen (groups
I to IV), intrinsic factor immunoreactivity was seen only in normal-appearing 
chief cells; however, in the carcinogen groups (Groups V and VI), intrinsic factor
immunoreactivity was observed in metaplastic cells at the base of atrophic fundic
glands that were also stained by anti-TFF2 antibodies. Double immunofluorescence
for TFF2 and intrinsic factor revealed that SPEM cells were immunoreactive for both
TFF2 and intrinsic factor at the base of the glands. The intracellular distribution of
TFF2 and intrinsic factor in SPEM cells was distinct (Fig. 5).

Discussion

The normal gastric mucosa is assembled from a repertoire of short- and long-lived
differentiated cell lineages [1–4]. All these lineages derive from the same primary pro-
genitor population located in the two-thirds of the gland from the base. The short-
lived surface cells differentiate from presurface cells and migrate toward the lumen
[2]. Long-lived lineages populate the portions of the gland deep to the proliferative
zone. The majority of parietal cells differentiate from preparietal cells and migrate
toward the gland base [3]. It is thought that mucous neck cells differentiate from
preneck cells and migrate toward the base, differentiating into chief cells [4]. Previ-
ous investigations have demonstrated that parietal cells are responsible for the secre-
tion of a number of critical growth factors including TGF-a, amphiregullin, and
heparin binding-epidermal growth factor (HB-EGF) [17,18]. Thus, loss of parietal
cells may eliminate important agents required for appropriate differentiation of
deeper gland lineages such as mucous neck and chief cells. H. felis-infected mice, MT-
TGF-a transgenic mice, and DMP-777-treated rats that demonstrated SPEM also
showed oxyntic atrophy at the background of the mucosa. SPEM was also identified
in a high percentage of gastric fundic biopsies with H. pylori gastritis and within the
adjacent mucosa of gastric cancer resection that demonstrated oxyntic atrophy. In the
study of the remnant gastric cancer model with rats, oxyntic atrophy was quantified
as loss of parietal cell mass and progressive oxyntic atrophy correlated with expan-
sion of TFF2 staining and emergence of SPEM. The association between severity of
oxyntic atrophy and SPEM emergence suggested that parietal cells may provide
important agents required for appropriate differentiation of deeper gland lineages.

Immunohistochemistry with anti-PCNA antibodies revealed that loss of parietal
cells was accompanied by the emergence of a second proliferative population located
at the gland base that gave rise to SPEM. The findings indicate that the fundic mucosa
responds to an injury resulting in parietal cell loss with induction of a novel mucous
cell metaplasia with an antral/Brunner’s gland phenotype.
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Because parietal cell loss is associated with gastric cancer, an understanding of the
changes in the gastric mucosa attendant with oxyntic atrophy is critical. In humans, a
number of mucosal pathologies are associated with oxyntic atrophy. Foveolar hyper-
plasia,the expansion of normal-appearing surface cells,is often associated with oxyntic
atrophy following either chronic H. pylori infection or following antrectomy [19].

A number of investigations have noted an association of goblet cell intestinal meta-
plasia with oxyntic atrophy [6]. We observed intestinal metaplasia in the rats receiv-
ing carcinogen and antrectomy; however, the incidence of SPEM in the rats with
carcinogen and antrectomy was higher that that of intestinal metaplasia.

SPEM developed from the base of fundic glands coincident with the emergence of
a proliferative cell population that appeared separate from the normal proliferative
zone. Importantly, we also observed that a subpopulation of SPEM cells expressed
intrinsic factor, normally a marker of the chief cell lineage in mice. Previous investi-
gations have suggested that chief cells have a long lifetime [4]. Thus, dual intrinsic
factor/TFF2 staining cells suggests the possibility that SPEM originates from transd-
ifferentiation of chief cells. Given the role for parietal cells in growth factor secretion,
it is possible that factors released from parietal cells are required for maintenance of
chief cell differentiation. Alternatively, we have previously proposed that SPEM may
arise from a cryptic progenitor cell population located at the base of the glands. Given
the similarity of the SPEM lineage to deep antral cells, the SPEM phenotype is con-
sistent with “antralization.” Such a cryptic progenitor cell could be a remnant of
mucosal cells from development before the emergence of parietal cells. Under this
model, factors secreted from parietal cells would normally suppress the proliferation
of the cryptic progenitor cells.

In summary, oxyntic atrophy in gastric mucosa has strong association with a
TFF2/SP-expressing metaplasia (SPEM) from a basally located progenitor cell popu-
lation. The dual labeling of a portion of the SPEM cells suggests that SPEM may derive
from transdifferentiation of chief cells.
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Fig. 1. a Spasmolytic polypeptide express-
ing metaplasia (SPEM) is observed above
the muscularis mucosa at the base of
atrophic fundic mucosa.b Glands of gastri-
tis cystica profunda deep to the muscularis
mucosa. TFF2 immunostaining is identical
to SPEM. c TFF2 staining within malignant
cells. Bars a,b 26 mm; c 12 mm

Color Plates
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Fig. 3. SPEM in rat model. a Group
I, physiological staining in mucous
neck cells in midgland zone; b
group II, scattered TFF2-positive
staining at base of glands; c group
III, expansion of midgland zone; d
group IV, expansion of TFF2 stain-
ing to base of glands; e group VI,
development of SPEM at the base of
atrophic mucosa. Bar 100mm
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Fig. 4. Proliferating cell
nuclear antigen (PCNA)
immunostaining in rat
model. a Group I, scattered
proliferating cells at the base
of glands; b group IV, scat-
tered proliferative cells at
base of glands; c group VI,
distinct dual zones of prolif-
eration at midgland and base
of glands. Bars 100 mm
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Fig. 5. Expression of intrin-
sic factor and TFF2/SP in
SPEM cells (a, green = intrin-
sic factor; b, red = TFF2/SP).
An overlay of dual staining
(c) demonstrates the majority
of the SPEM cells were dual
labeled. Intracellular patterns
of intrinsic factor and SP
were different



DNA Methylation and 
Gastric Carcinoma
Atsushi Kaneda

Introduction

Gastric cancer is the second most common cancer in the world [1,2]. Epigenetic alter-
ation, especially aberrant DNA methylation, is highly involved in gastric carcinogen-
esis [3–7]. Promoter methylation is the major inactivation mechanism of most
cancer-related genes except p53 in gastric cancers. Association of promoter methyla-
tion of some specific genes with histology of gastric cancers was reported. There is a
subset of gastric cancers displaying frequent promoter methylations, and association
of the frequent methylation with histology was also reported. There is another subset
of gastric cancers displaying frequent promoter hypomethylation. Here, DNA methy-
lation as involved in gastric carcinoma is reviewed.

Epigenetics and DNA Methylation

Epigenetics is defined as modifications of the genome, heritable during cell division,
that do not involve a change in the DNA sequence [3,4,8]. There are several features
distinguishing epigenetics from genetics such as reversibility, and the most common
epigenetic modification is DNA methylation, a covalent modification by a methyl
group at the C5 position of cytosine at CpG dinucleotides [8,9] (Fig. 1). The methyla-
tion status is stably maintained in DNA replication by DNA methyltransferases
[10–14], and the fidelity of the methylation pattern in normal cells was reported to be
as high as 99.85%–99.92%/site/generation [15].

Epigenetics play important roles in normal development and tissue differentiation
[16,17]. Dynamic changes of DNA methylation are observed during embryonic devel-
opment, and tissue-specific patterns of DNA methylation are observed in somatic
tissues [18,19]. Aberrant epigenetic alteration may lead to diseases, including cancers
[3,4,20].
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Aberrant DNA Methylation in Cancer

Aberrant DNA methylation is present in various genomic regions in cancers. First,
global hypomethylation, the decrease of 5-methylcytosine content in the whole
genome, was reported in 1983 [21]. Hypomethylation was shown to involve coding
regions of genes [22] and then repetitive sequences as well [23]. From the fact that
80% of CpG dinucleotides are present in repetitive sequences and they are 
mostly methylated [24,25], global hypomethylation is considered to be mainly the
result of hypomethylation of the repetitive sequences. Second, hypomethylation is also
observed in normally methylated CpG islands in promoter regions, and it induces
aberrant expression of their downstream genes if transcription factors are available
in cancer cells [26,27]. Known normally methylated promoter CpG islands are 
very limited and include some cancer-testis antigen genes, such as the MAGE
genes [28–30]. Third, hypermethylation of normally unmethylated, that is, ordinary,
CpG islands in promoter regions [31–33] is well known. Promoter CpG island 
methylation affects the basal transcriptional machinery by altering the DNA 
secondary structure and inducing chromosome remodeling through the methyl 
group-binding proteins and histone deacetylase, which leads to transcriptional 
silencing of the downstream gene [3,4,20] (Fig. 2). Gene silencing by aberrant pro-
moter methylation in cancers was first pointed out in the RB gene in 1993 [34]. Since
then, many tumor suppressor genes have been reported to be silenced, for example,
VHL in renal carcinoma in 1994 [35], E-cadherin (CDH1) in hepatocellular carcinoma
in 1995 [36], and p16 in various cancers in 1995 [37]. Gene silencing is now regarded
as one of the major mechanisms to inactivate tumor suppressor genes, along with gene
mutations and deletions, and is causally involved in development and progression of
cancers [3,4,20].

Silenced Genes in Gastric Cancers

One of the most well known tumor suppressor genes silenced by promoter methyla-
tion is p16, which is methylated in 25%–42% of gastric cancers [5,6,38,39]. It is known
that mutations and deletions of p16 are rare, and it is inactivated mainly by promoter
methylation in primary human gastric cancers [38]. Microsatellite instability (MSI) is
observed at incidences ranging between 31% and 67% [40,41]. Although mutations of
DNA mismatch-repair genes such as hMLH1 and hMSH2 were rarely observed in
gastric cancers [41,42], promoter methylation of hMLH1 is known to be a major 
cause of MSI in gastric cancers [43,44]. CDH1 is a gene responsible for familial diffuse-
type gastric cancers in New Zealand by germline mutations [45], and its somatic 
mutations were also observed in 17%–56% of sporadic diffuse gastric cancers [46,47].
The second hit in CDH1 mutations is generally caused by promoter methylation 
[48]. RUNX3 was shown to be causally involved in human gastric cancers, and the
major mechanism for its inactivation is also promoter methylation [49]. TGF-b type
I receptor [50], p57 [51], MGMT [52,53], RASSF1A [54], TIMP3 [55], 14-3-3 sigma
[56], HLTF [57,58], CHFR [59], etc. were also reported to be methylated in gastric
cancers.
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Genome-Wide Search for Aberrant 
Promoter Methylation

Many known tumor suppressor genes have been reported to be inactivated also by
promoter methylation. Based on the idea that novel genes involved in tumor sup-
pression could be isolated by using aberrant promoter methylation as their marker,
several genomic scanning methods have been developed, mainly since 1997 [60–66].
Those methods included restriction landmark genomic scanning (RLGS) in 1993 [60],
methylation-sensitive-representational difference analysis (MS-RDA) in 1997 [61],
methylation-sensitive arbitrarily primed polymerase chain reaction (MS-AP-PCR) 
in 1997 [62], methylation-sensitive restriction fingerprinting (MSRF) in 1997 [63],
methylated CpG island amplification-representational difference analysis (MCA-RDA)
in 1999 [64], differential methylation hybridization (DMH) in 1999 [65], and segrega-
tion of partly melted molecule-methylated CpG-binding domain column (MBD-SPM)
in 1999 [66]. MS-RDA was applied to genome-wide analysis of aberrant methylation
in human gastric cancers with some modifications, and silenced genes in cancers were
newly identified as strong candidate cancer-related genes [6,67,68] (Fig. 3). Among
those genes, Lysyl Oxidase and HRAS-like suppressor were reported to show growth
suppressive activity in ras-transformed fibroblasts [69–71], and Lysil Oxidase was
shown to be a tumor suppressor gene in gastric cancers [72]. Thrombomodulin showed
growth suppressive activity in melanoma cells [73], and PGAR/ARP4/ANGPTL4
showed antiangiogenetic activity [74]. Methylation-based genome scanning can be a
useful strategy to identify novel cancer-related genes in gastric cancers.

Methylator Phenotype in Gastric Cancer

It is known that subsets of cancers display significantly higher frequencies of aber-
rant methylation (Fig. 4). A subset of cancers with frequent aberrant methylations of
CpG islands was first described in colon cancers as the CpG island methylator phe-
notype (CIMP) [75]. CIMP was detected using CpG islands so-called type-C MINT
(methylated in tumors) clones and was reported in gastric cancers as well [5].
Epstein–Barr virus (EBV) was reported to be positive in 7% (70/1000) of gastric
cancers [76], and EBV-positive gastric cancers were reported to constitute CIMP-pos-
itive cancers [77]. The host cells are known to methylate foreign viral DNA inserted
into the host genome and the adjacent host DNA as well [78,79]. Viral infection may
be one of the triggers for frequent aberrant methylations of CpG islands. Using CpG
islands in promoter regions, clustering of aberrant promoter methylations were also
shown in EBV-positive gastric cancers [77,80]. These cancers were suggested to be
involved in accumulation of gene silencing by promoter methylation, whereas others
may be rather involved in genetic and chromosomal instabilities.

Aberrant Methylation and Histology of Gastric Cancer

Gastric cancers are classified histologically into two major types: intestinal (well dif-
ferentiated) and diffuse (poorly differentiated) [81]. Diffuse-type gastric cancers can
be classified into two subtypes: diffuse-adherent and diffuse-scattered [82].
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Some genetic alterations are found type specifically, such as CDH1 mutations in
diffuse gastric cancers [46,47]. The major second hit of CDH1 mutations is promoter
methylation [48], and significant correlation between promoter methylation of CDH1
and diffuse-scattered gastric cancers was also reported (P = 0.0175 and 0.008) [83,84].
Significant correlation between promoter methylation and diffuse-type histology was
also pointed out in the 14-3-3 sigma gene (P = 0.006) [56]. By analysis of nine silenced
genes identified by MS-RDA, most of them were associated with diffuse gastric
cancers, and the subset of gastric cancers with frequent promoter methylations was
strongly correlated with diffuse-type histology (P < 0.001) [6]. Accumulation of aber-
rant promoter methylations was suggested to lead to diffuse-type histology of gastric
cancers, at least in part. Or, some of these methylations that had been considered as
“aberrant” may reflect the methylations that were present in the precursor cells of
diffuse-type gastric cancers [6].

In contrast, aberrant methylation of the exon 1 region of p16 was reported to cor-
relate with intestinal gastric cancers (P = 0.002) [83]. CIMP analyzed using MINT CpG
islands was reported to be more common in intestinal and diffuse-adherent gastric
cancers than in diffuse-scattered gastric cancers (P = 0.013) [83]. Methylation at the
promoter region of p16, not the exon 1 region, is known to play a causal role in its
silencing [85], although methylation status of the exon 1 region may link to its pro-
moter methylation. MINT CpG islands are not necessarily derived from promoter
regions, although CIMP is reported to correlate with promoter methylation of genes
such as p16 and hMLH1 [5,75]. Two possibilities can be argued about these discrep-
ancies in correlations between methylation and gastric cancer histologies. One possi-
bility is that correlation between promoter methylation and histology of gastric
cancers is gene dependent and some promoter methylations may correlate with 
intestinal-type histology.Another possibility is that accumulation of promoter methy-
lations correlates with diffuse-type histology but methylation of other regions, which
does not affect gene transcription, may show different association with histology
occasionally. Recently increased DNA methyltransferase 1 protein expression was
shown to correlate with poorer differentiation and frequent methylation of CpG
islands in gastric cancers, but it was also associated with EBV infection [86]. DNA
methyltransferase 1 is an enzyme to target replication foci by binding to proliferating
cell nuclear antigen and maintain methylated status of CpG sites by methylating
hemimethylated CpG sites into fully methylated CpG sites in DNA replication [10,11].
DNA methyltransferase 1 was also reported to possess de novo methylation activity
as well as maintenance activity [87]. Accumulation of methylation by increased DNA
methyltransferase activity seems to cause diffuse-type histology, or etiological factors
such as EBV infection may cause the histology and aberrant methylation in parallel.
Further research should be directed to clarify the causal association between methy-
lation and histology.

DNA Methylation as Clinical Markers of Gastric Cancer

Aberrant methylation of some genes, including APC, RASSF1A, and CDH1, was
reported to correlate with poor prognosis of certain cancers and could be a prognos-
tic marker for cancers with unfavorable outcome [88–91]. In gastric cancers, it was
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reported that MGMT was silenced by aberrant methylation and loss of MGMT corre-
lated with poor prognosis [92]. On the other hand, methylation of hMLH1 is known
to cause MSI in gastric cancers [43,44], and MSI-positive gastric cancers were found
to show relatively good prognosis [93,94]. Such results may suggest that aberrant pro-
moter methylation of some genes possibly correlates with good prognosis of cancers,
at least gastric cancers, and that epigenetic markers for both good and poor progno-
sis of gastric cancers could perhaps be developed.

Cancer-related aberrant DNA is known to circulate in the serum/plasma of cancer
patients, and the circulating DNA can be detected as tumor markers in the
serum/plasma [95,96]. Detection of aberrantly methylated DNA circulating in the
serum/plasma not only leads to diagnosis of presence of cancers, but promoter methy-
lation of some genes such as APC and RASSF1A was reported to possibly predict the
prognosis of cancers [88,90]. Promoter methylation of APC was observed in 92% of
tissue samples and 25% of plasma samples of 52 esophageal cancer patients, and high
levels of methylated APC in the plasma were associated with reduced patient survival
[88]. Analysis of promoter methylation of 39 genes in the serum DNA of breast cancer
patients revealed that methylated RASSF1A and/or APC in the serum were associated
with poor outcome [90]. In gastric cancers, it was reported that p16 methylation was
detected in 23 of 60 gastric cancer tissues and 6 serum samples of the 23 methylation-
positive gastric cancer patients [97]. No association was detected between the aber-
rant p16methylation and clinicopathological features of gastric cancers [97].Although
the clinical relevance is still unclear, aberrantly methylated DNA circulating in the
serum/plasma was shown to be detected in gastric cancer patients as well.

Hypomethylation in Gastric Cancer

Aberrant hypomethylation is also detected in gastric cancers. The first reported alter-
ation of DNA methylation in cancers was global hypomethylation, detected by the high
pressure liquid chromatography (HPLC) method [21]. Total genomic DNA methyla-
tion refers to the overall content of 5-methyl cytosine in the whole genome [98]. In
human DNA of normal somatic cells, 70%–90% of CpGs are methylated depending
on the tissues [99,100]. This amount translates into 3%–4% of all cytosine residues,
because the CpG dinucleotide is represented much less than the other dinucleotides,
and 0.76%–1.00% of all bases in the genome [25,98]. In gastric epithelial tissues, the
5-methyl cytosine content was 0.82% ± 0.07% (mean ± SD) [101] (Fig. 5). In gastric
cancers, some showed slightly lower levels of 5-methyl cytosine, 0.74% ± 0.03%, and
some showed much lower levels, 0.55% ± 0.10% (overall, 0.65% ± 0.12%) [101].

Hypomethylation potentially promotes cancer via a number of mechanisms: acti-
vation of protooncogenes [102,103], chromosomal instability [104–106], reactivation
of transposable elements [107,108], and loss of imprinting [20,109,110]. Although
hypomethylation in gastric cancers has not been well analyzed, global hypomethyla-
tion in gastric cancers was shown to correlates with hypomethylation of repetitive
sequences and hypomethylation of normally methylated promoter CpG islands, which
induced aberrant gene expressions [101]. These hypomethylations in gastric cancers
were shown to occur independently from promoter methylation, designated as CpG
island hypomethylator phenotype (CHOP) [6]. CHOP-positive gastric cancers showed
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frequent promoter hypomethylations and constituted a different subset from those
with frequent promoter methylations, but did not correlate with histology, tumor
depth, or status of lymph node metastasis [101]. Further research is necessary to
clarify the roles of hypomethylation in development and progression of these cancers.
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Color Plates
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Fig. 1. A Cytosine methylation. DNA
methylation is a covalent modification by a
methyl group at C5 position of cytosine
(red) at CpG dinucleotides. B Methylation
at DNA replication. Hemi-methylated CpG
sites are methylated by DNA methyl-
transferases into fully methylated CpG sites
to inherit their methylated (red) and
unmethylated (blue) status

Fig. 2. Genes transcribed in normal cells, but silenced in cancer cells by aberrant methylation.
CpG, distribution of CpG sites (blue, unmethylated; red, methylated); TF, transcription factor.
Methyl-CpG binding domain containing protein (MBD) can be loaded onto methylated DNA
through their interactions with histone deacetylase (HDAC) and histone methyltransferase
(HMT). HMT can be recruited by the binding of the chromodomain protein HP1a (HP1) to
methylated lysine 9 in histone H3 (m-H3K9) and maintains H3K9 methylations. HDAC deacety-
lates histone lysine residues, and the deacetylated histones are organized into tightly compacted
nucleosomes, where transcriptionally silent DNA regions are packaged
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Fig. 3. Examination of tumor-suppressive function. After identification of genes silenced in
cancer cells, their cDNA can be introduced in those cancer cells to confirm their tumor-
suppressive functions by reduction of colony formation in soft agar (A) or reduction of subcu-
taneous tumor formation in nude mice (B) (Partly reproduced from [72] with permission from
American Association for Cancer Research)

Fig. 4. Frequently methylated gastric cancers. When
methylation statuses of multiple promoter CpG islands
of genes are analyzed, a subset of gastric cancers with
high frequency of aberrant promoter methylation is
identified. This subset is reported to correlate with
diffuse-type histology, EBV infection, and increased
level of DNA methyltransferase 1

Fig. 5. Hypomethylation and hypermethylation in gastric cancer cell lines.5-mC, 5-methyl cyto-
sine; N, 5-mC content in normal gastric epithelium shown by mean (bar) and SD (box). Lower
level of 5-methyl cytosine, i.e., global hypomethylation, is detected in 7 of 10 gastric cancer cell
lines (blue). Hypomethylation of LINE1 repetitive sequence is detected in 7 cell lines (blue).
Hypomethylation of normally methylated promoters is detected frequently in 6 cell lines (blue),
but not or rarely in 4 cell lines (white). These three aberrant hypomethylations correlate with
each other, but do not correlate with aberrant promoter hypermethylations (red, frequent hyper-
methylations; white, rare; pink, intermediate)



Distinction of High-Grade
Intraepithelial Neoplasia and Tubular
Gastric Adenocarcinoma
Michael Vieth1 and Manfred Stolte2

Introduction

When searching the literature for the definition of intraepithelial neoplasia (formerly
dysplasia), we found it has been described as structural change of surface epithelium
[1] and atypical mucosa limited to the epithelium [2]. The first international classifi-
cation by Morson et al. [3] did not add anything significant to these criteria, leaving
room for subjective interpretation.

WHO Definition of High-Grade 
Intraepithelial Neoplasia

In 2000, the World Health Organization (WHO) recommended to no longer use the
term “dysplasia” but rather “intraepithelial neoplasia” throughout the gastrointestinal
tract. This change has been suggested because the term dysplasia has been over-
stressed in the past (Table 1) because of the weak descriptive nature of its definitions.
Also, the term dysplasia was used in part for early carcinomas [4].

The WHO classification [5] describes high-grade intraepithelial neoplasia in the
stomach as a lesion with “glandular crowding and prominent cellular atypia. Tubules
can be irregular in shape, with frequent branching and folding: there is no stromal
invasion.” Mucin secretion is believed to be absent or minimized. Additionally,
increased proliferative activity is present throughout the epithelium. According to 
the WHO classification, invasive adenocarcinoma is diagnosed whenever the tumor
invades into the lamina propria or the submucosal layer. Also mentioned is that in
bioptic diagnosis isolated tumor cells and glandlike and/or papillary projections are
believed to help differentiate it from intraepithelial neoplasia.
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Are These Criteria Sufficient to Explain How to Make the
Differential Diagnosis Between High-Grade
Intraepithelial Neoplasia and Invasive 
Mucosal Carcinoma?

The WHO definition of high-grade intraepithelial neoplasia is mainly based on the
descriptive terms “branching and folding” of the glands. These two descriptive terms
especially leave a lot of room for subjective interpretation. On the other hand, infiltra-
tion of the submucosal layer by single neoplastic tubules is not described as “branch-
ing of glands” but as a clear carcinoma even without the presence of single tumor cells
(Fig. 1).

Worldwide differences in the diagnostic criteria of mucosal carcinomas mostly
apply to bioptic diagnoses but not to (endoscopic) resection specimens and are prob-
ably just a sign of uncertainty [6,7] rather than an expression of Japanese or Western
points of view. Furthermore, some pathologists prefer the term high-grade intraep-
ithelial neoplasia rather than adenocarcinoma for forensic reasons. Another reason
seen by some pathologists is to avoid the patient’s health insurance changing the 
contract as a result of carcinoma diagnosis. It should be noted that in addition to 
morphological criteria there are also forensic and social criteria that are applied by
some pathologists. This practice is unacceptable because it prevents relating clinical
outcomes worldwide [8].

When analyzing the literature for follow-up studies on high-grade intraepithelial
neoplasia up to the development of invasive gastric adenocarcinoma (Table 2), it
becomes apparent that all these studies showed that within a few months invasive car-
cinoma was present. Due to the very short time lag, this finding could be interpreted
that these lesions were already carcinomas.

It is known that lesions designated as high-grade intraepithelial neoplasia do not
differ much from invasive carcinoma concerning molecular and genetic changes. In
our daily routine, the diagnosis of high-grade intraepithelial neoplasia is very rare.
Most of these lesions are already invasive carcinomas.
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Table 1. Use of the term “dysplasia” taken from a selection of
histological diagnoses

Dysplasia I–III
Metaplastic dysplasia
“Proper gastric type” of dysplasia
Hyperplastic dysplasia
Intestinal dysplasia
Adenomatous dysplasia
Microglandular dysplasia
Anaplastic dysplasia
Regenerative dysplasia
Diffuse dysplasia
Globoid dysplasia
Strange dysplasia

Source: O. Stadelmann, personal communication



Differential Diagnosis

The differential diagnosis of intraepithelial neoplasia and early invasive carcinomas
includes pseudoinvasions (cohesive type as in gastritis cystica profunda; diffuse type
as in NHL-MALT-lymphoma with scattered remaining epithelial structures imitating
invasive epithelial growth). Other differential diagnoses include neuroendocrine
tumors and reactive changes as in chemical reactive gastritis (Fig. 2); especially,
NSAID/ASA-induced lesions should be excluded. The endoscopic findings should 
be consistent with the neoplasia diagnosis and should be carefully reviewed.
Sometimes criteria are difficult to interpret; therefore, a so-called matrix diagnostics
with biopsies far from the questionable lesion from antrum and corpus (two 
each) should be taken to avoid overdiagnosis of a reactive lesion toward a neoplasia
in case the patient is Helicobacter pylori negative, which would point more toward a
reactive lesion.

How Can High-Grade Intraepithelial Neoplasia Be
Reliably Distinguished from Invasive Adenocarcinoma?

Clinically, the distinction of gastric high-grade intraepithelial neoplasia and mucosal
carcinoma does not play a role because both lesions after careful staging do require
endoscopic resection [6], and most lesions should be already regarded as mucosal car-
cinomas rather than high-grade intraepithelial neoplasia.

An exact description of the term invasion is lacking in the European and Ameri-
can literature. In the WHO classification [5], invasion is defined through the presence
of expansion of atypical cells through the basal membrane or even expansion through
anatomical structures (e.g., muscularis mucosae in colorectal tumors). In Japan,
pathologists use structural change of nuclei, hyperchromasia, anisonucleosis, etc., for
the diagnosis of “malignancy” [6]. Precise descriptions of expansive growth of gastric
neoplastic lesions are most available exclusively from Japanese authors [9–11]
(Fig. 3).

In the European literature up until now, only one German author [12] ever tried to
find an exact description of invasion that is in line with the criteria and findings from
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Table 2. Results from follow-up studies of high-grade intraepithelial neoplasia up to invasive
gastric adenocarcinoma

Author Year n HGIEN Æ Ca in % Months

Saraga et al. [15] 1987 21 81 4
Lansdown et al. [16] 1990 13 85 5
Rugge et al. [17] 1991 8 75 4
Fertitta et al. [18] 1993 31 81 5
Di Gregorio et al. [19] 1993 10 60 11
Rugge et al. [20] 1994 18 78 9
Kokkola et al. [21] 1996 3 67 18

Mean: 78% 8

HGIEN, high-grade intraepithelial neoplasia (formerly high-grade dysplasia); Ca, carcinoma



Japan (Tables 3, 4). According to Borchard, in carcinomas the expansion pattern is
unique. The malignant epithelium shows a so-called primarily lateral intertubular
expansion deriving from the proliferation zone within the mucosa (Figs. 4, 5). Expan-
sion of atypical cells through the basal membrane, spreading of single tumor cells,
and stromal fibrous reaction are criteria for more advanced lesions. The presence 
or absence of basal membranes correlates with the grading of the tumor. Well-
differentiated adenocarcinomas are capable of generating basal membrane compo-
nents by the tumor itself. Only poorly differentiated or diffuse carcinomas show a loss
of basal membrane synthesis, mostly due to mutations of E-cadherin. Frequently 
this mutation can be detected in diffuse gastric carcinomas with loss of adhesion 
among the tumor cells. This complicates the diagnosis: is there a disruption of the
basal membrane or a loss of the basal membrane? then the lesion shows definitively
invasion but, as already pointed out, this criterion is not always present in 
well-differentiated adenocarcinomas.
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Normal gastric mucosa Gastric adenoma G1 gastric adenocarcinoma

Fig. 3. Three-dimensional microstructure of normal gastric mucosa, adenoma, and well-
differentiated (G1) gastric adenocarcinoma. (Modified after Refs. [10,11])

Table 3. Criteria of expansion in adenomas and early gastric carcinomas besides cytological
criteria of malignancy

Adenoma Carcinoma
Type of expansion Tubular Villous Tubular Diffuse

Septae (+) - - -
Intratubular expansion + ++ - -
Superficial lateral expansion + + - -
Luminal expansion + ++ (+) -
Intertubular vertical expansion + + (+) -
Intertubular lateral expansion - - ++ ++
Undermining growth pattern - - + +
Compression and destruction - - + +
Loss of basal membrane - - (-)+ ++

Source: Modified from Refs. 12, 22
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Table 4. Cytological and structural criteria of high-grade intraepithelial neoplasia and 
invasive adenocarinoma

High-grade 
Criterion intraepithelial neoplasia Invasive carcinoma

Architecture Irregular Branching, anastomoses
Rare: single tumor cells

Proliferation zone Whole gland Whole gland
Epithelial expansion Surface epithelium Also underneath surface epithelium
Epithelial differentiation None None
Foveolar epithelium None None
Nuclear layer in rows 2–5 Changing within one gland
Size of nucleus Enlarged Vesicular
Nucleoli Some Prominent, possible: >1

Source: Modified from Refs. [12, 22]

Fibrous stromal reactions around neoplastic tubules is an important criterion, but
these are often detected in lesions that have already infiltrated the submucosal layer.
This stromal fibrous reaction is most prominent in the submucosal and subserosal
layer. Therefore, mucosal carcinomas almost never show such a fibrous reaction.
Within the muscularis propria, the reaction is less dominant [13]. Fibroblasts of
fibrous peritumoral reaction are less differentiated than peritubular fibroblasts [14].
Mucosal lesions of diffuse gastric carcinomas very rarely show a fibrous stromal reac-
tion. The leading finding in well-differentiated mucosal carcinomas is, according to
Borchard [12], the presence of a nonsuperficial lateral intertubular expansion that
shows an abnormal branching of foveolae with tubular fissions; this results in a 
compression of the adjacent tissue (glands, capillaries), consecutive atrophy of neigh-
boring glands, and stopping of regular cell movements during differentiation and pro-
liferation. If stem cells of the gastric mucosa that are located very close to the surface
(in the colorectum close to the base of the mucosa) are destroyed by the tumor,
no further regeneration can be detected. Because of the lack of regeneration,
subepithelial growth of cancerous tubules, and compression of capillaries, superficial
destruction can occur in mucosal carcinomas. In adenomas with a regular vertical
growth pattern, no erosion or superficial destruction can be observed.

Clinical Relevance

From a clinical point of view, the distinction of high-grade intraepithelial neoplasia
and mucosal gastric carcinoma is without consequence because the diagnosis of high-
grade intraepithelial neoplasia should always first lead to a (diagnostic) endoscopic
resection. The final diagnosis could then be made on the basis of the resection spec-
imen: high-grade intraepithelial neoplasia or mucosal adenocarcinoma. In routine
practice, it should be noted that the diagnosis of high-grade intraepithelial 
neoplasia is very rare because most cases have already progressed to mucosal adeno-
carcinoma.
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Fig. 2. Regenerative epithelium in chemical reactive gastritis of antrum mucosa with pleo-
morphic nuclei and even mitoses are seen; slight change of the architecture of the glands. Note
basal orientation of nuclei. Hematoxylin and eosin. ¥100

Fig. 1. Initial infiltration of the submucosal layer by a well-differentiated gastric adenocarci-
noma without presence of single tumor cells or branching or folding

Color Plates
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Fig. 5. Early well-differentiated gastric adenocarcinoma showing malignant single cells that
expand downward through adjacent stromal tissue

Fig. 4. Pattern of expansion in early mucosal carcinoma showing lateral intertubular expansion
with initial discontinuing growth pattern with compression of neighboring glands and capil-
laries. Later destructions of the surface epithelium in the presence of erosions can be observed



Histological Diversity of Early 
Gastric Carcinoma
Yasuo Ohkura

Introduction

The histological types of gastric carcinoma (GC) vary in comparison with cancers in
other parts of the gastrointestinal tract. The classification of the World Health Orga-
nization divides gastric adenocarcinomas into four main histological types: tubular,
papillary, mucinous, and signet-ring cell carcinoma [1]. Also, GC often show mixed
histological types in advanced stage. Lauren noted that tubular adenocarcinomas were
accompanied by papillary fold formation or solid components, and glandular lumina
were rarely seen in diffuse-type carcinoma [2]. Also, colloid carcinoma (mucinous
adenocarcinoma) arose from carcinomas of intestinal as well as of diffuse type. When
signet-ring cell carcinoma infiltrates the submucosa and deeper tissue, it is sometimes
accompanied by poorly differentiated adenocarcinoma. Pathological diagnosis of GC
is based on the predominant histological pattern according to the classification of the
World Health Organization [1]. However, the predominant histological pattern may
not show the true nature of mixed histological figures of GC.

Lauren divided GC into two groups from the general and cellular structure and in
the mode of secretion [2], which was used world wide in much clinical and patho-
logical research. However, 14% of tumors belong to carcinoma of intestinal and diffuse
type. Ming mentioned a significant number of cancers could not be classified into
these two types [3]. Tatematsu et al. suggest that Lauren confused intestinal 
phenotypic cancer cells with a diffuse structure and gastric phenotypic cells with 
the intestinal type [4]. We need to analyze a variety of histological types of gastric
cancer.

Little is known about the histological diversity of GC. Thus, small early GCs, less
than 2 cm in largest diameter, were collected and examined in this study. Because 
most large, advanced GCs are composed of several histological components, they 
are not suitable for this study. The results will help us to understand the nature of
GC.
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Materials and Methods

Two hundred fifty cases of early GC with lesions less than 2 cm in largest diameter
were examined. All materials were collected at Tokyo Metropolitan Cancer Detection
Center, Tokyo, Japan, between 1990 and 1999. One hundred ninety cases were obtained
by operation and 60 cases were endoscopic mucosal resection. Most of microcarcino-
mas less than 5 mm in largest diameter were multiple GC detectable only by patho-
logical examination. Histological classification was made according to the Japanese
Classification of Gastric Carcinoma [5]. Two hundred two cases were intramucosal
and 48 cases demonstrated submucosal invasion.

All specimens were fixed in 15% (v/v) formalin. All specimens were cut into 
sections 5 mm wide and 3–4 cm long, parallel to the lesser curvature, and embedded
in paraffin. The embedded sections were sliced into 2-mm-thick sections and 
examined after staining with hematoxylin and eosin (H&E); those with the greatest
tumor diameters were sliced into 4-mm-thick sections for immunohistochemical
investigation.

Immunohistochemical staining with mouse monoclonal antibodies against human
gastric mucin (HGM) (45M1, 1 : 100; Novocastra, Newcastle upon Tyne, UK) [6],
against MUC5AC (CLH2, 1 : 100; Novocastra) [7], against M-GGMC-1 (HIK1083, 1 : 50;
Kanto Kagaku, Tokyo, Japan) [8], against MUC6 (CLH5, 1 : 100; Novocastra) [9], and
against MUC2 (Ccp58, 1 : 100; Novocastra) [10] was performed for examining mucin
expression in cancer cells. HGM and MUC5AC are expressed in the foveolar epithe-
lial cells of the stomach, and M-GGMC-1 and MUC6 are expressed in the parietal cells
of the fundic gland and pyloric gland cells. MUC2 is expressed in the goblet cells of
intestinal gland. The results of each antibody staining were evaluated in terms of per-
centage of positively stained cancer cells, with more than 10% considered positive, as
previously described [11,12]. The phenotypes of cancer cells were classified into four
types according to the definition of Kawachi et al.: the gastric phenotype (G type), the
intestinal phenotype (I type), the mixed gastric and intestinal phenotype (M type),
and the null type (N type) [11].

Histological Features of Minute Gastric Carcinoma

Of 54 minute GC equal to or less than 5 mm in size, well-differentiated tubular ade-
nocarcinoma (tub1) was 33 (60%), signet-ring cell carcinoma (sig) was 19 (35%), tub1
with moderately differentiated tubular adenocarcinoma (tub2) was 1 (2%), and sig
with tub2 was 1 (2%) (Table 1). Minute GC less than 4 mm in size showed a monoto-
nous histological figure. A mixed histological type was found that was more than 
5 mm in size.

The histological figure of tub2 admixed with tub1 was irregularly shaped glands
according to tumor dedifferentiation (Fig. 1a), and the component of tub2 with sig
was microtubular adenocarcinoma with thin cytoplasm (Fig. 1b). Those lesions
showed different morphological features. In spite of the mixed components of tub2,
minute GCs were classified into two groups, tub1 and sig. The result was same as that
of Nakamura et al. and Sugano et al. [12,13]; they classified GC as differentiated car-
cinoma (DCA) and undifferentiated carcinoma (UCA).
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For the location of tub1, 29 (88%) were in the pyloric gland mucosa (P) with intes-
tinal metaplasia (IM), 3 (9%) in the fundic gland mucosa (F) with IM, and 1 (3%) in
the cardiac gland mucosa (C) without IM (Table 2); 1 case of tub1 with tub2 was in P
with IM. All DCA were located almost in the gastric mucosa with IM. For the location
of sig, 12 (63%) were in F without IM, 4 (21%) in F with IM, and 3 (16%) in P with
IM; 1 case of sig with tub2 was located in P with IM. Most UCA was located in F
without IM.
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Table 1. Histological figure of minute gastric carcinoma

1 mm 2 mm 3 mm 4 mm 5 mm Total

sig 3 0 4 7 5 19
sig > tub2 0 0 0 0 1 1

tub1 2 9 15 5 2 33
tub1 > tub2 0 0 0 0 1 1

Total 5 9 19 12 9 54

Sig, signet-ring cell carcinoma; tub1, well-differentiated tubular carcinoma; tub2, tub1 with
moderately differentiated tubular adenocarcinoma

Fig. 1a,b. The components of well-differentiated tubular carcinoma (tub1) with moderately dif-
ferentiated tubular adenocarcinoma (tub2) admixed with minute gastric carcinoma. a The com-
ponents of tub2 admixed with tub1 showed irregularly shaped glands. Hematoxylin and eosin
(H&E). ¥400. b The components of tub2 admixed with signet-ring cell carcinoma (sig) showed
microtubular glands. H&E. ¥400

Table 2. The surrounding mucosa of minute gastric carcinoma

P + IM F + IM F C

sig 3 4 12 0
sig > tub2 1 0 0 0

tub1 29 3 0 1
tub1 > tub2 1 0 0 0

P + IM, pyloric gland mucosa with intestinal metaplasia; F + IM,
fundic gland mucosa with intestinal metaplasia; F, fundic gland
mucosa; C, cardiac gland mucosa

a b



Immunohistochemically, all cases of sig showed G type, and 1 sig with tub2 showed
G type. Of 33 cases of tub1, 14 (43%) were M type, 11 (33%) G type, 5 (15%) I type,
and 3 (9%) N type; 1 tub1 with tub2 was M type. There was no relationship between
phenotypes and IM of surrounding GC.

Histological Features of Small Gastric Carcinoma

Of 65 small early GC (6–10 mm in size), 45 (69%) were simple in histological type
(Table 3); these were 36 cases of tub1, 7 of sig, 1 of tub2, and 1 of papillary adenocar-
cinoma (pap). GC of mixed histological types comprised 20 cases (31%). Those mixed
histological patterns were more various than minute GC. The mixed histological
figures were classified into three types: (1) mixed tub1 and tub2, (2) tub2 admixed with
poorly differentiated adenocarcinoma (por), and (3) sig admixed with tub2. The figure
of tub2 was two different types, same as minute GC. The component of por showed a
solid pattern or a scattered one, and both were derived from tubular adenocarcinoma.
Thus, small GC was divided into DCA of 56 cases (86%) and UCA of 9 cases (14%).

All DCA were located in the gastric mucosa with IM; 48 DCA located in P with IM,
6 in F with IM, and 2 in C with IM. The location of UCA was various. Five cases of sig
located in F without IM, two in F with IM, and two in P with IM. Two sig with tub2
were located in P with IM and F with IM (Table 4).

Concerning phenotypic expression of tub1, 22 cases (61%) were M type, 8 (22%) I
type, 4 (11%) G type, and 2 (6%) N type. Both tub2 and pap showed M type. Nine
(50%) mixed type of DCA were I type, seven (39%) M type, one (6%) G type, and one
(6%) N type. All cases of sig expressed G type; two cases of sig with tub2 were I type
and N type.

Histological Figures of Early Gastric Carcinoma

Early GCs from 11 to 20 mm in size included 131 cases. As showed in Table 5, simple
histological type was 57 cases (44%). Of 74 cases (56%) of mixed histological type, 66
showed two types and 8 showed three types. Those histological figures showed more
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Table 3. Histological figure of small gastric carcinoma

6 mm 7 mm 8 mm 9 mm 10 mm Total

sig 3 0 0 1 3 7
sig > tub2 0 0 0 1 1 2

tub1 6 10 4 7 9 36
tub2 0 0 0 1 0 1
pap 0 0 0 1 0 1
tub1 > tub2 1 2 4 2 0 9
tub2 > tub1 1 0 1 1 2 5
tub2 > por 0 0 1 1 1 3
tub2 > por > pap 0 0 1 0 0 1

Total 11 12 11 15 16 65

Pap, papillary adenocarcinoma; por, poorly differentiated adenocarcinoma



various patterns than small GC. However, early GC was classified in either DCA or
UCA on the basis of histological features. As for DCA, variety was often noted in com-
parison with UCA.

Several glandular components were found in GC with sig. Those figures were micro-
tubular adenocarcinoma, pyloric glandlike carcinoma, small gland carcinoma, and
irregular shaped tubular adenocarcinoma with goblet cells (Fig 2). Microtubular ade-
nocarcinoma and irregular shaped tubular adenocarcinoma with goblet cells were
classified in tub2. Pyloric glandlike carcinoma was classified in sig and small gland
carcinoma in sig or por.

All DCA was located almost in gastric mucosa with IM. Seventy-five (82%) DCA
located in P with IM, 13 (14%) in F with IM, 3 (3%) in C with IM, and 1 (1%) in P
without IM. Twenty-four (62%) UCA located in F without IM, 7 (18%) in F with IM,
7 (18%) in P with IM, and 1 (2%) in P without IM. There was no relationship between
mixed histological pattern and location.

Forty (43%) DCA were M type, 32 (35%) I type, 11 (12%) G type, and 9 (10%) N
type. Twenty (51%) UCA were M type, 15 (38%) G type, 3 (8%) I type, and 1 (3%) N
type. There was no relationship between mixed histological pattern and phenotypic
expression.

Histological Figures of Early Gastric Carcinoma with
Submucosal Invasion

Early GC with submucosal invasion was 48 cases more than 6 mm in size. The histo-
logical figures are shown in Table 6. Mixed histological types were seen in 34 cases
(71%); those showed various histological figures compared to mucosal GC. There was
no relationship between histological type and location, and there was no relationship
between histological type and phenotypic expression.
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Table 4. The surrounding mucosa of small gastric carcinoma

P + IM F + IM F C + IM

sig 1 1 5 0
sig > tub2 1 1 0 0

tub1 31 3 0 2
tub2 1 0 0 0
pap 1 0 0 0
tub1 > tub2 9 0 0 0
tub2 > tub1 4 1 0 0
tub2 > por 1 2 0 0
tub2 > por > pap 1 0 0 0

P + IM, pyloric gland mucosa with intestinal metaplasia; F + IM,
fundic gland mucosa with intestinal metaplasia; F, fundic gland
mucosa; C + IM, cardiac gland mucosa with intestinal 
metaplasia
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Table 5. Histological figure of early gastric carcinoma (11–20 mm in size)

11 mm 12 mm 13 mm 14 mm 15 mm 16 mm 17 mm 18 mm 19 mm 20 mm Total

sig 1 3 0 1 4 2 3 1 1 3 19
sig > por 0 0 0 0 0 0 0 1 1 0 2
por > sig 0 0 0 0 1 0 0 0 0 0 1
sig > tub2 0 0 2 1 0 0 0 2 0 0 5
tub2 > sig 0 0 1 4 1 0 1 1 0 0 8
sig > por > tub2 0 0 0 0 1 0 0 0 0 0 1
sig > tub2 > por 0 0 0 0 1 0 0 0 0 2 3

tub1 2 4 2 0 5 3 4 5 1 7 33
tub2 0 0 1 1 1 1 1 0 0 0 5
pap > tub1 1 0 0 0 0 0 0 0 0 0 1
tub1 > tub2 0 6 3 1 6 2 1 5 1 6 31
tub2 > tub1 1 2 1 2 2 0 2 1 0 0 11
tub2 > pap 0 0 0 0 0 0 0 0 1 0 1
pap > por 0 0 0 0 0 1 0 0 0 0 1
tub2 > por 1 0 0 0 0 0 0 0 0 1 2
tub2 > muc 0 0 0 0 1 0 0 0 0 0 1
por > tub2 0 0 0 0 1 0 0 0 0 1 2
tub1 > tub2 > pap 1 0 0 0 0 0 0 0 0 0 1
tub1 > tub2 > por 1 0 0 1 0 0 0 0 0 0 2
tub1 > tub2 > muc 0 1 0 0 0 0 0 0 0 0 1

Total 8 16 10 11 24 9 12 16 5 20 131
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Fig. 2a–c. Glandular components admixed with sig of small gastric carcinoma, except micro-
tubular glands. a Pyloric glandlike carcinoma. H&E. ¥400. b Small gland carcinoma. H&E. ¥400.
c Irregularly shaped gland with goblet cells. H&E. ¥400

Table 6. Histological figure of early gastric carcinoma with submucosa invasion

6–10 mm 11–15 mm 16–20 mm Total

sig 0 0 3 3
sig > por 0 0 2 2
sig > tub2 1 1 2 4
sig > por > tub2 0 1 0 1
sig > tub2 > por 0 1 1 2

tub1 3 3 2 8
tub2 0 1 2 3
tub1 > tub2 1 4 4 9
tub2 > tub1 1 5 2 8
tub2 > pap 0 0 1 1
pap > por 0 0 1 1
tub2 > por 0 1 1 2
por > tub2 0 0 1 1
tub1 > tub2 > pap 0 1 0 1
tub1 > tub2 > por 0 1 0 1
tub1 > tub2 > muc 0 1 0 1

Total 6 20 22 48

a

c

b



Histological Diversity of Small Early Gastric Carcinoma

It has been well known that GC shows various mixed histological patterns. However,
very few examinations have been made of the histological diversity of GC. Nagayo 
et al. reported that mixed-type cancers comprised 42 cases (31%) of 137 early GC [14].
In this report, mixed type were 98 (39%) in 251 early GC equal to or less than 2 cm in
size. The complexity of histological types appears in lesions more than 5 mm in size.
The rate of mixed type was 4% in minute GC (1–5 mm), 31% in small early GC (6–
10 mm), and 56% in early GC (11–20 mm). As tumor size is larger, histological com-
plexity of GC increases. Most of them (95%) showed two histological types. Most GCs
with submucosal invasion were of mixed histological type. Also, histological com-
plexity increases according to submucosal invasion.

Minute GCs were morphologically homogeneous and showed two histological
types, tub1 and sig. The result was the same as those of Nakamura et al. and Sugano
et al. [12,13]. In this report, papillotubular type of Nakamura’s classification was diag-
nosed as tub1 according to the criteria of the Japanese Research Society for Gastric
Cancer [5]. In spite of increase of complexity, early GC was classified in DCA and UCA
from morphological features.

The histological type of tub2 was found frequently in mixed-type GC. It is defined
as a tumor that shows small or incomplete tubular structures with cubical or flat
epithelium. However, histological figures of tub2 are various. The component of tub2
admixed with tub1 is an irregular gland according to dedifferentiation. On the other
hand, the figures of tub2 admixed with sig are microtubular adenocarcinoma and
irregular shaped tubular adenocarcinoma with goblet cells. Lauren noted the presence
of miniature glandular elements admixed with sig [2], and this pattern is shown as
poorly differentiated tubular adenocarcinoma in the AFIP Atlas of Tumor Pathology
[15]. As for glandular components admixed with sig, pyloric glandlike carcinoma and
small gland carcinoma were found. Ming noted pyloric glandlike carcinoma [3], and
Fiocca et al. noted a microglandular pattern [16]. We have to consider histological
findings to show those glandular formations to review the variety of gastric cancer.

Most DCA located in the gastric mucosa with IM and 62% UCA in the mucosa
without IM. However, there was no relationship between histological figure and intes-
tinal metaplasia of surrounding GC. Phenotypic expression of GC was various, and
there was no relationship between histological figure and phenotypic expression
except in minute GC. However, different results have been reported about phenotypic
expression of minute DCA [11,17–19].

Histological complexity was found in lesions more than 5 mm in size, and histo-
logical diversity increases according to tumor size and invasion. Further study is
needed for larger tumors to reveal the whole nature of GC.

Conclusions

1. Histological diversity of mixed figures is found in tumors more than 5 mm in size.
2. As size of GC becomes larger, histological diversity increases.
3. As GC invades the submucosa, histological diversity increases.
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4. Both components of tub2 and por show various histological figures.
5. Despite diversity, early GC is classified into DCA and UCA.
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Epstein–Barr Virus-Associated 
Gastric Carcinoma
Ja-Mun Chong, Hiroshi Uozaki, and Masashi Fukayama

Introduction

From the first report by MacCarty and Mahle in 1922 [1], gastric carcinoma with 
lymphoid stroma, characterized by a prominent lymphoid infiltration in the tumor
stroma, has been recognized as associated with a favorable prognosis compared with
the more common varieties of gastric carcinoma [1–3]. The suggestion was made that
the infiltrating lymphocytes might play an important role in immune surveillance and
protect against the invading carcinoma cells [4]. These investigations reveal that this
specific type of gastric carcinoma might be a separate classification from ordinary
gastric carcinoma. In the 1990s, several groups reported that virtually all gastric car-
cinomas with lymphoid stroma were associated with Epstein–Barr virus (EBV) [5–7].
Furthermore, EBV is also associated with some gastric carcinomas lacking a promi-
nent lymphoid infiltrate [8]. EBV-associated gastric carcinoma (EBVaGC) occurs
worldwide. Always a small minority of gastric cancers, the proportion of gastric
cancers associated with EBV does not show the profound geographic variation that is
characteristic of Burkitt’s lymphoma [9]. EBVaGC shows characteristic features in
many clinicopathological and genetic studies that differ from the features of gastric
carcinoma without EBV, so EBVaGC is appropriately considered a distinct entity.
However, in spite of many investigations, the pathogenesis of this tumor remains
poorly understood. Advances in virology and molecular biology promise to shed light
on this pathway. In this chapter, we review EBVaGC and associated epigenetic changes
in the context of current therapy with an eye toward the possibility of targeted 
therapies in the future.
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Background of EBV Infection

In 1964, Epstein and Barr reported the discovery of a human gamma herpes virus in
cells cultured from endemic Burkitt’s lymphoma in Africa [10]. Ultimately, the virus
proven to be the ubiquitous EBV infection may be either lytic or latent [11]. Virions
are only produced in lytic infection; these are icosahedral capsids that carry a large
(172-kb) genome of linear double-strand DNA [12]. In latent infection, the viral DNA
of EBV exists as an extrachromosomal circular molecule (episome) in the nucleus.
More than 90% of the adults are seropositive for EBV. Infection is usually asympto-
matic in childhood, but during adolescence frequently results in infectious mono-
nucleosis (IM) [13,14]. Oropharyngeal infection results in infection of B cells and
amplification of infection as the virus drives the proliferation of latently infected 
B cells [15]. Three types of latency have been described for lymphoid cell lines 
based on the variable expression of the latent gene products. A classification of EBV-
associated neoplasms is shown in Table 1 [16–18]. Not only latent infection of circu-
lation B cells in IM, but also opportunistic lymphoma and pyothorax-associated
lymphoma, are characterized by the type III latency pattern [18,19], involving expres-
sion of six EBV nuclear antigens (EBNA 1, 2, LP, 3A, 3B, 3C), three latent membrane
proteins (LMP1, LMP2A, and LMP2B), EBV-encoded small RNA (EBER)1 and EBER2,
and the transcripts from the BamH1A region. In type III latency, EBNA2 plays a
central role in switching EBNA transcription from the BamH1-W fragment of the
genome W promoter (Wp) to C fragment (Cp), and the expression is driven from the
Cp by alternative splicing from a primary transcript. In latency I, the antigen expres-
sion is restricted, such as EBNA1, which is driven by a promoter in the BamH1-Q frag-
ment of the genome (Qp). In latency type II, EBNA1 is also under the control of the
Qp promoter, but there is also transcription of LMP1 and LMP2. EBNA1 is the virus
genome maintenance protein, the remaining EBNAs are transcriptional regulators,
and LMP1 is the major effecter of virus-induced cellular change.

A crucial mechanism involved in the silencing of Cp and LMP1 promoter in type I
latency has been shown to be methylation of CpG dinucleotides [20–22]. Type III
latency is associated with B-cell transformation (immortalization) [23]. However,
EBV-specific cytotoxic T lymphocytes (CTL) can recognize all EBV-coded latent-
phase proteins, except for EBNA1 [24]. Accordingly, the type III latency pattern is
highly immunogenic, resulting in an expansion of EBV-specific CTL, which results in
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Table 1. Latent infection phenotype in Epstein–Barr virus (EBV)-associated carcinoma

EBV-associated
EBNA

tumor Latency 1 2,3s LP LMP1 EBER1

Gastric carcinoma I + - - - +
Burkitt’s lymphoma I + - - - +
Nasopharyngeal II + - - + +

carcinoma
Hodgkin’s disease II + - - + +
Immortalized III + + + + +

lymphocyte

EBNA, Epstein–Barr nuclear antigen; LMP, latent membrane protein; EBER, EBV-encoded small
RNA



IM-like responses and regression of type III latently infected cells. A small proportion
of infected B cells evade lysis by adopting and altering patterns of expression of
latency proteins, type I or II, at different times. Then, EBV-infected B cells can escape
the recognition of EBV-specific CTL. Although EBV-infected B cells with type III
latency are never subsequently detected in the peripheral blood of healthy carriers,
EBV infection persists for life in an incompletely defined cell–virus relationship [25].
Therefore, it is less likely that EBV is associated with carcinogenesis in latency type I
malignancies. However, it has been shown in a Burkitt’s lymphoma-derived cell line
(Akata) that after cloning in soft agar, some clones will lose that viral episome [26].
EBV-positive clones can form colonies on soft agar and tumor masses in nude mice,
but EBV-negative clones do not. EBV-reinfected clones exhibit restored capacity for
growth on soft agar and tumorigenicity in mice [26,27]. Taken together, these results
show that EBV relates carcinogenesis in latency type I malignancies.

EBV is associated with the genesis of Burkitt’s lymphoma, Hodgkin’s disease, un-
differentiated nasopharyngeal carcinoma (NPC), and opportunistic lymphoma in
immunocompromised hosts [9,28–30]. Recent studies demonstrate that EBV is also
associated with gastric carcinoma and certain T-cell lymphomas [31,32]. All or a 
significant proportion of neoplastic cells of these tumors harbor EBV episomes and
express a restricted number of latent viral proteins. Similar to many other EBV-
associated malignancies, the malignant cell in EBVaGC is characterized by its unique
viral phenotype [32,33]. Similar to Burkitt’s lymphoma, EBVaGC tumor cells display
a type I form of latency with latent gene expression limited to EBNA1, LMP2, EBER1,
EBER2, and BamHI-A transcripts.

Clinicopathological Features of EBVaGC

EBVaGC is reported to account for about 10% of GCs in various countries [8,34,35].
EBVaGC occurs more frequently in males [34,35]. The site of EBVaGC within the
stomach is predominantly in the proximal stomach. EBVaGC is observed in gastric
carcinomas at all depths of invasion (Fig. 1).A recent study in the Netherlands showed
that there is no significant difference of tumor depth between EBVaGC and EBV-
negative GC (T1 stage, 31.7% versus 26.1%) [36]. However, the proportion of EBVaGC
in intramucosal carcinoma is relatively lower than that in invasive carcinomas in
Japanese studies focused on the intramucosal stage [35,37]. The lower rate of EBVaGC
in intramucosal carcinoma may reflect the presence of EBV-negative and less-aggres-
sive neoplasms in intramucosal carcinoma in our series. This possibility has been
pointed out in a comparative study of the criteria for gastric carcinoma used by Japan-
ese and Western pathologists [38].

As for the histology of the carcinoma, gastric carcinomas with prominent lymphoid
stroma are associated with EBV. The proportion of this particular type in EBVaGC
varies considerably, from 0% to 80%, according to the strictness of the criteria.
Nevertheless, EBVaGC with ordinary histology has certain characteristic morpholog-
ical features: moderately differentiated tubular and poorly differentiated solid types
are predominant, whereas papillary type or scirrhous type is extremely rare [37]. This
finding suggests that EBVaGC may not have the same carcinogenic process as 
intestinal- or diffuse-type gastric carcinoma. It is also interesting that EBVaGC in its
intramucosal stage is likely to exhibit a specific histological pattern: abortive 
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Fig. 1. An intramucosal case
of Epstein–Barr virus (EBV)-
associated gastric carcinoma.
Gastric adenocarcinoma was
limited to intramucosa with
EBV infection. a Macroscopic
finding of the carcinoma. b
Microscopic finding with
hematoxylin and eosin stain.
c In situ hybridization finding
using an EBV-encoded small
RNA (EBER1) probe

a

b

c

tubular structures occupy the middle of the mucosa without destroying the mucosal
architecture [39].

The prognosis of EBVaGC is controversial [36,40]. Nakamura et al. reported that the
prognosis of patients with gastric carcinomas with prominent lymphoid stroma was
not affected by whether the carcinoma was associated with EBV [40]. van Beek et al.
showed that a better prognosis related to less lymph node involvement is significantly
associated with EBV status [36]. Further study is needed, especially in determining
whether the EBVaGC correlates with prominent lymphoid stroma.



Virological Features of EBVaGC

EBV-encoded small RNA (EBER)1 is detected in almost all carcinoma cells of the EBV-
positive carcinomas [34]. Southern blot analysis for the terminal repeats in EBV-DNA
demonstrated that the EBV genome is present in a monoclonal and episomal form in
most EBV-positive gastric carcinomas. This finding suggests that EBV infects the
gastric epithelial cell before or in the early stages of gastric carcinogenesis.

Transcriptional analyses demonstrated that EBERs, the putative BamHI-A tran-
script (BARFs) and EBNA1, are expressed in the EBV-associated gastric carcinomas.
However, none of the other EBNAs or LMPs except LMP2A is expressed in carcinoma
tissues [32,33,41,42]. This is different from the pattern in nasopharyngeal carcinoma
in which LMP1 is also expressed in carcinoma cells in up to approximately 65% of the
patients [43].

zur Hausen et al. showed that in almost all cases of EBVaGC, BARF1 is expressed
and can immortalize primary monkey epithelial kidney cells [44]. However, Iwakiri
et al. reported that the EBER was responsible for insulin-like growth factor (IGF)-I
expression, and the secreted IGF-I acts as an autocrine growth factor in transfection
assays of individual EBV latent genes into NUGC-3 cells [45]. Thus, it is still contro-
versial which latency gene is responsible for the carcinogenesis of EBVaGC.

EBVaGC Models

In vivo transplantation and in vitro cell culture of neoplastic cells, which retain the
characteristics of the original tumor, are useful tools to further define the functional
role of the EBV genes expressed and the biological or molecular alterations in carci-
noma cells of EBVaGC. In vitro, EBV preferentially infects human B cells and trans-
forms them into lymphoblastoid cell lines (LCLs). EBV initially enters B cells by
binding the CD21, which is abundantly expressed on B cells. The abundance of CD21
explains why EBV infects B cells more efficiently than other types of cells [46,47]. In
contrast, the lack of CD21 expression in epithelial cells, include stomach cells, has
made establishing a stable cell line of EBVaGC difficult [48]. A stable cell line from
NPC that carries the EBV genome in the nucleus is also difficult to establish, because
the EBV genome tends to become lost during extensive in vitro passages [49]. We have
attempted to transplant a human EBVaGC in severe combined immunodeficiency
(SCID) mice. We succeeded in establishing a carcinoma line, designated KT, named
after the patient from whom the tumor was derived [50]. The pattern of EBV latency
gene expression in the KT line is the same in the original tumor: EBER1 was also
found in tumor cell nuclei by in situ hybridization. Reverse transcription-polymerase
chain reaction (PCR) analysis demonstrated Qp-driven EBNA1 expression, but not
EBNA2- or LMP1 expression. Thus, the transplantable human EBVaGC retains the
original EBV with the same latency gene expression as type I latency.

Several in vitro model systems have previously been established to study the role
of EBV in gastric cancers [51–55]. These models are useful to investigate the behav-
ior of the infected EBV in gastric carcinoma cells and allow comparison between the
EBV-positive and EBV-negative epithelial cells. Also, they may be useful to study 
the EBV infection pathway of gastric cells, such as receptor-mediated infection [55].
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However, these models are infected with an EBV strain derived from lymphoma cell
lines and may not reflect the natural condition of EBV-associated gastric carcinoma,
or are different from the majority of EBVaGC as they show EBV latency III and lytic
replication. Recently, Oh et al. [56] found that a previously established gastric adeno-
carcinoma cell line, SNU-719, is infected with EBV. They confirmed EBV infection in
the original carcinoma tissue of this cell line. This cell line reveals EBNA1 and LMP2A
expression and the absence of LMP1 and EBNA2 expression. There are no lytic EBV
proteins in this cell line. Interestingly, CD21 expression in the cell line is not found.

Presently, these spontaneous EBV-infected model cell lines, KT and SNU-719, are
valuable tools. However, we need more cell lines for studying the functional role of
EBV gene expression and the biological or molecular alteration in carcinoma cells of
EBVaGC. These efforts may help progress toward a therapeutic approach.

Carcinogenic Pathway of EBVaGC

Recent molecular biological research shows that most tumors cause the alteration of
its genome [57–60]. The alterations of various oncogenes and tumor suppressor genes
are associated with carcinogenesis. There are many reports about the carcinogenic
mechanism in gastric carcinomas [61–64]. One obvious question is whether the car-
cinogenic pathway of EBVaGC is the same as that of EBV-negative GC or is different.
If it is different, what specific alterations occur in EBVaGC? Investigations of the
molecular alterations in EBVaGC have remained few compared to the number of
clinicopathological studies of EBVaGC. One of the first investigations of the genetic
changes was performed by Chong et al. [65]. The study showed the deletion of 5q
and/or 17p and microsatellite instability were found to be extremely rare in EBVaGC
but were frequent in EBV-negative GC. Subsequent reports corroborated this result
[66–68]. Although loss of chromosomes 4p, 11p, and 18q is found to be more frequent
in EBVaGC than in EBV-negative GC by comparative genomic hybridization [69], there
is no report that shows significant genetic changes such as a loss of heterozygosity,
amplification, or point mutation in specific genes.

The EBV genome exists in episomal form in the nucleus of infected cells and does
not integrate in the host cell genome. Accordingly, we hardly think that EBV directly
affects the host cell DNA sequence, although some specific RNA and protein expres-
sions in EBVaGC were found [70,71]. We found the carcinogenic pathway of EBVaGC
is indeed different from that of EBV-negative GC. However, we must return to the
second question in this section: What alterations occur in EBVaGC?

Recent investigations put light on this question. Kang et al. [72], Vo et al. [73], and
our own group [74,75] demonstrated that promoter hypermethylation of various
tumor-related genes occurs much more frequently in EBVaGC than in EBV-negative
GC. Generally, promoter hypermethylation results in the reduction of the gene expres-
sions [76]. In particular, the subsequent reduction of gene expression has been
observed in p16 and E-cadherin [72–74,77]. When undergoing bisulfite sequencing to
investigate the distribution and density of methylated CpG sites, EBVaGC exhibited
concurrent methylation of p14ARF and p16INK4A promoters with extremely high density
and distinctive methylation pattern in contrast to that for EBV-negative GC [78]. These
findings suggest the presence of mechanisms of de novo and maintenance methyla-
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tion specific to EBVaGC that might be associated with the EBV infection. We showed
the possibility that EBV infects to a gastric epithelial cell before or in the early stage
of gastric carcinogenesis. Now, we have newly arising questions. The first is how and
when the promoter methylation in host cells occurs, whether before, with, or after EBV
infection. In early gastric carcinomas infected with EBV with diameters less than 3
cm, frequent methylation is found in several tumor-related genes (our unpublished
data). The second question is whether Cp methylation of EBV, which also occurs in
EBVaGC [32], is related to this promoter methylation in host cells. To resolve these
questions, we need to research the methylation status of cells and EBV DNA before
and after infection. Thus, EBVaGC may be a good model to study the methylation
mechanism and promoter methylation-targeted therapy.

With the foregoing investigations, some reports show therapeutic approaches for
EBV-associated tumors. One therapeutic approach aims for the transition of EBV
from latency to lytic cycle by inducing the products of immediate-early viral genes,
BZLF1 and BRLF1 [79,80], or with chemotherapy [81]. This EBV-targeted therapy is
plausible for EBVaGC, because almost all the carcinoma cells reveal EBV infection,
and EBV infection of the surrounding noncancerous mucosa is quite rare [34]. The
other therapeutic approach is to achieve demethylation with a DNA methyltransferase
inhibitor, and gene reexpression [82]. This therapeutic approach based on epigenetic
change of EBV genome also may adapt to the host cell gene reexpression suffering
methylation in EBVaGC. Recent research showed that gene transcriptions were
directly affected by RNA interference [83]. Therefore, we might be able to suppress
EBV in carcinoma cells using RNA interference for EBNA1.

In summary, EBVaGC has characteristic features in clinicopathological study, and
the carcinogenic pathway is different from that of EBV-negative GC. The promoter
methylation may contribute to the carcinogenesis of EBVaGC. Although the carcino-
genic mechanism including the promoter methylation must be clarified with further
studies, EBV-targeted therapy is surely close to becoming reality.
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Hepatoid Adenocarcinoma of the
Stomach: Biological Significance of
Hepatic Transdifferentiation in
Adenocarcinoma Cells
Hiroshi Ishikura1, Yana Supriatna1, Kazuhiro Kojima1,2,
Shigeyuki Kamata1,2, Hiroki Nakaya3, and Takashi Kishimoto1

Clinicopathology of Hepatoid Adenocarcinoma 
of the Stomach

Hepatoid adenocarcinoma was first described in the stomach as a subtype of alpha-
fetoprotein (AFP)-producing gastric cancers with distinct clinicopathological prop-
erties [1,2]. Hepatoid adenocarcinoma of the stomach is defined as a primary gastric
carcinoma with areas of functionally and structurally distinctive foci of hepatocellu-
lar differentiation. It usually arises as a circumscribed mass in the antrum to body of
the stomach in middle-aged to elderly persons (Fig. 1).

Tumor cells in a certain type of AFP-producing gastric carcinomas were once
regarded as poorly differentiated or undifferentiated due to the sheetlike arrangement
of tumor cells with abundant, eosinophilic cytoplasm. However, after the recognition
of a liverlike trabecular arrangement, as well as production of a set of liver-specific
proteins [2,3], the sheetlike proliferation of AFP-producing gastric carcinoma has now
come to be regarded as a morphological mimicry of the liver structure (Figs. 2–5).

Most importantly, hepatoid adenocarcinomas exhibit hepatocellular differentiation,
usually in association with well-differentiated tubular or papillary adenocarcinoma
[2,4]. Adenocarcinoma cells are either of intestinal epithelial type with production of
mucin, or of clear cell type with a primitive appearance.Adenocarcinoma cells usually
can be found in the mucosal layer of the gastric wall (Fig. 6), which strongly indicates
the emergence of hepatoid cells from adenocarcinoma through neometaplasia or
transdifferentiation. Rare cases of hepatoid adenocarcinoma, however, have no
obvious adenocarcinoma components; in such cases, de novo development has not
been excluded. Transition between adenocarcinoma and hepatoid cells is gradual in
some cases (Fig. 7) and abrupt in others.
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Hepatocellular differentiation in a hepatoid adenocarcinoma includes structural
mimicry of liver tissue, for example, trabecular arrangement with sinusoid-like vas-
culature and formation of bile (Fig. 8), glycogen, and bile canaliculus-like structures
(Fig. 9), and production of liver-specific proteins such as AFP [1,2], albumin [3,5],
transferrin [2], PIVKA-II [6], and Hep-par 1 [7,8] antigens. Periodic acid-Schiff (PAS)
staining-positive hyaline globules are numerous in some cases (Fig. 10). The hepato-
cellular phenotype in a hepatoid adenocarcinoma is determined by a collective con-
sideration of the afore-mentioned factors; the mere presence or absence of AFP
production does not necessarily characterize phenotype. Thus, not all AFP-producing
gastric carcinomas are hepatoid adenocarcinoma, whereas there are many hepatoid
adenocarcinomas that do not produce AFP (Fig. 11) [4]. The nonhepatoid, AFP-
producing tumors include enteroblastic gastric tumors [9], medullar tumors with 
gastrointestinal tract-specific AFP [10], and yolk sac tumors [11]. The biological
behavior of hepatoid adenocarcinomas is definitively worse than that of other types
of AFP-producing gastric cancers, both clinically [4] and experimentally [12].

A striking feature exhibited by hepatoid adenocarcinoma is its invasion of vessels,
usually extending to veins. This invasion can readily be seen by light microscopy as
expanded veins in the gastric wall that are filled with tumor cells (Fig. 12). In addi-
tion, intravenously invading tumor cells can even be seen grossly as tumor thrombi
from the serosal surface in occasional hepatoid adenocarcinoma cases (Fig. 13). Hepa-
toid adenocarcinoma of the stomach, therefore, is characterized by almost inevitable
blood-borne metastasis to the liver, which results in an extremely poor prognosis of
patients with hepatoid adenocarcinoma [4]. In a study with a limited number of cases,
hepatoid adenocarcinoma metastasizes to the liver even if its invasion is limited to
the submucosal layer of the gastric wall [13,14].

In rare circumstances, tumor thrombi were in direct continuity with those in the
portal vein. Considering that morphology of liver metastatic foci also resembles that
of hepatocellular carcinoma, the presence of portal vein thrombi that are contiguous
to gastric veins causes a diagnostic problem; it is difficult to differentiate between
hepatocellular carcinoma metastatic to the stomach and hepatoid adenocarcinoma
metastatic to the liver [15]. Our previous study revealed that the absence of liver cir-
rhosis and the presence of intramucosal adenocarcinoma favor the origin of the
stomach, that is, hepatoid adenocarcinoma metastatic to the liver [15]. In contrast,
hepatocellular carcinoma metastatic to the stomach is characterized by the gross
appearance of a gastric submucosal tumor in association with liver cirrhosis or hep-
atitis virus-associated hepatitis. Before the introduction of hepatoid adenocarcinoma,
several case studies had concluded the former cases were rare examples of hepato-
cellular carcinoma metastatic to the stomach [15].

Hepatoid Adenocarcinoma as a Ubiquitously Occurring
Carcinoma with Hepatocellular Transdifferentiation

Hepatoid adenocarcinoma was first described in the stomach, followed by reports of
it in a variety of other organs, with gastric primaries being most common [16–19].
Extragastric hepatoid adenocarcinoma has been found in the digestive organs, includ-
ing the esophagus [20,21], duodenum [22], large intestine [23], gallbladder [24], and
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pancreas [25]. It has also been found in the lung [26,27]. In addition, the genitouri-
nary organs are one of the most common sites of origin; it has been described in the
renal pelvis [28], urinary bladder [29], uterus [30–32], fallopian tube [33], and ovary
[34–37]. In all these organs except the ovary, hepatoid adenocarcinomas almost always
arise from the mucosa. Hepatoid carcinoma of the ovary was classified into the mis-
cellaneous tumor category in the WHO classification in 2003, but the proposal that it
belongs in the common epithelial category has been made by several investigators
[37–39].

Hepatoid Adenocarcinoma as a Model for
Transdifferentiation in Adenocarcinoma

Phenotypic microheterogeneities are well known in a variety of human and animal
tumors. For example, the occurrence of argentaffin/argyrophil cells in otherwise
common-type gastric adenocarcinoma cells has been shown [40]. This finding may
be due to maturation or transdifferentiation of adenocarcinoma cells with a ques-
tionable clinicopathological impact; the occurrence has not clearly been related to an
altered prognosis. In contrast, the emergence of transdifferentiated oat cell-type neu-
roendocrine tumor cells in gastric adenocarcinoma may profoundly alter the clinico-
pathology [41]. Similarly, the emergence of transdifferentiated hepatocellular tumor
tissues in gastric adenocarcinoma has a great impact on the biology of gastric 
adenocarcinoma through frequent blood-borne metastases to the liver [2,4]. This 
biological modification seen in hepatocellular transdifferentiation in hepatoid ade-
nocarcinoma warrants intensive study of its genesis and regulation.

Several cell lines of AFP-producing gastric cancers have been cultured [42–44].
These lines provide an opportunity to study phenotypic regulation of gastric carci-
noma at the molecular level. Currently, some of them have been shown to represent
hepatocellular transdifferentiation based on the production of a set of liver-specific
proteins (Supriatna et al. 2005, manuscript in preparation).

Liver-Enriched Nuclear Factors, Hepatogenesis, and
Hepatic Transdifferentiation in Carcinoma Cells

We showed that FU97 cells, an AFP-producing gastric adenocarcinoma cell line, pro-
duced a set of liver-specific proteins (Supriatna et al. 2005, manuscript in prepara-
tion). In addition, transcriptional factors positively regulate transcription of the AFP
gene in FU97 cells, which is indicated by the fact that FU97 cells expressed the herpes
simplex tymidine kinase (HSVtk) gene through the function of the AFP
promoter/enhancer sequence [45]. It is probable that other genes for liver-specific 
proteins may also be expressed by a mechanism identical or similar to it.

Cooperative expressions of multiple master transcriptional factors have been
shown in multiple organogenesis sites such as the lung [46]. In hepatogenesis, several
important transcriptional factors, collectively called liver-enriched nuclear factors,
exert their role on structural and functional development of the liver [47,48]. Based
on the fact that transdifferentiation of adenocarcinoma toward the hepatocellular



phenotype might be homologous to liver bud emergence in the primitive digestive
tract at the duodenum, some of the liver-enriched nuclear factors might well be
involved in the genesis of hepatoid adenocarcinoma, as suggested by the HSVtk 
autocidal experiment [45].

Our previous data indicated that HNF-4a mRNA is expressed in the gastric hepa-
toid adenocarcinoma tissues [3]. However, gastric adenocarcinoma tissues without
distinctive hepatocellular transdifferentiation also expressed similar amounts of
HNF-4a mRNA, indicating that this liver-enriched nuclear factor may not be the sole
factor responsible for hepatic transdifferentiation in gastric carcinomas [3]. With
regard to the lung, upregulation of HNF-4a mRNA was specifically seen in hepatoid
adenocarcinoma but not in the normal lung and conventional lung carcinoma tissues.
Furthermore, HNF-4a was specifically stained in the nuclei in the transdifferentiated
but not in the conventional areas of the hepatoid adenocarcinoma of the lung,
indicating an organ-specific role of liver-enriched nuclear factors in the genesis of
hepatoid adenocarcinoma (Kishimito et al. 2005, manuscript in preparation).

Hepatic transdifferentiation has been shown in neoplastic and nonneoplastic
rodent pancreas cells [49]. In rodent models, regenerated pancreas contained liver
cells [50,51]. A recent experiment demonstrated a C/EBP-b-rendered transdifferenti-
ation of rat pancreatic carcinoma cells into tumor cells with a hepatocellular pheno-
type [52]. This observation exemplifies that a single, or a few, master transcriptional
protein(s) indeed have the potential to transdifferentiate tumor cells into another phe-
notype, in this case, into a hepatocellular phenotype. The transcriptional regulatory
region of the mdr-1/p-glycoprotein gene contains a C/EBP-b site [53]. This finding
adds to the possible importance of liver-enriched nuclear factors in the treatment of
transdifferentiated tumor cells.

Conclusions

Hepatoid adenocarcinoma is an extrahepatic carcinoma with functionally and struc-
turally distinctive foci of hepatocellular differentiation. The usual presence of adeno-
carcinoma indicates the emergence of hepatocellular transdifferentiation from
adenocarcinoma cells. Hepatoid adenocarcinoma most commonly occurs in the
stomach, but other gastrointestinal and genitourinary organs are also common sites
of origin. Master transcriptional regulators, particularly liver-enriched nuclear
factors, might be involved in the transdifferentiation process, as well as in the biology
of hepatoid adenocarcinoma tissues.
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Fig. 1. Hepatoid adenocarci-
noma of the stomach.A 5 ¥ 8 cm,
circumscribed mass with ulcera-
tion is seen in the body of the
stomach in a 76-year-old man.
Serum alpha-fetoprotein (AFP)
was 7600 ng/ml

Fig. 2. Sheetlike proliferation of
polygonal carcinoma cells with
abundant, eosinophilic cyto-
plasm in a hepatoid adenocarci-
noma. This pattern was once
regarded as “patternless,”
resulting in the designation of
this area as poorly differentiated
or undifferentiated carcinoma.
Thin networks of microvessels
give an appearance of vague
thick trabeculae
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Fig. 3. Sheetlike proliferation of
polygonal carcinoma cells with
abundant, eosinophilic cyto-
plasm in a hepatoid adenocarci-
noma. Anastomosing networks
of capillaries are dilated in
several areas, giving the appear-
ance of a distinct middle trabec-
ular pattern

Fig. 4. Sheetlike proliferation of
polygonal carcinoma cells with
abundant, eosinophilic cyto-
plasm in a hepatoid adenocar-
cinoma. Capillary networks 
are incomplete. Middle-to-thin 
trabeculae are conspicuous

Fig. 5. Cords and sheets of
hyperchromatic carcinoma cells
in a hepatoid adenocarcinoma.
Glandlike spaces are filled 
with mucin. Cytoplasm of these
tumor cells is abundant and
eosinophilic, giving the appear-
ance of hepatoid cells
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Fig. 7. Close apposition of
adenocarcinoma (right) and
hepatoid cells (left). There is a
transition between these areas at
the middle upper portion of the
figure

Fig. 8. Production of bile
pigment in a hepatoid adenocar-
cinoma. Only a limited number
of cases show bile production,
but this finding demonstrates 
a clear-cut hepatocellular 
differentiation

Fig. 6. Adenocarcinoma seen in
the mucosal layer of a hepatoid
adenocarcinoma of the stomach.
Note the transition of tall,
columnar, mucin-producing
adenocarcinoma cells to hepa-
toid cells with large eosinophilic
cytoplasm
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Fig. 9. Canalicular structures in a hepatoid adenocarcinoma. These structures are intermingled
in the hepatoid portion, and positive for polyclonal anticarcinoembryonic antigen antibodies.
Given that these antibodies cross-react with biliary glycoprotein, the morphological finding in
combination with this immunohistochemical finding suggests a development of bile canaliculi
in hepatoid adenocarcinoma cells, even in the absence of visible bile pigment

Fig. 10. Periodic acid-Schiff
(PAS)-positive hyaline globules
in a hepatoid adenocarcinoma

Fig. 11. Hepatoid adenocarci-
noma with no obvious AFP pro-
duction. There was no elevation
in the patient’s serum AFP level.
Immunostaining for AFP was
negative. Vascular permeation
was extensive, and multiple 
liver metastases were seen.
The histopathological pattern
indicated a hepatoid 
adenocarcinoma
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Fig. 12. Extensive vascular
involvement seen in the primary
gastric wall in a hepatoid adeno-
carcinoma

Fig. 13a,b. Gross appearance of
hepatoid adenocarcinoma with
wormlike tumor thrombi within
veins in the gastric serosa. a A
mucosal view of the primary
gastric hepatoid adenocarci-
noma. b A serosal view. Adipose
tissues surrounding the veins
were removed. Note the
expanded, wormlike veins 
radiating from the primary site

a

b



Oncocytic Adenocarcinoma of the
Stomach: Comparison with Parietal 
Cell Carcinoma
Kaiyo Takubo1 and Tomio Arai2

Introduction

Primary adenocarcinomas of the stomach are usually divided histologically into
diffuse and intestinal types [1]. However, a number of rare histologic variants have
been reported, including choriocarcinoma, hepatoid carcinoma, carcinoma with lym-
phoid stroma (Epstein–Barr virus-related carcinoma), Paneth cell carcinoma [2],
neuroendocrine carcinoma, small cell carcinoma, gastric carcinoma with rhabdoid
features [3], and parietal cell carcinoma [4]. Among them, hepatoid carcinoma and
carcinoma with lymphoid stroma are described elsewhere in this volume (see the
chapters by H. Ishikura and J.-M. Chong). Some of these variants have been reported
to have a better or worse prognoses than the usual type of adenocarcinoma.

Parietal cell carcinoma of the stomach is very rare, with only 16 cases reported to
date [5–11], and is suggested to have a better prognosis than the usual type of gastric
adenocarcinoma. It consists of cells with abundant eosinophilic cytoplasm that, on
ultrastructural examination, have numerous mitochondria, intracytoplasmic secre-
tory canaliculi, and cytoplasmic tubulovesicles. These histologic and ultrastructural
features are considered to be very similar to those of parietal cells in the normal
gastric fundic mucosa [7]. The carcinomas in the 16 reported cases showed solid
sheets of rather uniform or fusiform cells with only focal glandular structures [5–11].
We have reported a category different from parietal cell carcinoma, although the 
morphologic features are similar.

We have described 10 well- to moderately differentiated papillotubular adenocar-
cinomas of the stomach with oncocytic features and compared them with the features
of the 16 reported cases of parietal cell carcinoma [12]. Over the last few years we have
found 4 more papillotubular adenocarcinomas with oncocytic differentiation; these
differed histologically from gastric parietal cell carcinoma cells but were ultrastruc-
turally similar to them and also to normal gastric parietal cells. However, all 14
adenocarcinomas were negative on immunostaining with four different antibodies
against H+-K+-ATPase.
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Incidence of Oncocytic Adenocarcinoma Among Gastric
Carcinomas in Terms of Patient Age and Sex

In a previous article [12], we described 10 patients (9 male, 1 female) with well- to
moderately differentiated tubular or papillotubular adenocarcinoma in which the car-
cinoma cells had eosinophilic, finely granular cytoplasm. These cases were encoun-
tered over an 8-year period (1993–2000) at the Department of Clinical Pathology,
Tokyo Metropolitan Geriatric Medical Center, and accounted for 1.8% of a total of 554
gastric carcinomas encountered over this period. In the 2 years (2001–2002) since
then, we have newly encountered 4 (2.5%) patients (all male) with gastric oncocytic
carcinoma among 162 patients with gastric malignancy, making the overall incidence
14 (2.0%) of 716 patients.

The 14 patients ranged in age from 58 to 84 years (mean, 70.2 years). Four were in
their eighties, 5 in their seventies, 4 in their sixties, and 1 in his fifties. Nine of the
patients were treated by gastrectomy and the remaining 5, who were considered on
the basis of endoscopy and endoscopic ultrasonography to have mucosal carcinomas
without metastasis, were treated by laser ablation or endoscopic resection. On the
basis of WHO staging, 10 patients (including the 5 treated by laser ablation or endo-
scopic resection) were in stage IA, 2 were in stage IB, and 2 were in stage IIIA. The 10
stage IA carcinomas were macroscopically type 0-IIa, superficial elevated type (Fig.
1) [13].

Histopathologic Findings

The intramucosal and deeply invasive portions of the 14 carcinomas were always well-
to moderately differentiated tubular or papillotubular adenocarcinoma without
poorly differentiated or undifferentiated areas (Fig. 2). The carcinoma cells in 
the mucosal components and superficially invasive portions had finely granular
eosinophilic cytoplasm and round nuclei. However, in the deeply invasive portions,
the carcinoma cells contained less eosinophilic cytoplasm. The carcinoma cell cyto-
plasm was relatively abundant. In the mucosa, the cell nuclei occasionally had very
prominent nucleoli and intranuclear invaginations of cytoplasm. Cells with irregular,
large nuclei with prominent nucleoli were also frequent, especially in the area near
the lamina muscularis mucosae (Fig. 3). In the invasive portions, the nuclei had 
relatively small nucleoli. Therefore, oncocytic features were typically present in the
mucosal components with invasive carcinoma or intramucosal carcinoma. Oncocytes
have been described as cells with abundant, finely granular eosinophilic cytoplasm
that are normally found in the salivary glands [14] and parathyroid glands [14].
Benign oncocytic tumors may arise in the salivary glands, gastrointestinal tract [15],
lung, kidney, and other sites. Papotti et al. [15] have suggested the existence of a gastric
neoplasm that is rich in mitochondria.

Malignant oncocytomas, although rare, are known to occur occasionally in the sali-
vary glands, thorax, breast, pancreas, and other sites. Both neoplastic and nonneo-
plastic oncocytes exhibit solid and papillary-tubular architectural patterns and have
oxyphilic granular cytoplasm because of the presence of numerous mitochondria in
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their cytoplasm. These histologic and ultrastructural features are similar to those of
the carcinomas in the present study. Our carcinomas can therefore be termed onco-
cytic carcinomas, or carcinomas showing oncocytic differentiation.

Mucin and Lectin Histochemistry 
and Immunohistochemistry

A few cells in some of the carcinomas showed cytoplasmic periodic acid-Schiff (PAS)
and/or alcian blue positivity but were negative for lectin by the concavalin A (Con A)
method. The cells were generally also negative for Muc-2, with only a few cells in the
mucosal layer staining positive, and were negative for HGM .

The normal parietal cells and the carcinoma cells near the lamina muscularis
mucosae showed the most strongly positive staining with the antimitochondrial anti-
body MAB 1273. Chief cells and metaplastic absorptive cells were less strongly posi-
tive than carcinoma cells, whereas the gastric surface epithelium, pyloric glands and
goblet cells showed much weaker staining (Fig. 4).

The normal gastric parietal cells showed strongly positive staining with all four
antiparietal cell antibodies. The gastric pyloric glands, the metaplastic mucosa, and
the carcinoma cells did not stain with any of the four antibodies. A micrograph of a
section stained using anti-H+-K+-ATPase-subunit (N-terminal sequence) is shown in
Fig. 5.

Ultrastructural Study

The present carcinoma cells formed tubules with microvilli on their luminal 
surfaces, and there were junctional complexes and desmosomes between cells. Intra-
cytoplasmic and intercellular lumina, with many microvilli, were also seen occasion-
ally. The nuclei had prominent and irregular nucleoli. The cytoplasm contained
numerous mitochondria near the lamina muscularis mucosae (Fig. 6), while fewer
mitochondria were observed in the cells in or near the mucosal surface (Fig. 7). This
result was consistent with the findings of immunohistochemical mitochondrial 
staining.

Normal gastric parietal cells have H+-K+-ATPase as a proton pump. It is located
mainly near free cellular membranes and the membranes of intracytoplasmic canali-
culi. The normal gastric parietal cells were stained very strongly positive with four
different antiparietal cell antibodies, whereas the carcinoma cells were negative. If
the presence of H+-K+-ATPase is one of the most important features of parietal cells,
then our carcinomas cannot be said to have shown parietal cell differentiation, and
therefore cannot be diagnosed as parietal cell carcinomas. Amorphous secretory
material was present in some intracytoplasmic canaliculi (Fig. 8), but well-developed
tubulovesicles were rarely observed. If present, tubulovesicles were adjacent to cell-
surface membranes.

It has been reported that intracytoplasmic canaliculi are ultrastructural markers of
glandular tissue and adenocarcinoma, including gastric adenocarcinoma of the usual
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Fig. 6. Carcinoma cells near
the lamina muscularis
mucosae. The tumor cells
have microvilli at their
luminal surfaces, and there
are junctional complexes with
desmosomes between cells.
The cells have numerous
mitochondria. The nucleus
has prominent and irregular
nucleoli. An intercellular
lumen is seen and is associ-
ated with microvilli (left top).
There is amorphous secretory
material in the lumen. ¥4800

Fig. 7. The carcinoma cells in
the mucosal surface layer. The
tumor cells have fewer mito-
chondria than those near the
lamina muscularis mucosae.
The nucleus also has irregu-
lar nucleoli. An intercellular
lumen is seen and is associ-
ated with microvilli (right
top). There is amorphous
secretory material in the
lumen. ¥3600

Fig. 8. An intracytoplasmic
lumen is seen and is associ-
ated with long microvilli.
There is amorphous secretory
material in the lumen.
Tubulovesicles are not
observed around the intracy-
toplasmic lumen. ¥19 000



type, but they are rare in adenomas and normal secretory cells [16]. However, the
intracytoplasmic lumina seen in parietal cell carcinomas differ from those seen in
gastric adenocarcinomas of the usual type and carcinomas arising at other sites [16].
The intracytoplasmic canaliculi of usual-type gastric adenocarcinomas contain 
electron-dense homogeneous granular material, and there is no communication
between the canaliculi and the extracellular space [16]. In the carcinomas we studied,
it was difficult to determine whether communication existed between the canaliculi
and the extracellular space. The presence of intracytoplasmic canaliculi with
microvilli, many mitochondria, and tubulovesicles, but with an absence of mucin
secretory granules, is a characteristic feature of parietal cell differentiation [7,16].

Differences between Parietal Cell Carcinoma and
Oncocytic Adenocarcinoma

It has been said that parietal cell carcinoma of the stomach is very rare, and indeed
only 16 cases have been reported previously; however, our findings suggest that our
variant may not be so rare in Japan. Previously reported cases of gastric parietal cell
carcinoma were diagnosed on the basis of staining using hematoxylin and eosin
(H&E), phosphotungstic acid-hematoxylin (PTAH), and Klüver–Barrera Luxol Fast
Blue, and also by electron microscopy [5–11]. The PTAH and Luxol Fast Blue methods
are known to stain parietal cells and other cells rich in mitochondria, including 
oncocytes [7].

The previously reported carcinomas diagnosed as gastric parietal cell carcinoma
have been variously described as showing a diffuse, poorly differentiated, or solid
pattern with a rare tubular pattern [5–8,10], a leiomyosarcoma- or leiomyoblastoma-
like pattern [9,11], or spindle [11] cells. Therefore, on the basis of histology, our car-
cinomas may be in a different category from these parietal cell carcinomas. Parietal
cell carcinoma has been reported to be generally negative on PAS and alcian blue
staining, and electron microscopy has not revealed cytoplasmic mucin granules
[5,6,10,11]. We observed no Con A- or HGM-positive cells in our carcinomas, and
Muc-2-positive cells were very infrequent. Thus, our carcinomas did not show the
mucin phenotype of normal gastric mucosa, and the intestinal mucin phenotype was
observed in only a few of the cells.

The carcinomas reported previously as parietal cell carcinomas often had intracy-
toplasmic canaliculi and multiple mitochondria, but tubulovesicles were said to 
be either absent or infrequent. Capella et al. [7] described a discrete number of
tubulovesicles, intermingled with mitochondria, in a small group of gastric parietal
cell carcinomas.

Intracytoplasmic lumina were occasionally observed in our carcinomas, but
tubulovesicles were infrequent. Intracytoplasmic lumina have been observed in onco-
cytic neoplasms of the pancreas. Therefore, as with the immunohistochemical find-
ings, the ultrastructural findings of our study do not allow a diagnosis of parietal cell
carcinoma or carcinoma with parietal cell differentiation, but only one of oncocytic
adenocarcinoma or carcinoma with oncocytic differentiation.

We believe that the diagnosis of parietal cell carcinoma of the stomach should be
based not only on histologic and ultrastructural findings but also on immunohisto-
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chemical staining using antiparietal cell antibodies. The previously reported parietal
cell carcinomas could not be tested with these antibodies; they showed wide varia-
tions in their histological and ultrastructural features, and it seems doubtful that all
of them showed true parietal differentiation.

Prognosis of Parietal Cell Carcinoma and 
Oncocytic Adenocarcinoma

All 16 parietal cell carcinomas reported to date were said to have a favorable outcome
[7]. Our present 14 carcinomas were at mainly very early stages and it was thus diffi-
cult to determine whether their prognosis would have been significantly different
from that of gastric adenocarcinoma of the usual type. Further investigation of the
prognosis of this group of carcinomas is needed.

Conclusion

The carcinomas we have described here may constitute a different category from those
reported previously as parietal cell carcinoma, but it would be of interest to stain the
latter carcinomas using antiparietal cell antibodies, now that such antibodies have
become available. Similar to parietal cell carcinoma, oncocytic adenocarcinoma of
the stomach is an uncommon variant of gastric cancer that occurs particularly in
older patients, and most cases were detected in the early stages. More needs to be
learned about the clinicopathologic features of this subtype, and especially the 
prognosis.
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Fig. 1. Macroscopic features
of an early-stage oncocytic
adenocarcinoma. A slightly
elevated intramucosal tumor
is evident in the posterior
wall of the stomach, and
shows only a small focus of
submucosal invasion

Fig. 2. Intramucosal compo-
nents of oncocytic adenocar-
cinoma of the stomach. The
carcinoma shows a tubular
pattern and the cells have
markedly eosinophilic cyto-
plasm. ¥100
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Fig. 3. Intramucosal
oncocytic adenocarcinoma
near the lamina muscularis
mucosae. The carcinoma 
cells have prominently
eosinophilic, finely granular
cytoplasm and atypical
nuclei with very prominent
nucleoli. ¥400

Fig. 4. The carcinoma cells
near the lamina muscularis
mucosae are stained strongly
positive with antimitochon-
drial antibody MAB 1273, but
the pyloric glands (right
bottom) react much more
weakly. ¥200

Fig. 5. Nonneoplastic pari-
etal cells stain positively with
anti-H+-K+-ATPase-subunit
(N-terminal sequence) anti-
body (right); carcinoma cells
are negative (left). Normal
gastric parietal cells were
stained strongly positive with
all four different anti-H+-K+-
ATPase-subunit (N-terminal
and C-terminal) polyclonal
antibodies used, whereas car-
cinoma cells were unstained
with any of the antibodies.
¥100



Gastric Carcinoma in the Elderly
Tomio Arai

Introduction

Gastric cancer is currently the second major cause of death in Japan from malignancy
[1]. As such, it affects a wide range of the Japanese population, from young adults to
those older than 100 years of age. Despite the diversity of ages affected, this malig-
nancy has come to be recognized as a disease of the aged. Peak incidence of gastric
cancer death occurs in men between the ages of 75 and 79 and in women between 85
and 89 years of age [1]. Moreover, elderly patients eventually make up the greatest
proportion of the victims of this disease: 75.2% of the men and 78% of the women
who die of gastric cancer are older than 65 years of age [1].

As the geriatric population increases in Japan, an increasing number of elderly
patients are presenting with gastric cancer. This rise in patient numbers highlights the
need to elucidate the characteristics of this disease particular to the elderly popula-
tion. Although it is generally believed that malignancies in the elderly tend to be well
differentiated with slower growth rates and less metastatic potential, there are those
tumors that exhibit aggressive biological behavior and which are resistant to therapy.
Analyses limited to surgical gastrectomy specimens can be misleading. The elderly are
susceptible to many other sources of morbidity, such as heart failure, arteriosclerosis,
cerebral infarction, and dementia. These comorbid disease states render many elderly
patients, even those with early-stage cancers, poor operative candidates. Thus, when
performing an analysis of clinicopathologic characteristics, unresectable and autopsy
cases should be included in studies of the elderly.

In this chapter, I elaborate on the clinicopathologic features of gastric cancer 
among the elderly (Table 1), as well as the natural history, associated prognoses, and
molecular aspects of this tumor in this age group.
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Metaplasia of Gastric Mucosa

It has been widely believed that the gastric mucosa atrophies with age, thus giving 
rise to the increased incidence of intestinal metaplasia among the aged. This belief
has been based upon pathologic analyses of post-operative gastrectomy specimens.
However, when a broader range of specimens are analyzed, the findings are markedly
different. Examination of autopsy specimens reveals that intestinal metaplasia and
fundic gland atrophy occur in only 40% to 50% of patients between the ages of 65 and
69 years. This percentage increases with advancing age, reaching 50% to 60% in those
who are 90 years of age or older [2]. The gastric mucosa is thus well preserved in
approximately half the elderly population, and the rate of intestinal metaplasia does
not appear to occur on an incremental basis with aging. Atrophy and intestinal meta-
plasia of the gastric mucosa appear then to be pathologic phenomena unrelated to
the physiological process of aging.

Anatomic Location

Gastric cancers in the elderly are localized predominantly in the lower third of the
stomach [3–12]. In those patients who are 60 years of age and older, 42% to 63% of
gastric carcinomas occur in the lower third of the stomach, whereas in patients less
than 40 years old, only 31% to 44% of these tumors are thus located [3–14]. The pre-
disposition of this tumor for the lower third of the stomach is even more striking in
those patients 85 years and older (Fig. 1). Given these findings, the risk of carcinoma
developing in this particular region of the stomach appears to increase with advanc-
ing age, particularly after patients reach the age of 85.
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Table 1. Characteristics of gastric cancer in the elderly and the young

Elderly Young

Location Predilection for lower third Predilection for middle third
Gross features

Early cancers Protruding type predominant (50%) Superficial depressed
predominant (90%)

Advanced cancers Type 2 & 3 predominant (70%) Infiltrating type predominant
(50%)

Histology
Early cancers Differentiated typea >> Undifferentiated type >>

undifferentiated typeb differentiated type
Advanced cancers Differentiated type � Undifferentiated type >>

undifferentiated type differentiated type
Patterns of metastases Relatively low rate of metastasis Peritoneal metastases

Liver metastases Lymph node metastases
Synchronous tumors 8%–15% 3%

a Differentiated-type carcinoma includes tubular adenocarcinoma and papillary 
adenocarcinoma
b Undifferentiated-type carcinoma includes poorly differentiated adenocarcinoma and signet-
ring cell carcinoma



Fig. 1. Distribution of gastric carcinomas in surgical and autopsy cases. Carcinomas in the
lower third of the stomach increase with advancing age. Locations within the stomach are as
follows: open rectangles with oblique lines, upper third; open rectangles, middle third; closed rec-
tangles, lower third. (Data from Esaki et al. [3] and Inoshita et al. [6])
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Conversely, there is no clear risk pattern for gastric carcinomas involving the upper
third of the stomach. Some investigators have reported that these upper third stomach
cancers are more common in younger patients whereas others have found no such
significant differences.

Macroscopic Appearance

The macroscopic appearance of gastric carcinoma tumors varies according to age. In
the elderly patient population, the incidence of tumors of the polypoid type or super-
ficial elevated type increases with advancing age, whereas the incidence of infiltrating
type or superficial depressed type tumors decreases [6,15]. This trend is observed not
only in surgical specimens but also in autopsy cases [16].

In patients younger than 40 years of age with early gastric cancers, approximately
90% have tumors of the superficial depressed type. In patients older than 65 years of
age, this superficial depressed type of macroscopic appearance accounts for only 46%
of gastric cancers whereas the polypoid and superficial elevated type makes up 43%
of the gastric tumors in this age group [6].

In elderly patients with advanced cancers, the fungating type or ulcerative-invasive
type account for 70% of tumors. Although the infiltrating type of cancer makes up a
small proportion of these advanced cases among the elderly, it is by no means a rarity.
In the elderly with advanced-stage tumors, up to 17.6% of surgical specimens [6],
16.6% of autopsy specimens [17], and 11.4% of unresectable cases [16] reveal tumors
of the infiltrating type. Additionally, among those patients older than 85 years of age,
polypoid tumors constitute 10% of the advanced cancers.

Although macroscopic appearance generally reflects a tumor’s histology, there are
some age-related differences. In those young patients where superficial depressed-
type tumors account for the overwhelming majority of early-stage cancers, many of
these tumors are signet-ring cell carcinomas or poorly differentiated adenocarcino-
mas [5]. However, in the elderly with early cancers, those patients with the same type
of tumor often have histologically well or moderately differentiated adenocarcinomas
[6].

Histology

Tumor differentiation has long been believed to be related to age, with younger
patients having predominantly poorer and elderly patients having better differenti-
ated cancers [18]. Such observations appear to hold true in early cancers. In young
patients, up to 90% of early gastric cancers are poorly differentiated adenocarcino-
mas whereas 90% of those found in elderly patients are well differentiated [6,15].

These age-related differences are less striking in advanced cancers. Although most
young patients continue to have poorly differentiated adenocarcinomas, 40% to 50%
of advanced tumors among the elderly also demonstrate these more aggressive 
characteristics [6,15,19]. This change in distribution of histologic patterns among the
elderly suggests that gastric carcinoma in this age group may develop principally as
a well-differentiated tumor that then progresses to a more poorly differentiated one
over time (Table 2).
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There are two hypotheses for this progression [6]. One theorizes that gastric cancer
in the elderly may initially develop as a well-differentiated type of tumor and then
progress to a less well differentiated type. The other hypothesis is that early-stage,
poorly differentiated types of cancers are never identified because of their rapid
growth in older patients. In all cases, however, histopathologic diversity appears to
increase with tumor growth in the elderly.

In both early- and advanced-stage cancers, male elderly patients have a higher pro-
portion of differentiated-type carcinomas compared to female elderly patients (Fig.
2). The proportion of differentiated-type carcinoma increases with age, except in cases
of male advanced cancers [15].
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Table 2. Histopathologic patterns of early and advanced gastric carcinomas in young and
elderly patients

Early cancer Advanced cancer

Young patients Well-differentiated Well-differentiated
adenocarcinoma adenocarcinoma

Poorly differentiated Poorly differentiated
adenocarcinomaa adenocarcinoma

Elderly patients Well-differentiated Well-differentiated
adenocarcinomab adenocarcinoma

(Poorly differentiated Poorly differentiated
adenocarcinoma)c adenocarcinoma

a Most young patients with gastric carcinoma have tumors that are poorly differentiated ade-
nocarcinomas exclusive of stage
b Gastric cancer in the elderly may occur as a well-differentiated adenocarcinoma that progresses
to a more poorly differentiated histology; these well-differentiated adenocarcinomas show
increasing histological diversity with tumor growth
c It is postulated that poorly differentiated adenocarcinomas in the early-stage gastric cancers
of the elderly are missed because of rapid tumor growth
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Fig. 2. Proportions of differentiated-type carcinoma of
the stomach in the elderly. Note the increased proportion
of differentiated-type carcinomas with advancing age in
early and advanced cancers, with the exception of male
advanced cancer. Open squares, male early cancer; open
circles, female early cancer; closed squares, male advanced
cancer; closed circles, female advanced cancer. (From Arai
et al. [15], with permission)



Multiplicity of Gastric Cancers

Across all tumor histologies, synchronous tumors tend to be more prevalent among
elderly patients compared to younger patient populations. Although certain types of
tumors, such as colorectal cancers, in the elderly show no predilection for increasing
multiplicity with age [15,20,21], the incidence of multiple gastric cancers does increase
with advancing age [9,15,22–24], particularly among the elderly population (Fig. 3).
In gastric cancer, synchronous tumors occur in 8% to 15% of patients older than 65
years of age [9,15,18,22,23], whereas patients less than 40 years old have significantly
fewer such tumors (2.9%) [9].

Given this propensity for synchronous lesions, clinicians and pathologists should
examine the stomach carefully, taking into consideration the possibility of multiple
neoplasms when searching for foci of gastric cancer in elderly patients.

Metastatic Disease

In general, differentiated-type gastric carcinomas tend to metastasize to the liver
whereas undifferentiated-type tumors tend to develop peritoneal implants and 
lymph node metastases. Among the elderly, metastases present more often in the liver
(11%–32% of metastatic cases), compared to younger patients in whom peritoneal
dissemination is more frequent and liver lesions make up only 4% to 10% of metas-
tases [9,12,13]. Interestingly enough, most reports show no significant difference in
the rate of lymph node metastases between younger and elderly patients [8–10,13–15].
In those patients with end-stage gastric cancer, younger patients will more often have
evidence of peritoneal and lymph node disease, and both younger and older patients
have developed hepatic metastases at the same rate [25].

Unresectable Gastric Cancer

Generally, gastric cancers deemed unresectable are those tumors that have grown
beyond the stomach wall and have metastasized, through hematogenous or lymphatic
means or by direct extension, to other organs. In elderly patients, gastric cancer metas-
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Fig. 3. Multiplicity of gastric cancers. The rate of
multiple gastric cancers increases with advancing age
in both sexes. Closed squares, males; closed circles,
females. (From Arai et al. [15], with permission)



tasizes most frequently to the liver (54%). Additionally, although peritoneal implants
are less frequently found in those patients 85 years of age or older [16,25], direct inva-
sion into the esophagus or pancreas and distant metastases to the lung or skin tend
to occur more frequently with advancing age [16].

In the elderly population, however, factors other than metastatic disease may pre-
clude surgical extirpation. Comorbidity is an important issue in this population,
and many pathologically resectable cases are deemed otherwise because of diseases
such as pneumonia, arteriosclerosis, cerebrovascular disease, myocardial infarction,
dementia, and even other malignancies. Among patients aged 70 or older, 12% have
an additional malignant neoplasms. Elderly patients may eventually succumb to these
metachronous lesions even if the gastric cancer could have otherwise been cured.

Psychological and social factors also may preclude surgical therapy. Refusal by
patients or their families accounts for 10% to 30% of cases where surgery was not per-
formed, even though these patients were deemed good operative candidates. More-
over, the rate of refusal tends to increase with advancing age [16]. These psychological
and social considerations may be quite important in this patient population.Although
the survival rate for gastric cancer patients improves with aggressive treatment
without any relation to age, there can be an unexpected decrease in the ability to
perform activities of daily living (ADLs) after surgery in the elderly [16]. Conse-
quently, the decision to proceed with gastrectomy or surgical therapy should be con-
sidered carefully in elderly patients.

Prognosis

Prognosis for elderly patients with gastric cancer is uniformly dismal. In those
patients with unresectable tumors, two-thirds will survive less than a month after
diagnosis, and 80% of these patients eventually die of the cancer within 2 years [16].
Even with early-stage cancers, prognosis is poor. One-year and 2-year survival rates
for elderly patients are 51% and 16% to 36%, respectively [16]. Eighty percent of these
elderly patients with early cancers eventually die of other causes, and 20% succumb
to their tumor [16].

When compared to young and middle-aged patients, elderly patients with gastric
carcinoma have poorer long-term prognoses [5,11,12,18]. The overall 5-year survival
rate, inclusive of all stages of tumor, is lower in the elderly (44.6%–53.2%) compared
to that in younger patients (57.1%–82.0%) [5,11,12,18]. In early gastric cancer treated
with curative resection, however, survival rates do not differ between young and
elderly patients [8]. Even comparing those patients who undergo curative resection,
survival rates among the elderly stage for stage are poorer than those rates for their
clinically equivalent younger counterparts [5,14,18]. While it is unclear what might
account for the elderly patients’ poorer prognoses, one possible explanation is their
generally weaker host-defense status.

Molecular Aspects of Gastric Cancer in the Elderly

Several molecular alterations may play important roles in the development of gastric
cancer in the elderly. Promoter methylation, for example, has been found to be present
not only in tumors but also in normal tissues as an age-related and tissue-specific
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phenomenon that can precede the development of neoplasms [26,27]. In gastric
cancers, the frequency of absent hMLH1 expression and hypermethylation increases
with age [26]. In addition, gastric carcinomas with microsatellite instability tend to
present as poorly differentiated adenocarcinomas in the antrum of elderly patients.
These tumors display abundant T-cell infiltration and carry a relatively good prog-
nosis [28]; they are considered to be a kind of gastric cancer counterpart of colorec-
tal medullary-type poorly differentiated adenocarcinomas [29].
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Adenocarcinoma with Gastric 
Mucin Phenotype
Hiroshi Yokozaki, Tadateru Hasuo, Dong Li, and Shuho Semba

Introduction

Gastric cancer is the most common cancer in many countries. The highest incidence
is still observed in Japan because of the remarkable increase in the aged population
over 60 years old. A comparison between Japan and other countries of the survival
rates for gastric cancer patients in terms of cancer registries has revealed that sur-
vival rates in Japan are significantly higher than those in other countries because of
two factors: (1) an increase in the number of early-stage patients, and (2) an increase
in the number of patients who received curative resection during the first course of
treatment for cancer [1].

In contrast to colorectal carcinoma, which almost always produces a relatively
uniform histological picture of highly differentiated tubular adenocarcinoma, gastric
carcinoma takes several histological forms, even in its early stage, and this variability
in its histology increases in accordance with the advancement of intramural growth.
The histological classification by Japanese Gastric Cancer Association (JGCA) [2],
subdividing gastric cancer mainly into papillary, tubular, and poorly differentiated
adenocarcinoma, is widely accepted in Japan. Papillary and tubular adenocarcinoma
correspond to “so-called intestinal type” and poorly differentiated adenocarcinoma to
“diffuse type” carcinoma according to Lauren’s classification (1965), which is com-
monly used in the Western world [3]. Lauren’s classification roughly corresponds to
that of Nakamura et al. (1968) from analysis of the incipient phase of stomach cancer,
in which “differentiated type” and “undifferentiated type” are equivalent to “so-called
intestinal type” and “diffuse type,” respectively [4]. According to the observations by
Nakamura et al. as well as those by Ming (1977), it has been accepted that the “so-
called intestinal type” developed on the bases of intestinal metaplasia and related
intestinalized gastric mucosa, whereas “diffuse type” stomach cancer arose from
proper gastric mucosa [4,5].
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Parts of differentiated-type stomach cancers that developed from nonintestinalized
background gastric mucosa have also been reported. Recently, efforts to classify
gastric cancers according to the mucin phenotype into gastric type and intestinal type
and to clarify its clinicopathological significance have been conducted mainly by
Japanese researchers. Although the recent classification of World Health Organization
mentions this briefly [6], the significance of this phenotypical difference, especially of
the gastric type, is not well recognized in the Western world. In this chapter, histori-
cal background, definition, morphological features, and biological behavior as well as
gene abnormalities of adenocarcinomas of the stomach with gastric-type mucin 
phenotype are introduced and overviewed.

Historical Background

According to the mucin phenotypes of gastric cancer, Tatematsu et al. have conducted
extensive studies on the rat N-methyl-N¢-nitro-N-nitrosoguanidine (MNNG) or 4-
nitroquinoline 1-oxide (4-NQO) carcinogenesis model [7]. Using the paradoxical con-
canvalin A staining [8] and high-iron diamine-alcian blue (pH 2.5) staining for the
differentiation of gastrointestinal mucin phenotypes, they demonstrated that well-
differentiated adenocarcinomas consisted of a mixture of four types of cancer cells as
follows: (1) surface mucous cells with sulfated and/or sialated class II mucins, (2)
pyloric gland cells with sialated and/or sulfated class III mucins, (3) goblet cells with
sulfated class II mucins, and (4) intestinal absorptive cells with a striated cell border.
They also described that signet ring cell carcinomas, mucinous adenocarcinomas,
and poorly differentiated adenocarcinomas also consisted of cells containing sulfated
and/or sialated class II mucins (surface mucous cell type) or sialated and/or sulfated
class III mucins (pyloric gland type). These initial findings have been further con-
firmed using newly developed histochemical techniques [the modified method with
labeled peanut lectin, the galactose oxidase-Schiff (GOS) reaction for surface mucous
cells, and the sialidase-GOS reaction for goblet cells] and immunohistochemistry for
pepsinogen isozyme 1 (Pg 1) for mucous neck cells and pyloric gland cells [9]. Obser-
vations on the rat stomach carcinogenesis model have been demonstrated to be also
applicable to human gastric adenocarcinomas [10,11].

The entity of gastric or foveolar type adenocarcinoma of the stomach was first pro-
posed by Hattori (1985) from the morphological analysis of hyperplastic polyp and
carcinoma arising in hyperplastic polyp of the stomach [12]. The original report
described that cancer cells were tall columnar cells with periodic acid-Schiff (PAS)
reaction-positive neutral mucin, resembling the normal foveolar epithelial cells, in 
2 of 3 differentiated-type adenocarcinomas arising in hyperplastic polyps of the
stomach. Kushima and Hattori extended their study using a significant number of
endoscopically removed hyperplastic polyps and intramucosal cancers found in sur-
gically resected stomachs [13]. Fourteen (3.3%) differentiated-type adenocarcinomas
were found in 421 hyperplastic polyps. Eleven (78.6%) of 14 carcinomas in hyper-
plastic polyps demonstrated gastric phenotype with positive reaction to GOS and/or
class III paradoxical concanavalin A staining. Among 43 intramucosal differentiated-
type adenocarcinomas in surgically resected stomachs, 10 (23.2%) exhibited the
gastric mucin phenotype.
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Ishiguro (1987) described the histochemical and clinicopathological similarities
between foveolar-type tubular adenocarcinoma and signet ring cell carcinoma of the
stomach from the histological review of 377 lesions of small gastric carcinoma less
than 20 mm in diameter using mucin histochemistry and suggested that the two types
of carcinoma arose from common ancestral cells [14].

Definition

Markers for Gastric and Intestinal Epithelia
As mentioned previously, several specific markers have been identified and used to
differentiate the gastric or intestinal epithelial phenotypes (Table 1). Among them,
monoclonal antibodies to MUC5AC (clone CLH2, Novocastra Lab., Newcastle upon
Tyne, UK), MUC6 (clone CLH6, Novocastra), MUC2 (Ccp58, Novocastra), and CD10
(clone 56C6, Novocastra) [15] are commonly used for the immunohistochemical dif-
ferentiation of foveolar epithelium, pyloric/cardiac gland epithelium, goblet cell, and
brush border of intestinal absorptive epithelium, respectively, with conventional 
formalin-fixed and paraffin-embedded histological specimens.

A monoclonal antibody M-GGMC-1 (clone HIK 1083, Kanto Kagaku, Tokyo, Japan)
binds alpha-linked N-acetylglucosamine (alpha-GlcNAc), whose reaction is equivalent
to that of class III paradoxical concanavalin A staining [16]. The core antigen of M-
GGMC-1-reactive mucin is detected by antibody to MUC5AC [17]. The reaction of a
monoclonal antibody to HGM (human gastric mucin; clone 45M1; Novocastra) [18]
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Table 1. Markers for gastric and intestinal epithelia

Cancer type Cell type Marker

Gastric type Foveolar epithelium MUC5AC
HGM
GOS

Pyloric gland epithelium MUC6
M-GGMC-1
Class III paradoxical

concanvalin A staining
Pepsinogen

Intestinal type Absorptive cell CD10
Sucrase
Villin
CAI (colon)

Goblet cell MUC2
Sialidase GOS
TKH-2
91.1 (colon)

Paneth cell Lysozyme
Defensin 5, 6

HGM, human gastric mucin; GOS, galactose oxidase Schiff; M-GGMC-1, mucin monoclonal
antibody-recognizing gastric gland mucous cells; CAI, carbonic anhydrase I



is similar to that of GOS, and MUC6 is a core antigen of HGM-reactive mucin [19].
MUC2 is a core peptide of intestinal goblet cell mucin [20]. CD10, originally identi-
fied as common acute lymphoblastic leukemia antigen (CALLA), is a 100-kDa surface
neutral endopeptidase that is expressed abundantly at the brush border of enterocytes
and renal tubular epithelia as well as lymphoid precursor cells [21].

Subclassification of Gastric Adenocarcinomas According to 
the Epithelial Phenotypes
Combinations of immunoreactivities of cancer cells to the aforementioned markers
are employed for the epithelial phenotyping of adenocarcinomas of the stomach.
Japanese investigators have proposed the following criteria for the assessment of the
results; however, the consensus criteria for the evaluation is still under discussion.

Tajima et al. subclassified gastric cancers as gastric or intestinal phenotype if more
than 10% of cancer cells exhibited gastric (HGM and/or MUC6) or intestinal (CD10
and/or MUC2) marker(s), respectively [22]. Tumors were classified as gastric and
intestinal mixed when more than 10% of neoplastic cells showed both gastric and
intestinal markers.

On the other hand, Tsukashita et al. proposed a scoring system of MUC2, MUC5AC,
MUC6, and CD10 immunoreactivity for the subclassification of the epithelial pheno-
type of gastric adenocarcinomas. The extent of positivity of each marker is scored
according to the percentage of neoplastic cells stained; score 0, <5%; score 1,
30%–60%; score 2, 30%–60%; score 3, >60% of cancer cells show positive immunore-
action [23].According to the sum of scores of gastric (MAC5AC and MAC6) and intes-
tinal (MUC2 and CD10) epithelial markers, each case is phenotypically classified as
either a complete intestinal phenotype, MAC5AC + MUC6 = 0 and MUC2 + CD10 ≥
1; mixed phenotype (intestinal predominant), MAC5AC + MUC6 < MUC2 + CD10;
mixed phenotype (gastric = intestinal), MAC5AC + MUC6 = MUC2 + CD10; mixed
phenotype (gastric predominant), MAC5AC + MUC6 > MUC2 + CD10; completely
gastric phenotype, MAC5AC + MUC6 ≥ 1 and MUC2 + CD10 = 0; nonclassified 
phenotype, MAC5AC + MUC6 = 0 and MUC2 + CD10 = 0. Takahasi et al. [24] used
sialosyl-Tn [25] as a marker of small intestinal mucin antigen instead of MUC2.

Watanabe et al.[26] emphasized distinguishing CD10-positive intestinal-type gastric
carcinomas as “small intestinal type” from MUC2-positive ones because CD10 positive
colorectal cancers have been reported to show a high grade of malignancy [27].

The reported incidence of adenocarcinomas with gastric phenotype in early gastric
carcinomas ranged from 24.6% to 85% depending on the criteria for the subtyping of
phenotypes [13,23,26,28,29].

Morphological Characteristics

Macroscopic Features
From the review of 168 well-differentiated type early gastric carcinomas resected
endoscopically, Oda et al. analyzed the epithelial phenotype using HGM, type III 
paradoxical concanavalin A staining, MUC2, and CD10 and reported the macroscopic
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features of adenocarcinomas of the stomach with gastric phenotype [30]. On endo-
scopic examination, tumors with gastric phenotype frequently show superficial
depressed (type 0-IIc) macroscopic type (23/45, 51.1%); in addition, superficial ele-
vated and depressed-type (type 0-IIa + IIc) tumors were found more frequently in
gastric- (14/45, 31.1%) than in the gastrointestinal- (12/90, 13.3%) or intestinal-phe-
notype (3/33, 9.1%) cancers. Importantly, a significant number of the gastric-pheno-
type adenocarcinomas showed an unclear margin (55.6%) and normal mucosal color
(53.3%) in contrast to the gastrointestinal- (21.1%, 21.1%) and intestinal-phenotype
(9.1%, 18.2%) tumors. These findings were compatible with those reported previously
[13,14,28]. From these descriptions, it is emphasized that any slight abnormality in
the gastric area, abnormal barium adhesion, and granular mucosa at the margin of
the lesions should be checked at the time of X-ray or endoscopic examination for the
accurate diagnosis of gastric-type adenocarcinomas.

According to distribution in the stomach, Ishiguro et al. demonstrated that gastric-
type adenocarcinoma had a tendency to localize at the middle portion and the ante-
rior wall of the lower portion of the stomach in comparison with intestinal-type
tumors [28]. On the other hand, Oda et al. reported that no significant difference was
observed in the localization between gastric- and intestinal-type cancers [30]. Gastric-
type adenocarcinomas arising in hyperplastic polyps were shown to localize prefer-
entially at the cardia [13].

Microscopic Features
In general, gastric-type adenocarcinomas were composed of columnar cells with clear
to slightly basophilic cytoplasm and well-polarized nuclei microscopically [13]. In
spite of mild cellular atypia, structural atypism such as villous or papillary prolifera-
tion and retelike undefined tubular structure has been described as the histological
character of gastric-type carcinomas of the stomach [13,14] (Fig. 1). In addition,
Ishiguro emphasized that gastric-type adenocarcinomas change into undifferenti-
ated-type carcinomas including signet ring cell and poorly differentiated adenocarci-
nomas on the basis of his observation that the frequency of undifferentiated-type
carcinomas was significantly lower in the lesions of 10 mm less than those of 11 mm
or more in the greatest dimension, and that gastric-type adenocarcinomas were
included in all undifferentiated-type carcinomas mixed with other histological types
[14]. Watanabe et al. also reported lesions morphologically identical to poorly differ-
entiated adenocarcinoma and signet ring cell carcinoma in the lower part of minute
gastric-type adenocarcinomas [31].

In terms of the histogenesis of these lesions, Tsukashita et al. reported from 
observation of gland-forming intramucosal neoplastic lesions of the stomach that the
majority of low-grade adenoma/dysplasia strongly expressed intestinal markers in
which proliferating cell zones were formed, but generally expressed no gastric
markers, whereas more than 50% of high-grade adenoma/dysplasia and intramucosal
carcinoma expressed gastric markers, indicating that adenocarcinomas arise de 
novo [23]. Moreover, Kawachi et al. examined the phenotype of minute differentiated
gastric adenocarcinomas of the stomach and found that more than half the lesions
less than 1.4 mm in diameter demonstrated neither gastric (HGM or M-GGMC-1) nor
intestinal (CD10 or MUC2) phenotype; they concluded that differentiated-type 
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Fig. 1a–f. A case of adenocarcinoma of the stomach with gastric mucin phenotype. a Endo-
scopic picture demonstrates an irregularly shaped, elevated- and depressed-type (0-IIa + IIc)
lesion on the anterior wall of the antrum. This lesion has a rather normal colored surface and
unclear margin. b Endoscopic view of the same lesion under dye spray. c Histological features
of the lesion removed by endoscopic mucosal resection reveal a slightly elevated and depressed
lesion composed of the growth of irregularly shaped atypical tubular structures in the mucosa.
Hematoxylin and eosin (H&E) stain, lower magnification. d The tubular structures are com-
posed of columnar epithelia with pale stained cytoplasm and rather hyperchromatic nuclei.
H&E stain, higher magnification. e Immunohistochemical staining of MUC5AC reveals diffuse
as well as strong immunoreactions in cancer cells. f Parts of cancer cells also show MUC6
immunoreactivity
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adenocarcinomas of the stomach might arise from gastric mucosa affected by intes-
tinal metaplasia or not, without having either gastric or intestinal phenotype [32].

The aforementioned histological characteristics of gastric-type adenocarcinomas
have been mainly described on the analysis of small intramucosal carcinomas of the
stomach. Tatematsu et al. [33] investigated the mucin phenotype of early and advanced
adenocarcinomas of the stomach and reported that of 122 papillary and tubular ade-
nocarcinomas, the proportion consisting mainly of intestinal-type cells increased with
progression from 22.9% (early) to 41.9% (advanced). Similarly, intestinal features
increased with progression from 8.3% (early) to 25.4% (advanced) in the 107 poorly
differentiated adenocarcinomas, signet ring cell carcinomas, and mucinous adeno-
carcinomas. Moreover, the expression of sialosyl-Tn, a carbohydrate marker for intes-
tinal epithelia, was manifested more extensively in advanced-stage gastric carcinomas
[34]. A similar phenomenon was also observed in intramucosal differentiated-type
adenocarcinomas of the stomach as the extension of tumor growth [29]. Therefore, it
must be noted that a phenotypic shift from gastric- to intestinal-type expression
occurs with progression of gastric cancer regardless of the histological type [35].

Clinicopathological Significance and Biological Behavior

Ishiguro et al. [28] summarized the clinicopathological significance of gastric-type
adenocarcinomas after extensive analysis of significant number of cases as follows.
(1) There is a possibility of histopathological underdiagnosis because of their cellu-
lar atypia, especially at routine biopsy interpretation. (2) They sometimes invade
deeply into the gastric wall in spite of their low grade of atypism. (3) On the other
hand, substantial parts of superficially spreading type gastric cancers are composed
of adenocarcinomas with gastric phenotype. (4) A significant number of gastric-type
tumors show unclear margin and normal mucosal color at endoscopic or macroscopic
examination, making precise detection and diagnosis difficult.

To elucidate the biological behavior of gastric-type adenocarcinomas of the
stomach, Ito and Takizawa subclassified 117 differentiated-type gastric adenocar-
cinomas with submucosal invasion Aimmunohistochemically using gastric-type
(MUC5AC, MUC6) and intestinal-type (MUC2, CD10) markers into simplified gastric
phenotype (sG-type, gastric phenotype > intestinal phenotype), simplified intestinal
phenotype (sI-type, intestinal phenotype > gastric phenotype), and null phenotype
(N-type, lacking gastric and intestinal phenotype) and investigated their relationship
with histology and clinicopathological factors [36]. When these tumors were sub-
divided histologically into papillary and tubular adenocarcinomas, the frequency of
lymph node metastasis was significantly higher in papillary adenocarcinomas (44%)
than in tubular adenocarcinomas (6%). Among papillary adenocarcinomas, the fre-
quency of lymph node metastasis was 56% and 30% in sG type and sI type, respec-
tively. Moreover, all the sG-type papillary adenocarcinomas demonstrated lymphatic
or venous invasion. Therefore, part of papillary adenocarcinoma with gastric pheno-
type is high-grade malignancy.

Takahashi et al. examined mucin phenotypes of 63 surgically resected carcinomas
from 25 patients with early multiple gastric cancers and 39 early solitary gastric
cancers [24]. A significant difference in the incidence of gastric-type cancers was
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found between multiple gastric cancers (59%) and solitary tumors (23%). Therefore,
special clinical attention should be paid to the possibility of multiple cancers when
gastric-type early carcinoma is detected.

Genetic and Epigenetic Alterations

In general, genetic and epigenetic alterations of multiple cancer-related genes and
molecules are implicated in the development and progression of human gastric car-
cinomas [37,38]. Reactivation of telomerase, inactivation of p53 tumor suppressor
gene, overexpression of cyclin E, and reduced expression of p27KIP1 by disorganized
degradation in the proteasome are common events of both differentiated- and 
undifferentiated-type gastric adenocarcinomas. Inactivation of hMLH1 mismatch
repair gene by CpG hypermethylation resulting in microsatellite instability, amplifi-
cation of c-erbB2 oncogene, inactivation of APC tumor suppressor gene, and K-ras
mutations are preferentially associated with differentiated-type gastric cancer. Con-
versely, reduction or loss of E-cadherin and catenins by both mutation and CpG
hypermethylation, K-sam, and c-met oncogene amplification are necessary for the
development and progression of undifferentiated-type gastric carcinomas.

As already mentioned, K-ras, whose gene product p21 transduces mitogenic signals
of receptor tyrosine kinases, is activated by point mutation reported to be detected in
18% (3/17) of differentiated-type gastric adenocarcinomas [39]. Kushima and Hattori
investigated point mutations at codon 12 of the K-ras gene in 9 gastric-type, 10
intestinal-type, 10 mixed-type, and 15 undifferentiated mucosal carcinomas as well as
in 10 gastric-type adenocarcinomas in hyperplastic polyps of the stomach using the
dot blot hybridization technique [13]. Among them, point mutations were detected in
1 gastric-type adenocarcinoma (11%) and in 2 intestinal-type adenocarcinomas
(20%), suggesting occurrence through a common genetic abnormality.

Gene p73, which encodes a product sharing considerable protein sequence homol-
ogy with p53, has been cloned [40]. This gene maps to the subtelomeric region of chro-
mosome 1 (1p36.33), where frequent deletions have been reported in neuroblastoma.
Although p73 has a physiological function similar to that of p53 when overexpressed
[41], the inactivation mechanism is somehow different from that of well-known tumor
suppressor in neuroblastoma as well as other cancer cell lines. To establish the pos-
sible involvement of p73 in human stomach carcinogenesis, Yokozaki et al. investi-
gated the allelic status, allele-specific expression, and mutations of the gene in 95 cases
of gastric adenocarcinomas [42]. Of these, 32 exhibited the heterozygous p73 allele for
the StyI restriction site in exon 2. Among them, the cancer DNA of 12 revealed loss of
heterozygosity (LOH) of p73. Interestingly, all the cancers with p73 LOH demonstrated
phenotypes of foveolar epithelium of the stomach showing positive pS2 (a stomach-
specific trefoil factor [43,44]) immunoreactivity (Fig. 2). Reverse transcription-
polymerase chain reaction (RT-PCR) single-strand conformation polymorphism
(SSCP) analysis of p73 heterozygous cases demonstrated not only biallelic expression
of the gene but also relatively reduced expression of the affected allele in six of eight
tumors with p73 LOH. No gene mutation was detected in the remaining allele of p73
LOH-positive cancers. These findings suggested that alterations of p73, including LOH
and abnormal expression, might play roles in the genesis of gastric-type adenocarci-
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nomas of the stomach, although this is not in line with the classic Knudson’s “two-
hit” model.

During the normal course of DNA replication, single base mismatches may result
from misincorporation by polymerase and larger mismatches may result from strand
slippage. The resulting mismatch is recognized by mutS homologues. In humans,
optimal mismatch recognition is thought to require at lease two mutS homologues,
hMSH2 and hMSH6 or hMSH2 and hMSH3. MutL homologues, hMLH1 and PMS, are
then recruited to the complex and the mismatch is repaired by a process that in bac-
teria involves an exonuclease, helicase II, DNA polymerase III, single-strand binding
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Fig. 2a–d. Gastric adenocarcinoma with p73 loss of heterozygosity (LOH). a Representative 
histology of gastric adenocarcinoma with p73 LOH (case 1 in d). Papillary adenocarcinoma 
composed of cancer cells closely resembling that of foveolar epithelium of the stomach. H&E
stain. b Immunohistochemical staining of pS2 gastric-specific trefoil factor. Strong membrane
and cytoplasmic pS2 immunoreactivity is observed in cancer cells. c Immunohistochemical
staining of p53 tumor suppressor gene product. Abnormal accumulation of p53 was not
observed in cancer cells. d Representative polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) analyses of p73 G/C and A/T alleles in human gastric carci-
nomas. Electrophoresis of genomic PCR products including p73 exon 2 on 1.5% agarose gel
yields a 482-bp fragment. PCR products derived from A/T alleles are digested by StyI and yield
376-bp and 106-bp fragments as in cases 1 and 2, whereas the amplicons from G/C alleles remain
uncut as in all the cases presented. T, gastric carcinoma tissues; N, nonneoplastic mucosae. Case
1 is p73 heterozygous and shows LOH with the reduction of 482-bp fragments that stand for
G/C alleles in cancer DNAs. Case 2 is heterozygous with preserved alleles. Case 3 reveals only
G/C allele and was regarded as a noninformative case
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protein, and DNA ligase. Mutations of the gene(s) involved in this mismatch repair
(MMR) system, for example, hMSH2 and hMLH1, have been found in germline DNA
of patients with hereditary non-polyposis colorectal cancer (HNPCC) and in DNA
from their tumors [45–48]. Microsatellites are short repeated sequences that are found
interspersed throughout the genome. The repeating unit comprising a microsatellite
can be as short as one or two nucleotides. These regions of the genome tend to be
polymorphic or variable between different individuals. Altered length of microsatel-
lites, called replication error (RER) or microsatellite instability (MSI), has been
reported in DNA from the tumors of HNPCC patients as a consequence of the defect
in the MMR system [49–51]. Mutations in the four major MMR genes, that is, hMSH2,
hMLH1, hPMS1, and hPMS2, have been reported to be a quite rare event in gastric
cancers with MSI. Recently, hypermethylation of hMLH1 and loss of its expression was
reported as the main mechanism of MMR deficiency in sporadic gastric carcinomas
with high-frequency MSI [52–54]. Endoh et al. investigated the relationship between
genetic alterations and cellular phenotypes in differentiated-type adenocarcinomas
and precancerous lesions of the stomach [55]. MSI occurred in 45% of tumors with
an extremely well preserved gastric foveolar phenotype (foveolar type) detected by
GOS mucin staining or HGM immunoreactivity, whereas tumors with an extremely
well preserved complete-type intestinal metaplastic phenotype (CIM type) having
predominant sialomucin, MUC2-positive cells, and a brush border did not exhibit
MSI. On the other hand, alterations of p53 tumor suppressor gene were significantly
frequent in CIM type (31%) in comparison with foveolar type (5%). From these obser-
vations the mutator pathway, characterized by MSI, is suggested to play an important
role in the tumorigenesis of the foveolar type, whereas the suppressor pathway, rep-
resented by p53 alteration, could participate in the tumorigenesis of CIM-type gastric
adenocarcinomas. To clarify the significance of hMLH1 promoter hypermethylation
in the development of foveolar-type well-differentiated adenocarcinomas of the
stomach, Endoh et al. conducted methylation-specific PCR for the hMLH1 promoter
region [56]. Hypermethylation of hMLH1 promoter, well correlated with the reduc-
tion of hMLH1 immunoreactivity, was detected in 74% of the foveolar-type, 33% of
the intestinal-type, and 83% of the combined-type adenocarcnomas of the stomach.

Kushima et al. examined chromosomal abnormalities in 13 cases of early well-
differentiated gastric adenocarcinomas with the completely gastric phenotype using
laser capture microdissection and comparative genomic hybridization [57]. Gains of
1p36-pter, 9q34-qter, 17p12-ter, 20pq, and 22q, losses of 6q and 18q, and amplification
of 15q26 were frequently and commonly identified. Although most of the cancer cells
showed low-grade nuclear atypia, gastric-type adenocarcinomas, even in the early
stage, harbored considerable chromosomal abnormalities, as has been previously
reported in advanced gastric carcinomas and cancer cell lines.

Concluding Remarks

In this section, we overviewed the present condition of the studies on adenocarcino-
mas of the stomach with gastric mucin phenotype. Accumulating clinical as well as
pathological findings suggest that both tubular and papillary differentiated-type 
adenocarcinomas with gastric mucin phenotype show distinct clinicopathological
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behavior in contrast to those with intestinal phenotype and should be considered as
a distinct pathological entity. Although differentiated-type adenocarcinomas in 
hyperplastic polyp also frequently show the gastric mucin phenotype, they should be
separated from those that arose de novo from the point of view of biological behav-
ior. Several investigators have tried to elucidate the genetic and epigenetic background
of these carcinomas. However, the precise molecular pathway(s) of the carcinogene-
sis of adenocarcinomas with gastric mucin phenotype remains to be further clarified.

To make this type of gastric adenocarcinoma an internationally recognized clini-
copathological entity, efforts should be spared to build a consensus criteria for the
evaluation of each epithelial marker and phenotypical subclassification of adenocar-
cinomas of the stomach.
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Clinical Diagnosis



Endoscopic Diagnosis of 
Gastric Carcinoma
Katsuhiko Iwakiri, Yoshinori Hayashi, and Choitsu Sakamoto

Introduction

In Japan, gastric cancer has been the most common cause of death due to cancer. The
prognosis of gastric cancer is closely related to the depth of invasion. A new endo-
scopic classification of early gastric cancer (EGC) was proposed by the Japan Gas-
troenterological Endoscopy Society in 1962 [1]. EGC was defined by invasion limited
to the mucosa and the submucosal layer, irrespective of lymph node involvement [1].
The 5-year survival rate after surgical resection has been very high in patients with
EGC; thus, it has become clear that early detection of gastric cancer is an important
factor in contributing to any reduction in mortality [2].

Many EGCs are removed by endoscopic mucosal resection (EMR) because 
endoscopic surgery has improved markedly during the past 10 years. In the Gastric
Cancer Treatment Guidelines of the Japanese Gastric Cancer Association [3], the 
type of gastric cancer amenable to endoscopic treatment is defined as a differentiated,
macroscopically diagnosed mucosal cancer 2 cm or less in diameter, and of a protru-
sion type. In contrast, depressed-type EGC is defined as a differentiated, macroscopi-
cally diagnosed mucosal cancer 2 cm or less in diameter without ulcerative findings.
To evaluate the indication for EMR and to determine the range of resection,
it is important to determine an accurate depth of invasion and the range of the 
lesion. For this reason, endoscopic diagnosis of EGC has become increasingly 
significant.

According to the macroscopic classification of gastric cancer (Fig. 1) by the 
Japanese Gastric Cancer Association [4], Type 0 IIc is the most common type of EGC
in Japan [1]. This report relates the characteristic endoscopic findings of EGC to the
depth of invasion in 109 patients with Type 0 IIc or Type 0 IIc + III EGC,
all of whom were diagnosed by surgical resection in our hospital.

185

Third Department of Internal Medicine, Nippon Medical School, 1-1-5 Sendagi, Bunkyo-ku,
Tokyo 113-8603, Japan
e-mail: k-iwa@nms.ac.jp



186 K. Iwakiri et al.

Fig. 1. Macroscopic classification of gastric cancer (Japanese Gastric Cancer Association 2004
[4]). Many early gastric cancers show combined types, e.g., a shallow depression and an ulcer-
ation, IIc + III, or a shallow depression and an elevation, IIc + IIa. In the combined types, the
type occupying the larger area should be described first, followed by the next type. The defini-
tions of Type 0 I and Type IIa should be as follows. Type 0 I: the lesion has a thickness of more
than twice that of the normal mucosa; Type 0 IIa: the lesion has a thickness of twice or less that
of the normal mucosa



Characteristic Findings of Superficial 
Depressed-Type EGC

The subjects of the study were 109 patients with Type 0 IIc or Type 0 IIc + III EGC
diagnosed by surgical resection. All patients with superficial depressed-type EGC
(Type 0 IIc or Type 0 IIc + III) had a clearly demarcated shallow depression.

Selected Items
The appearance of the overlying mucosa and the demarcation of the depressed area
were investigated. Characteristics of the overlying mucosa included (1) surface struc-
ture, (2) change in color, (3) thin white coating within the depressed area without
ulceration, (4) bleeding, and (5) protrusion in the depressed area. Characteristics of
the demarcation area included (1) the area of demarcation between the lesion and the
surrounding mucosa, (2) encroachment, (3) marginal elevation, and (4) change in the
fold.

The surface structure (Fig. 2) was classified into the following four categories:
generally amorphous, partially amorphous, irregular uneven structure, and no 
change. In addition, colors of the depressed area (Fig. 3) were classified into the fol-
lowing four categories: red, pale, variegated color, and no change. The presence or
absence of protrusion (Fig. 4), a thin white coating, and bleeding in the depressed 
area were investigated. Furthermore, elevation of the whole lesional area also was
investigated.

The area of demarcation between the lesion and the surrounding mucosa was 
classified into three categories: well-demarcated, partially demarcated, and ill-
demarcated. Encroachment (Fig. 5) was defined as an irregular sawtooth pattern at
the demarcation of the depressed area, including the tip of the fold. The overall 
marginal elevation of the surrounding mucosa also was investigated. When fold 
convergence was observed, we evaluated for tapering (Fig. 6), abrupt cessation 
(Fig. 7), clubbing (Fig. 8), or fusion (Fig. 9) of the folds.

Analysis Methods
Four Board-certified fellows of the Japan Gastroenterological Endoscopy Society (K.I.,
A.K., Y.H., and M.K.) reviewed the endoscopic photographs obtained on conventional
and dye endoscopy and evaluated these for the aforementioned characteristics. An
item was judged to be present if findings were obtained on either conventional or dye
endoscopy. Data were statistically analyzed using the chi square test.

Results

Findings in Patients with Superficial Depressed-Type 
(Type 0 IIc) EGC
Findings frequently seen included encroachment, a change in the surface structure, a
change in color, abrupt cessation, and tapering of the fold (Table 1). To detect a super-
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ficial depressed-type EGC, it is important to be aware of the change in color because
superficial depressed-type EGC lesions are almost always associated with a change in
color to red, pale, or variegated. In case where a change in color is noticed, it is nec-
essary to confirm whether or not there is a depressed lesion in the area of the change
in color by inflating and deflating the stomach.A depressed lesion can be located easily
by spraying dye on the area that has changed color. By checking the surface of this
lesion in conjunction with any encroachment of the margin of the depressed area or
tip of the fold convergence, it is possible to distinguish malignant from benign
depressed lesions. Even if a depressed lesion is not accompanied by fold convergence,
it is possible for the fold to appear quite clearly after the stomach has been inflated

Table 1. Endoscopic findings in 109 patients with Type 0 IIc early gastric cancer

Surface structure in depressed area
Generally amorphous 13/109
Partially amorphous 47/109 109/109 (100%)
Irregular, uneven structure 49/109
No change 0/109

Change in color in depressed area
Red 53/109
Pale 24/109 99/109 (90.8%)
Variegated 22/109
No change 10/109

Thin white coating in depressed area
Positive 24/109 (22.0%)
Negative 85/109

Bleeding in depressed area
Positive 18/109 (16.5%)
Negative 91/109

Protrusion in the depressed area
Positive 25/109 (22.9%)
Negative 84/109

Demarcation between the depressed area and surrounding mucosa
Well-demarcated 55/109
Partially demarcated 49/109
Ill-demarcated 5/109

Encroachment
Positive 73/109 (67.0%)
Negative 36/109

Overall marginal elevation of surrounding mucosa
Positive 28/109 (25.7%)
Negative 81/109

Convergence fold
Positive 52/109 (47.7%)
Negative 57/109

Change in the fold
Tapering 25/52 (48.1%)
Abrupt cessation 44/52 (84.6%)
Clubbing 17/52 (32.7%)
Fusion 4/52 (7.7%)
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and deflated. Fold convergence means that there is a depressed lesion at the end of
the fold. If fold convergence is confirmed, it is then necessary to examine for encroach-
ment and any change in the fold (abrupt cessation, clubbing, tapering, fusion). These
findings are more easily detectable by spraying dye on the area around the fold. Defin-
itive diagnosis is confirmed by accurate biopsies.

Relationship Between the Depth of Invasion and Findings of
Superficial Depressed-Type (Type IIc) EGC
There were significant differences in surface structure, encroachment, converging
folds, elevation of the whole lesion, and clubbing of the fold between intramucosal
and submucosal invasive cancer (Table 2).

In most patients with intramucosal cancer, the surface structure of the depressed
lesion had an irregular, uneven surface. Submucosal invasive cancer had fewer lesions
with an irregular, uneven surface; however, lesions with an irregular, uneven, and
amorphous surface, or an amorphous surface, were increased significantly. In addi-
tion, in patients with submucosal invasive cancer, encroachment or converging folds
were observed more frequently. However, in a small number of patients with intra-
mucosal cancer, an amorphous or irregular and amorphous surface structure was
seen, and encroachment and converging folds were seen in about 60% and 40% of
these patients, respectively. The depth of invasion, therefore, cannot be estimated
based solely on the surface structure, encroachment, and converging folds. In con-
trast, clubbing of the fold rarely was observed in patients with intramucosal cancer,
which makes this finding a strong indicator that a lesion is invading the submucosal
or a deeper layer. In addition, elevation of the whole lesion indicated submucosal or
deeper invasion; there was no elevation in patients with intramucosal cancer. Few
patients in the present study exhibited fusion of the folds, and there was no signifi-
cant difference (P = 0.053) for fusion of folds between patients with intramucosal
versus submucosal invasive cancer, but this finding also indicated submucosal inva-
sive or deeper-layer cancer because such finding was never detected in intramucosal
cancer.

Wall rigidity is also an indicator of depth of invasion. Lesions without ulceration,
poor distensibility, and linear contour of the wall after inflating the stomach, are
strongly indicative of submucosal invasive or deeper-layer cancer; however, ulcerated
lesions may make it difficult to confirm whether wall rigidity exists [5]. Even so, in
cases with ulceration, if thickening of the wall is observed at the lesion [5], the cancer
was likely to have invaded the submucosa.With respect to lesion size, in lesions greater
than 2 cm in diameter, about 50% of these cancers have invaded the submucosa [5].
Furthermore, if the color of the depressed surface is deeply red, the cancer is likely to
be submucosal [5]. Photographs taken in typical cases of superficial depressed-type
EGC are shown in Figs. 10 through 13.

Differential Diagnosis of Early and Advanced Depressed-Type
Gastric Cancer
In cases where fusion of the folds is seen, it is likely that the cancer has invaded the
submucosa or deeper layer. With regard to wall rigidity, if, when inflated, there is a 
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Table 2. Relationship between the depth of invasion and endoscopic findings in 109 patients
with Type 0 IIc early gastric cancer

Depth of cancer invasion P value:
Intramucosal (M) Submucosal (SM) M vs. SM

Surface structure in depressed area
Generally amorphous 3 10 P < 0.001
Partially amorphous 27 22
Irregular, uneven structure 41 6
No change 0 0

Change in color in depressed area
Red 37 16 P = 0.066
Pale 14 8
Variegated 11 13
No change 9 1

Thin white coat in depressed area
Positive 13 11 P = 0.2015
Negative 58 27

Bleeding in depressed area
Positive 10 8 P = 0.2015
Negative 61 30

Protrusion in depressed area
Positive 16 9 P = 0.892
Negative 55 29

Demarcation between the depressed area and surrounding mucosa
Well-demarcated 36 19 P = 0.7618
Partially demarcated 31 18
Ill-demarcated 4 1

Encroachment
Positive 41 32 P = 0.0051
Negative 30 6

Overall marginal elevation of surrounding mucosa
Positive 19 9 P = 0.7261
Negative 52 29

Elevation of whole lesion
Positive 0 5 P = 0.0080
Negative 71 33

Convergence fold
Positive 24 28 P = 0.0002
Negative 47 10

Change in the fold
Abrupt cessation Positive 19 25 P = 0.2814

Negative 5 3
Tapering Positive 10 15 P = 0.3917

Negative 14 13
Clubbing Positive 2 15 P = 0.0005

Negative 22 13
Fusion Positive 0 4 P = 0.053

Negative 24 24
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linearized arc of the wall, it is likely that the cancer has invaded the submucosa [5],
and if mild elevation of the whole lesion is observed, the cancer is likely to be sub-
mucosal [6]. If a very high elevation of the whole lesion is observed, the cancer is likely
to have invaded the muscularis propria or deeper (Fig. 14).

Differentiation Between Benign and Cancerous Erosions
Benign erosion is associated with depressions of various shapes with a thin white
coating in the active stage and a uniformly red surface in the healing stage. The red
surface of benign erosions is flat and smooth. In benign erosion, the demarcation
between the depression and the surrounding mucosa is often indistinct, and it is dif-
ficult to determine the circumference of the erosion. In contrast, the depression in
cancerous erosion is less flat and has an irregular, uneven surface, ranging from finely
granular to nodular to amorphous; such features clearly differentiate the surface
structure of the cancerous erosion from normal mucosa. The cancerous erosion often
is demarcated distinctly from the surrounding mucosa and frequently has encroach-
ment. Benign erosion often occurs as multiple erosions and frequently shows a regular
radial or linear arrangement. If erosions differ in shape or size, have an irregular
arrangement, or show malignant findings such as distinct demarcation, irregular
depressed surface or encroachment, they should be evaluated by biopsy.

Benign erosion is classified into two types, flat or protruding, depending on the
marginal elevation. Erosion of the protruding type is observed as a papule, with
central erosion; in Japan, this is called verrucous gastritis (raised erosive gastritis in
the Sydney system). The surface structure of the verrucous gastritis is smooth, and
the tension of the surface remains high. Verrucous gastritis sometimes requires dif-
ferential diagnosis from Type 0 IIa + IIc EGC. This protruding type of erosion often
tends to occur as multiple erosions with similar shape in a regular arrangement; there
is little possibility that such erosions are cancerous. When differentiating between
benign protruding and malignant erosions, benign erosions are often in the center of
the lesion whereas malignant erosions often deviate from the center.

Diagnosis of Protruding-Type EGC

Diagnosis of Type 0 I EGC
Type 0 I EGC is pathologically defined as a protrusion having a thickness of more than
twice that of the normal mucosa [3] and is almost always classified histologically as a
well-differentiated adenocarcinoma (Figs. 15, 16). Endoscopically, Type 0 I EGC has
high protrusions of pedunculated, semipedunculated, or sessile lesions. The surface
structure often has an irregular, uneven pattern, and the lesions are well demarcated.
The depth of invasion of most Type 0 I pedunculated protruding lesions is the mucosa
[7]. The depth of invasion of semipedunculated or sessile protruding lesions can be
estimated from their size.A small protruding lesion measuring 20 mm or less in diam-
eter is likely to have invaded the mucosa only, whereas a protruding lesion measuring
30 to 50 mm or more in diameter is likely to represent advanced cancer [5]. Invasion
of the submucosa is indicated by a protruding lesion with a depressed or collapsed
lesion on the top [5], or one that has deeply reddened overlying mucosa.



Diagnosis of Type 0 IIa EGC
Type 0 IIa EGC is pathologically defined as a protrusion having a thickness of less
than twice that of the normal mucosa [3], and it is well demarcated (Figs. 17, 18). The
margin of Type 0 IIa is usually irregular. Changes in surface structure associated with
a fine-granular to granular pattern are seen in most Type 0 IIa [7]. In many patients,
the color of the overlying mucosa is whitish or pale, but in some patients redness is
seen. No color change in the overlying mucosa occurs in less than 10% of patients
with Type 0 IIa [7]. The depth of invasion of most Type 0 IIa measuring 2 cm or less
in diameter is intramucosal [5,7]. Characteristics indicative of invasion into the sub-
mucosa include slight depression and erosion or redness at the center of the lesion
[5].

Differential Diagnosis of Protruding-Type EGC
Lesions to be differentiated from protruding-type EGC include gastric fundic gland
polyp, gastric hyperplastic polyp, and gastric adenoma.Where gastric mucosa without
atrophy exists, most protruding lesions are gastric fundic gland polyps, which are seen
in the gastric corpus and fundus and often occur as multiple polyps. The surface of
the lesion is smooth, and the surface structure of the lesions is no different from the
surrounding mucosa.

Gastric hyperplastic polyps are located in the area extending from the gastric
antrum to the corpus and are often small and multiple. The surface structure of such
polyps is associated with spotted, uneven redness and often is accompanied by
erosion and/or bleeding. Smaller hyperplastic polyps are sessile, whereas larger
polyps are semipedunculated to pedunculated in accordance with an increase in size.
In some larger hyperplastic polyps, it is possible for them to become lobular in shape.
The hyperplastic polyp is not thought to be a precursor of gastric cancer; however,
malignant transformation has been discovered during endoscopic follow-up in some
instances [8,9]. The incidence of the development of gastric cancer appears to be less
than 5% [10], and the majority of hyperplastic polyps harboring malignancy have a
diameter of greater than or equal to 2 cm [8].

Gastric adenoma is a flat lesion that is broad and raised, of pale color (grayish-
white), and usually solitary, although sometimes it occurs in a cluster of two or three.
It is necessary that gastric adenoma is differentiated from Type 0 IIa EGC; gastric
adenoma is not associated with an irregular granular or nodular surface as seen in
gastric cancer [11], and the benign mucosa has an almost smooth or slightly uneven
surface with a regular pattern. In cases where a flat lesion is red, the lesion is likely to
be Type 0 IIa EGC [11].

Diagnosis of Flat-Type (Type IIb) EGC

Lesions of Type 0 IIb EGC are flat and are detected based on the change in color of the
overlying mucosa to a red,pale,or whitish color; these are very rare [12].Type 0 IIb EGC
can be classified into two types, red-type and pale-type. Red-type lesions are dark red
or dull red (Figs. 19, 20) but not deeply red, and the lesions are ill demarcated. Lesions
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of Type 0 IIb EGC have a slightly uneven overlying mucosa. Pale-type lesions are white,
or yellowish-white, and grayish, and the lesions are flat and often clearly demarcated
(Fig.21).In both the red and pale types,the visible vascular pattern observed in atrophic
gastric mucosa is not seen; it is indistinct or absent in cancerous lesions.

The Latest Advances in Endoscopy

Magnifying Endoscope
With the improved performance of magnifying endoscopes, endoscopic differentia-
tion of minute lesions has become much easier. The shape of the fine surface mucosal
pattern, which consists of gastric pits, is classified as A (dotted), B (short-linear),
C (striped), D (circular), or mixed patterns AB, BC, and CD [13]. A magnifying 
endoscope is very useful for identifying differentiated-type gastric cancer because 
it has a glandular pattern [14]. Sakaki [14] reported that differentiated-type gastric 
cancer with structural atypia shows a characteristic fine C pattern, and the area 
of invasion can be diagnosed accurately by using magnifying endoscopy. Undifferen-
tiated-type gastric cancer can be diagnosed from its irregular D pattern, but accurate
diagnosis of the spread of cancer is impossible. Therefore, well-differentiated 
tubular adenocarcinoma treated by EMR is the best indication for magnifying
endoscopy.

Magnifying Endoscope with Narrow Band 
Imaging System
The narrow band imaging (NBI) system is composed of a sequential combination of
an electronic endoscope and a light source equipped with different narrow band filters
corresponding to red, green, and blue. When the NBI system is used in combination
with a magnifying endoscope, capillary network patterns in the superficial layer of
the mucosa can be seen clearly [15]. Tajiri et al. [15,16] carried out endoscopy using
the NBI system on patients with EGC; they found a fine network capillary pattern in
more than half the patients with differentiated cancer, whereas patients with poorly
differentiated cancer showed an irregular corkscrew capillary pattern. They concluded
that capillary network patterns of intramucosal cancer are specific to the respective
histological types of EGC and can be evaluated objectively using magnifying
endoscopy with the NBI system.

Conclusion

The Japanese have pioneered research in the field of EGC and have established a uni-
versally acceptable macroscopic classification of EGC, which has contributed to the
early diagnosis of gastric cancer. This chapter has discussed the endoscopic diagno-
sis of EGC and the typical cancerous findings of each type of EGC.
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Fig. 2a–c. Surface structure in the depressed area. a irregular, uneven; b partially amorphous;
c generally amorphous

a,b c

Fig. 3a–c. Colors of the depressed area. a Red; b variegated; c pale

Fig. 4. Protrusion in the depressed area

a,b c

Color Plates
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Fig. 6. Tapering of the fold

Fig. 7. Abrupt cessation of the fold

Fig. 5. Encroachment observed at the demarcation of the depressed area (a) and the tip of the
fold (b)

a b
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Fig. 8. Clubbing of the fold

Fig. 9a,b. Fusion of the fold. a The depth of the invasion was the submucosa. b The depth of
the invasion was the muscularis propria

a b
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Fig. 11a,b. Type 0 IIc early gastric cancer without converging folds. Histological examination
showed an undifferentiated adenocarcinoma, and the depth of the invasion was the submucosa.
a Conventional endoscopic finding. b Dye endoscopic finding by the indigo-carmine contrast
method. Partial amorphous structure in the depressed area was clearly observed

ba

Fig. 10a,b. Type 0 IIc early gastric cancer without converging folds. Histological examination
showed a well-differentiated adenocarcinoma, and the depth of the invasion was the intramu-
cosa. a Conventional endoscopic finding. b Dye endoscopic finding by the indigo-carmine con-
trast method. In the depressed area, encroachment at the demarcation and an irregular, uneven
surface were clearly observed

a b
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Fig. 12a,b. Type 0 IIc + III early gastric cancer with converging folds. Histological examination
showed well-differentiated adenocarcinoma, and the depth of the invasion was the intramucosa.
Abrupt cessation and tapering of the fold and encroachment at the demarcation of the depressed
area and the tip of the fold were observed. a Conventional endoscopic finding.b Dye endoscopic
finding by indigo-carmine contrast method

Fig. 13a,b. Type 0 IIc early gastric cancer with converging folds. Histological examination
showed an undifferentiated adenocarcinoma, and the depth of the invasion was the submucosa.
a Conventional endoscopic finding. Clubbing of the fold was observed.b Dye endoscopic finding
by the indigo-carmine contrast method. Clubbing of the fold and partial amorphous structure
in the depressed area were clearly observed

a

a

b

b
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Fig. 16a,b. Type 0 I early gastric cancer. Histological examination showed a well-differentiated
adenocarcinoma, and the depth of the invasion was the submucosa. A collapsed lesion on top
of the protruding lesion was observed. a Conventional endoscopic finding. b Dye endoscopic
finding by the indigo-carmine contrast method

a b

Fig. 15a,b. Type 0 I early gastric cancer. Histological examination showed a well-differentiated
adenocarcinoma, and the depth of the invasion was the intramucosa.a Conventional endoscopic
finding. b Dye endoscopic finding by the indigo-carmine contrast method

a b

Fig. 14. High elevation of the whole lesion. The depth of the invasion was the subserosa. In
addition, clubbing and fusion of the fold were observed
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Fig. 17a,b. Type 0 IIa early gastric cancer. Histological examination showed a well-differenti-
ated adenocarcinoma, and the depth of the invasion was the intramucosa. a Conventional endo-
scopic finding. A flat, slightly reddened protruding lesion was observed. b Dye endoscopic
finding by the indigo-carmine contrast method. Surface structure with granular pattern and a
protruding lesion with an irregular margin were clearly observed

Fig. 18. Type 0 IIa early gastric cancer.
Histological examination showed a well-
differentiated adenocarcinoma, and the depth
of the invasion was the intramucosa. A flat,
slightly whitish protruding lesion with an
irregular margin was observed

a b
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Fig. 21. Type 0 IIb early gastric
cancer. Histological examination
showed an undifferentiated 
adenocarcinoma, and the depth
of the invasion was the intra-
mucosa. A flat, pale lesion 
with redness in the center was
observed

Fig. 20. Type 0 IIb early gastric cancer.
Histological examination showed a well-
differentiated adenocarcinoma, and the depth
of the invasion was the intramucosa. A 
flat, dull reddish lesion was observed, and the
visible vascular pattern, which is observed in
atrophic gastritis mucosa, disappeared

Fig. 19a,b. Type 0 IIb early gastric cancer. Histological examination showed a well-
differentiated adenocarcinoma, and the depth of the invasion was the intramucosa. a Conven-
tional endoscopic finding. A flat, dull reddish lesion was observed. b Dye endoscopic 
finding by the indigo-carmine contrast method. The surface pattern was clearly different from
that of the surrounding mucosa

a b



Ultrasonic Diagnosis of Gastric Cancer
Hidemitsu Yasuda1, Masanori Hashimoto1, Shouji Shimoyama2, and 
Michio Kaminishi2

Introduction

Ultrasonic diagnosis of the digestive tract was first reported in 1976 by Lutz and 
Petzoldt [1]. and then in 1980 by Morgan et al. [2]. Initial ultrasound devices were
limited in their capacity; they were only capable of visualizing hypertrophy and some
major changes of the whole intestinal wall. In 1980, Strohm et al. [3] reported their
attempt at using a rotating mirror-type ultrasonic endoscope. In the same year,
DiMagno et al. [4] conducted an animal experiment with an electronic linear array
ultrasonic endoscope. They described its clinical application in 1982 [5]. Following
refinements and modifications in the devices used for gastrointestinal ultrasonogra-
phy, the lamellar structure of the digestive tract began to be discussed.

In Japan, in 1981, Aibe reported his experience with endoscopic ultrasonography.
In 1984, he made a detailed report on the relationship between two-dimensional ultra-
sound images of the digestive tract wall and the histologically observed layers of the
digestive tract [6]. In 1982, Yamanaka et al. reported their experience with a 5-MHz
electronic linear array ultrasonic endoscope. In 1983, they reported endoscopic ultra-
sonography of early gastric cancer [7]. From 1983, we began the ultrasonic diagnosis
of gastric cancer. We scanned from the surface of the body of the patient. We com-
pared the ultrasonic images scanned before surgery with that of the specimen scanned
in a water tank after the surgery.

We also compared the ultrasonic images with pathological findings [8]. In 1986, cri-
teria for evaluation of the invasive depths of gastric tumors were promulgated [9].

Since approximately 1980, various theories have been proposed to interpret ultra-
sound images of the gastric wall. The view that the gastric wall is usually composed
of five layers has been widely accepted [10,11]. According to this view, the gastric wall
is composed of three hyperechoic layers and two hypoechoic layers sandwiched
between them. Almost universal consensus has been reached about the histological
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significance of each of these five layers. A hyperechoic layer is sometimes visible near
the base of the second layer [12–16]. This structure is viewed either as a boundary
echo appearing on the surface of the lamina muscularis mucosae or an echo appear-
ing in the border between the base of the fundic gland and the tissue facing the serosa.
If edema is present in the third layer, this layer is sometimes depicted as several
stripes.

Among other findings, it is noteworthy that boundary echo, which occurs on the
interface of two layers with different sound velocities, is displayed right under the
border as a thick beltlike layer. The third layer appears to be bulging out of the sub-
mucosal into the muscular layer. As a result, the fourth layer (lamina muscularis
propria) is depicted thinner than actually it is. A boundary echo between the internal
annular muscle layer and the external longitudinal muscle layer is sometimes depicted
within the hypoechoic area of the fourth layer.

Methods

We have examined 581 cases of gastric cancer patients by endoscopic ultrasonogra-
phy (EUS) before surgery. The ultrasonic apparati that we use are Toshiba SAL-30A
(3.5 MHz), SAL-50A (5.0 MHz), SAL-77A, SAL-90A, SAL-250A, and SAL-270A. The
ultrasonic endoscopes that we use are Toshiba-Machida EPE-703FL and PEF-703FA.

Ultrasonic Anatomy of the Gastric Wall

The normal digestive tract is usually composed of the following five layers when
observed by ultrasonography (Figs. 1, 2): first layer (foveolar, epithelium, scanned as
a hyperechoic layer, including the boundary echo between the intraluminal medium
and the foveolar epithelium); second layer (lamina propria mucosae, scanned as a
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Fig. 1. Ultrasonographic anatomy of the gastric wall. Consistently observed: first layer (hyper-
echoic); foveolar epithelium (M)/boundary echo; second layer (hypoechoic); lamina propria
mucosae (M); third layer (hyperechoic); submucosa (SM); fourth layer (hypoechoic); lamina
muscularis propria (MP); fifth layer (hyperechoic); subserosa and serosa (SS + S)/boundary
echo. Occasionally observed: hyperechoic area within the second layer; surface of lamina mus-
cularis mucosae (MM); a hyperechoic layer within the fourth layer; border between the inter-
nal annular muscle layer and the external longitudinal muscle layer



hypoechoic layer, including the lamina muscularis mucosae as well); third layer 
(submucosa, a relatively wide hyperechoic layer in the middle of the wall); fourth layer
(lamina muscularis propria, a hypoechoic layer, including the boundary echo between
the internal annular muscle layer and the external longitudinal muscle layer); and fifth
layer (subserosa and serosa, a hyperechoic layer, including the boundary echo between
the gastric wall and surrounding tissue).

Evaluation of the Depth of Gastric Tumor Invasion
The depth of tumor invasion is evaluated on the basis of ultrasonic features of the
gastric wall. Figure 3 shows the basic criteria for tumor depth evaluation. Depth “M”
means the absence of changes in the third layer; depth “SM” indicates the finding of
a defect (hypoechoic) in the third layer; depth “MP” refers to marked interruption of
the third layer with no change in the fifth layer; depth “SS” means smooth displace-
ment of the fifth layer; and depth “SE” indicates interruption of the fifth layer by a
hypoechoic area and the presence of an irregular outer margin. In type 4 cases, hyper-
trophy of all layers (particularly marked in the third layer) is seen and the echo 
level of the third layer is lower, with less clear borders between the third and other
layers.

Results

Accuracy Rate of the Depth of Gastric Cancer Invasion by EUS
When our 518 cases were examined, the predictive value of EUS was 76.8% for M cases
and 57.0% for SM cases (Table 1). The predictive value was 94.6% for early gastric
cancer and 82% for advanced gastric cancer. For the 32 patients with early 
gastric cancer for whom preoperative endoscopy and intraoperative assessment of
induration of gastric tumor were performed, the accurate diagnosis rate for M cases
was 72% with intraoperative diagnosis, 75% with EUS, and 70% with endoscopy
[13–16].
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Fig. 2. Ultrasonic images of the normal gastric wall (electronic linear array ultrasonic endo-
scope); endoscopic ultrasonography (EUS) image of the gastric wall at 7.5 MHz (left) and 11
MHz (right). The arrow in b indicates a hyperechoic layer within the second layer. This echo
appears to arise from the surface of the lamina muscularis mucosae



Echo Levels of Gastric Cancer and Ulcer Scars
The echo levels within the gastric cancer-affected area and the ulcer scar-affected area
were analyzed. Figure 4 shows a frequency distribution graph (bar graph) with an
overlapping normal distribution curve calculated from the mean and variance for the
60 gastric cancer cases and 27 cases with ulcer scars. On this graph, the distribution
of the echo level of gastric cancer was shifted toward lower levels as compared to the
echo level for the second layer (the 15th grade), whereas the distribution of ulcer scars
was shifted to higher levels. The echo level inside the gastric cancer was slightly 
lower than that for the lamina propria mucosae (the second layer). The echo level
inside the ulcer scars was significantly higher than the echo level of the lamina propria
mucosae.

206 H. Yasuda et al.

Fig. 3. Evaluation of the depth of gastric tumor invasion by ultrasonic method
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Table 1. Accuracy rate of the ultrasonic depth diagnosis of gastric cancer invasion by endoscopic ultrasonography (EUS)

Pathological diagnosis Accuracy (%) *1 Accuracy (%) *2 Accuracy (%) *3
on EUS M SM MP SS SE SS/SE SS + SE early/advanced

M 136 36 3 2 76.8 (136/177) 94.6 (295/312)

SM 46 77 10 1 1 57.0 (77/135)

MP 3 17 21 2 1 47.7 (21/44) 82.0 (169/206)

SS 1 8 9 14 9 34.1 (14/41) 77.2 (125/162)

SE 3 5 11 53 49 40.5 (49/121)

Accuracy (%): 72.0 53.8 38.9 19.4 81.7 57.3 (189/518) 69.3 (359/518) 89.6 (464/518)
retrospective

When our 518 cases were examined, the predictive value of EUS was 76.8% for M cases and 57.0% for SM cases; the predictive value was 94.6% for early
cancer and 82% for advanced cancer
M, absence of changes in third layer; SM, hypoechoic defect in third layer; MP, interrupted third layer; SS, smooth displacement of fifth layer; SE, fifth
layer interrupted by hypoechoic area plus irregular outer margin; accuracy *1, distinguish depth SS from depth SE; accuracy *2, diagnose depth SS and
depth SE as depth s; accuracy *3, diagnose depth M and SM as early; diagnose depth MP, SS, and SE as advanced



Evaluation of Blood Flow Through Gastric Cancer and 
Ulcer Scars
Endoscopic ultrasonography using the two-dimensional color Doppler method is also
useful in evaluating upper digestive tract diseases. The size and number of blood
vessels greater than 100mm in size in gastric cancers were examined using an image
analyzer and then compared with histological findings. The blood flow detection rate
by the Doppler method rose when the maximum diameter of blood vessels within a
lesion was greater than 400–500mm or the total area of vascular cross section per 
1 cm2 was more than 1 mm2. The vascular diameter and area per unit area differed 
significantly among the M, SM, and advanced cancer groups. This result suggests 
that SM cancer can be distinguished from advanced cancer by the current Doppler
method.

The group rated as positive by the Doppler study had a significantly elevated inci-
dence of tumor metastasis to lymph nodes (33.4%). Postoperative remote metastasis
was noted in 4 (6.6%) of the 61 cases rated as positive by the Doppler test. In contrast,
no remote metastasis was found in 56 of the 61 cases rated as negative. These results
suggest that evaluation of blood flow in the tumor by the Doppler method can predict
the risk for remote metastasis to some extent.

Lymph Node Metastasis
Body Surface Scanning
Group 1. Lymph nodes are easier to identify if the patient drinks water before scan-
ning. Arteries and veins of the greater omentum can be checked by the color Doppler
method, although swelling of lymph nodes does not readily allow a diagnosis of lymph
node metastasis. Thick lymph nodes, assuming a quasispherical form, are suspected
of representing tumor metastasis (Fig. 5).

208 H. Yasuda et al.

Fig. 4. Echo levels of gastric cancer and ulcer scars. Black bars indicate frequency distributu-
ion of mean echo levels of gastric cancer; blue shaded bars indicate frequency distributuion of
mean echo levels of scar tissue. Two normal distribution curves are overlapped to the bar graph



Group 2. Lymph nodes around the celiac artery, the common hepatic artery, the
splenic artery, etc., can be clearly scanned from the body surface. To identify these
lymph nodes, it is better to scan without having the patient ingest water, because the
air swallowed with water can hamper their detection. Care is taken to avoid mistak-
ing the accessory spleen for swollen lymph nodes.
Group 3. Swollen lymph nodes around the aorta and on the dorsal side of the pan-
creatic head can also be clearly visualized by ultrasonic scanning from the body
surface.

Endoscopic Ultrasound Scanning
The lymph nodes around the stomach and the esophagus are scanned. Because
swelling of lymph nodes can represent inflammation, we cannot make a definite diag-
nosis as to the presence or absence of lymph node metastasis on the basis of mor-
phological features alone. However, normal lymph nodes tend to be flat and show a
homogeneous internal echo, whereas lymph nodes with a spherical form, irregular
edges, and nonhomogeneous internal echo may reflect tumor metastasis (Fig. 6).

Clinical Cases

O-IIa Type (Depth, M)
Preoperative EUS image (Fig. 7a): The hypoechoic area within the second layer (M
layer) is thickened (the area between white arrows). The third layer shows no change
(black arrow). The hyperechoic area within the third layer (SM layer) is slightly
depressed at the point of the black arrow, but the displacement is smooth, ruling out
cancer invasion. The depth is thus rated as M.

Pathological findings (Fig. 7b): Well-differentiated adenocarcinoma, consistent with
the ultrasound image. Depth is rated as M.
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Fig. 5. Two swollen lymph nodes detected
along the lesser curvature of the middle
gastric body by scanning from body surface
after water intake



O-IIc + (III) Type (depth, M)
Preoperative EUS image (Fig. 8a): A lesion is visible between the descending arrows.
The first layer (corresponding to the foveolar epithelium) is not clear. The third layer
shows mild wavy hypertrophy. No echo level reduction is visible (the area between the
ascending black arrows). Because the IIc plane was wide, the lesion was attributed to
insufficient dilatation of the gastric wall. Depth was rated as M preoperatively.
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Fig. 7. O-IIa type (depth, M).
a Preoperative EUS image.
White arrows indicate the
range of IIa lesion. Black
arrow shows shallow
depression of the third layer
representing the lymphoid
follicle. b Pathological
findings. (H&E, original
magnification: ¥20)

Fig. 6. Swollen lymph node
along the greater curvature of
the cardia depicted by EUS
scanning

a

b
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Fig. 8. O-IIc + (III) type (depth, M). a
Preoperative EUS image. White arrows
indicate the range of IIc lesion. Black
arrows show slightly narrowing of the
third layer. b Histological findings.
(H&E, original magnification: ¥20)

Histological findings (Fig. 8b): Signet-ring cell carcinoma. Mild fibrosis is visible in
the submucosa. Depth was rated as M.

O-IIc + (III) Type: (Depth, M) (Smooth Tapering)
Preoperative EUS image (Fig. 9a): The center of the third layer in the affected region
shows a gradual decrease in thickness (smooth tapering). The echo level has decreased
to a level intermediate between the levels of the third and second layers; this is a
typical EUS image of an O-IIc + (III) tumor. The mild decrease in echo level suggests
ulcer scars.

Histological findings (Fig. 9b): Ulcer scars, extending to the muscular layer, are
visible, but the cancer remains within the mucosa.

O-IIc Type (Depth, SM)
Preoperative EUS image (Fig. 10a): A defect of the third layer is visible (between the
white arrows). The depth of invasion is rated as SM on the EUS image.

Pathological findings (Fig. 10b): A focus of cancer is visible in the submucosa
(between the arrows). It is histologically rated as signet-ring cell carcinoma. The
pathological features are consistent with those seen on the EUS image. The submu-
cosal invasion is 2 mm in width and about 1 mm in depth. This is the minimal tumor
invasion detectable by the current EUS technique.

a

b
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Fig. 9. O-IIc + (III) type: (depth, M)
(smooth tapering). a Preoperative EUS
images. White arrow indicates the region
showing smooth tapering. b Histological
findings. (H&E, original magnification: ¥40)

Fig. 10. O-IIc type (depth,
SM). a Preoperative EUS
image. White arrows indicate
the defect of the third layer. b
Pathological findings. Black
arrows indicate a focus of a
cancer in the submucosa.
(H&E, original magnification:
¥20)

a

b

a

b



O-IIc + (III) Type (Depth, SM)
Preoperative EUS image (Fig. 11a): Although the depth of invasion is rated as M by
preoperative EUS, retrospective observation yields a slightly invasive hypoechoic area
in the third layer (arrow), suggesting tumor invasion with a depth of SM.

Pathological findings (Fig. 11b): The tumor is rated as tub2, with an invasive depth
of SM. Histopathological features are quite consistent with the EUS findings.

O-IIa + IIc Type Lesion (Depth, SM)
Preoperative EUS image (Fig. 12a): A hypoechoic area, evidently occupying the third
layer, is noted. As the deepest part of the third layer remains intact, the depth of inva-
sion is rated as SM.

Pathological findings (Fig. 12b): The tumor is rated as signet-ring cell carcinoma,
with an invasive depth of SM. The small space (200mm) between the submucosal focus
and the muscular layer is less than the ultrasound device’s resolution of distance, but
a hyperechoic layer is visible, slightly protruding from the third layer to the fourth

Ultrasonic Diagnosis 213

Fig. 11. O-IIc + (III) type (depth,
SM). a Preoperative EUS image.
White arrow indicates a hypoe-
choic area in the third layer.
b Pathological findings. White
arrows indicate a cancer lesion in
the submucosa. (H&E, original
magnification: ¥40)

a

b



layer. This is a typical case in which the border is visible, although the width of the
border layer is less than ultrasonic resolution.

O-IIa + IIc Type Lesion (Depth, SM)
Preoperative EUS image (Fig. 13a): A hypoechoic area, occupying the third layer, is
visible. Because this area contacts the fourth layer, a diagnosis of slight invasion of the
MP is made.

Pathological findings (Fig. 13b): The tumor is rated as tub2, with the depth of
invasion being SM. The cancer focus remains in the submucosa, but the focus in the 
submucosa is in direct contact with the muscularis propria. Because the acoustic
impedance differs little between the cancer focus and the muscularis propria, the
cancer appears to be continued with the muscularis propria on the ultrasound 
image.
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Fig. 12. O-IIa + IIc type lesion (depth,
SM). a Preoperative EUS image. Arrows
indicate a hypoechoic area in the third
layer. b Pathological findings. White
arrow indicates a cancer lesion in the
submucosa

a

Fig. 13. O-IIa + IIc type
lesion (depth, SM). a Preop-
erative EUS image; b Patho-
logical findings. White arrows
indicate a cancer lesion in the
submucosa



Type 2 Advanced Cancer (Depth, MP)
EUS image (Fig. 14): A typical Preoperative EUS image of MP cancer. The third layer
(SM) is interrupted at both ends of the tumor. A boundary echo within the fourth
layer musculature (arrow) is retained in the center of the lesion. The cancer has
invaded the superficial muscular layer.

Type 3 Advanced Cancer (Depth, SS)
EUS image (Fig. 15): Irregular hypoechoic areas are visible across all layers of the
gastric wall. The fifth layer shows smooth displacement. The normal third layer is
interrupted at the point indicated by the arrow. Diffuse hypertrophy, primarily in the
third layer at the tumor center, is characteristic of scirrhous-type gastric cancer.
Diffuse hypertrophy of the gastric wall is visible around the lesion. This is a type 3
advanced cancer.
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Fig. 14. EUS image of type 2
advanced gastric cancer
(depth, MP). White arrow
indicates a boundary echo
within the lamina muscularis
propria

Fig. 15. EUS image of type 
3 advanced cancer (depth,
SS). Two arrows indicate the
interrupted points of normal
third layer



Type 4 Advanced Cancer (Depth, SS)
EUS image (Fig. 16): Severe hypertrophy is visible in the second, third, and fourth
layers. Tumor invasion is suggested in the hypertrophic areas. Tumor invasion reduces
the echo level. Because the bright third layer is thickened, there is an impression that
the overall echo level has risen. In fact, however, the echo level of the third layer of
the lesion has decreased to a level intermediate between the normal second and third
layers.

Discussion

Devices
There are two types of ultrasonic endoscope. One is composed of an ultrasound probe
attached to the tip of an endoscope, and the other is a small-diameter probe (minia-
ture probe) that can be inserted through the forceps channel of an ordinary endo-
scope. The special device can be divided into a mechanical radial scanner and an
electronic linear or convex probe. The mechanical radial scanner can yield real-time
images (movie) with the probe rotating for a 360° range. This type of device provides
a wide visual field, but the interval between two beams becomes wider as the object
is further away, resulting in lower resolution. The electronic linear or convex probe
switches the scanning lines electrically and yields real-time images along a given cross
section. The linear type is composed of linearly arrayed probes. The convex type is
composed of probes arranged in an archlike form. Spatial resolution is high with the
electronic linear or convex probe, but the scanned area is narrower. The special device
first mentioned can be used for two-dimensional color Doppler evaluation of blood
flow through the digestive tract wall and inside the tumor. Some types of this device
allow puncture cytology and histological examination under ultrasound guidance
(Olympus GF UC240P-AL5, GF UTC240-AL5, GF UMP230; Pentax EG-3630U,
FG-34UX, etc.; Toshiba PEF-708FA, etc.).
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Fig. 16. EUS image of type 4
advanced cancer (depth, SS)



The miniature probe is easy to use and can be applied to many purposes. However,
it is susceptible to the influence of fiber torsion. Furthermore, fine adjustment of the
tip angle of this type of probe to the curve of the gastric wall is sometimes difficult.
In the high-frequency range (above 12 MHz), this type of probe can yield detailed
cross-sectional images (Olympus UM-S30-25R), but when used for thick lesions the
power of the ultrasound will attenuate, reducing the accuracy of information on the
deeper side of the tissue. The Fujinon miniature probe is characterized by the ability
to perform radial scanning and to yield linear images by mechanical pullout manip-
ulation. When using this probe manually, care must be taken regarding the speed of
pullout manipulation and to avoid distortion of the scanned cross section. New probes
are marketed that can evaluate three-dimensional structures (UM-3D2R and UM-
3D3R). These probes are used in combination with EU-IP2 to obtain three-
dimensional images.

Depth Diagnosis
Yoshino et al. [17] reported that the rate of accurate determination of the depth of
tumor invasion in 204 gastric cancer cases was 85.3%. For the 109 early gastric cancer
cases, the accuracy was 85.3% for those rated as M and 67.3% for those rated as SM.
Chonan et al. [18] reported accuracy for 100 cases of type IIc early gastric cancer (pM-
SM1), 96.2% with EUS and 94.2% with endoscopy. For 5 pSM2 cases, the accuracy was
62.5% with EUS and 75% with endoscopy. The accuracy will rise to 80%, approxi-
mately, when EUS images are analyzed in comparison to the pathology, including
review of cases with overdiagnosis resulting from micro-invasion and ulceration
[19–21]. The ability to detect cancer tissue in the submucosal layer and ulcer scar
(information essential for endoscopic mucosal resection) will exceed 90%, excluding
microinvasion. EUS often provides valuable information on lesions of the upper part
of the gastric body in cases presenting ectopic glands in the submucosal layer, and
also in cases showing small amounts of tumor invasion into the submucosal layer. On
the other hand, endoscopy allows a higher accurate diagnosis rate in cases in which
extension of the gastric wall is insufficient (e.g., IIa + IIc lesions at the pylorus). The
accurate diagnosis rate for SM cases was markedly higher, if the two diagnoses yielded
the same results.

Factors Hampering Accurate Diagnosis
Attenuation of Ultrasound
When a miniature probe is used, ultrasound attenuation raises a significant problem,
particularly in cases in which the lesion is thick (greater than 10 mm). In such cases,
it is advisable to use a conventional type of EUS. If the lesion has a pedicle, it is worth-
while to attempt to place the probe at the base of the pedicle or compress the lesion
with a balloon.

Fibrosis
Fibrosis and inflammatory cell infiltration can also lead to overdiagnosis. Depending
on the severity of inflammation and the timing of ulceration, the echo pattern of
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fibrous tissue sometimes differs from the echo pattern of cancerous tissue. Ulcer scar
tissues show a rise in echo level as they heal.[2,3] Signs of inflammatory changes
include (1) a higher echo level as compared to cancerous tissue, (2) a symmetrical
pattern that tends to concentrate at a single point, and (3) slight destruction of the
gastric wall. When an ultrasound device is capable of detecting blood flow in the
digestive tract wall or tumor by the two-dimensional color Doppler method, blood
flow tends to be more abundant in cancerous than in fibrous tissue. However, at
present, it is not easy to distinguish cancerous tissue from fibrous tissue on ultrasound
images.

Microinvasion
The resolution of endoscopic ultrasonography is determined by the axial resolution,
lateral resolution, and slice thickness of ultrasonic beam. It can also vary depending
on the frequency of the ultrasound used and the type of scanning (mechanical radial
scanning or electronic scanning). It is in the order of several hundreds of microme-
ters. With the ultrasound devices currently available, it is difficult to detect tumor
invasion in some glands.

Essential Points in EUS Procedure
1. Accurate localization of lesions. It is essential to confirm that the lesion is 

accurately scanned.
2. Minimization of contamination of deaerated water by residue and air. Bubbles

and food residues attenuate ultrasound beams, making it difficult to evaluate the con-
tinuity of layers.

3. The angle must be adjusted so that ultrasound beams can be applied perpen-
dicularly to the layers of the lesion. When a cross section is scanned obliquely, the
resultant image sometimes shows thickening or partial breakage of the normal layers.
If the dose level of the antispasmodic is insufficient, accurate cross-sectional images
are difficult to obtain due to movement of the wall.

4. A reduction in echo level of the submucosa due to fibrosis or edema needs to be
distinguished from a reduced echo level caused by cancer invasion. Locally thickened
muscularis propria or submucosa, caused by contraction of the digestive tract wall,
must be distinguished from cancer invasion.

Conclusion

In conclusion, endoscopic ultrasonography yielded valuable information on the
deeper mucosal layers and blood flow in gastric cancer and wall. Endoscopic ultra-
sonography also allowed puncture under ultrasonic guidance. This technique may
thus become indispensable for the diagnosis and treatment of gastric cancer.
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Recent Advances in Radiology for the
Diagnosis of Gastric Carcinoma
Gen Iinuma1, Hideto Tomimatsu1, Yukio Muramatsu1, Noriyuki Moriyama1,
Toshiaki Kobayashi2, Hiroshi Saito2, Tetsuo Maeda3, Kunihisa Miyakawa3,
Fumihiko Wakao3, Mitsuo Satake3, and Yasuaki Arai3

Introduction

Radiographic diagnosis of gastric carcinoma [1] was first introduced in the 1960s
in Japan, which led the world in the early diagnosis of gastric carcinoma by double-
contrast method using film-screen systems (FSS) [2,3]. Qualitative diagnostics, includ-
ing diagnosis of the depth of tumor invasion, were explored thoroughly in the 1970s,
and it could be claimed that the radiographic diagnosis of gastric carcinoma was 
completely established by the beginning of the 1980s [4]. Gastric radiography has now
become a standard examination modality in the screening and preoperative staging
of gastric carcinoma and is widely used across the globe. The mortality rate from
gastric carcinoma is especially high in Japan, and gastric radiography has made a sub-
stantial contribution to the detection of gastric carcinoma in mass screening. With
recent advances in endoscopic techniques, the primary role in the diagnosis of gastric
carcinoma, including its early diagnosis, has been inherited by endoscopy, but it is
also a fact that radiography is still widely used in clinical diagnosis in screening and
preoperative staging [5]. The demand for computerization of medical information
grew in the 1980s, and against a background of advances in image engineering, the
digitalization of medical images has proceeded apace [6,7]. In gastric radiography,
too, digitalization via digital radiography (DR) using high-resolution charge-coupled
device (CCD) cameras (CCD-DR) has been established and disseminated rapidly, and
we also have reported its usefulness in the diagnosis of gastric carcinoma [8]. Mean-
while, a recent major development in the field of radiology has been the emergence
of multidetector row computed tomography (CT) (MDCT) [9]. With the advent of
MDCT in the second half of the 1990s, CT has achieved increased efficiencies and
improved image quality in a revolutionary scanning modality [10]. In the preopera-
tive staging of gastric carcinoma, it is now possible to accurately evaluate local inva-
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sion and small metastases, and three-dimensional (3D) MDCT imaging (MDCT gas-
trography) has arrived on the scene as a new diagnostic tool for primary lesions.

In this chapter, we describe the present status of radiologic diagnosis of gastric car-
cinoma using CCD-DR at our center, report our experience of MDCT gastrography in
the preoperative staging of gastric carcinoma, and discuss the future prospects for
radiographic diagnosis of gastric carcinoma using these new diagnostic techniques.

Advanced Digital Radiographic Systems for 
Gastric Diagnosis

In our hospital, images yielded by radiography of the gastrointestinal tract became
completely digitalized with the adoption of CCD-DR (DR-2000H; Hitachi Medical,
Tokyo, Japan) in 1999. At present, hard copies of diagnostic images are prepared for
interpretation, but monitor-based diagnosis is yet to become a reality. Our radi-
ographic investigations of the gastrointestinal tract use three CCD-DR systems: one
C-arm type, one over-tube type, and one under-tube type. Each CCD-DR is connected
by a DR network to two laser printers and an image server, and in parallel with the
scanning procedure, reference images are forwarded to the hospital information
system via a gateway after DICOM (digital imaging and communication in medicine)
conversion at the same time as the diagnostic images are processed. After DICOM
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Fig. 1. Advanced digital radiography system for gastric diagnosis. Three charge-coupled device-
digital radiography (CCD-DR) units are routinely used for gastric examinations in our hospi-
tal. Each unit connects with a DR network, and the images can be diagnosed on an image
workstation



conversion, the images are accessible for monitor diagnosis at an image workstation
with three viewers (Fig. 1).

The Status of CCD-DR-Based Radiographic Examination of
Gastric Carcinoma
At our center, we use 250–300 ml barium at a 130–140 w/v% concentration in gastric
radiographic studies. The scanning methods employed are the filling method, double-
contrast radiography, and the compression method, but the core diagnostic technique
in radiographic diagnosis of gastric carcinoma is double-contrast imaging obtained
with barium (positive contrast medium) and gas (negative contrast medium). After
barium is swallowed, the patient is given 5 g of a foaming agent, and by distending the
stomach via the CO2 gas so produced, we are able to easily obtain double-contrast
images. The barium contained in the gas-distended stomach moves with changes in
posture, and double-contrast images of excellent quality are obtained by ensuring that
the barium adheres uniformly to the mucosal surfaces. Unlike the filling and com-
pression methods, double-contrast imaging is indispensable for the visualization of
early gastric carcinoma, which is characterized by few irregularities of the mucosal
surfaces (Fig. 2). With gastric radiography based on the double-contrast method, we
can easily identify the macroscopic types of gastric carcinomas, their exact extensions
and locations in the stomach (Figs. 3–6). However, viewing double-contrast images
obtained with contrast provided by gas and barium requires a broad dynamic range.
The dynamic range for CCD-DR images adequately covers the image quality required
for gastric radiography, and the image quality matches that in conventional FSS.Addi-
tionally, CCD-DR digital images also enable the optimization of image quality via
image processing after scanning and, compared with FSS, are relatively well matched
image by image and allow standardized diagnostic images to be obtained.

Comparative Evaluation of FSS and CCD-DR in the Diagnosis of
Gastric Carcinoma
We conducted a prospective study to evaluate the difference in diagnostic accuracy
between FSS and CCD-DR, and reported in a publication of Radiology [8]. From
January to February 1997, we randomly assigned patients scheduled for gastric radi-
ography to either FSS or CCD-DR; 112 patients were examined by FSS and 113 by
CCD-DR. Six radiologists who were blinded to the clinical details assessed the films
for each patient with a six-level confidence rating for the presence or absence of
gastric carcinoma. The CCD-DR images in this study were prepared as hard copies
for diagnosis. The diagnoses for each patient were rated against those produced by
three other radiologists who conducted the actual radiographic examinations and
were aware of all clinical data, such as endoscopic findings and the pathology of biopsy
specimens. The sensitivity and specificity of FSS and CCD-DR for gastric carcinoma
were determined from the assessments obtained, the difference between the two
modalities was statistically analyzed, and a comparison was performed by receiver-
operating characteristic (ROC) analysis. The study yielded a diagnosis of gastric 
carcinoma by FSS in 24 patients and by CCD-DR in 27 patients; the sensitivity for
diagnosing the presence of gastric carcinoma was 64.6% and 75.3%, respectively 
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(P = 0.278), and the specificity was 84.5% and 90.5%, respectively (P = 0.011). The 
ROC analysis [11] also showed that the diagnostic performance of CCD-DR was
clearly superior (Fig. 7).

Usefulness of Radiography of Gastric Carcinoma by CCD-DR
The diagnostic performance of CCD-DR for gastric carcinoma is adequately compa-
rable to that of FSS, indicating that the digitalization of images in gastric radiography
is entirely feasible. The future adoption of diagnosis by monitor display will make pos-
sible the real-time display and optimization of diagnostic images and enable greater
ease of image storage and retrieval. Capitalizing on these advantages of digitalization
promises to yield an efficient and effective diagnostic environment for screening and
preoperative staging, as compared with the conventional FSS modality.

Preoperative Evaluation of Gastric Carcinoma 
Using MDCT

To date, the role of radiographic CT studies in the preoperative staging of gastric car-
cinoma has primarily involved evaluating invasion of surrounding organs or metas-
tasis to lymph nodes or other organs, and it was rare for it to be used for evaluation
of the primary tumor itself [12,13]. However, the advent of MDCT has made possible
the arrival of full-scale volume scans, facilitating high-speed, detailed image acquisi-
tion over an extensive area. The degree of resolution of CT images has improved 

224 G. Iinuma et al.

Fig. 7. Receiver operating characteristic (ROC) curves obtained from six observers. All
observers achieved more accurate results with CCD-DR than with conventional radiography.
Diagnostic accuracy of CCD-DR is clearly superior to that of conventional radiography. (Used
with permission from Radiological Society of North America)



dramatically with MDCT, enabling the detailed evaluation of local lesions and the
detection of small metastases, even in ordinary axial images [14]. Moreover, worksta-
tions that are capable of processing the massive quantities of image data produced by
MDCT have been developed, and the three-dimensional CT visualization of gastric
lesions, which is called MDCT gastrography, has become straightforward. This trend
is fairly flourishing in the diagnosis of colorectal cancer as MDCT colonography,
which is considered to have a great potential of being a modality for colorectal cancer
screening [15–17].

Three-Dimensional Visualization of the Stomach by 
MDCT Gastrography
To visualize gastric lesions in three dimensions using MDCT, it is necessary to distend
the gastric lumen with a foaming agent (CO2 gas). As a consequence of the contrast
between the gas and the inner gastric surface, owing to the substantial difference in
density, it is possible to effortlessly prepare 3D images of the inner gastric surface.
MDCT gastrography employs two methods for visualization, virtual endoscopic views
and 3D gas insufflation views, obtained by 3D processing of the CT image data 
(Fig. 8).

Evaluation of the Detectability of Gastric Carcinoma by 
MDCT Gastrography
In the 3-month period between March and June 2003, we evaluated 4-row MDCT
(Aquilion; Toshiba Medical Systems, Tokyo, Japan) in 84 gastric carcinoma patients
who underwent MDCT for preoperative staging. Each scan was performed with the
standard abdominal scan parameter settings for preoperative staging using automatic
exposure control [18]. We prepared virtual endoscopic and 3D gas insufflation views
from the image data obtained for each patient by MDCT volume scans, and two radi-
ologists prepared responses on the basis of all clinical data for each patient, includ-
ing gastroscopic findings, and the detectability of gastric carcinoma was evaluated by
consensus for each display method. Eighty-six gastric carcinoma lesions (44 early and
42 advanced lesions) were diagnosed in the 84 patients. The detectability by virtual
endoscopic and 3D gas insufflation views by MDCT gastrography was 47.7% and
40.9%, respectively, for early lesions (Table 1), and 59.5% and 76.2% for advanced
lesions (Table 2). Hence, the detectability was less than 50% for early lesions, but about
60%–70% for advanced lesions of gastric carcinoma [19]. Especially in early lesions,
all protruded-type lesions could be recognized, while less than half of depressed-type
lesions, which is a common type of early gastric carcinoma, were missed (Figs. 9, 10).
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Table 1. Detectability for 44 early gastric carcinomas by multidetector row computed 
tomography (MDCT) gastrography

Protruded Flat elevated Depressed
type type type Total

Virtual endoscopic 100% (2/2) 50.0% (1/2) 45.0% (18/40) 47.7% (21/44)
views

Three-dimensional gas 100% (2/2) 50.0% (1/2) 37.5% (15/40) 40.9% (18/44)
insufflation views



MDCT gastrography is presently inadequate for the detection of gastric carcinoma
and its potential for clinical application is low.

Potential for MDCT Gastrography in Preoperative Staging for
Gastric Carcinoma
MDCT gastrography is simpler and less invasive than endoscopy and radiography,
and permits evaluation of the stomach overall in an examination of short duration.
Detection of early lesions is challenging, and although it therefore has low potential
as a screening method, it is capable of detecting lesions that are advanced to a certain
extent, and also of simultaneously detecting lesions in other organs of the abdomen.
In preoperative staging, as for radiography, it is capable of objectively ascertaining the
position and overall picture of the primary lesion, and of diagnosing the relations
between the degree of extramural invasion and surrounding organs. With the axial
images of MDCT, representing a quantum leap in resolution compared with normal
CT, it was possible to also diagnose correctly lymph node metastasis. Because MDCT
itself is an examination method required for the preoperative diagnosis of local spread
or remote metastasis of gastric carcinoma, it is highly likely at present that it can par-
tially replace the role of radiography or ultrasound endoscopy. As well, because the
image data of MDCT is digitalized density information, it is possible to selectively
visualize 3D information in a manner that is effective for diagnosis, and has a great
potential of being a modality for computer-aided diagnosis [20]. By digitally com-
bining the 3D view of the primary lesion and the 3D image data of diagnosed lymph
node metastasis, it will be possible to provide surgeons with effective preoperative 3D
views of gastric carcinoma (Fig. 11).

Conclusions

As a result of future advancements in image engineering and computer technology,
digital radiographic systems and MDCT systems will continue to evolve, and it can
be predicted that new diagnostic methods that utilize the advantages of digitalization
in the radiological diagnosis of gastric carcinoma will also be developed. MDCT gas-
trography has little potential at present as a diagnostic method for the primary lesions
of gastric carcinoma. However, with further advances in MDCT, higher-speed exam-
inations, improved image quality, and optimization of exposure dose, it appears
certain that MDCT gastrography will gradually replace radiography, endoscopy, and
ultrasound endoscopy.
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Table 2. Detectability for 42 advanced gastric cancers by MDCT gastrography

Borrman Borrman Borrman Borrman
I type II type III type IV type Total

Virtual endoscopic 0% (0/1) 84.6% (11/13) 68.8% (11/16) 25.0% (3/12) 59.5% (25/42)
view

Three-dimensional 0% (0/1) 76.9% (10/13) 68.8% (11/16) 91.7% (11/12) 76.2% (32/42)
gas insufflation 
view
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Fig. 2. A 55-year-old man. A flat lesion is
visualized at the lesser curvature side of the
lower gastric body (a, arrows). CCD-DR
clearly delineates the irregular surface of the
lesion (b). Gross specimen shows a flat type
of early gastric cancer, 2.5 ¥ 1.5 cm in size (c)

Fig. 3. A 65-year-old woman. A depressed
type of advanced cancer with converging folds
is clearly demonstrated by CCD-DR at the
anterior wall of the middle gastric body (a).
Gross specimen shows a relatively deep car-
cinomatous erosion of 5.5 ¥ 4.5 cm. The 
converging folds partially make some protu-
berance at the margin of the lesion (b)

a b

c

a

b
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Fig. 4. A 70-year-old man. CCD-DR visualizes two gastric cancers at the posterior of the lower
gastric body to the antrum (a). Gross specimen demonstrates a protruded advanced cancer with
central ulceration measuring 4.0 cm and a protruded type of early cancer measuring 2.0 cm (b)

a

b

Fig. 5. A 55-year-old man. CCD-DR demonstrates a depressed type of gastric cancer at the pos-
terior wall of the antrum (a). Gross specimen shows a depressed type of advanced cancer 5.0 ¥
4.5 cm in size (b)

a

b
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Fig. 6. A 71-year-old man. An advanced cancer is demonstrated by CCD-DR just below 
the cardia (a). Gross specimen shows an ulcerative type of advanced gastric cancer 6.0 cm in
diameter (b)

a

b

Fig. 8. Two imaging modes of multidetector row computed tomography (MDCT) gastrography.
a A representative virtual endoscopic view, resembling gastroscopic images. b A representative
3D gas insufflation view, resembling radiographic images

a b



Fig. 9. A 63-year-old man. Conventional endoscopy demonstrates a protruded type of early
gastric cancer 2 cm in size at the greater curvature side of the upper gastric body (a). The lesion
is clearly visualized by virtual endoscopic view (b)

a

b

a

b

c

d

Fig. 10. A 33-year-old man. A small depressed type of early gastric cancer measuring 1.5 cm is
identified at the posterior side of the gastric angle by gastric radiography and gastroscopy
(arrows in a, b). The lesion can barely be recognized by virtual endoscopic and 3D views of
MDCT gastrography (arrows in c, d)
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Fig. 11. Three-dimensional
imaging of a gastric cancer
and lymph node metastases.
The 3D view of the primary
lesion (arrow) and the 3D
image data of diagnosed
lymph node metastases can
be combined digitally to
produce effective 3D views of
gastric carcinoma in the pre-
operative staging
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Therapy for Gastric Carcinoma



The Gastric Cancer Treatment
Guideline
Mitsuru Sasako

Introduction

The Japan Gastric Cancer Association issued the first edition of the Gastric Cancer
Treatment Guideline in March 2001 [1]. Based on new evidence, the second edition
was issued in April 2004 [2]. In this chapter, the content of this guideline is introduced.

Background of the Japanese Guideline

Gastric cancer remains the most common cancer in Japan, although it surrendered
first place of the high annual mortality rate to lung cancer. The mortality rate of gastric
cancer is seven times higher in Japan than in the United States and three times higher
than in the UK [3]. Consequently, gastric cancer patients are treated not only in cancer
specialist hospitals but also in most university hospitals and general hospitals, even
in rural areas. In more than 100 Japanese hospitals, more than 100 patients undergo
gastrectomy for gastric cancer every year. Even in other hospitals, the hospital volume
is much higher than in most European hospitals.

The second unique situation in Japan is that more than half the patients have T1
tumors, that is, early gastric cancer. This result is partly due to the mass screening
system, which covers actually as little as 10% of the entire population over 40 years
old [4]. On the whole, the knowledge of the high risk of gastric cancer among general
practitioners and even among the common citizen seems more important for early
detection of this disease. Most Japanese tend to undergo endoscopy when they have
even minimum symptoms of the upper gastrointestinal tract. We have accumulated
an enormous database using the common rule, The General Rules for the Gastric
Cancer Study issued by the Japanese Research Society for Gastric Cancer in 1962.
According to the large database, the incidence of lymph node metastasis increases by
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tumor depth, and the deeper the tumor invasion, the more distant regional lymph
nodes become metastatic. The incidence of nodal metastasis was just 2%–3% in T1
mucosal cancer and 15%–20% in T1 submucosal cancer [5]. Using this database, it was
possible to select patients with T1 tumors who have negligible risk of lymph node
metastasis. Together with the development of the instruments and technique of endo-
scopic mucosal resection (EMR), many of these mucosal cancers with minimal risk of
nodal metastasis are now treated endoscopically [6]. In the year 2003, approximately
350 patients with T1 tumor underwent an EMR as definitive treatment, whereas about
300 underwent open surgery at National Cancer Center Hospital, Tokyo.

One of the reasons for this high incidence of early gastric cancer (EGC) is that the
diagnostic criteria of gastric carcinoma are slightly different in Japan from those in
the West [7]. Many Western pathologists diagnose the lesions without definite inva-
sion as dysplasia, whereas they are diagnosed as well-differentiated adenocarcinoma
in Japan if they have cellular and structural atypia compatible with adenocarcinoma.
As biopsy specimens are usually taken from the surface of the lesions, they cannot
prove deeper invasion of the lesions. Therefore, many of these “dyplasia” actually
invade into the submucosal layer or even deeper when they are resected and histo-
logically examined [8].

The most common type of surgery for curable gastric cancer in Japan is a gastrec-
tomy with D2 lymph node dissection. In many Western countries, surgeons refrain
from this procedure due to higher mortality than limited surgery (D0/1) and uncer-
tain efficacy [9]. This contrast is partly explained by the high incidence of the disease
and subsequent high hospital and surgeon volume in Japan, but also by the relatively
low body mass index of the average Japanese. Difficulty and efficacy of abdominal
surgery are somewhat affected by the volume of intraabdominal adipose tissue. In
obese patients, generally speaking, a complicated surgery is much more difficult than
in slim patients. Less than 1% of patients have body mass index over 30 in Japan,
whereas more than 20% are obese in the United States. This fact makes surgeons more
conservative in use of an aggressive type of surgery in the West.

Principles: Basic Structure of the Guideline

This guideline shows the standard treatments and reasonable options for each stage.
They are clearly separated into two groups, the standard treatments or the treatments
under investigation (Tables 1, 2). As treatment strategy varies widely in EGCs, the
standard treatment is indicated with detailed conditions in stage Ia and Ib tumors.
Unlike many other guidelines, the algorithm system is not used.

Treatment of Early Gastric Cancer

A wide resection with lymphadenectomy remains the gold standard treatment for
gastric cancer, even for T1 gastric cancers, 10% of which have lymph node metastasis.
In the guideline, standard radical gastrectomy is defined as a gastrectomy of more than
two-thirds of the stomach with D2 lymph node dissection. However, patients with neg-
ligible risk of having nodal metastasis can be treated by a mere wide resection, avoid-
ing a gastrectomy, which makes a serious change of eating habits obligatory.
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The endoscopic mucosal resection (EMR) is the most beneficial method for patients
because they do not have to undergo laparotomy or general anesthesia [6]. Theoreti-
cally, several groups of patients have very limited probability of nodal metastasis [10].
If the lesion is a mucosal cancer of differentiated histology without either lymphatic
or vascular involvement, and without ulcerative change, the probability of lymph
nodal metastasis is less than 0.3%. If the lesions fulfill the criteria, except that there
is ulcerative change inside the lesion, only those that are 3 cm or less in size can be
regarded as node negative (less than 0.8%). For lesions showing minimal submucosal
invasion, less than 500mm in depth, without lymphatic or vascular involvement, with
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Table 1. Stage-specific standards of care by the Japanese Guideline

N0 N1 N2 N3

T1(M) EMR, ModA ModB STD Ext
Palliative surgery

T1(SM) ModA STD
CTX

ModB

T2 STD STD STD Radiation therapy

T3 STD STD STD Palliative care

T4 Ext (C.R) Ext (C.R)

M1

MER, endoscopic mucosal resection; ModA, modified gastrectomy A; ModB, modified gastrec-
tomy B; STD, standard gastrectomy; Ext (C.R), extended gastrectomy with combined resection
of involved organs; EXT, extended gastrectomy including extended lymphadenectomy, com-
bined organ resection for lymphadenectomy; CTX, chemotherapy

Table 2. Treatments in clinical research by the Japanese Guideline

N0 N1 N2 N3

T1(M) EMR* LADG Ext

T1(SM) LADG
Reduction surgery

LR, SG
CTX

T2 LADG ACTX ACTX

HTCTX

T3 ACTX D3 D3
ACTX ACTX

T4 CTX, ACTX Ext
CTX

Rad ACTX

M1

EMR*, extended indication for EMR; LADG, laparoscopy-assisted distal gastrectomy; LR, local
resection wedge resection; SG, segmental gastrectomy; ACTX, adjuvant chemotherapy; D3, D3
lymphadenectomy; HTCTX, hyperthermochemotherapy



size 3 cm or less, the upper limit of 95% confidence interval of the probability of nodal
metastasis is 2.5%.

However, EMR for a large lesion is technically demanding and it is not easy to
remove lesions larger than 2 cm in one piece by the strip biopsy method. In this regard,
EMR using a specially invented knife or hook to dissect the entire submucosal layer
from the surface of the proper muscle layer is becoming more and more popular
because it enables one-piece resection with full mucosal and submucosal layers of
large size, up to even 10 cm. The term endoscopic submucosal dissection (ESD) is
recently being used for this technique with the intention of discriminating it from
EMR by strip biopsy technique using a snare [6]. At the moment, ESD is not for every
gastroenterologist or surgeon. Therefore, the indication for EMR is described as
follows in the Japanese Guideline: mucosal cancer, differentiated-type histology,
smaller than 2 cm, without ulcer or ulcer scar in the lesion. These criteria should be
confirmed by histological evaluation of the endoscopically resected specimen. To be
accurate in evaluating the whole specimen, it is strongly advised to carry out a one-
piece resection. For this meaning, EMR for T1 tumors other than those described in
the guideline are regarded as treatment under investigation.

T1 tumors that do not meet the criteria for EMR or ESD should be treated by surgery.
Two types of modification of D2 gastrectomy are recommended in the Japanese Guide-
line, because of low incidence of lymph node metastasis to the second tier nodal sta-
tions [11]. The area of resection is the same as the standard gastrectomy, but with D1
(including all perigastric lymph nodes of the relevant part of the stomach) plus the
left gastric artery nodes is one option for clinically T1 (mucosal) and pN0 cancer of
differentiated type larger than 2 cm or of undifferentiated histology of any size. For
clinically T1 (submucosal) and pN0 cancer or clinically T1 (mucosal) and pN1 cancer,
two-thirds or wider gastrectomy with D1 plus the left gastric, the common hepatic,
and the celiac artery nodes is the recommended option. The indication of the modi-
fied procedures is based on the clinical and surgical diagnosis and therefore contains
some risk of underestimation.The guideline gives caution of this risk.Other T1 tumors
should be treated by the standard D2 gastrectomy. Laparoscopic gastrectomy with D1
or D2 lymph node dissection is nominated as a treatment under investigation.

Treatment of Curable Advanced Gastric Cancer

For sT2 and sN0–2 tumors and sT3 and sN0–2 tumors, the standard D2 gastrectomy
is the gold standard in the Japanese Guideline. For sT4 and sN0–2 tumors, the stan-
dard D2 gastrectomy with additional resection of the involved organ is regarded as
the standard [13]. If published results of clinical studies evaluating the efficacy of
D2 dissection are reviewed, the majority of them showed negative results [12–14].
However, all these negative studies were heavily criticized regarding the quality of
surgery given in the D2 arm [15,16]. These results were understandable if the con-
cepts of hospital volume and learning curve are incorporated.

The clinical trial (phase III) carried out by the Japan Clinical Oncology Group
(JCOG) to evaluate the efficacy of paraaortic lymph node dissection has been closed
and the survival results are awaited [17].
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Another JCOG clinical trial on gastric cancer invading the lower esophagus proved
that the abdominal-only approach should be used for these tumors whose esophageal
invasion is 3 cm or less. Therefore, the majority of patients with type II or III tumors
of the Siewert classification should be treated through laparotomy and the trans-
diaphragmatic approach [18]. Thorough mediastinal node dissection by thoracotomy
is not needed to treat these tumors.

Just as in Europe, any kind of adjuvant treatment is regarded as a treatment under
investigation. Although many meta-analyses of adjuvant chemotherapy show a small
but significant benefit of adjuvant chemotherapy over surgery alone, treatment regi-
mens of these analyses are widely heterogeneous. Similar to the conclusions of all
these meta-analyses, adjuvant chemotherapy after curative surgery is regarded as
under investigation and should be evaluated exclusively in clinical trials with surgery
alone as the control [19–21]. Also, the guideline advocates RCT on adjuvant
chemotherapy for curable gastric cancer, both pre- and postoperatively.

In the United States, an adjuvant chemoradiotherapy (CRT) after curative surgery
is now regarded as the standard treatment [22]. However, in the clinical trial that
proved the benefit of CRT over surgery alone, the type of lymph node dissection 
was just D0 (almost without nodal dissection) for 54% of patients, D1 for 36%, and
D2 dissection for 10% of the patients. This finding means that 90% of the patients
underwent surgery with insufficient local control in terms of lymph node dissection.
Together with the fact that adjuvant chemotherapy alone could not prove a benefit
over surgery alone, this trial proved the efficacy and importance of local control for
the treatment of gastric cancer. Because the standard surgery for curable tumors in
Japan includes much wider lymph node dissection and the stage-specific survival
results of this trial were still worse than those of Japanese data, these results sup-
porting the efficacy of CRT cannot be applied to Japanese patients. The effect of CRT
after D2 dissection remains uncertain. In the Japanese guideline, the standard treat-
ment for curable advanced gastric cancer is still D2 gastrectomy alone. Any kind of
adjuvant treatment is regarded as investigational.

Treatment of Incurable Gastric Cancer

Only those who can undergo R0 resection have a possibility of cure depending on the
tumor stage, that is, T factor and N factor. Patients with nonresectable disease or with
distant metastasis are incurable and are primarily treated by chemotherapy if they do
not have serious symptoms such as massive bleeding or stenosis hindering oral intake.
In the guideline, resection of primary gastric tumor in patients with distant metasta-
sis is defined as reduction surgery and is regarded as investigational treatment. This
reduction surgery has often been carried out in Japan without any evidence of advan-
tage for the patients.

Similarly, the majority of recurrences are nonresectable and are treated by
chemotherapy. However, at the moment, there is no standard chemotherapy regimen
for nonresectable or recurrent gastric cancer. In the United States, the combination
chemotherapy using fluorouracil and cisplatin plus docetaxel (5-FU + CDDP + doc-
etaxel) is now regarded as the standard [23]. In Europe, on the other hand, epirubicin
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+ CDDP + 5FU is recommended as the standard regimen [24]. These two newly devel-
oped regimens are highly toxic, and their efficacy and safety are not yet confirmed in
Japanese patients. Actually, combination chemotherapy including TS-1, CPT-11, pacli-
taxel, 5-Fu, or CDDP is under investigation with the expectation of a longer survival
period than with 5-FU alone.

References

1. Japanese Gastric Cancer Association (2001) Gastric cancer treatment guideline, 1st edn.
Kanehara, Tokyo

2. Japanese Gastric Cancer Association (2004) Gastric cancer treatment guideline, 2nd edn.
Kanehara, Tokyo

3. Japanese Cancer Association (2004) Tajima K, Kuroishi T, Oshima A eds. Cancer mortality
and morbidity statistics, Japan and the world—2004. Japan Scientific Society Press, Tokyo,
pp 176–177

4. Tsubono Y, Hisamichi S (2000) Screening for gastric cancer in Japan. Gastric Cancer 3:9–18
5. Sasako M (2000) What is reasonable treatment for gastric adenocarcinoma? J Gastroenterol

35(suppl XII):116–120
6. Gotoda T (2004) Endoscopic diagnosis and treatment for early gastric cancer. Cancer Rev

2:17–37
7. Schlemper RJ, Itabashi M, Kato Y, et al (1997) Differences in diagnostic criteria for gastric

carcinoma between Japanese and Western pathologists. Lancet 349:1725–1729
8. Lansdown M, Quirke P, Dixon MF, et al (1989) High grade dysplasia of the gastric mucosa:

a marker for gastric carcinoma. Gut 31:977–983
9. Hundahl SA, Macdonald JS, Benedetti J, et al (2002) Surgical treatment variation in a

prospective, randomized trial of chemoradiotherapy in gastric cancer: the effect of under-
treatment. Ann Surg Oncol 9:278–286

10. Gotoda T, Yanagisawa A, Sasako M, et al (2000) Incidence of lymph node metastasis from
early gastric cancer: estimation with a large number of cases at two large centers. Gastric
Cancer 3:219–225

11. Sasako M (2003) Principles of surgical treatment for curable gastric cancer. J Clin Oncol 21:
274s–275s

12. Bonenkamp JJ, Hermans J, Sasako M, et al (1999) Extended lymph-node dissection for
gastric cancer. New Engl J Med 340:908–914

13. Cuschieri A, Weeden S, Fielding J, et al (1999) Patient survival after D1 and D2 resection for
gastric cancer: long-term results of the MRC randomized surgical trial. Br J Cancer 79:
1522–1530

14. Dent DM, Madden MV, Price SK (1988) Randomized comparison of R1 and R2 gastrectomy
for gastric carcinoma. Br J Surg 75:110–112

15. Sue-Ling H, Johnston D (1995) D1 versus D2 dissection for gastric cancer. Letter to editor.
Lancet 345:1515–1516

16. MuCulloch P (1995) D1 versus D2 dissection for gastric cancer. Letter to editor. Lancet 345:
1516–1517

17. Sano T, Sasako M, Yamamoto S (2004) Gastric cancer surgery: morbidity and mortality
results from a prospective randomized controlled trial comparing D2 and extended para-
aortic lymphadenectomy—Japan Clinical Oncology Group Study 9501. J Clin Oncol 22:
2767–2773

18. Sasako M, Sano T, Sairenji M, et al (2004) Left thoracoabdominal approach compared with
abdominal and transhiatal approach for cardia or subcardia cancer. Results of a surgical
randomized controlled trial (JCOG-9502). Proc ASCO 2004:314

19. Hermans J, Bonenkamp JJ, Boon MC, et al (1993) Adjuvant therapy after curative resection
for gastric cancer: meta-analysis of randomized trials. J Clin Oncol 11:1441–1447

240 M. Sasako



20. Panzini I, Gianni L, Fattori PP, et al (2002) Adjuvant chemotherapy in gastric cancer: a meta-
analysis of randomized trials and a comparison with previous meta-analyses. Tumori 88:
21–27

21. Mari E, Floriani I, Tinazzi A, et al (2000) Efficacy of adjuvant chemotherapy after curative
resection for gastric cancer: a meta-analysis of published randomised trials. A study of the
GISCAD. Ann Oncol 11:837–843

22. Macdonald JS, Smalley SR, Benedetti J, et al (2001) Chemoradiotherapy after surgery com-
pared with surgery alone for adenocarcinoma of the stomach or gastroesophageal junction.
N Engl J Med 345:725–730

23. Ajani JA, Van Custem E, Moiseyenko V, et al (2003) Docetaxel, cisplatin, 5-fluorouracil
compare to cisplatin and 5-fluorouracil for chemotherapy naïve patients with metastatic or
locally recurrent, unresectable gastric carcinoma: interim results of a randomized phase III
trial (V325). Proc ASCO 2003:249

24. Findlay M, Cunningham D, Norman A, et al (1994) A phase II study in advanced gastro-
esophageal cancer using epirubicin and cisplatin in combination with continuous infusion
5-fluorouracil (ECF). Ann Oncol 5:609–616

Gastric Cancer Treatment Guideline 241



Endoscopic Resection for Early 
Gastric Cancer
Mitsuhiro Fujishiro

Introduction

Endoscopic resection of early gastric cancers (EGC) originated from the development
of a polypectomy technique using high-frequency current to gastric polyps in 1968
[1,2], and it became popular as endoscopic mucosal resection (EMR) after the birth
of a strip biopsy method in 1984 [3]. Endoscopic resection mainly has been developed
not in Western countries but in Japan, probably because the incidence of gastric
cancer and the tumor description are different between them [4]. Although decreas-
ing in number, the incidence of gastric cancer was approximately 80 patients per 
100 000 population in Japan and nearly half the patients had EGC [5]. The increasing
ratio of EGC accelerates the development of various novel endoscopic resection tech-
niques and, now, EGC with ulcer findings or with a large size, in any location, can be
resected endoscopically using advanced techniques. In this section, indication, tech-
niques, outcomes, and future perspectives of endoscopic resection are summarized.

Indication for Endoscopic Resection

Although various EMR methods had been developed and a large number of EGC had
been resected endoscopically, however, surprisingly, there had been no official guide-
lines available for the treatment of EGC before the late 1990s and institutional differ-
ences in the selection of EMR candidates existed for a long time [6–10]. Empirical
indication for EMR was intestinal-type mucosal cancers without ulcerative findings,
£2 cm in size if elevated or £1 cm in size if depressed or flat. The Japanese Gastric
Cancer Association issued the first version of their gastric cancer treatment guide-
lines in 2001, which showed that endoscopic resection was indicated for intestinal-
type mucosal cancers without ulcerative findings, £2 cm in size, regardless of tumor
morphology [11]. These criteria were determined by considering two aspects: being
free of lymph node metastasis and the probability of successful en bloc resection. Con-
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sidering patient quality of life, technical factors should be excluded from determin-
ing the indication criteria of EMR as much as possible. If the technical problems are
overcome, indication could be expanded to all those tumors that have been described
as node-negative tumors (Table 1) [12]. Newly developed EMR methods using cutting
devices, which is categorized as endoscopic submucosal dissection (ESD) to date, has
great impact on the indication of endoscopic resection for EGC, and some institutions
with ESD techniques expand their indication criteria to the condition of node-
negative tumors as clinical trials.

Techniques of Endoscopic Resection

Various endoscopic resection techniques are described in Table 2. Major techniques
are as follows: (1) the just cut, or lift and cut technique; (2) the inject, lift, and cut tech-
nique, such as strip biopsy [3] (Fig. 1); (3) the inject, suck, and cut technique, such as
endoscopic mucosal resection with cap (EMRC) [13] (Fig. 2); and (4) inject, incise the
mucosa, and dissect the submucosa, that is, ESD [14–20] (Fig. 3).

Polypectomy is usually applied to the resection of protruded tumors with a narrow
base or a stalk. The inject, lift, and cut technique requires a double-channel endoscope,
and both the snare and the grasping forceps are advanced through the working chan-
nels. This technique is applied to the resection of small tumors without ulcer findings
regardless of morphology. The disadvantages of this technique are requirement of two
assistants and existence of locations impossible for resection due to short working
range of the endoscope, angulation of the gastric wall, etc.

The inject, suck, and cut technique can be performed by a single-channel endo-
scope but requires a specialized transparent plastic cap that is fitted to the tip of an
endoscope. Looping of the snare into the groove of the rim of the cap is necessary
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Table 1. Frequency of lymph node metastases in early gastric cancer

Frequency
(no. with 95%

metastasis/total confidence
Criteria number) interval

Intramucosal cancer 0/1230 0%–0.3%
Differentiated adenocarcinoma, no lymphatic vascular 

invasion, irrespective of ulcer findings, tumor £3 cm
Intramucosal cancer 0/929 0%–0.4%

Differentiated adenocarcinoma, no lymphatic vascular 
invasion, without ulcer findings, irrespective of tumor size

Intramucosal cancer 0/141 0%–2.6%
Undifferentiated adenocarcinoma, no lymphatic vascular

invasion, without ulcer findings, tumor £2 cm
Cancer with minute submucosal penetration (£500 mm) 0/145 0%–2.5%

Differentiated adenocarcinoma, no lymphatic vascular
invasion, irrespective of ulcer findings, tumor £3 cm

Source: From Ref. [12]
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Table 2. Techniques of endoscopic resection

• Just cut, or lift and cut
• Polypectomy [1,2]
• Endoscopic double-snare polypectomy (EDSP) [7]

• Inject, lift, and cut
• Strip biopsy [3]
• Four-point fixation endoscopic mucosal resection [33]

• Inject, suck, and cut [cap-assisted endoscopic mucosal resection (EMR)]
• EMR with cap (EMRC) [13]
• Endoscopic aspiration mucosectomy (EAM) [34]
• EMR with ligation (EMRL) [35]

• Inject, incise the mucosa, dissect the submucosa [endoscopic submucosal dissection (ESD)]
• Endoscopic resection with hypertonic saline-epinephrine solution (ERHSE) [14, 37]
• EMR with an insulation-tipped (IT) electrosurgical knife (IT-EMR) [15,16,36]
• EMR with sodium hyaluronate solution (EMRSH) [20, 21, 27]
• Endoscopic resection with a hook knife [17]
• Endoscopic resection with the tip of an electrosurgical snare (thin type)/a flex knife [18]
• Endoscopic resection with a triangle-tipped knife [19]

a b c

Fig. 1. Strip biopsy. a Submucosal fluid injection. b The lesion is lifted with a pair of grasping
forceps and the snare is closed snugly. c The lesion is resected and retrieved by the grasping
forceps

before starting resection. This technique is also applied to the resection of small
tumors without ulcer findings regardless of morphology. The advantages of this tech-
nique over the inject, lift, and cut technique are requirement of only one assistant,
applicability even in a narrow and angular space, convenience for beginners, etc.

ESD requires special cutting knives, such as a needle knife [14], an insulation-tipped
(IT) electrosurgical knife [15,16], a hook knife [17], a flex knife [18], and a triangle-
tipped knife [19], or special devices such as a small-caliber tip transparent (ST) hood
[20] (Fig. 4). The major advantages of this technique in comparison with the others
are (1) the resected size and shape can be controlled; (2) en bloc resection is possible
even in a large tumor; and (3) tumors with ulcerative findings are also resectable.
Thus, this technique can be applied to the resection of complex tumors such as large
tumors, ulcerative nonlifting tumors, and recurrent tumors (Figs. 5–7). The disad-
vantages of this technique are the requirement of two or more assistants; also, it is
time consuming, and much more bleeding and a little higher perforation rate are seen
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a b c d

e f

Fig. 2. Endoscopic mucosal resection with cap (EMRC). a Submucosal fluid injection. b The
lesion is drawn into the cap by suction and the snare is closed snugly. c The snared lesion is
released from the cap. d The lesion is resected. e Newly designed prelooped soft cap 18 mm in
outer diameter (D-206; Olympus, Tokyo, Japan). f Conventional hard prelooped cap 16.5 mm in
outer diameter (MAJ-296; Olympus)

a b c 

d e

Fig. 4. Commercializ devices for endoscopic submucosal dissection (ESD). a Needle knife 
(KD-1L-1; Olympus, Tokyo, Japan). b Insulation-tipped (IT) electrosurgical knife (KD-610L;
Olympus). c Hook knife (KD-620LR; Olympus). d Flex knife (KD-630L; Olympus). e Small-
caliber-tip transparent (ST) hood (DH-15GR, 15CR; Fujinon Toshiba ES Systems, Tokyo, Japan)



than in the other methods. In case of bleeding, hemostatic forceps or hot biopsy
forceps are used instead of hemoclips, because they disturb the subsequent proce-
dures. It is preferable to use a special endoscope that can splash water from the tip by
a foot-switch for identification of bleeding vessels. To prevent perforation, investiga-
tions of submucosal injection solutions have been actively done. It is described that
a hyaluronic acid solution makes a better long-lasting submucosal cushion than other
available solutions [21–23]. As a further improvement of hyaluronic acid solution, the
usefulness of a mixture of a high molecular weight hayaluronic acid and a glycerin
plus sugar solution is reported [24].

Outcomes of Endoscopic Resection

The outcomes of endoscopic resection reported until 1999 are described in Table 3
[25]. The inject, lift, and cut technique resulted in a little higher en bloc resection rate
than the inject, suck, and cut technique for tumors ≥11 mm and £20 mm in size.
However, if the tumors exceeded 20 mm in size, en bloc resection rates became
extremely low in both techniques. Local recurrent rates were around 10% in the
former, but local recurrent rates of the latter were less than 5%. In immature stages
of ESD, en bloc resection rates were not as good in comparison with those of the other
techniques. After maturity of the techniques of ESD, en bloc resection rates became
greater than 90%, regardless of size, and local recurrence rates became almost zero
(Table 4).

Complications of endoscopic resection include pain, bleeding, perforation, and
stricture formation. Bleeding is the most common complication and is typically minor
and treatable with endoscopy. The risks vary according to the definition of bleeding.
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Table 3. Outcomes of endoscopic resection before 2000

Local
En bloc resection rate recurrence Complication rate

Techniques £10 mm 11–20 mm ≥21 mm rate Bleeding Perforation

Strip biopsy 70% — 11% 1.3% 0.2%
(421/599) (63/599) (8/599) (1/599)

Strip biopsy 87% 61% 25% 12% — —
(123/141) (27/44) (2/8) (23/193)

Four-point 71% 72% 14% — 20% 0%
fixation (30/42) (21/29) (2/14) (14/70) (0/70)
EMR

EMRC 80% 42% 0% 1.7% 15% 0%
(44/55) (24/57) (0/9) (2/118) (18/121) (0/121)

EAM 84% — 4.8% 7.4% 0.8%
(52/62) (3/62) (9/121) (1/121)

ERHSE 63% 44% 19% 2.3% 6.7% 2.9%
(123/196) (60/136) (7/37) (8/349) (25/373) (11/373)

IT-EMR 87% 74% 42% — — 5.6%
(45/52) (28/38) (13/31) (77/1386)

Source: From Ref. [25]



Most bleeding occurs during the procedure or within 24 h. One recent study demon-
strated that the administration of proton pump inhibitors might be minimally 
effective for ulcer healing of endoscopic resection or only effective for bleeding com-
plications after the procedure [26]. Perforation is uncommon with endoscopic resec-
tion except for ESD, and the perforation rates of ESD also have lessened to acceptable
levels from recent reports [16–18,27]. Furthermore, recent case series suggest that
immediately recognized perforation can be successfully sealed with endoclips and
conservatively observed without emergency laparotomy by endoscopic clipping, naso-
gastric suction, decompression of pneumoperitoneum, and antibiotics [28,29].

Future Perspectives Expanding Indication of 
Endoscopic Resection

Endoscopic resection has been developed as a reasonable and convenient diagnostic
and treatment modality because histological information about the whole tumor can
be obtained; furthermore, a curative treatment is achieved in case of localized tumors
without lymph node metastasis, preserving the whole stomach. Furthermore, pre-
operative prediction of fulfillment of indication criteria, especially in tumor depth,
has been reported as, at most, 90% [30,31]. En bloc resection is absolutely desirable
for precise histological evaluation, and ESD has enabled us to succeed with en bloc
resection. The progress of therapeutic endoscopy has also brought us the concept of
diagnostic endoscopic resection for some tumors clinically diagnosed as submucosal
invasive cancers, because histopathological diagnosis of submucosal invasive cancers
lacks consistency with clinical diagnosis in 66% of cases [32]. If we can perform thor-
ough and precise histopathological investigations using the resected specimens of
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Table 4. Recent outcomes of endoscopic resection

Local
En bloc resection rate recurrent Complication rate

Techniques £20 mm >21 mm rate Bleeding Perforation

IT-EMR [36] 97% 94% — — —
(231/238) (141/150)

ESD with the tip of an 95% — 1.7% 3.4%
electrosurgical snare (56/59) (1/59) (2/59)
(thin type)/a flex
knife [18]

ESD with sodium 100% 97% — 1% 0%
hyaluronate and (37/37) (32/33) (1/70) (0/70)
small-caliber-tip
transparent hood
[27]

ESD with a hook 95% 0.5% — 1.5%
knife [17] (194/204) (1/204) (3/204)

S-ERHSE [37] — 79% 0% 0% 12%
(27/34) (0/34) (0/34) (4/34)

S-ERHSE, submucosal-endoscopic resection with hypertonic saline-epinephrine solution



endoscopic resection, there is no way to deny the application of endoscopic resection
as the first step before gastrectomy, which would consequently avoid unnecessary 
gastrectomy.

Will much further expansion of the indication criteria of endoscopic resection be
possible in the future? The answer must be “Yes.” The incidence of lymph node metas-
tasis from submucosal invasive cancers is at most 20%, which means that 80% of them
might be cured by local treatment. Even in advanced cancers, not all cases have lymph
node metastasis. If we have the skill to accomplish en bloc resection for all gastric
tumors endoscopically and to distinguish node-negative tumors from node-positive
tumors, it is possible to preserve most of the healthy remnant stomach in all patients
with node-negative tumors.

It may be a dream so far, but in the future we will be able to avoid unnecessary gas-
trectomy, using prediction of lymph node metastasis by other unknown predictive
markers, for example, using gene analysis of biopsy samples or resected specimens 
by endoscopic resection. Furthermore, combination with chemo-/radio-therapy 
may avoid gastrectomy with lymph node dissection for the tumors that are clinically
negative for lymph node metastases but have the possibilities of lymph node 
metastases as seen by histology. A new generation of endoscopic resection has already
come!
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Fig. 3. Endoscopic submucosal dissection (ESD). a Chromoendoscopy reveals margins of the
lesion clearly. b Marking dots are made on the circumference of the lesion. c Submucosal fluid
injection is done to the distal margins of the lesion. d The mucosa around the marking dots of
the distal margins is incised. e After submucosal injection of the proximal margins of the lesion,
circumferential mucosal incision is completed and the lesion is separated from the surround-
ing nonneoplastic area. f Submucosal dissection is started from the proximal edges. g The lesion
is completely detached from the muscle layer, and sucralfate is sprayed for comfirmation of
hemostasis. h The resected specimen (including all the marking dots) shows en bloc resection
of the lesion
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Fig. 5. Large gastric tumor. a Endoscopic view. b Resected specimen

Fig. 6. Ulcerative gastric tumor. a Endoscopic view. b Resected specimen

Fig. 7. Recurrent gastric tumor. a Endoscopic view. b Resected specimen
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Current Treatment Strategies for Early
Gastric Cancer
Shouji Shimoyama and Michio Kaminishi

Introduction

Most surgeons in Japan have long considered extended lymphadenectomy (D2 dis-
section) as an essential part of surgical treatment for gastric cancer (GC) to clear com-
pletely the possible involved nodes. Accordingly, more than two-thirds gastrectomy is
thought to be a necessary procedure, even for early gastric cancer (EGC). This radical
surgery for EGC can,as a consequence,achieve excellent 5-year survival rates of greater
than 90% [1,2]. The accumulation of EGC patient records undergoing a D2 dissection,
both from individual institutional records [3–10] and from a nation-wide archive [11],
subsequently revealed that the incidences of positive nodes among mucosal and sub-
mucosal GC, respectively, ranged from 1.8%–5% to 10%–25%. However, almost all
node-positive mucosal GC patients and approximately 70% of node-positive submu-
cosal GC patients exhibited perigastric node involvement, suggesting that EGC rarely
spreads beyond the perigastric area. These site-specific analyses of positive nodes have
subsequently changed the concept of surgical strategy for EGC in that a uniform D2
dissection is not always necessary.

On the other hand, it has been established that various degrees of physiological and
nutritional disorders develop in a large proportion of patients following gastrectomy.
These postgastrectomy sequelae include early and late dumping syndromes, reflux
esophagitis and gastritis, alkaline regurgitation, weight loss, malabsorption, vitamin
and mineral deficiencies, anemia, and metabolic bone diseases [12]. These sequelae are
often symptomatic and cannot be ignored. Gastrectomy in association with a certain
amount of lymphadenectomy results in a loss or decreased reservoir size, abnormali-
ties in gastric emptying (either too rapid or delayed), a loss of pyloric function that
causes alkaline regurgitation, decreased caloric intake, and a loss of gastric motility.
Each status, sometimes in combination or sometimes as a group, is responsible for the
postgastrectomy sequelae, which often aggravate the patient’s postoperative quality of
life. Against the background of the above excellent surgical outcomes and preferential
node involvement in most EGC patients, current surgical trends for EGC have shifted
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from an extensive resection to the preservation of as much tissue as possible to provide
a better postoperative quality of life (Fig. 1). The preservation of tissues in this regard
means an optimization of the resection amount, which has two different aspects: one
is a “reduced” scope of lymphadenectomy, and the other is a “reduced” resection of the
stomach. These concepts are termed a “less invasive” surgery.

The Japanese Gastric Cancer Association (JGCA) published guidelines for the treat-
ment of GC in 2001 [13]. Along with the foregoing shift in trends, the guideline intro-
duces various types of treatment for EGC as “recommended options” as well as
“allowed but investigational options.” Minimizing surgical trauma (morbidity and
mortality) while maximizing patient quality of life and therapeutic effects, which
should be at least equal to the currently achieved patient survivals, forms the main
goal of the less invasive strategies (Fig. 1); thus, such optimizations should be con-
sidered on a stage-specific and individual basis. Therefore, accurate staging perform-
ance and careful patient selection procedures are mandatory. However, it is also a fact
that the current staging is not absolutely accurate even by the introduction of routine
use (7.5 MHz) or higher resolution (15–20 MHz) endoscopic ultrasonography. Indi-
vidually based treatment strategies therefore face practical but unavoidable problems
where underestimation phenomenon do occur in some instances, that is, a certain
lesser extent of surgery, which is preoperatively considered to be optimal, proves to
be insufficient for those patients who were postoperatively proved to have more
advanced diseases. Therefore, survival outcomes encompassing underestimated
patients constitute a substantial concern for evaluating the actual rationality of each
less invasive strategy. This chapter introduces a spectrum of current less invasive sur-
gical strategies for EGC and their comprehensive evaluations, such as their indica-
tions, survival outcomes, surgical invasiveness, and quality of life.

254 S. Shimoyama and M. Kaminishi

D2 dissection
>2/3 gastrectomy

<D2 dissection
less resection amount 

Extensive resection Tissue preservation

Uniform performance Individual basis

Morbidity
Mortality

Therapeutic efficacy
Quality of life 

Conventional Current

Fig. 1. Current surgical trends and changing attitudes for early gastric cancer treatment



Definitions and Documentation of 
Clinicopathological Factors

Clinicopathological factors for considerations of less invasive surgery included cancer
depth (T), nodal involvement (N), scope of lymphadenectomy (D), gross form, and
histological type.

EGC (T1 cancer) was further divided into mucosal (T1-M) and submucosal (T1-
SM) cancers. Nodal involvement followed the updated definitions of the Japanese
Gastric Cancer Association [14], and was classified into four degrees—N0, N1, N2, and
N3—according to the highest tier of positive nodes [14]. The JGCA classification is
based on the anatomical considerations of node positivity, not on the numerical con-
siderations of positive nodes as proposed in the revised (5th edition) UICC classifi-
cation. Clinical (pre- and intraoperative) and pathological (postoperative) T and N
classifications were independently documented and were notated by prefixes c and p,
respectively (e.g., cTcN and pTpN). Scope of lymphadenectomy (D number: D0, D1,
D2, and D3) corresponds to the dissected node tier.

Definitions of “Less Invasive” and a “Standard” Surgery

As stated earlier, less invasive surgical strategies for EGC consist of a “reduced” scope
of lymphadenectomy and a “reduced”resection of the stomach. In this context, a “stan-
dard” extent of surgery should be first defined.

With regard to the standard scope of lymphadenectomy, currently available pro-
spective randomized trials, which were conducted in South Africa [15], Hong Kong
[16], the United Kingdom [17], and the Netherlands [18], have not reported any ther-
apeutic benefit from a D2 over a D1 dissection. At present, therefore, a D2 dissection
fails to gain global acceptance as a recommended procedure. Nevertheless, a number
of Western experts seem to consider that the negative impact of a D2 dissection is 
not yet conclusive, and controversies still exist as to the optimal extent of a lym-
phadenectomy, because several observational studies from Japan [19,20] as well as
from the specialized Western institutes [21–24] demonstrated that a substantial
segment of patients (T2–3 and/or stage II–III) benefitted from a D2 dissection. Sur-
prisingly, these results are also supported by updated data from the Dutch trial [25].
These findings clearly indicate that a D2 dissection is necessary in a substantial pro-
portion of GC patients. The failure to gain any survival benefit from a D2 dissection
in two recently randomized trials is attributable to technical variabilities among par-
ticipating surgeons less familiar with a D2 dissection, to a routine performance of a
distal pancreaticosplenectomy [26,27], or to the Western habitus and large amount of
fat connective tissues that preclude extensive resections, which leads to an increase in
short-term morbidity and in-hospital mortality that might nullify its anticipated ther-
apeutic efficacy. These considerations are supported by the fact that lesser surgical
volumes or splenectomy is one of the causes of increasing morbidity and mortality
[28–30]. In this regard, it should be noted that several Western specialists have demon-
strated, even during the earlier period, the safe performance of a D2 dissection with
22%–54% morbidity and 0%–8% mortality, which were equivalent to those of a D1
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dissection (28%–48% morbidity and 0%–12% mortality) [31–35] (Table 1). Further-
more, postoperative quality of life was not influenced by a D2 dissection [36–38].
Recently, much lower morbidity (17%–21%) and mortality (2%–5%) after a D2 dis-
section have been reported according to accumulating surgical experiences [22,39–41]
(Table 1), which can be kept at levels comparable to those in the control arms of the
British and Dutch trials (25%–28% morbidity and 4%–7% mortality). A D2 dissec-
tion is, therefore, justified after adequate experience and its adaptation as a standard
procedure [42].

This professional stance, that the safe performance of a D2 dissection is without
increasing adverse events, allows the augmentation of its therapeutic efficacy by a
clearance of the positive nodes in the advanced stage GC. In Japan, a systematic lym-
phadenectomy is recognized as a safe procedure with 1.0% mortality [2]. Therefore,
a “standard” extent of surgery in this chapter means a conventional D2 dissection 
in association with more than two-thirds gastrectomy, and less invasive surgery is
positioned as a lesser extent of resection than a “standard” extent of surgery. Because
a reduced amount of resection of the stomach inevitably limits the scope of a lym-
phadenectomy, the establishment of indications of a less-invasive surgery for EGC
should be considered by answering the following questions: the amount by which the
scope of a lymphadenectomy can be reduced, the patients for whom this would be
most suitable, the amount of reduction for the resected stomach when the scope of a
lymphadenectomy can be reduced, and whether the “less invasive” surgery maintains
survival outcomes.

We should remember that even node-negative EGC patients by routine histology
do have micrometastases at considerable incidences (12%–25%). These findings
further suggest that cT1cN0 patients have potential risks of micrometastasis in the
first-tier nodes (potentially pN1). The conceptual basis of node dissection is a clear-
ance of one or more stations beyond the most distant node(s) occupied by cancer;
thus, a D-number should in principle be larger than a cN-number to avoid leaving
microinvolved nodes. The “reduced” scope of lymphadenectomy (<D2) should there-
fore be justified at this moment only for cN0 patients to encompass the possibly
microinvolved first-tier nodes.
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Table 1. Surgical invasiveness of a D1 or a D2 dissection

Author D1 D2

[reference] Year No. Morbidity Mortality No. Morbidity Mortality

D1/D2 experiences
Pacelli et al. [31] 1993 163 28% 7.4% 157 22% 3.8%
Sierra et al. [32] 2003 85 48% 2.3% 71 54% 0%
Siewert et al. [33] 1993 558 29% 5.2% 1096 31% 5%
Lewis et al. [34] 2002 50 36% 12% 72 28% 8%
Smith et al. [35] 1991 62 34% 0% 123 43% 2%

D2 experiences
Roukos et al. [22] 2000 NA NA NA 35 20% 2.8%
Degiuli et al. [39] 1998 NA NA NA 191 21% 3.1%
Roviello et al. [40] 2002 NA NA NA 451 17% 2%
Jentschura et al. [41] 1997 NA NA NA 532 NA 4.5%

NA, not available



Reduced Scope of Lymphadenectomy

Modified D1 Dissection
Oohara previously found distinct evidence that node-negative mucosal GC patients
who underwent a D1 dissection showed equal survival outcomes to those undergoing
a D2 or wider dissection [43]. Furthermore, node-positive stations of mucosal GC
were confined to the perigastric area (pN1) or, if at all present, to the root of the left
gastric artery (station no. 7) with the observed risk at 0.7% [43]. These facts prompted
them to establish a concept of a minimized scope of lymphadenectomy, that is, a lym-
phadenectomy of the perigastric nodes as well as around the left gastric artery (mod-
ified D1 lymphadenectomy), and this has been actually performed in a prospective
manner since 1987 for clinically mucosal, node-negative, nonpalpable GC [44].
Notwithstanding the fact that an intraoperative palpation is a subjective finding, these
investigators believe that it provides us an important information concerning unex-
pected submucosal or deeper cancer invasion, or a deep peptic ulcer inside the cancer,
or both, all of which are potential risk factors of lymph node metastasis.A peptic ulcer
inside the cancer is a predominant characteristic of node-positive mucosal GC
because the destruction of the muscularis mucosa facilitates cancer cell entry into the
lymphatic network [45]. Furthermore, the frequency of nodal involvement increases
in proportion to the degree of submucosal invasion. As already stated, an underesti-
mation could inevitably occur so that palpation could be one of the compensatory
procedures for the imperfect staging performance. This procedure could, therefore,
exclude such underestimated patients from candidates for a modified D1 dissection.

The surgical qualities of a modified D1 dissection according to each institutional
criterion have been reported by several investigators [44,46] (Table 2). In one report,
underestimation was actually observed even by the introduction of endoscopic ultra-
sound (EUS); however, the incidences of such underestimation gradually decreased
according to the progression of the investigational period, suggesting that a learning
curve for TN staging performance was observed. The excellent 5-year disease-specific
survival rates (100%) including the underestimated patients suggests the rationality
of both the staging performance and indications of the procedure.

The contribution toward improving patient quality of life by a modified D1 dissec-
tion has been rarely reported, presumably because even a D2 dissection can be per-
formed safely in Japan. The authors have observed 16% morbidity and 0% mortality
after a modified D1 dissection (unpublished data), which are lower than those figures
of a radical D2 dissection reported by other specialists (28%–54% morbidity and
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Table 2. Treatment results of a modified D1 dissectiona in publications

No. of Underestimation

Authors [reference] Period patrents SM invasiona Node positivity 5y-SR

Shimoyama et al. [44] 1987–1996 138 20% 3% 100%
Kubota et al. [46] 1977–1982 185 NA NA 100%

SM, submucosal; 5y-SR, 5-year disease-specific survival rate; NA, not available
a The indications are mucosal, node-negative, nonpalpable gastric carcinonia (GC)



0%–8% mortality). This result suggests the lower surgical invasiveness of a modified
D1 dissection [31–35].

The modified D1 dissection has now been placed as a “recommended” option in
the JGCA guidelines, and nation-wide performance of a modified D1 dissection is
anticipated. The treatment results from a large archive are not currently available;
however, the pioneering investigators [44,46] have proved its rationale by demon-
strating their prospective audits of more than 5 years of experience.

Modified D2 Dissection
Under the conditions and criteria for a modified D1 dissection, submucosal GC, which
is outside the criteria of a modified D1 dissection, has long been believed to merit at
least a D2 dissection [14]. However, if the submucosal GC could be evaluated as pre-
operatively early (cT1) and node negative (cN0), the authors’ research group has very
recently noted the following two characteristics of positive node locations: (1) node
positivity was up to N1 nodes among the intestinal type with a maximum diameter
£1.5 cm, or a diffuse type with maximum diameter £1.0 cm, and (2) node positivity
was N1 or up to the selective three stations of N2 nodes [stations around left gastric
(station no. 7), common hepatic (station no. 8a), and celiac (station no. 9) arteries] if
the maximum diameter exceeded the above cutoff diameter [47]. These findings
suggest that removal of a N1 node as well as of the lymphatic chains along the left
gastric, common hepatic, and celiac arteries is sufficient and can achieve a complete
clearance of cancer-bearing nodes. In fact, retrospective analyses from the author’s
institute have elucidated identical survivals between cT1cN0 submucosal GC patients
undergoing a modified D2 dissection and those receiving a wider dissection [47]. In
this regard, a preferential N2 node dissection is termed as a modified D2 dissection
to differentiate it from the newly defined “complete” D2 dissection. A modified D2 dis-
section is distinct from a complete D2 dissection in terms of leaving an intact spleen
and pancreas, which leads to reduced morbidity and mortality rates, one goal of less
invasive surgery [26,27]. From these results, it can be concluded that the essentially
sufficient scope of lymphadenectomy for cT1cN0 submucosal gastric cancer is a mod-
ified D1 for those within the above cutoff diameter and a modified D2 for those
exceeding it. A modified D2 dissection is also recommended in the JGCA guidelines
[13].

Until the introduction of the JGCA guidelines, each study group proposed their own
indications and the proposed amount of resections for submucosal GC as a less inva-
sive treatment option [48–51]. These indications seem to be complicated, and the
JGCA guidelines authorize the nation-wide performance of a modified D2 dissection
as a less invasive surgery for submucosal GC.

However, the rationale for a modified D2 dissection for submucosal GC warrants
further investigation because its performance has just started. In the authors’ series
(44 patients), a prospective audit has revealed 18% morbidity and 0% mortality
(unpublished data), which are encouraging when compared with those from a series
of a radical D2 lymphadenectomy [31–35]. Although underestimation occurred in 7%
of patients undergoing a modified D2 dissection, no patients have experienced recur-
rence within a median follow-up period of 10 months, suggesting promising benefits
of a modified D2 lymphadenectomy (unpublished data). A sufficient number of
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patients and longer follow-up period are required to draw any final conclusions con-
cerning its rationality.

Reduced Resection of the Stomach

Local Resection with Adjacent Lymphadenectomy
Postoperative patient quality of life depends mostly on the amount of resection of the
stomach [52]. In this regard, endoscopic mucosal resection (EMR) provides patients
with an excellent quality of life because it preserves the whole stomach after treat-
ment. However, there are some limitations for the performance of EMR, as it should
be performed for those having no risk of node involvement. The GC not fulfilling the
criteria for EMR has thus far undergone over two-thirds gastrectomy as a standard
resection amount. Taking into account that the amount of resected stomach differs
considerably between EMR and a conventional “over two-thirds” gastrectomy, a local
resection has come to receive special attention to retain as much residual stomach
volume as possible to help patients enjoy a better postoperative quality of life. Because
a local resection inevitably limits a lymphadenectomy, the indications for a local resec-
tion should carefully be established.

Increasing recognition for the potential benefit of a local resection have prompted
several investigators to establish the indications based on each institutional experi-
ence [53–59] (Table 3). Some indications listed in Table 3, however, do overlap with
those of EMR in Japan, which are mucosal gastric cancer of an intestinal-type histol-
ogy of either <2 cm in diameter for the elevated type, or <1 cm in diameter for a
depressed without ulceration type [60]. However, no limitations of histological type
are one of the characteristics of the indications for a local resection, because an undif-
ferentiated type of GC is outside the criteria for EMR. In addition, a local resection
with an adjacent lymphadenectomy has been proposed [53] on the basis of findings
that the estimated risk of adjacent node positivity is 2.2%. An adjacent lym-
phadenectomy and frozen section examination during surgery enables the selection
of infrequent but surely existing node-positive patients [53]. Excluding them from
candidates for local resection by these intraoperative surveillances makes the appli-
cation of a local resection possible for a wider segment of patients [53].

Whether a local resection offers a better quality of life without reducing curability
warrants further investigation. Furthermore, the number of patients is presently too
small to draw any conclusions, although the currently available survival data are excel-
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Table 3. Proposed indications for local resection: review of the literature
Gross forma

Depressed Depressed
Authors [reference] Cancer depth Elevated Ul(-) Ul(+) Histology

Shimoyama et al. [53] Mucosal �4.0 cm �4.0 cm No indication Any
Ohgami et al. [54] Mucosal �2.5 cm �1.5 cm No indication Any
Yokoyama et al. [58] Mucosal Any �2.0 cm �2.0 cm Any
Yasutake et al. [59] Mucosal �3.5 cm �2.5 cm No indication Any

a Ul(-), without ulceration; Ul(+), with ulceration



lent (Table 4).Accordingly, the JGCA guidelines recognize a local resection as an inves-
tigational treatment option. One recent report is promising, demonstrating that a local
resection could offer the best quality of life [61]. Another problem of a local resection
seems to be the necessity for further surgery for several reasons, such as a deeper inva-
sion proved postoperatively and/or a positive resection margin. The incompleteness
of treatment by a local resection occurs only at an incidence of 10%. These facts rein-
force the need for a more accurate preoperative evaluation of cancer staging as well
as the cancer margin.

Pylorus-Preserving Gastrectomy
A pylorus-preserving gastrectomy (PPG) was initially introduced for peptic ulcer
surgery [62,63] and has subsequently come to be applied to gastric cancer [64–72]. In
contrast to peptic ulcer surgery, gastric cancer surgery should generally accompany
lymph node dissection; thus, the question of the extent of a lymphadenectomy with
PPG has been a matter of debate (Table 5). Some investigators do not perform
suprapyloric lymph node clearance by preservation of the pyloric branch of the vagal
nerve and right gastric artery to preserve pyloric blood flow and motility [65–68].
This procedure results in an incomplete D1 dissection because suprapyloric lymph
nodes are classified as a N1 node for gastric cancer located in the middle or lower
third of the stomach. Therefore, the indications for PPG without suprapyloric lymph
node clearance are limited and complicated [65–68]. On the other hand, evidence that
the right gastric artery and pyloric branch of the vagal nerve can be safely divided
without affecting blood flow and motility of the pylorus [69,73] has prompted other
investigators to perform PPG with suprapyloric node clearance. PPG with this proce-
dure can realize a modified D2 dissection; thus, the indications for this type of PPG
can be extended to submucosal GC or even wider [74].

PPG has been reported to have many advantages over conventional Billroth I recon-
struction by preserving the pyloric function. The advantages include the prevention
of dumping syndromes [64,75,76], the preservation of a reservoir function of the
residual stomach [67], a reduction in chances of alkaline fluid regurgitation [77,78],
the preservation of gallbladder function [78], and the maintenance of a better post-
operative nutritional status [64]. The disadvantages are, if any, stasis of the remnant
stomach. In this regard, several researchers investigated the postoperative remnant
stomach function in detail after PPG. Postoperative pyloric ring contraction pressure
was increased more according to the greater increased length of the antral segment
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Table 4. Treatment results of local resection: review of the literature
Number (%) of patients

Submucosal Margin Follow-up in months,
Authors [reference] Total invasionb positivity mean (range) Recurrence

Shimoyamaa 17 0 2 (12%) 24 (8–50) 0
Ohgami et al. [54] 44 2 (5%) 0 23 (4–65) 0
Yokoyama et al. [58] 26 7 (27%) 2 (8%) 17 (6–44) 0
Yasutake et al. [59] 14 1 (7%) NA NA 0

a Unpublished data
b Proved postoperatively



[79], and a 1.5 to 2.5-cm length of the pyloric cuff is now considered to be the most
desirable [80]. Interestingly, a PPG with dissection of the pyloric branch of the vagal
nerve exhibited similar gastropyloroduodenal motility profiles to those without it,
suggesting that the nerve dissection is not responsible for the gastric stasis during the
early postoperative period [81]. Very recently, long-term functional evaluations after
PPG have been reported for the first time, and the results proved that at least the liquid
phase of gastric emptying was controlled at 5 years postoperatively even if the pyloric
branch of the vagal nerve was dissected [82]. These physiological findings suggest that
the suprapyloric lymph node dissection had no negative impact on gastric motility
and that the postoperative stasis after PPG is transient, whereas PPG can prevent the
development of dumping syndromes [82].

Therefore, the scope of the lymphadenectomy can be theoretically a modified D1
or even extended to a modified D2 according to the criteria just discussed. Because
its application has been too recent to obtain long-term survival outcomes, and the
indications of PPG have not been conclusively determined, PPG is positioned at this
moment as an investigational option in the JGCA guidelines. However, PPG can be a
promising option for gastric cancer surgery with an increasing potential for a post-
operative better quality of life.

Segmental Gastrectomy
Segmental or central resection of the stomach was initially developed as a surgical
procedure for gastric ulcer and it has, similarly to PPG, subsequently come to be
applied to gastric cancer. This procedure aims to preserve more of the residual antral
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Table 5. Proposed indications for pylorus-preserving gastrectomy (PPG) with or without
suprapyloric lymph node dissection: review of the literature

Suprapyloric
lymph node Cancer

Authors [reference] dissection depth Location Limitations

Isozaki et al. [65] No M Lo <2 cm for elevated type or
<1 cm for depressed or 
mixed type

M Mid <4 cm for elevated type or
<2 cm for depressed or 
mixed type

Nishikawa et al. [66] No M or SMsl Lo or Mid Any
Nakane et al. [67] No M or SMsl Lo or Mid <3 cm

M <3 cm
Imada et al. [68] No SM <3 cm for intestinal type or

<1 cm for diffuse type
Sasaki et al. [70] Yes M or SM Lo or Mid <2 cm for elevated type or

<1 cm for depressed type
Fujioka et al. [71] Yes M or SM Mid Any
Nakatani et al. [72] Yes M Mid Any
Zhang et al. [64] Yes M or SM Lo or Mid Any

M, mucosal cancer; SM, submucosal cancer; SMsl, slight submucosal invasion; Lo, lower one-
third; Mid, middle one-third



volume than PPG; however, the scope of lymphadenectomy is inarguably less than
PPG. Thus, segmental gastrectomy (SG) was recommended for a relatively smaller size
of mucosal GC, and the indications for SG are undoubtedly limited (Table 6). For this
reason, these indications for SG inevitably overlap those of EMR or local resection
because perigastric node negativity is a prerequisite condition for SG [83,84].
Recently, some investigators have argued for the application of SG on a wider segment
of GC with the lymphadenectomy extending to the regional nodes by skeletonizing
left gastric and common hepatic arteries [85,86].

Early satiety after eating and stomal ulcers are major problems after SG. Patients
undergoing SG with regional lymphadenectomy seem to experience abdominal full-
ness although the gastric emptying time gradually improves with postoperative
period [87]. More residual antral volume, which is on one hand a characteristic of SG,
may on the other hand account for the gastric stasis because, as is demonstrated in
the PPG section, a longer antral segment is associated with unexpected pyloric ring
contraction. Pyloroplasty, which is expected to relieve the symptoms of stasis, does
not seem to be justified however because it increases the incidence of dumping syn-
drome and alkaline fluid regurgitation [86]. Resection of the fundic gland area and
preservation of the pyloric gland area have been found to result in a reduced gastric
acid secretion that eventually stimulates gastrin secretion. Hypergastrinemia is one
of the factors responsible for stomal ulcer. Earlier studies have already found no appre-
ciable effect of pyloroplasty on ulcer development [88,89]. Selective proximal vago-
tomy, being performed with perigastric node dissection, may reduce the risks of
stomal ulcer [86]. Therefore, the validity of SG should be investigated by comparing
PPG with regard to postoperative gastric motility.

Proximal Gastrectomy (PG)
Several epidemiological studies have elucidated a gradual increase in the incidence of
cardia cancer [90,91] but a steady decline in the overall incidence of gastric cancer
itself [92]. The distributional shift from distal to proximal lesions has pointed to a
need for investigations into the patterns of lymphatic spread and optimal treatment
strategies currently not definitively established. The efforts for investigation include
the establishment of an optimal extent of resection (total or proximal gastrectomy),
an optimal scope of lymphadenectomy, and an optimal type of reconstruction (with
or without duodenal continuity, or with or without a gastric substitute).
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Table 6. Proposed indications for segmental resection
Authors [reference] Cancer depth Limitations

Koufuji et al. [83] M 1.0 cm � D � 3.5 cm for elevated type,
1.0 cm � D � 2.0 cm for depressed Ul(-) type

Furukawa et al. [84] M D � 2.0 cm for elevated or mixed type
Iseki et al. [85] Up to PM �5.0 cm
Ohwada et al. [86] M Outside the criteria for endoscopic mucosal resection

SM D� 5.0 cm, and differentiated type

M, mucosal layer; SM, submucosal layer; PM, proper muscle layer; D, maximum tumor 
diameter; Ul(-), without ulceration



In consideration of the clinical and pathological characteristics of this tumor entity,
Nishi et al. proposed a definition of cardia cancer as an adenocarcinoma arising
between the points 2 cm proximally and distally of the esophagogastric junction [93].
Siewert and Stein [94] more recently classified cardia cancer into three types focus-
ing on an adenocarcinoma arising at or close to the esophagogastric junction. In this
regard, cardia cancer according to Nishi’s definition is almost equivalent to the Siewert
type II cancer.

Comparisons of clinicopathological characteristics of cardia cancer between the
series in the West and in Japan elucidated some points of contrast. The Western series
demonstrated an equal frequency of each type of cardia cancer [95–97], whereas type
I cancer was extremely rare in Japan [98–100] (Table 7). Furthermore, early cardia
cancer comprised a yet minor component among all EGC even in Japan (Table 8),
although each incidence of early cardia cancer among each Siewert type is higher than
those in the West [96–98,100]. For this reason, in the Western countries, major inter-
est has been focused on the advanced cardia cancer. Therefore, whether a total or prox-
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Table 7. Incidence of each type of cardia cancer
Number (%) of patients

Authors [reference] Total Type I Type II Type III

Mariette et al. [95] 126 56 (44%) 44 (35%) 26 (21%)
Fein et al. [96] 74 15 (20%) 30 (41%) 29 (39%)
Siewert et al. [97] 1002 361 (36%) 271 (27%) 370 (37%)
Shimoyama et al. [98] 140 0 46 (33%) 94 (67%)
Kodera et al. [99] 177 0 33 (19%) 144 (81%)
Ichikura et al. [100] 65 1 (2%) 31 (48%) 33 (51%)

Table 8. Incidence and node positivity of type II early cardia cancer: review of the literature
from the Japanese investigations

Early Siewert type II or Nishi’s cardia cancer, number of patients
Positive station

Authors [reference]a Totalb Mucosalc Submucosalc (station number)

Kumagaya 15 (2.1%) 2 [NA] 13 [NA]
Suzuki 41 (2.6%) NA NA
Niou 83 (6.4%) 42 [NA] 41 [NA]
Oota 8 (1.3%) 5 [0] 3 [1] First-tier node
Takeshita 21 (4.4%) 8 [0] 13 [0]
Aoki 16 (3.1%) 4 [0]d 10 [0]
Shimoyama et al. [98] 20 (3.0%) 5 [0] 15 [1] Left paracardial (no. 2)
Manzoni et al. [102] 12 (NA) 12 [4]e Left paracardial (no. 2)

Lesser curvature (no. 3)
Lesser curvature (no. 3)
Celiac trunk (no. 9)

a The articles are listed in Ref. 106 unless reference number is stated
b numbers in parentheses indicate incidences of early cardia cancer in each study population
c Numbers in brackets indicate numbers of node-positive patients
d Two endoscopic mucosal resection (EMR) cases were excluded from node positivity analyses
e Mucosal and submucosal subclassification not specified



imal gastrectomy is the superior procedure, and to what extent the lymphadenectomy
should be performed, remain unknown because of the lack of well-controlled studies
for a comparison of these two procedures; furthermore, there is a lack of precise
knowledge of which lymph node stations are most likely to be involved among early
cardia cancer [98,101,102].

Table 8 provides detailed information currently available concerning the true yield
of nodal metastasis among early type II cardia cancer in the Japanese series because
Western publications do not refer to anatomical site-specific node positivity. Notice-
ably, the mucosal type II cardia cancer exhibits no nodal involvement, suggesting that
EMR or local resection could be appropriate if technically feasible [98]. With one
exceptional report [102], submucosal type II cardia cancer involves, if any, only peri-
gastric stations adjacent to the cancer, and it rarely spreads beyond these restricted
stations [98,101]. Even for type III early cancer, no nodal involvement in the distal sta-
tions (suprapyloric and infrapyloric stations) as well as at the splenic hilum support
the feasibility of a PG for early cardia cancer without residual diseases in the lymph
nodes left in situ [103]. In addition, PG exhibits superiority over a total gastrectomy
with regard to reducing postoperative complaints [104]. These findings suggest that
early type II and III cancers do not need to undergo a total gastrectomy or elective
splenectomy for hilar control [30]. In this sense, discriminations of mucosal, sub-
mucosal, and advanced cardia cancers are quite important [105].

General agreement on the most appropriate type of reconstruction has yet to be
reached. Proponents of jejunal interposition with or without a pouch expect the pre-
vention of reflux esophagitis and more food intake by introducing a pouch as a gastric
substitute [106].Alternatively, others propose an esophagogastrostomy with antireflux
wrap procedures [107,108]. Results of postoperative functional analyses suggest that
the choice of reconstruction depends, at least in part, on the volume of the residual
stomach.A PG of more than two-thirds was found to inversely diminish the nutritional
advantages that were maximized by less than two-thirds PG, presumably because too
small a remnant stomach has only the function of a pipe [109]. Furthermore, animal
experiments have demonstrated that denervation of the stomach, which accompanies
systematic lymphadenectomy, may facilitate remnant gastric cancer development
[110]. On the other hand, patients undergoing gastroesophagostomy with a PG over
one-half experienced significant gastroesophageal reflux [111]. These findings suggest
that the larger GC, for which more than one-half PG is required to guarantee the 
negative distal resection margin, is not suitable for PG with esophagogastrostomy.

Because the questions of the optimal surgical procedures for early cardia cancer
remain unresolved, the JGCA guidelines have not yet listed this type of surgery as a
recommended less invasive surgery. Whether PG with either interposition or esoph-
agogastrostomy contributes to improve patient quality of life warrants further 
investigation.

Conclusions

Despite evidence that the results of a D2 dissection as reported in the literature by
Japanese groups did not find any correspondence with the series of Western ran-
domized trials, most Japanese surgeons believe that a D2 dissection is a standard
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surgery for GC. On the other hand, the paucity of extensive node involvement among
EGC patients raises the concept that EGC patients not necessarily undergo a D2 dis-
section. The ability to balance the risk of a D2 dissection against potential benefits in
Japan has subsequently realized diversed treatment strategies for GC according to
each stage, namely, from a wider resection for advanced GC to a less invasive surgery
for EGC. Such diverse treatment strategies have been authorized by the recent JGCA
guidelines, and we infer from the data currently available concerning the treatment
results that the indications and options of a less invasive surgery for EGC are rational.

With the help of the JGCA guidelines, a modified D1 and a modified D2 dissection
have been rapidly adopted in Japan as recommended scopes of lymphadenectomies,
and the reduced resection amount such as a local resection, PPG, and segmental resec-
tion may be allowed as an investigational option. Further patient accrual is expected.
In the event of a less invasive surgery, careful patient selection is mandatory.Advances
in diagnostic procedures including technical devices may improve diagnostic accu-
racy, but underestimation errors still persist. Thus, another important concern arises
as to whether the “underestimation error” does not interfere with the treatment
results. Every effort should be made to identify candidates for a less invasive surgery
on an individual basis based on a strict TN staging performance. More detailed patient
survival rates with a larger patient series and longer follow-up periods as well as long-
term functional results are necessary to substantiate the rationality of a less invasive
surgery.
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Surgery for Advanced Gastric Cancer
Ken-ichi Mafune

Introduction

Ever since the first successful gastrectomy was performed by C. Billroth in 1881,
surgery has been the only hope of cure for gastric cancer. Because gastric cancer is
one of the most common types of cancers in Japan, a variety of surgical procedures
have been developed to treat it, especially after the establishment of the Japanese
Research Society for Gastric Cancer (JRSGC, recently renamed as the Japanese Gastric
Cancer Association, JGCA) in 1962. The general rules for gastric cancer study in
surgery and pathology of the JRSGC have been widely accepted, and this enabled eval-
uation of the treatment results of different institutions, accumulation of nation-wide
data, and eventually the establishment of treatment standards for gastric cancer. The
results of many studies according to the general rules have shown a consecutive
increase in postgastrectomy 5-year survival rates from 41.2% to 63.8% in Japan [1].
One reason for the improvement appears to be the increase in the number of cancers
detected in the early stage as a result of improvements in diagnostic modalities.
Another reason may be the widespread use of surgical procedures such as D2 lymph
node dissection. However, only a minimal increase in 5-year survival rate after resec-
tion has been reported in English-language publications (from 20.7% before 1970, to
28.4% from 1981 to 1990) [2]. Wanebo et al. [3] reported on gastric cancer in the
United States from various standpoints based on data from the tumor registries of
United States hospitals and cancer programs approved by the American College of
Surgeons. A comparison of the United States data for 1987 with Japanese data from
the tumor registries of the JGCA for 1991 [4] showed that gastric cancer was being
detected at a much earlier stage in Japan than in the United States. (Fig. 1a). Diag-
nostic improvements in Japan, mainly the adoption of mass-screening systems that
use upper gastrointestinal (GI) series and endoscopy, may be responsible for the
earlier detection of gastric cancer in Japan, and the 5-year survival rates for same-
stage tumors are also much better in Japan than in the United States (Fig. 1b). These
differences may be explained in part by the higher incidences of proximal and diffuse-
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type tumors in Western countries, and many Western surgeons have pointed out that
any potential survival benefits associated with the D2 lymph node dissections per-
formed in Japan may be due to stage migration rather than superior surgical tech-
nique [5]. Because N2 nodes cannot be diagnosed as positive unless they are resected
and examined, many of the gastric cancer cases in the United States series may have
been understaged. In any event, the large difference in the outcome between Japanese
and United States patients can only be partially explained by these factors.

The most important factors affecting the outcome of patients with advanced cancer
are whether the tumor is resectable and whether the tumor is curatively resected. The
type of surgical procedure may also be important, but evaluating differences in
outcome between surgical procedures is rather difficult. The results of several ran-
domized trials comparing D2 dissection with D1 dissection in Western countries have
produced results that are difficult for Japanese surgeons to interpret. Therefore, the
intent of this chapter is to clarify the rationale for and discuss the results of surgical
treatment for advanced gastric cancer.

Gastrectomy Plus D2 Lymph Node Dissection:
A Standard Operation for Advanced Gastric Cancer

D2 Lymph Node Dissection
The stomach has numerous lymphatic drainage pathways, and although drainage is
usually initially to lymph nodes along the lesser curvature and greater curvature of
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Fig. 1. Gastric cancer: com-
parison between Japan and
the United States (USA). a
Distribution according to
UICC stage. b Five-year sur-
vival rates according to UICC
stage. *JGCA Registration
Committee; **Wanebo et al.
[3]

a
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the stomach (perigastric or first-tier nodes), primary drainage nodes also include
nodes along all three branches of the celiac axis (common hepatic, splenic, left gastric)
and along the celiac artery itself (second-tier nodes). D2 dissection, in which the first-
and second-tier nodes are dissected, has been a widely accepted, standard operation
for advanced gastric cancer in Japan, and better 5-year survival rates after gastrec-
tomy with D2 dissection have been reported by the JRSGC (Fig. 2). Therefore, general
surgeons in Japan are trained to perform gastrectomy with D2 dissection, and a
surgeon’s ability to perform this procedure is a major requirement for becoming an
established surgeon. The practice of D2 dissection in Western countries has long been
hindered by the lower incidence of gastric cancer [6] and concern about serious com-
plications in these countries [7,8], and the rate of D2 dissection in an overview of
gastric cancer treatment in the United States was only 4.7% [3].

The rationale for performing D2 dissection in Japan is based on pathophysiologi-
cal studies of lymph flow as well as retrospective analyses of survival data. However,
no randomized trials comparing D2 and D1 lymph node dissection have been per-
formed in Japan, because D2 dissection has long been regarded as a standard proce-
dure that yields good results. Surgeons in Western countries, however, have questioned
whether D2 dissection is actually superior to D1 dissection. Nevertheless, favorable
patient survival after D2 gastrectomy has been reported in some non-Japanese retro-
spective nonrandomized trials [9,10], and at the end of the 1980s a randomized con-
trolled trial of D1 versus D2 dissection (known as the Dutch trial) was started in the
Netherlands under the supervision of a Japanese surgeon. Another randomized con-
trolled trial of D1 versus D2 dissection (the Medical Research Council [MRC] trial)
was initiated in the U.K., but these randomized trials comparing gastrectomy plus 
D1 dissection with gastrectomy plus D2 lymph node dissection have failed to demon-
strate any survival advantages of D2 dissection [11,12], thus hindering worldwide
acceptance of the procedure [13]. Sasako [14], however, has questioned the quality of
the D2 dissections performed in these trials, because the series were characterized by
very high postoperative mortality rates and extremely small hospital volumes. The
Dutch and MRC trials included much lower numbers of patients treated per year and
per hospital and much higher hospital mortality rates than in other studies.
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Complications: Morbidity and Mortality After D2 Dissection

Bonenkamp et al. [15] reported morbidity and mortality in the Dutch trial. Among
the 711 patients (380 D1, 331 D2) judged to have curable lesions in that trial, the D2
patients had a higher operative mortality rate than the D1 patients (10% versus 4%,
P = 0.004) and experienced more complications (43% versus 25%, P < 0.01). Cuschieri
et al. [16] reported morbidity and mortality in the MRC trial in the U.K. The D2 group
in the MRC trial had a higher postoperative hospital mortality (13% versus 5.4%, P =
0.04) and a higher overall postoperative morbidity (46% versus 28%, P < 0.001). These
high morbidity and mortality rates after D2 dissection are the major reasons why this
procedure has not been accepted as standard worldwide.

Total or proximal gastrectomy for proximal tumors is more difficult to perform and
is associated with a higher morbidity than distal gastrectomy. The incidence of prox-
imal gastric tumors has been increasing in Western countries, but has been stable in
Japan, and this phenomenon may in part explain the superior results in the Japanese
studies. However, as pointed out by Sano et al. [17], there were no differences between
the Dutch and Japanese studies in the distribution of the primary tumor sites or ratio
of total gastrectomies to distal gastrectomies.

The postoperative complications of 273 patients who had undergone total or prox-
imal gastrectomy at the University of Tokyo Hospital and the University of Tokyo
Branch Hospital between 1991 to 2000 were retrospectively investigated to determine
actual mortality and morbidity after total or proximal gastrectomy in the author’s
department (unpublished data). The postoperative morbidity rate in the author’s
department was 39.2%. Only 2 patients required a reoperation, and most of the other
patients experienced mild complications requiring only intravenous antibiotics,
short-term parental nutrition, or supportive care. The postoperative mortality rate
was 0.72%. The primary cause of one of the two perioperative deaths was panperi-
tonitis/sepsis secondary to perforation by the gastric cancer, and the cause of
the other death was unknown (it was a sudden death and may have been caused by
cerebral infarction). Neither of these patients had undergone a splenectomy or 
pancreatosplenectomy.

A comparison between our data with those of the Dutch and MRC trials revealed
little difference in morbidity rates, but large differences in mortality rates. Both the
Dutch and MRC trials reported a relatively high frequency of anastomotic leakage 
in the D2 dissection groups. Bonenkamp et al. [15] stated that the mortality rate 
after anastomotic leakage was about 10% in Japan, compared with 30% in their trial.
Even in high-volume hospitals, major complications such as anastomotic leakage or
intraabdominal abscesses have not been rare, and experience is needed to manage
major adverse effects to avoid mortality. Cardiopulmonary complications are
common in Western gastric cancer patients, and methods of treating leakage may also
lead to treatment-related deaths. Moreover, additional abdominal complications are
encountered less frequently in Japanese patients.

A review of reports on postgastrectomy morbidity revealed that the overall mor-
bidity rates ranged from 13% to 44%, and increased morbidity was observed after
pancreatosplenectomy (Table 1). Cuschieri et al. [16] claimed that the excess postop-
erative morbidity and mortality rates in the MRC trial could be accounted for by the
inclusion of distal pancreatosplenectomies and splenectomies. Higher morbidity was
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also associated with distal pancreatectomies in a Japanese series. In the author’s 
department, pancreatic fistulas were found in 38 of the 87 patients (44.0%) who had
undergone pancreatosplenectomy and in 8 of the 79 patients (10.0%) who had under-
gone splenectomy, as opposed to in only 1 of 106 patients who had not undergone
pancreatosplenectomy or a splenectomy (Mafune et al., unpublished data). This
finding also suggested that pancreatosplenectomy should be avoided unless the pan-
creas is suspected to be involved by tumor.

A high body mass index may contribute to postoperative morbidity. The typical
physical characteristics of Japanese patients, such as a shallow abdominal cavity and
lower amounts of intraabdominal fatty tissue, enable a good intraoperative field of
vision and easy access to the abdomen, leading to lower operative blood loss, and the
body mass index is unassociated with the postoperative morbidity rate in Japan [18].
Even in Western countries, Gretshel et al. [19] reported that standard D2 dissection
was justified for overweight patients and that there was no significant increase in mor-
bidity. In our morbidity study, patients with pancreatic fistula (or leakage) had a sig-
nificantly higher body mass index (BMI) (P < 0.005) than patients without pancreatic
leakage. However, the mean BMI level of patients with pancreatic fistula in our study
was still within normal BMI level in a Western report [19], and this may suggest that
morbidity reports between Western countries and Japan cannot be directly compared
because of difference of the BMI level.

Should D2 Lymph Node Dissection Be Continued in Japan?
The natural history of stomach cancer reveals a significant number of patients with
positive second-tier lymph nodes (stations 7–12). Sasako et al. [20] reported metasta-
tic rates for each lymph node station and 5-year survival rates after D2 dissection in
patients with pathologically identified lymph node metastasis at each station. The
second-tier lymph node stations had high rates of metastasis, and evidence of a
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Table 1. Morbidity reports after gastrectomy

Overall Morbidity (%) Morbidity (%)
Year morbidity with with

First author published n (%) splenectomy pancreatosplenectomy

Viste 1988 1010 28 42 (109/260) NA
Gouzi 1989 169 34 NA NA
Pacelli 1993 320 25 NA NA
Siewert 1993 1654 30 NA NA
Wu 1995 474 20 29 (65/226) NA
Jatzko 1995 512 19 NA NA
Bonenkamp 1995 711 44 41 (68/165) 55 (60/108)
Cuscheri 1996 400 37 54 (104/193) 56 (68/121)
Bozzetti 1999 624 13 19 (13/73) 37 (7/19)
Onate-Ocana 2000 208 20 42 (20/48) 47 (8/17)
Kasakura 2000 1938 22 40 (31/78) 75 (79/105)
Martin 2001 1283 31 29 (54/186) 37 (24/65)
Mafune 2005 272 39 22 (17/79) 48 (42/87)

NA, not available



benefit of lymph node dissection was seen in patients with metastasis to second-tier
lymph nodes. These patients could not have been cured without a D2 dissection.

The German Gastric Cancer Group suggested that D2 lymph node dissection may
benefit T2 and T3 node-negative subsets of patients by removing micrometastases
[21], and thus D2 lymph node dissection may provide a stage-specific survival benefit
without any increase in morbidity. A relatively greater survival advantage of ≥D2 dis-
section over <D2 for adequately staged T3N0 patients (5-year survival 60% versus
25%, P = 0.03) was demonstrated by a single specialized institution in the United
States, even though it was a retrospective study of 1256 patients who had undergone
R0 resection [22]. Therefore, gastrectomy plus D2 dissection has been advocated as a
treatment modality for stage II and/or IIIA gastric cancer. This professional stance
favoring D2 lymph node dissection in Japan [23,24] and some specialized Western
institutions [21,25,26] is based on better stage-specific survival rates without any
increase in adverse events [11,12,27,28]. Neither Japanese nor Western specialists have
observed any difference between morbidity rates and mortality rates after a D2 dis-
section (22%–43%; 2%–6%) do not differ from those of a D1 dissection (28%–34%;
0%–7%) [11,12,24,27]. The operative mortality rates have been quite low even after
D2 lymph node dissection.

Surgical experience is correlated with a lower morbidity rate [29,30]. The learning
curve for performing a gastrectomy with a D2 dissection is steep [31], and Japanese
general surgeons are taught this technique early during their surgical training [32].
Thus, the main criticism of the Dutch and the MRC trials has been the lack of expe-
rience of the surgeons participating in the study. Acceptable morbidity and mortality
levels can be achieved in the hands of technically competent surgeons (Table 2). For
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Table 2. Postoperative morbidity after total or proximal gastrectomy with D2 lymph node 
dissection

Humboldt University, Cornell University,
University of Tokyo,

Dept. of Surgery MSKCC, Dept. of
Dept. of GI Surgery

& Surgical Oncologya Surgical Oncology
n = 272 n = 199 n = 1283

Anastomotic leakage 21 (7.7%) 15 (7.5%) 80 (6.2%)
Anastomotic stenosis 8 (2.9%) — —
Pancreatic fistula 47 (17.0%) 15 (7.5%) 23 (1.8%)
Pancreatitis 1 (0.4%) 14 (7.0%) —
Abscess 6 (2.2%) 8 (4.0%) 41 (2.2%)
Bleeding 1 (0.4%) 4 (2.0%) 22 (3.2%)
Cholecystitis 6 (2.6%) — —
Bile leakage 1 (2.2%) — —
Ileus 9 (0.4%) 2 (1/0%) —
Pneumonia 7 (3.3%) 32 (16.1%) 85 (2.6%)
Sepsis 1 (0.4%) — 19 (0.4%)
Cerebral 1 (0.4%) 1 (0.5%) —
Cardiac — 7 (3.5%) 88 (6.9%)
Thrombosis — 4 (2.0%) 20 (1.6%)

Mortality 0.9% 3.5% 4%

MSKCC, Memorial Sloan-Kettering Cancer Center
a Total gastrectomy only



example, in an Italian study, a low morbidity rate and low mortality rate of 20.9% and
3.1%, respectively, were achieved for D2 dissections performed at specialized centers
with a strict quality control system and without resecting the pancreatic tail, unless
tumor involvement was suspected [33]. The Italian study also reported good survival
data (overall 5-year survival rate, 55%), and a phase III randomized trial was started
[34].

Conclusion
In conclusion, D2 dissection can be reasonably performed by experienced surgeons
without significant additional surgical morbidity or mortality. Surgical experience,
specific knowledge of the anatomy, and careful postoperative management by expe-
rienced teams are crucial to the success of D2 dissection.

Extended or Superextended Operations

Gastrectomy plus D2 dissection is known as “extended” surgery in Western countries,
whereas Japanese surgeons employ D2 lymph node dissection as a standard technique
and reserve the term “extended” for more aggressive procedures, such as gastrectomy
plus D3 dissection. At a few Japanese institutions, wide, extensive resection with
extended lymph node dissection has been performed in patients with advanced
gastric cancer, and they have yielded good outcomes. As demonstrated in previous
randomized D2 versus D1 trials, however, aggressive surgery may increase the risk of
complications or treatment-related deaths.

D3 Dissection That Includes Paraaortic Lymph Node Dissection
Lymphatic drainage from the stomach flows to the perigastric nodes and/or the nodes
around the celiac axis and its main branches, and then to the paraaortic nodes before
entering the systemic circulation via the thoracic duct. Thus, the paraaortic nodes may
be regarded as the final node station that can be dissected to remove the threat of sys-
temic metastasis via the lymphatic system.

Microscopic metastasis in the paraaortic nodes has been reported in 20% to 30%
of patients with advanced gastric cancer [35–38]. Although patients with paraaortic
node involvement are generally not considered candidates for radical surgery, sur-
vival data in the Japanese literature have suggested improved survival after superex-
tensive lymph node dissection in some long-term survivors [39,40]. D3 dissection
consists of a D2 dissection plus removal of the nodes in the hepatoduodenal ligament,
the nodes in the retropancreatic space, the nodes along the vessels of the transverse
mesocolon, and the nodes around the abdominal aorta [41] (Fig. 3).

A large-scale prospective randomized controlled trial (the Japan Clinical Oncology
Group [JCOG] study 9501) to compare D3 dissection and D2 dissection under strict
quality control and data management was started in Japan in 1995. The extremely low
hospital death rate of 0.8% after extended paraaortic lymph node dissections in a mul-
tiinstitutional study confirmed the findings in previous reports [42]. Several factors
that explained the very low operative morbidity and mortality achieved in this JCOG
trial were (a) only patients capable of tolerating paraaortic dissection were selected;
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(b) only specialist surgeons with an established track record of extended lym-
phadenectomy participated in the trial; (c) high-throughput centers were selected
because of the skill of their surgeons and standardized postoperative management;
and (d) pancreatectomy was avoided whenever possible, but splenectomy was per-
formed with total gastrectomy in most cases. An analysis of patient survival in the
JCOG trial is scheduled for August 2006, and the results should reveal whether D3
dissections can be expected to provide a survival benefit. However, the study did not
exclude patients with paraaortic node metastasis, and that may reduce the expected
survival rate.

Since 1997, the author’s department has adopted a prospective node dissection 
strategy for third-tier lymph nodes, including those in the paraaortic area (D3 dis-
section), for clinically serosa-positive and/or �N2 disease patients. The criteria for
D3 lymph node dissection were based on data from a retrospective study of D3 versus
D2 lymph node dissection conducted from 1991 to 1996 in the author’s department.
D3 dissection that includes paraaortic lymph node dissection is a more invasive pro-
cedure than D2 dissection, but (a) it was not associated with any increase in postop-
erative mortality, and (b) there were few postoperative nutritional disadvantages [43].
The paraaortic node-positive patients in this study did not receive any therapeutic
benefit from a D3 lymph node dissection, that is, their survival was identical to that
of the D0 patients (Fig. 4a), nor did D3 dissection improve the survival of the T2
patients (Fig. 4b). The results of this prospective study indicated that D3 lymph node
dissection may be beneficial for patients with �T3 and/or �N2 gastric cancer when
the paraaortic nodes are cancer negative, although the difference in survival was not
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Fig. 3. Intraoperative finding after D3 dissec-
tion. IVC, inferior vena cava; IMA, inferior
mesenteric artery; LRV, left renal vein; RRA,
right renal artery; CBD, common bile duct, PV,
portal vein; PHA, proper hepatic artery; Panc,
pancreas; Duod, duodenum



statistically significant. D3 dissection was demonstrated to have a favorable effect on
survival only when the procedure was used for prophylaxis and not in paraaortic
node-positive patients. The results of this study differed from those of other D3
studies regarding this point.

Extended D3 dissection may not only increase operative morbidity but may also
affect the function of abdominal organs. Longer operating time and more intraoper-
ative blood loss were usually indicated in the paraaortic lymph node dissection than
those in the D2 dissection group [42–44], and the postoperative morbidity rate after
paraaortic node dissection was higher, but the difference was not significant. Maeta
et al. [44] reported prolonged retention of intraabdominal fluid and diarrhea as post-
operative morbidity, and longer postoperative hospital stays, and Sano et al. [42]
reported that paralytic ileus, abdominal and/or left pleural lymphorrhea requiring
prolonged drainage, and severe diarrhea were specific to the extended paraaortic dis-

Advanced Gastric Cancer Surgery 279

Fig. 4. Survivals after gastrectomy plus D3 dissection. a Overall/disease-specific survivals. The
paraaortic node-positive patients did not receive any therapeutic benefit from a D3 dissection.
b Benefit of prophylactic D3 dissection (disease-specific survivals). D3 dissection did not
improve the survival of T2 patients (criteria unfit)
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section group in their series. The incidence of these complications in the author’s
department, however, has been less than in other studies. Frequent ligation of lymph
vessels or the use of hemoclips (or a vessel-sealing system) has prevented lymphor-
rhea or intraabdominal fluid collection, and preserving paraaortic ganglia has pre-
vented paralysis of bowel movement or severe diarrhea. In any event, the morbidity
after D3 dissection that includes paraaortic nodal dissection is not severe and is
usually prevented by careful surgical maneuvers.

Appleby Procedure and Left Upper Abdominal Exenteration
In 1953, L.H.Appleby [45] reported a radical operation for gastric cancer. He described
13 gastric resections with removal of the entire celiac axis and its associated nodes en
bloc for carcinoma of the stomach. Dividing the celiac axis and the peripheral part of
the common hepatic artery enables the lymph nodes within the second tier, except
the 12a and 14v stations, to be completely resected in an en bloc manner. The nodes
at the 12a, 14v, and 16 stations can also be dissected during this procedure, but not en
bloc. In 1968, T. Wada, a professor at the University of Tokyo, proposed the use of the
Appleby method as an easy procedure for achieving a complete D2 lymph node dis-
section, and 81 patients have undergone the Appleby operation (in the author’s depart-
ment) in 1976 (Fig. 5a). The outcome of 60 patients who underwent curative resection
in the Appleby group was significantly better than that of 64 patients in a historical
control group (P < 0.025) (Fig. 5b). The survival of patients with lymph node metas-
tasis, even in the second-tier nodes, was significantly better in the Appleby operation
group than in the control group (Fig. 5c,d).

Based on these findings, the Appleby operation seemed to be a useful standard sur-
gical protocol for advanced gastric cancer from this data. However, higher morbidity
and mortality rates (30% and 6%, respectively) and Appleby operation-specific com-
plications were encountered and prevented the procedure becoming popular. The
decrease in blood flow in the proper hepatic artery led to frequent procedure-specific
complications, such as temporary liver dysfunction, and 24% of the patients had
serum glutamic oxaloacetie transaminase (GOT) levels above 200 KU on the first post-
operative day. Partial liver necrosis (6%), cholecystitis (10%), or gallbladder necrosis
(5%) were sometimes observed, and anastomotic leaks (12%), especially at the jejun-
oduodenal anastomosis (7%), were also caused by decreased blood flow. Pancreatic
fistulas (7%) also occurred, but were much less frequent, with an incidence that 
was about the same as after conventional total gastrectomy with a distal pancre-
atosplenectomy. There was no operative mortality in the first 46 consecutive cases (in
the author’s department), but 5 surgery-related deaths occurred in the next 37 cases.
They may have been mostly attributable to the surgeons’ lack of skill and the lack of
experience in postoperative care.

Left upper abdominal exenteration (LUAE) was proposed by T. Kajitani (Cancer
Institute, Japan) as another procedure for en bloc resection for advanced gastric
cancer. LUAE includes removal of the transverse colon, left adrenal gland, left kidney,
and the lateral segment of the left lobe of the liver as well as the stomach, pancreatic
tail, and spleen. This procedure enables complete bursaomentectomy (by continuous
resection of the distal pancreas, spleen, and mesocolon) and lymph node dissection
on the left side of the aorta. It has usually been performed to treat advanced cancers
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Fig. 5. Survival after Appleby operation: a all patients; b curative resection; c lymph node
metastasis; d lymph node metastasis—N1 vs. N2

a

b

c



with (a) extensive serosal invasion; (b) lymphatic permeation of surrounding tissues
(in the early process of cancer invasion); (c) direct invasion of surrounding organs;
or (d) a small degree of serosal or peritoneal cancer dissemination to the greater or
lesser omentum or mesocolon.At the Cancer Institute in Japan, LUAE has mostly been
performed for the invasive type of gastric cancers (85%, 71/91), 70% of which were
Borrmann type 4 cancers [46]. The prognosis after surgery for type 4 gastric cancer,
including linitis plastica, remains poor. Because the most frequent mode of recurrence
is retroperitoneal involvement, LUAE was performed for patients with type 4 gastric
carcinoma to remove the tumor and microinvasion surrounding the stomach.
Hiratsuka and Furukawa [47] indicated by a histological study that prophylactic LUAE
should be performed for the carcinoma fibrosum (linitis plastica) type in type 4
gastric cancer. However, the 5-year survival rate after the LUAE was about 10% [46].
Therefore, Furukawa et al. [48] proposed LUAE plus the Appleby method and reported
that the procedure improved the survival of patients with stage III scirrhous cancer,
but it was not effective for patients with stage IV cancer. Procedure-specific compli-
cations were also encountered; that is, one patient died of hepatic failure.

These operations were devised in an attempt to cure advanced gastric cancers 
with a very poor prognosis, and only several surgeons in specialized institution can
perform them without any increase in adverse events.

Thoracoabdominal and Transhiatal Approach
A thoracoabdominal or transhiatal approach is usually selected for cardia cancer or
for gastric cancer with esophageal invasion. The increasing incidence of cancers of
the esophagogastric junction in Western countries has drawn attention to this tumor
entity. There has been controversy as to whether the thoracoabdominal approach is
superior to the abdominal and transhiatal approach to surgical treatment of the 
two subtypes of esophagogastric junction cancers, true cardia cancers, and subcardia
cancers.
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The results of a Dutch trial that compared right thoracotomy and the abdominal
approach with the transhiatal approach for adenocarcinoma of the esophagus was
reported in 2002 [49]. Mediastinal and abdominal lymph node dissection was per-
formed in this trial, although mediastinal dissection by the transhiatal approach was
limited to below the inferior pulmonary vein. Although the results indicated that the
thoracotomy approach provided no significant survival benefit and that the morbid-
ity rate was higher, it was concluded that the thoracotomy approach was superior in
conclusion because of the wider lymph node dissection field. This study was per-
formed on esophageal adenocarcinoma, mainly cardia cancer or lower esophageal
cancer, that may arise around the esophagogastric junction. A randomized controlled
trial in Japan revealed that left thoracoabdominal approach provided no survival
benefit over the abdominal and transhiatal approach for true cardia or subcardia
cancers with esophageal invasion of 3 cm or less (JCOG 9502) [50].

Gastric cancer invades the esophagus possibly because the tumor is in the advanced
stage or behaves aggressively, and cardia cancer is different from gastric cancer with
esophageal invasion in this respect. The survival benefit of extensive lymph node dis-
section in the mediastinum or additional lower esophagectomy for gastric cancer with
esophageal invasion may be limited, because most patients die of peritoneal cancer
dissemination, liver metastases, abdominal distant lymph node metastasis, and so on.

Pancreatoduodenectomy
Pancreatoduodenectomy is sometimes performed in patients with one of the follow-
ing indications: (a) lymph node metastasis to third-tier lymph node stations; (b) duo-
denal invasion, usually more than 3 cm; (c) pancreatic invasion; (d) exposure of the
tumor on the serosal surface of the duodenum; or (e) invasion of the mesocolon [46],
and Oyama and Yamaguchi [51] reported that the reason for pancreatoduodenectomy
in 202 surgical procedures for gastric cancer was direct invasion in 136 cases (67%),
lymph node dissection in 48 cases (24%), and duodenal invasion in 6 cases (3%).

However, the survival benefits of pancreatoduodenectomy were limited because
most patients died as a result of other causes, such as peritonitis carcinomatosa, liver
metastasis, or distant lymph node metastasis. In the author’s personal experience, only
patients with direct tumor invasion of the pancreas with no lymph node metastasis
have long postoperative survival times. Oyama and Yamaguchi [51] found that the
outcome after pancreatoduodenectomy was poor if lymph node metastasis had
occurred beyond the first-tier stations (≥N2) (5-year survival rate for ≥N2 2.7% versus
25%–27% for N1 of N0). Therefore, this procedure has not been accepted as a stan-
dard operation, and gastrojejunal anastomosis has usually been selected as an alter-
native procedure.

Conclusion
These extensive or superextensive surgical procedures for advanced cancer represent
an attempt to increase the cure rate. The survival benefit, however, is limited, and the
surgical procedure should be carefully selected for each patient. Adjuvant chemother-
apy represents another attempt to treat advanced gastric cancer, and further investi-
gation is required.
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Laparoscopic Gastrectomy
Seigo Kitano, Tsuyoshi Etoh, and Norio Shiraishi

Introduction

The advantages of laparoscopic surgery for the treatment of gastrointestinal benign
disease have been well demonstrated [1].Although the operative time for laparoscopic
procedures is generally longer than that for conventional open gastrectomy, laparo-
scopic gastrectomy is superior to open surgery by virtue of its reduced surgical 
invasiveness, less postoperative pain, earlier hospital discharge, lower hospital cost,
better cosmesis, and a better quality of life as a result of smaller skin incisions and
minimized trauma to the abdominal wall [2–6]. Since our first experience with
laparoscopy-assisted distal gastrectomy (LADG) using the Billroth I reconstruction in
a patient with early gastric carcinoma in 1991 [7], the use of laparoscopic gastrectomy
for gastric carcinoma has increased worldwide. The application of laparoscopic
surgery to cure gastric carcinoma, however, remains controversial. Thus far, several
case-controlled studies have investigated different aspects of the laparoscopic tech-
nique for the treatment of gastric carcinoma, mainly in Japan [8–11]. While waiting
for a large randomized trial to be conducted, a review of the literature can inform us
of the status of laparoscopic gastrectomy.

Laparoscopic Treatment of Gastric Carcinoma

Current Status of Laparoscopic Gastric Resection
The goal of any curative surgical approach to gastric carcinoma should be a complete
resection, leaving no residual neoplasm after the operation.

For the management of patients with early lesions, wide agreement exists about
therapy by laparoscopic surgery. There are three options for the management of early
gastric carcinoma: (1) laparoscopic wedge resection (LWR), (2) intragastric mucosal
resection (IGMR), and (3) laparoscopic gastrectomy (totally laparoscopic,
laparoscopy-assisted, and hand-assisted). Regional lymph nodes may be involved in
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early gastric carcinoma, but this is much less common in lesions limited to the mucosa
only (2%–3%) than in submucosal lesions (15–20%) [12,13]. Lymphatic vessel inva-
sion, histological tumor ulceration, and tumor diameter (>30 mm) are independent
factors predicting regional lymph node metastasis [14]. These data suggest that most
early carcinomas are located only in the gastric wall and that local resection of the
gastric wall is adequate for complete clearance. Theoretically, laparoscopic local resec-
tion, such as LWR or IGMR, can be applied to treat early gastric carcinoma without
risk factors for lymph node metastasis. On the other hand, laparoscopic gastrectomy,
such as LADG, was developed to treat early gastric carcinoma in which there is some
risk of lymph node metastasis at the perigastric portion (n1). The Guidelines for
Gastric Cancer Treatment of the Japanese Gastric Cancer Association present two indi-
cations for LADG: (1) mucosal carcinoma without preoperatively diagnosed lymph
node metastasis, and (2) carcinoma with submucosal invasion and without preopera-
tively diagnosed lymph node metastasis [15].However, it is sometimes difficult to diag-
nose lymph node metastasis preoperatively, and the diagnostic accuracy rate is very
low. Therefore, indications of LWR, IGMR, and LADG are generally determined by
tumor size, depth of cancer invasion, the presence of ulceration, and histological type.

To treat advanced gastric carcinoma, D1 dissection of only perigastric lymph nodes
is considered inadequate by most Japanese and some Western surgeons. In Japan, D2
lymph node dissection is routine practice. Japanese surgeons established the tech-
niques of D2 lymphadenectomy in which the lymph nodes in the first (perigastric) and
second (along the celiac artery and its branches) tier are systematically dissected. By
this surgical therapy, 30%–40% of patients with metastasis in even second-tier lymph
nodes have survived more than 5 years [16]. However, surgeons in the United States
and other Western countries rarely perform extensive prophylactic lymphadenectomy.
Based on two European randomized trials (RCT) that in comparing D1 and D2 showed
high operative mortality,exceeding 10% in the D2 group, the British NHS Cancer Guid-
ance officially discourages the use of D2 in clinical practice [17,18].

D1 gastrectomy is eminently feasible through the laparoscopic or laparoscopy-
assisted approach. Because laparoscopic gastrectomy has improved the outcome of D1
lymph node dissection for early gastric carcinoma, laparoscopic procedures with D2
lymph node dissection have been recently tried for advanced gastric carcinoma in
Japan. Some investigators reported low mortality and morbidity in laparoscopic gas-
trectomy with D2 lymph node dissection [8,19,20]. However, it seems technically dif-
ficult to dissect extragastric lymph nodes (group 2 nodes, based on the 13th Japanese
edition of the Japanese Classification of Gastric Carcinoma) using the laparoscopic
approach [21]. D2 lymphadenectomy using the laparoscopic approach requires a
learning curve, as does conventional open surgery. So far, it is difficult to draw any
conclusions from these limited early reports. To establish the acceptability of laparo-
scopic gastrectomy with D2 lymph node dissection against advanced gastric carci-
noma, a safe technique and a new instrument must be developed.

Technical Aspects of Laparoscopic Gastric Resection
The techniques of laparoscopic gastric resection, including laparoscopic wedge resec-
tion (LWR), intragastric mucosal resection (IGMR), and laparoscopy-assisted distal
gastrectomy (LADG), are described next.
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Laparoscopic Wedge Resection (LWR)
LWR is performed by the lesion-lifting method developed by Ohgami et al. [22] as
shown in Fig. 1.

1. The cancerous lesion and the gastric wall around it are exposed endoscopically and
laparoscopically.

2. The abdominal wall and gastric wall near the lesions are pierced with a 12-G
sheathed needle.

3. A small metal rod with a fine wire is inserted into the stomach through the outer
sheath, and the sheath is removed.

4. The lesion is lifted by retracting the metal rod and resected with a wedge-shaped
part of the stomach with the use of an endoscopic stapler.

5. After the resected specimen is removed, the abdomen is closed.

The lesion must be removed with an adequately clear margin. To resect the lesion 
successfully, Altorjay et al. modified the lesion-lifting technique to create a “double-
lifting” method [23].

Intragastric Mucosal Resection (IGMR)
IGMR is performed by techniques developed by Ohashi et al. [24] as shown in Fig. 2.

1. Three trocars are placed in the gastric lumen, penetrating both the abdomen and
the stomach walls, under endoscopic and laparoscopic observation.

2. These trocars fix the gastric wall to the abdominal wall with a balloon.
3. After the laparoscope and two forceps are inserted into the stomach through the

trocars, dots are placed around the lesion to indicate the removal margin, and a
mucosal resection is performed.

4. Hemostasis is achieved by electrocautery and laser.
5. The resected specimen is extracted by endoscope.
6. Each balloon is then deflated, and the trocars are pulled out.
7. Each port in the stomach is sutured laparoscopically, and the abdomen is closed.

For IGMR, it is important to access the gastric lumen easily and to obtain an optimal
operative field. Several new devices, such as the expandable sleeve, can be used instead
of forceps with a balloon to provide the necessary easy access.

Laparoscopy-Assisted Distal Gastretomy (LADG)
The essentials for LADG with D1 lymph node dissection for gastric carcinoma are
listed here.

1. Under general anesthesia with tracheal intubation, a 10 mmHg pneumoperi-
toneum is created and a laparoscope is inserted through the subumbilical 
incision.

2. Four cannulas for grasping and dissecting instruments are placed in the upper
abdomen (Fig. 3).

3. The greater omentum and gastrocolic ligament are dissected laparoscopically
outside the epigastric arcade (Fig. 4).

4. The right gastroepiploic vessels are cut to facilitate dissection of lymph nodes at
the subpyloric portion (Fig. 5).
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5. The lesser omentum is opened and the suprapyloric lymph nodes are dissected
after the right gastric artery and vein are divided between clips.

6. The stomach is fully mobilized, and the left gastric artery and vein are divided
using clips and ligatures (Fig. 6).

7. The left cardiac and superior gastric lymph nodes are dissected down to the distal
portion of the stomach (Fig. 7).

8. A 5-cm-long upper midskin incision is made just below the xiphoid, and the
mobilized stomach is pulled out through this minilaparotomy wound. The distal
two-thirds of the stomach is resected using staplers (Fig. 8).

9. The perigastric lymph nodes are completely dissected along with the distal por-
tion of the stomach.

10. Billroth I gastroduodenostomy is carried out through the minilaparotomy wound,
with the same handsewn technique as used for conventional open surgery 
(Fig. 9).

Other Types of Laparoscopic Gastrectomy
Given the tools available today, laparoscopic proximal and total gastrectomies are still
challenging [25–28]. In both these procedures, esophageal anastomosis is performed
laparoscopically [26]. Even with the use of a circular stapler, however, this part of the
surgery is technically complicated. The totally laparoscopic approach may become
easier with the development of improved staplers for transoral application. Hand-
assisted laparoscopy, using one of the currently available devices, may simplify the
performance of these highly complex procedures. More recently, to preserve the func-
tion of the gastric remnant after gastrectomy, some surgeons have performed a
laparoscopic pylorus-preserving gastrectomy without injuring vegal nerves such as
the pyloric or hepatic branch [10].

Short-Term Outcome
Several case-controlled studies have evaluated the short-term outcome of laparo-
scopic surgery for early gastric carcinoma. The advantages of laparoscopic gastric
resection compared with open gastric resection are summarized in Table 1. Prospec-
tive and retrospective analyses by a single institution showed bowel function 
recovery between 1 and 3 days after laparoscopic gastric resection. In several case-
controlled studies, bowel function recovered significantly faster after laparoscopic
gastrectomy than after open gastrectomy. In addition, patient quality of life has been
assessed by several studies, focusing mainly on postoperative pain and analgesic
requirements. In several studies, pain after laparoscopic surgery was also significantly
less than that after open surgery [2,5,6].

Other short-term advantages of the laparoscopic procedures were demonstrated by
a randomized trial at a single institution, which revealed better postoperative pul-
monary function in 14 patients who underwent LADG compared to 14 patients who
underwent open distal gastrectomy [29]. Patients after laparoscopic surgery had a sig-
nificantly faster recovery in forced respiratory volume per second and in forced vital
capacity.

Regarding the cost, a case-controlled study showed that LADG is less expensive than
conventional open gastrectomy (total hospital charge, ¥1336 ¥ 103 vs. ¥1411 ¥ 103)
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because both the postoperative recovery period and the hospital stay are shorter (16.1
vs. 20.5 days) [30]. However, Rosin et al. noted problems with LADG, including the
complexity of the procedure and long operating time [31].

Follow-Up Evaluation
With regard to operative curability, the surgical margins and the number of dissected
lymph nodes in laparoscopic gastrectomy are equivalent to those in conventional open
gastrectomy. Table 2 lists several noncomparative or comparative studies of short-
term follow-up evaluation of laparoscopic gastrectomy [4,27,29,32–35]. However, the
issues regarding the recurrence rates and the long-term survival rate remain unclear.
Most retrospective published studies were composed of a small number of patients
and showed short-term follow-up. In addition, no long-term results have been
recorded after laparoscopic gastrectomy. In the near future, a multicenter randomized
controlled trial is needed to confirm the advantages in the long-term outcome of
laparoscopic gastric resection for early gastric carcinoma.

Morbidity Related to Laparoscopic Gastric Resection
A survey conducted by the Japan Society for Endoscopic Surgery showed the inci-
dences of intraoperative and postoperative complications to be 2.1% and 4.6%
after LWR and 4.2% and 6.5% after IGWR, respectively [36]. The major intraopera-
tive and postoperative complications are bleeding and gastric dysemptying, respec-
tively, for both LWR and IGMR. After LADG, the incidences of intraoperative and
postoperative complications are 1.4% and 9.7%, respectively. The major intraopera-
tive complication after LADG is bleeding and the major postoperative complications
are gastric dysemptying, anastomotic leakage, and wound infection. Recently, a ran-
domized controlled trial of a small number of cases demonstrated no significant dif-
ference in the incidence of complications, such as anastomotic leakage, anastomotic

Table 1. Short-term benefits of laparoscopic gastrectomy 
compared with open gastrectomy

Clinical course after operation:
Less blood loss
Reduced analgesic request
Earlier first eating
Earlier first flatus
Earlier first walking
Earlier hospital discharge
Lower hospital cost
Better cosmesis

Pulmonary function
Better forced capacity at post operative day (POD) 3
Better forced expiratory volume in 1 at POD 3

Inflammation
Lower peak of number of white blood cells (WBC)
Lower peak of C-reactive protein (CRP)
Lower peak of inter leukin (IL-6)
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Table 2. Follow-up evaluation of laparoscopic gastrectomy
Study Lymph node Follow-up Recurrence 

Authors Year design N Candidate disssection (months) (cases)

Azagra et al. [1] 1999 RNC Lap 13 T2–T3 D1 or D2 Mean, 27.5 2

Hüscher et al. [33] 2000 RNC Lap 45 T2–T4 D1 or D2 or D3 Mean, 43 1

Ballesta-Lopez et al. [34] 2002 RNC Lap 25 T1–T2 D1 7–63 0

Kitano et al. [29] 2002 RNC Lap 116 T1 D1 Mean, 45 0

Tanimura et al. [27] 2003 RNC Lap 28 T1 D1 or D2 1–36 0

Reyes et al. [4] 2001 RC Lap 9 Stage I–IV Not described 1–36 0
Open 12

Kitano et al. [35] 2002 PR Lap 14 T1 D1 Mean, 21.5 0
Open 14

RNC, retrospective noncomparative study; RC, retrospective comparative study; PR, prospective randomized controlled study; Lap, laparoscopic gas-
trectomy; Open, open gastrectomy
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stenosis, bleeding, and wound infection, between an LADG group and a conventional
open gastrectomy group [29]. However, laparoscopic gastric resection for gastric car-
cinoma is still under development. Under laparoscopic surgery, some adverse events
occur that are technically associated with laparoscopic gastrectomy.

Bleeding
Bleeding related to lymph node dissection is the most frequent complication during
laparoscopic gastrectomy. It is important to recognize the anatomy as seen in a
limited, two-dimensional monitor and to maintain a perspective that allows the pre-
vention of accidental bleeding.

Injury of the Gastrointestinal Tract
When the walls of the stomach, transverse colon, or duodenum are strongly grasped
by forceps to extend them, they can be accidentally injured. If these injuries happen,
they should be repaired carefully by an intraabdominal suturing technique or auto-
matic suturing.

Injury of Solid Organs
When the lymph node is dissected superior to the pancreas, parenchyma of the pan-
creas can be injured accidentally by forceps or by an ultrasonically activated device.
The liver and spleen also can be injured when they are strongly retracted. All proce-
dures should be done gently and carefully under laparoscopic surgery because of the
limited operative view and the mobility of each instrument.

Port Site Metastasis
The issues of port site metastasis are still unresolved. Therefore, a understanding 
of physiology and the development of correct measures are needed to prevent it.
Although recent papers in a clinical setting have demonstrated that laparoscopic
colectomy in patients with advanced colorectal cancer has a long-term survival rate
equivalent to that of open surgery and does not increase port site metastases [37–39],
it is dangerous to apply these results for colorectal cancer to advanced gastric carci-
noma. The few reported cases regarding port site metastasis in gastric carcinoma were
all related to advanced tumors or diffuse carcinomatosis [33]. The presence of serosal
penetration may be associated with this phenomenon.

Conclusion

Laparoscopic surgery for gastric carcinoma has been shown to be potentially supe-
rior to traditional laparotomy with regard to short-term benefits. The technique seems
safe and capable of fulfilling oncological criteria for cancer surgery. However, ques-
tions regarding recurrence rates and long-term survival have not yet been satisfacto-
rily answered. Further follow-up and a review of large, multicenter randomized trials
are needed before widespread acceptance of the technique can be recommended.
Finally, surgeons with sufficient expertise and ongoing peer-reviewed data collection
may currently offer this therapy to appropriately selected patients.
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Fig. 1. Local wedge resection (LWR) by the
lesion-lifting method

Fig. 2. Intragastric mucosal resection (IGMR)

Fig. 3. Placement of four 
cannulas

Color Plates
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Fig. 4. Dissection of the greater
omentum and gastrocolic liga-
ment outside the epigastric
arcade

Fig. 5. Cutting the right gas-
troepiploic vessels

Fig. 6. Cutting the left gastric
vessels
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Fig. 7. Dissection of the left
cardiac and superior gastric
lymph nodes

Fig. 8. Resection of the distal
two-thirds of the stomach
through a minilaparotomy
wound

Fig. 9. Anastomosis by Billroth 
I method



Chemotherapy for Advanced
Unresectable Gastric Cancer
Atsushi Ohtsu

Introduction

Gastric cancer is a major health problem in many regions of the world. Despite
remarkable improvement in survival as a result of early detection and curative
surgery, approximately 50 000 deaths were observed in Japan in 2001 [1]. Unresectable
advanced or recurrent gastric cancer still has a poor prognosis, with a median 
survival of less than 9 months. Randomized trials have demonstrated that the 5-
fluorouracil (5-FU)-based regimen provides superior survival and quality of life in
patients with advanced gastric cancer when compared to best supportive care [2–4].
However, this survival advantage appears to be marginal, and no standard regimens
worldwide have yet been established, although various challenges have been 
conducted.

Recently developed new agents, such as irinotecan, S-1, and taxanes, may have
potential to break through this status. Newer-generation regimens with these agents
are being investigated in randomized trials worldwide. A molecular targeting agent is
another new topic in the field of chemotherapy and is also under development for
gastric cancer. This review focuses on the results of newer-generation regimens, par-
ticularly in Japan, after a brief summary of older-generation regimens.

Overview of the Older-Generation Regimens

Results from Randomized Controlled Trials
During the past two decades, various randomized trials (Table 1) have been carried
out. In Europe, a combination of flurorouracil, doxorubicin, and high-dose methotrex-
ate (FAMTX) used to be a standard regimen based on the European Organization for
Research and Treatment of Cancer (EORTC) trials [5]. However, this regimen failed
to demonstrate any superiority to other combination regimens, 5-FU plus cisplatin 
or etoposide plus 5-FU/leucovorin, in the subsequent EORTC randomized study [6].
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Another randomized study in the United Kingdom revealed the superiority of a com-
bination of epirubicin, cisplatin (CDDP), and 5-FU (ECF) to FAMTX in terms of
survival [7], although survival results of these studies were limited, with a median sur-
vival time (MST) ranging from 6 to 8 months. Other trials including 5-FU alone as a
control arm and in comparision with FU-based regimens also failed to demonstrate
survival prolongation of combination regimens [8,9].

The Japan Clinical Oncology Group (JCOG) has carried out a randomized con-
trolled trial comparing 5-FU alone with UFT (ftorafur and uraeil) + mitomycin C
(UFTM) and with 5-FU + CDDP (FP) for advanced gastric cancer (JCOG 9205) [10].
A total of 280 patients with advanced gastric cancer were randomly allocated and 
analyzed for survival, response, and toxicity. At the interim analysis, the UFTM arm
showed a significantly inferior survival with higher incidences of hematological tox-
icities than control arm 5-FU alone, and the registration to UFTM was terminated.
Both investigational regimens, FP and UFTM, had a significantly higher incidence of
hematological toxicities than 5-FU alone, although they were feasible. The overall
response rates of 5-FU alone, FP, and UFTM arms were 11%, 34%, and 9%, respec-
tively. The median progression-free survival was 1.9 months with 5-FU alone, 3.9
months with FP, and 2.4 months with UFTM, respectively. Although FP demonstrated
a higher response rate (P < 0.001) and longer progression-free survival than 5-FU
alone (P < 0.001), no differences in overall survival were observed between the arms;
the median survival times and 1-year survival rates were 7.1 months and 28% with 5-
FU, 7.3 months and 29% with FP, and 6.0 months and 16% with UFTM, respectively.
This study concluded that both investigational regimens, FP and UFTM, showed no
survival advantages as compared to 5-FU alone, and 5-FU alone still remains a refer-
ence arm in future trials for advanced gastric cancer.

Based on the results of these randomized trials, no regimens have exceeded 5-FU
alone, and there still remain limitations on efficacy results in older-generation regi-
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Table 1. Results of randomized trials using older-generation regimens

No. of Response Median survival
Study Treatment patients rate (%) (months) P value

Wils et al. 5-FU + ADM + MMC 103 7 6.7 0.004
(1991) [5] 5-FU + ADM + MTX 105 33 9.6

Kim et al. 5-FU 94 26 6.9 ns
(1993) [9] 5-FU + ADM + MMC 98 25 6.6

5-FU + CDDP 103 51 8.5
Webb et al. 5-FU + ADM + MTX 130 21 5.7 0.0009

(1997) [7] Epirubicin + CDDP + 126 45 8.9
5-FU

Vanhoefer et al. 5-FU + CDDP 134 20 7.2 ns
(2000) [6] Etoposide + LV/5-FU 132 9 7.2

5-FU + ADM + MTX 133 12 6.7
Ohtsu et al. 5-FU 106 11 7.1 ns

(2003) [10] 5-FU + CDDP 104 34 7.3
UFT + MMC 70 9 6.0

5-FU, 5-fluorouracil; ADM, adriamycin; MMC, mitomycin C; MTX, methotrexate; CDDP,
cisplatin; LV, leucovorin; UFT, ftorafur and uracil



mens: the results ranged from 10% to 35% in response rate, from 6 to 8 months in
MST, and around 10% in 2-year survival.

Results in Patients with Peritoneal Metastasis
Peritoneal metastasis is the major site developing from gastric cancer. However, these
patients usually have poor general condition, impairment of oral intake, and compli-
cations such as bowel obstruction and hydronephrosis, which may prolong elimina-
tion of the agents. These patients with peritoneal dissemination are excluded from the
phase II study because these studies usually require response evaluation as a primary
endpoint whereas these patients usually have no measurable lesions. Thus, a specifi-
cally targeted study should be conducted. A phase II study of sequential combination
of methotrexate (MTX) plus 5-FU (JCOG 9603) has been carried out in patients with
malignant ascites [11]. A total of 37 patients were registered: remarkable decreases of
ascites were observed in 13 (35%) patients, including 4 (11%) with disappearance 
of ascites, whereas 2 (5%) patients died of treatment-related toxicity. Results from 
retrospective analysis also showed similar efficacy for this population. Based on the
results, a phase III study comparing 5-FU alone with MTX/5-FU (JCOG 0106) in
patients with peritoneal dissemination has been initiated in the JCOG.

Results in Patients with Bone Metastasis
Bone metastasis is a rare mode of cancer metastasis in patients with gastric cancer.
However, if it occurs, it is usually associated with diffuse involvement and occasion-
ally complicated with disseminated intravascular coagulation (DIC). Thus, the 
prognosis is very dismal. For such cases, we attempted palliative chemotherapy with
sequential MTX/5-FU and have reported a retrospective analysis of 18 gastric cancer
patients with bone metastasis who underwent this treatment [12]. Of the 18, 9 patients
(50%) had the complication of DIC before initiation of chemotherapy, and 8 of them
(89%) recovered from it. The median survival times for all patients and for the 9 with
DIC were 186 and 113 days, respectively, and 2 patients (11%) survived longer than 1
year. Although grade 4 leukopenia was observed in 3 patients (17%), no treatment-
related deaths occurred. Based on these results, this combination therapy may have
palliative potential and be a feasible treatment for gastric cancer patients with bone
metastasis, with or without DIC.

Multivariate Analysis for Prognosis and Long-Term Results
Between 1985 and 1997, a total of 497 patients with advanced gastric cancer were
enrolled onto four phase II studies and one phase III study in the Japan Clinical Oncol-
ogy Group. Univariate and multivariate analysis for prognosis were carried out by log-
rank test and by Cox’s proportional hazard model, respectively [13]. Baseline patient
background was median age of 61 years; 176, 238, and 86 patients with PS 0, 1, and 2,
respectively; 84 patients with prior gastrectomy; and 315, 148, and 34 patients with
one, two, or more metastatic sites, respectively. Thirty-nine (8%) and 11(2%) patients
have survived longer than 2 and 5 years. Univariate analysis revealed that the 315
patients with a single metastatic site have survived longer than the remaining 182
patients (P < 0.01), and the 77 patients with only abdominal lymph node involvement
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have also survived longer than 117 patients with only liver metastasis (P = 0.03).
In the multivariate analysis, better PS, small number of metastatic sites, and 
macroscopically nonscirrhous type were significantly associated with better progno-
sis (Table 2).

Characteristics of the 11 five-year survivors are summarized in Table 3. The 11
patients consisted of 8 with paraaortic node metastases alone as an “unresectable
factor,” 1 with paraaortic and cervical node metastases, and the remaining 2 patients
with only liver metastasis. Ten of the 11 patients achieved overall responses to the
initial chemotherapy: 5 patients achieved complete response (CR) at the initial
chemotherapy, and 1 patient achieved CR by the second-line chemotherapy. One
patient, who had not achieved an objective response to the initial chemotherapy 
(FP), achieved CR in the third-line chemotherapy, consisting of 5-fluorouracil +
doxorubicin + mitomycin C. Of the 11, 8 patients have received surgical resections: 4
patients had undergone gastrectomy before initiating the chemotherapy and the other
4 patients underwent surgical resection after achieving downstaging by the initial
chemotherapy, including 2 with pathological CR in the surgically resected specimen.
The remaining 3 patients have not received surgical resection during the follow-up
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Table 2. Univariate and multivariate analysis for prognosis by each variable

Multivariate
Univariate analysis analysis

MST 2-year Relative
Variable n (months) Survival (%) P value risk 95% CI

Age
<60 years 219 7.8 10.5 0.04 —
>60 years 278 6.8 5.8 1.16 0.97–1.40

Sex
Male 364 7.2 8.2 0.9 —
Female 133 7.2 6.8 0.93 0.75–1.14

PS
0 175 9.9 11.0 <0.01 —
1 236 6.8 8.5 1.16 1.08–1.25
2 86 5.1 0

Histological types
Intestinal 228 7.8 9.2 0.3 —
Diffuse 266 6.5 6.8 1.13 0.97–1.30

Macroscopic types
Scirrhous 137 6 4.4 0.04 —
Nonscirrhous 360 7.6 9.2 1.27 1.02–1.25

History of gastrectomy
Yes 84 8.3 14.3 0.02 —
No 413 6.8 6.5 1.01 0.92–1.10

No. of metastatic sites
1 315 8.3 9.5 <0.01 —
2 148 5.9 5.4 1.32 1.14–1.53
≥3 34 5.4 2.9

Multivariate analysis includes all the variables listed in the table
MST, mean survival time; CI, confidence interval; PS, performance status



C
hem

otherapy for A
dvanced G

astric C
ancer

303

Table 3. Characteristics of 11 five-year survivors

Initial Response, Survival
Age Sex PS Macroscopy Histology Metastatic site Gastrectomy regimen 1st/2nd (months) Alive/dead

75 M 0 N Diffuse Liver — 5Fuci CR/- 60 D
65 M 0 N Intestinal Abdominal LN B 5Fuci PR/PR 61 A
46 M 0 N Diffuse Abdominal LN B 5Fuci PR/- 63 A
55 M 1 N Intestinal Liver — UFTM PR/CR 65 A
47 M 0 N Intestinal Abdominal LN B FP CR/- 85 A
52 M 1 N Intestinal Abdominal LN — 5¢FP CR/- 86 D
57 M 1 N Diffuse Abdominal LN A EAP PR/- 87 D
53 M 0 N Diffuse Abdominal LN A EAP CR/- 88 A
49 F 0 N Diffuse Abdominal LN B FP NC/CR 90 A
58 M 0 N Intestinal Abdominal and A EAP CR/- 103 A

Cervical LN
62 M 1 N Intestinal Abdominal LN A 5¢FP PR/- 108 A

N, nonscirrhous type; LN, lymph node; A, after initial chemotherapy; B, before initial chemotherapy; UFTM, UFT+MMC; FP, 5-FU+CDDP; 5¢FP,
5¢FUDR+CDDP; EAP, etoposide+ADM+CDDP; CR, complete response; PR, partial response



period. Ten of the 11 5-year survivors presented no evidence of disease at 5 years,
whereas 2 patients died after 5 years of recurrence of primary disease.

These results indicated that better PS, small number of metastatic sites, and macro-
scopically nonscirrhous type are independent favorable factors for survival. There was
a small population of long-term survivors, particularly in patients with only paraaor-
tic node metastasis as the “unresectable factor.”

New-Generation Regimens

Single-Agent and Combination Studies in Japan
Recently, four promising agents, irinotecan (CPT-11), S-1, docetaxel, and paclitaxel,
have become commercially available for treatment of gastric cancer in Japan. Results
from single-agent registration studies for approval and their combinations are shown
in Table 4.

CPT-11 is an inhibitor of DNA-topoisomerase I, which is a crucial enzyme involved
in DNA replication and transcription. In the single-agent study, moderate activity of
this agent was confirmed with a response rate of approximately 20% [14]. This agent
was then investigated in combination with CDDP [15,16]. A phase II study of this
combination achieved high response rate of 48% with MST of 9 months in all patients
and of 59% with MST of 11 months in chemo-naive patients. The major toxicities were
neutropenia and diarrhea: grade 4 neutropenia was observed in 57% and grade 3 or
4 diarrhea in 20% of the patients. This agent was then combined with MMC; the phase
I/II study of this combination revealed similar efficacy results and less toxicity than
the CPT-11 + CDDP regimen [17]. This regimen was evaluated in the phase II study
as a second-line setting after failure of FU-based regimens [18]. Of the 45 patients reg-
istered, 13 patients achieved partial response (PR) with a response rate of 29%. Median
progression-free survival was 4 months. Toxicities were moderate; grade 4 neutrope-
nia was observed in 29% and grade 3 anorexia in 24% of the patients. This study con-
cluded that this regimen could be a treatment option in patients resistant to FU-based
regimen.

S-1 is a new oral fluoropyrimidine that consists of three components: tegafur; which
is a prodrug of 5-FU, CDHP, which competes with dihydropyrimidine dehydrogenase,
and oxonic acid, which suppresses the gastrointestinal toxicity of tegafur. This agent
is highly active with a response rate of 45% (45/101) in the two registration phase II
studies and is widely used in Japan [19,20]. Various attempts in combination with
other agents such as CDDP, CPT-11, and taxanes have been conducted. First, this agent
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Table 4. Results of the single-agent study in Japan

Agents No. of patients Response rate MST (months)

CPT-11 76 (20) 18% (25%) NS (NS)
S-1 101 (101) 45% (45%) 8.3 (8.3)
Docetaxel 129 (51) 17% (18%) 7.5 (NS)
Paclitaxel 60 (28) 23% (21%) 11.5 (11.4)

Numbers in parentheses are results in chemonaive patients
CPT-11, irinotecan; NS, not stated



was combined with CDDP. This combination phase I/II study was scheduled as S-1 40
mg/m2 twice daily for consecutive 21 days and 2-h infusion of CDDP at 60–70 mg/m2

on day 8, which was repeated every 5 weeks [21]. This study revealed an excellent
response rate of 76% with MST of 12.6 months. Toxicities were moderate but easily
manageable; grade 3 or 4 hematological and nonhematological toxicities were 15.8%
and 26.3%, respectively. Another combination, S-1 + CPT-11, is also promising. A
phase I/II study of this combination revealed similar response rates of around 50%
with a MST of 14 months [22].

The taxanes docetaxel and paclitaxel inhibit microtubule depolymerization and
have moderate activity for gastric cancer with a response rate of around 20% in their
single-agent studies [23–26]. Taxanes also have promising activity as a second-line
treatment, and their combinations are now being investigated as a frontline treatment.
The Swiss Group for Clinical Cancer Research has reported a phase II study of doc-
etaxel 85 mg/m2 with CDDP 75 mg/m2 administered once every 3 weeks for advanced
gastric cancer and observed a response rate of 52% and median time to progression
of 6.6 months [27].

Randomized Controlled Trials Including 
Newer-Generation Regimens
There are three randomized trials under investigation including the above new-
generation regimens in Japan. In JCOG, three-arm randomizations were designed.
This study (JCOG 9912) compares 5-FU alone, as a control arm based on the results
from the previous study (JCOG 9205), with a combination of CPT-11 + CDDP and
with S-1 alone. This study requires a sample size of 450, and final accrual will be com-
pleted in 2005. The second study is a randomized trial comparing S-1 alone with S-1
+ CDDP (sponsored by Taiho) with a sample size of 300, and the third study (spon-
sored by Wyeth) is comparing S-1 alone with 5-FU/leucovorin with a sample size of
200. Final results of the JCOG 9912 and the Taiho study will appear in 2006–2007.

An international randomized controlled trial (V-325) comparing CDDP + 5-FU
(CF) with docetaxel + CDDP + 5-FU (DCF) was conducted outside of Japan, and the
interim results were reported at the Annual Meeting of the American Society of Clin-
ical Oncology in 2003 [28]. The doses and schedule of the DCF arm were docetaxel 
75 mg/m2 on day 1, CDDP 75 mg/m2 on day 1, and 5-FU 750 mg/m2/day as continuous
infusion on days 1–5, repeated every 3 weeks; the dose and schedule of CF arm were
CDDP 100 mg/m2 on day 1 and 5-FU 1000 mg/m2/day as continuous infusion on days
1–5 given every 4 weeks. At the interim analysis on 232 patients, time to progression
was superior (P = 0.0008) for DCF (5.2 months compared to 3.7 months for CF). MST
was also longer for patients receiving DCF (10.2 months) than those receiving CF (8.5
months, P = 0.0064). Neutropenic fever, infections, diarrhea, and mucositis were also
higher for DCF than CF. These results indicated the superiority of DCF to CF for
advanced gastric cancer.

To date, the interpretation of V-325 study results appears to be controversial.
Although this study confirmed the superiority of DCF compared to CF in terms of
efficacy, MST of the DCF arm was 10.2 months, which does not seem to be a definite
improvement. The latest combination studies in Japan, although the numbers of the
patients were small, yielded 12 months or longer MST (Table 5). According to the ret-
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rospective analysis of National Cancer Center Hospital East, the MST of 111 patients
treated with chemotherapy for advanced unresectable gastric cancer in daily practice
was improved to 11 months after application of the newer-generation regimens.
Whether the superiority of DCF can be accepted should await obtaining the results of
ongoing randomized trials in Japan.

Molecular Targeting Agents Under Investigation
Recently developed molecular targeting agents may provide a significant impact in
this field, as successful results of bevacizumab and cetuximab have been observed in
colorectal cancer [29,30].

Gefitinib is an orally active epidermal growth factor receptor tyrosine kinase
inhibitor (EGFR-TKI) that has shown single-agent activity against non-small cell lung
cancer. A Japan–Europe joint phase II study was conducted to investigate the efficacy,
tolerability, and pharmacokinetics of gefitinib in patients with metastatic gastric 
adenocarcinoma [31]. Seventy-five patients (32 Japanese, 43 non-Japanese) were 
randomized to receive 250 mg/day or 500 mg/day gefitinib orally. Disease control was
achieved in 13 patients: 1 (250 mg/day) had a partial response and 12 had stable
disease (4 at 250 mg/day, 8 at 500 mg/day), with a disease control rate of 18%. The most
common drug-related adverse events were diarrhea (45.9%), rash (35.1%), and
anorexia (12.2%). Drug-related grade 3/4 adverse events were experienced by 11.1%
and 23.7% of patients given 250 mg/day and 500 mg/day gefitinib, respectively.
Gefitinib exposure appeared to be unaffected by ethnicity or previous gastric surgery.
Furthermore, there was no marked difference in plasma concentration in patients
with disease control (partial response plus stable disease) versus progressive disease.
In conclusion, gefitinib monotherapy was generally well tolerated, but its activity
seemed to be limited.

Investigations of two other molecular targeting agents are now being planned.
EMD72 000 is a 95% humanized monoclonal antibody against EGFR that showed
promising activity for colorectal adenocarcinoma in the phase I study [32]. This agent
has less toxicity, particularly in allergic reaction and skin rash, than cetuximub, which
is a chimeric antibody against EGFR. The single-agent phase II study is going to begin
in patients with EGFR-positive gastric tumors.Another planned agent is trastuzumab,
a monoclonal antibody to Her2 protein, which is widely used in patients with Her2-
overexpressing breast cancer. We have evaluated the frequency of Her2 overexpres-
sion and the concordance between protein expression and gene amplification in 200
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Table 5. Treatment results of newer-generation regimens in Japan and V325 study

Regimen Phase No. of patients Response rate MST (months)

CPT-11 + CDDP II 44 (29) 48% (59%) 9.0 (10.8)
CPT-11 + MMC I/II 30 (16) 50% (63%) 8.5 (NS)
S-1 + CDDP I/II 25 (25) 75% (76%) 12.5 (12.5%)
S-1 + CPT-11 I/II 40 (40) 55% (55%) 14.0 (14.0)
Docetaxel + CDDP + 5-FU III 111 (111) 39% (39%) 10.2 (10.2)

(V325 study)s

Number in parentheses are results in chemonaive patients; NS, not stated



surgical and endoscopic biopsy specimens using two commercial immunohisto-
chemical (IHC) kits and fluorescence in situ hybridization (FISH) [33]. Among these
200 cases, 46 (23%) of the patients were found to exhibit Her2 protein overexpression.
The following IHC scores were obtained: 0, 126 (63%); 1+, 28 (14%); 2+, 12 (6%);
and 3+, 34 (17%). Gene amplification examined with FISH was observed in 54 cases
(27.1%). Among the 200 biopsy specimens, Her2 protein overexpression was observed
in 21.5% of the specimens (2+, 7.5%, and 3+, 14%). The concordance rate between the
surgically resected materials and the biopsy specimens was 88.7%. From these back-
ground results, trastuzumab can be applied for clinical trial in patients with Her 2
overexpressed gastric cancer.

Conclusions

Older-generation regimens against advanced gastric cancer have limited efficacy. No
standard regimens worldwide, as well as in Japan, have been established yet, and a
limited number of patients have achieved objective response and long-term survival.
However, some of the new-generation regimens improved response rate more than
50% and suggested survival prolongation in the preliminary studies. These treatments
are being investigated in ongoing randomized studies in Japan, and we should wait
for the results to confirm these improvements. Recent development of molecular tech-
nology has produced various types of molecular targeting agents. These agents are
the other new hopes for improving efficacy results with less toxicity than classic cyto-
toxic agents. Understanding the biology of gastric cancer may result in better targets
or cellular pathways to be modified or blocked by therapeutic interventions. Addi-
tionally, improvement of the clinical trial design and molecular surrogate in clinical
research will lead to the development of better treatments. Both clinical and biology
research will be more important.
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Adjuvant or Neoadjuvant
Chemotherapy Against Advanced
Gastric Carcinoma
Kenji Omura

Introduction

Gastric carcinoma is one of the most common malignancies in the world. Further-
more, the cure rate of gastric carcinoma with surgery is not satisfactory, at 20%–30%
in Western countries and 60% in Japan. For developing countries, the curability of
gastric carcinoma is far lower. There exist two ways to improve the outcome of gastric
carcinoma treatment other than improving surgical procedures. One is to locate the
lesion and make the diagnosis of gastric carcinoma when it is still in an early stage.
For a tumor with invasion limited within the mucosal layer, diagnosed as a differen-
tiated carcinoma, and a diameter within 2 cm, it can be cured even by endoscopic
mucosal resection (EMR). For cases when the invasion depth has reached the sub-
mucosal layer, the patient should undergo gastrectomy, resulting in an expected 5-year
survival rate of 90%. However, it is difficult to make the diagnosis of gastric carci-
noma in the early stages in many countries. Almost all patients with early gastric car-
cinoma have no complaints. Consequently, it is necessary to perform studies on a large
number of people with no complaints to find an early gastric carcinoma, and this is
quite cost-ineffective.

Another way to improve the prognosis of gastric carcinoma is to kill the carcinoma
cells with anticancer drugs. In the past two decades, several anticancer drugs have
been found to have considerable cytotoxic effects against gastric carcinoma and thus
have been introduced in clinical settings. In this chapter, anticancer drugs used for
adjuvant chemotherapy are presented with specific emphasis on their cytotoxic 
mechanisms. Efforts to determime valuable regimens for neoadjuvant chemotherapy
against advanced gastric carcinoma with noncurative factor(s) are also described, and
evidence is also presented regarding the efficacy of adjuvant chemotherapy after cur-
ative surgery for advanced gastric carcinoma.
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Fig. 1. Structural formulas of 5-fluorouracil (5-FU) and its active form, 5-fluorodeoxyuridine-
5¢-monophosphate (FdUMP)

Drugs Used for Adjuvant or Neoadjuvant Chemotherapy
Against Advanced Gastric Carcinoma

5-Fluorouracil
5-Fluorouracil (5-FU) is the most frequently prescribed anticancer drug for the treat-
ment of gastric carcinoma. The metabolic pathway and the mechanism responsible
for the cytocidal effect of 5-FU have been almost fully elucidated. 5-FU is converted
to an active form, 5-fluorodeoxyuridine monophosphate (FdUMP), after glucosylation
(Fig. 1). 5-FU is glucosylated through three pathways. Each pathway is catalyzed 
by orotate phosphoribosyltransferase (OPRT [EC 2.4.2.10]) (pathway 1), uridine 
phosphorylase [EC 2.4.2.3] (pathway 2), or thymidine phosphorylase [EC 2.4.2.4]
(pathway 3) (Fig. 2). Among these, the one catalyzed by OPRT is considered to be the
main pathway. Dihydropyrimidine dehydrogenase (DPD [EC 1.3.1.2]) acts as a 
rate-limiting enzyme in the degradation pathway of 5-FU (Fig. 3). Thymidylate 
synthase (TS [EC 2.1.1.45]) is a rate-limiting enzyme associated with de novo 
synthesis of pyrimidine nucleotides and is also the target enzyme of 5-FU. Inhibition
of TS by 5-FU is accomplished by occupying its active site with FdUMP and methyl-
enetetrahydrofolate (CH2H4PteGlu) (Fig. 4) to form an inactive ternary complex (TC)
(Fig. 5). Theoretically, 1 mole of FdUMP and CH2H4PteGlu is necessary to inhibit 1
mole of TS when occupying its active site. The rate of thymidylate synthase inhibi-
tion (TSIR) for gastric carcinoma tissue extraction in the presence of sufficient
FdUMP decreases as TS expression increases (Fig. 6) [1].

CH2H4PteGlu deficiency should occur in rapid-growth tissue because it is con-
sumed during the synthesis of pyrimidine nucleotide. CH2H4PteGlu is necessary not
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Fig. 2. Glucosylation pathways of 5-FU

Fig. 3. Degradation pathways of pyrimidine bases
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Fig. 4. Structural formula of reduced folate

TS protein

active site
Fig. 5. Inhibition of thymidylate synthase (TS) by FdUMP through the formation of an inac-
tive ternary complex with methylenetetrahydrofolate (CH2H4PteGlu)

Fig. 6. Correlation between thymidylate synthase inhi-
bition (TSIR) and TS expression in vitro
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Fig. 7. Correlation between the half-life of TC
and concentration of reduced folate in vitro

Table 1. Enzyme activity of glucosylation and degradation pathways in gastric carcinoma
patients (nmol/g tissue per minute)

Glucosylation (phosphorylation pathway)

OPRT UP and UK TP and TK DPD

Gastric carcinoma (n = 22) 0.5 ± 0.7 4.5 ± 3.9 9.0 ± 4.7 1.4 ± 1.0
Metastatic lymph node (n = 5) 0.2 ± 0.2 1.6 ± 0.5 8.3 ± 4.8 1.1 ± 0.8
Normal gastric mucosa (n = 14) 0.2 ± 0.2 2.6 ± 3.2 4.4 ± 3.3 1.8 ± 0.7

OPRT, orotate phosphoribosyltransferase; UP, uridine phosphorylase; UK, uridine kinase; TP,
thymidine phosphorylase; TK, thymidine kinase; DPD, dihydropyrimidine dehydrogenase

only for forming TC but also for stabilizing it (Fig. 7). Consequently, the administra-
tion of folinate calcium (leucovorin, LV), which is a precursor of CH2H4PteGlu,
enhances the anticancer effect of 5-FU. For example, LV clinically enhances the anti-
cancer effect of 5-FU in colorectal carcinoma. A meta-analysis of 18 randomized clin-
ical trials (RCTs) comparing 5-FU to LV/5-FU confirmed a twofold increase in tumor
response and a statistically significant survival benefit [2].

5-FU-resistant tumors possess high levels of DPD activity [3,4]. Conversely, tumors
expressing low levels of DPD show a significantly better response to 5-FU than those
with a high mRNA level and DPD activity [3,5]. The activity of DPD is three times
higher than that of OPRT in gastric carcinoma (Table 1) [1]. Consequently, more than
80% of administered 5-FU is detoxified and excreted as F-b-alanine in urine [6]. To
obtain satisfactory 5-FU antitumor activity, it is necessary to inhibit DPD or other-
wise circumvent DPD-induced inactivation.

Two oral fluorinated pyrimidines containing DPD inhibitor have been introduced
for clinical use. These drugs, referred to as DPD inhibitory fluoropyrimidines (DIF),
include S-1, which is composed of tegafur, 5-chloro-2,4-dihydroxypyridine (CDHP),
and potassium oxonate (Oxo) in a molar ratio of 1 : 0.4 : 1 (Fig. 8) [7]. CDHP compet-



itively inhibits DPD 200 times more effectively than uracil, which is a mild and com-
petitive inhibitor of DPD in vitro. Oxo is a potential inhibitor of OPRT and mainly
distributes in the gastrointestinal mucosa after oral administration. Consequently,
Oxo selectively ameliorates gastrointestinal tegafur toxicity by decreasing FdUMP
production in the gastrointestinal mucosa. S-1 is now recognized as the most prom-
ising anticancer drug for treating gastric carcinoma.

In a phase II study of S-1 for advanced or recurrent gastric carcinoma, the response
rate was 46.5% (60/129) with a 90% confidence interval of 37.7%–55.5% [7]. Gas-
trointestinal (GI) S-1 toxicity was markedly decreased compared with tegafur and
uracil (UFT) or 5¢-deoxy-5-fluoro-uridine (5¢DFUR), but bone marrow suppression
after S-1 administration was increased. This finding indicates that the cytotoxicity of
tegafur except for GI toxicity is enhanced by CDHP. Conversely, GI toxicity was dimin-
ished by oral administration of Oxo. S-1 resulted in a high response rate against
advanced or metastatic gastric carcinoma even when administered alone. The com-
bination effect of S-1 and other anticancer drugs including CDDP is described in
another chapter.

The toxicity profile of DIF shows that it is tolerable, with typical fluoropyrimidine
toxicities (e.g., nausea and anorexia) seen at the maximum tolerated dose. Of note 
is the paucity of other toxicities, in particular hand–foot syndrome, neurological
sequelaec, and cardiotoxicity, [8]. Although not well understood, these toxicities may
be secondary to 5-FU catabolites including F-b-alanine. Such catabolites are less likely
to be formed from S-1, and therefore these toxicities are not typically observed after
S-1 treatment [9].

Cisplatin
Cisplatin (cis-dichloro-diamine platinum (II), CDDP) is frequently used during adju-
vant chemotherapy against gastric carcinoma. The structure of CDDP is simple (Fig.
9); CDDP forms an intrastrand or interstrand G-G adduct or G-A adduct that disturbs
the replication of DNA. The mechanisms of resistance to CDDP are complex and not
completely understood. One of these may occur by the loss of the mismatch 
repair complex, which may explain the observation that oxaliplatin [(trans-
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Fig. 8. Constituents of S-1



R,R)diaminocyclohexane-oxalatoplatinum (II)] shows antitumor effects in CDDP-
resistant tumors [10].

Mitomycin C
Mitomycin C (MMC) is an antitumoral antibiotic substance (Fig. 10). It is used in the
clinical treatment of several malignancies including gastric carcinoma. MMC exhibits
its cytotoxic activity mainly by making cross-links between complementary strands
of DNA [11] because DNA interstrand cross-links represent highly lethal damage to
the cell [12]. MMC was a primary drug used in chemotherapy against gastric carci-
noma 20–30 years ago. However, it is now only a supportive drug and exhibits no
obvious clinical effects in well-designed RCTs [13].

Methotrexate
Methotrexate (4-amino-4-deoxy-10-methyl pteroylglutamic acid, MTX) is a folate
antagonist (Fig. 11). It is a powerful inhibitor of dihydrofolate reductase (DHFR),
which catalyzes the reductive formation of tetrahydrofolate (H4PteGlu) from dihy-
drofolate (H2PteGlu) and H4PteGlu formatin from folate (PteGlu). H4PteGlu plays a
role as a shuttle of 1-carbon units, including methyl and methylene residues.
CH2H4PteGlu, which is formed from H4PteGlu after receiving a CH2 group from serine
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Fig. 9. Structural formula of cisplatin

Fig. 10. Structural formula of mitomycin C

Fig. 11. Structural formula of
methotrexate



or glycine, is converted to H2PteGlu during de novo synthesis of pyrimidine
nucleotides. Consequently, the inhibition of DHFR results in fatal metabolic abnor-
malities and finally cell death.

MTX remains one of the anticancer drugs most commonly used during chemother-
apy against gastric carcinoma. When concomitantly used with 5-FU, MTX may affect
5-FU as an enhancer. However, MTX is used at doses for which its own anticancer
effects are exerted in such situations. Hence, the enhancer effect of MTX on 5-FU is
uncertain.

Etoposide
Etoposide (ETO) is a semisynthetic epipodophylloxin (Fig. 12) and a inhibitor of
topoisomerase II, which exists as a homodimer in 170-kDa (topo-IIa) and 180-kDa
(topo-IIb) forms. Topoisomerase II regulates the topology of DNA, and the inhibitory
action of ETO results from the formation of a ternary complex with topo-II and DNA,
thereby inhibiting the relegation of broken DNA strands. This action causes DNA
damage and ultimately results in apoptotic cell death. ETO now plays a supporting
role in adjuvant chemotherapy against gastric carcinoma.

Neoadjuvant Chemotherapy Against Advanced 
Gastric Carcinoma

Even in Japan, many patients are diagnosed with gastric carcinoma at a moderate 
or more advanced stage, and their prognosis is poorer than that of early or slightly
advanced gastric carcinoma if curative surgery is carried out. The survival of
advanced gastric cancer patients who do not undergo surgery is poor. However, the
prognosis of patients who do undergo noncurative surgery is also quite poor. Their
median survival time (MST) is shorter than 1 year, which is comparable to that of
patients who do not undergo surgery, whose median survival time is also shorter than
1 year. Neoadjuvant chemotherapy (NAC) is a preoperative treatment involving anti-
cancer drug(s) mainly intended to bring about stage reduction. NAC attempts to
induce tumor reduction, resolve invasion into adjacent organ(s), or melt away lymph
node metastases. After such treatment, it is easy and/or less invasive to remove dis-
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eased tissue in patients who showed a good response. Thus, the primary purpose of
NAC for advanced gastric carcinoma is to increase the ratio of complete resection.

The definition of “unresectable gastric carcinoma” has not reached consensus
around the world. The main reason for this is that its definition varies between many
countries, where different surgical procedures are performed. As D2 lymph node dis-
section is routinely performed on advanced gastric carcinoma in Japan, N2 does not
force the surgeon to abandon curative surgery for gastric carcinoma. However, D2
lymph node dissection, which is concomitantly performed with gastrectomy, is still
not a standard surgical procedure in other countries. Several reports from Western
countries suggest that D2 lymph node dissection increases the surgical morbidity and
mortality rate to an unacceptable extent. Consequently, D0 or D1 lymph node dissec-
tion is carried out during surgery for gastric carcinoma in many countries. Thus, the
factor that brings about an incomplete resection varies. D0 surgery is insufficient for
the patients with lymph node metastases. Therefore, only gastric carcinomas without
lymph node metastasis are good candidates for gastrectomy without preoperative
chemotherapy in countries where D0 surgery is mainly performed. In another words,
lymph node-positive gastric carcinoma should be considered to obtain stage 
reduction.

Although complete resection is the ideal therapy for gastric carcinoma by which
absolute cure is expected, a considerable number of the advanced gastric cancer
patients who undergo curative surgery suffer from recurrent disease. The secondary
purpose of NAC is to ensure the curability of surgery for moderately advanced gastric
carcinoma, which has a considerable recurrence rate even if curative surgery is 
performed. Such recurrent disease develops because of remnant micrometastases,
whereby NAC is applied to melt away this type of tissue.

Indications and Results for Neoadjuvant Chemotherapy
Against Advanced Gastric Carcinoma

For cases of incomplete resection when a tumor is expected upon preoperative exam-
ination, including computed tomography (CT) scanning and magnetic resonance
imaging (MRI), surgery must be avoided. Considering the noncurative factor(s), per-
formance status, and possibility for stage reduction, NAC should be performed before
surgery for complete tumor resection, including metastatic lymph nodes and adjacent
organ(s) that have been invaded. Highly advanced gastric carcinoma is a good indi-
cation of NAC, such as cT3, cT4, and/or N+. M1 gastric carcinomas are also an indi-
cation for NAC, because incomplete resection provides no benefit to these patients.
However, the factor that makes the patient unable to undergo complete resection of
the disease differs between countries and institutes. Palliative surgery without preop-
erative treatment or emergency surgery is acceptable in cases of massive bleeding
from the tumor or tumor obstruction.

Stage II–IIIb gastric carcinomas may be an indication for NAC. These cancers can
be cured if the patient undergoes D2 lymph node dissection, but there is a consider-
able risk of recurrence after surgery. A few phase II studies on NAC for resectable
gastric carcinoma have been reported [14,15]. However, NAC for resectable gastric
carcinoma should still be considered as a trial treatment.
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There is no RCT for NAC against advanced gastric carcinoma. Consequently,
there is no quality evidence regarding the benefit of NAC for advanced gastric 
carcinoma. A few phase II studies reported that NAC for highly advanced gastric 
carcinoma that were unresectable enabled some patients to undergo surgery 
(Table 2) [14–19]. The survival rate of resected patients or responders was better 
than that of unresected patients or nonresponders, respectively. However, the efficacy
of NAC for advanced but resectable gastric carcinoma has not been proven 
[14,15,20].

Postoperative Adjuvant Chemotherapy Against
Advanced Gastric Carcinoma

For cases of gastric carcinoma without distant metastasis and no invasion to adjacent
organ(s), curative surgery with sufficient lymph node dissection is usually performed
without preoperative treatment. However, diagnostic tools including CT scanning,
ultrasonography, and fluorodeoxy glucose-positron emission tomography (FDG-PET)
are not completely reliable in ruling out the existence of metastatic lesions. Conse-
quently, it is necessary to perform postoperative adjuvant chemotherapy. Chemother-
apy is beneficial for patients who have occult residual disease.

Indication and Results of Postoperative Adjuvant
Chemotherapy Against Advanced Gastric 
Carcinomas

Patients with advanced gastric carcinoma who undergo surgery are indicated for post-
operative adjuvant chemotherapy, whereby performance status and the possibility of
recurrence should considered. pT1pN0 or pT2pN0 is excluded from postoperative
adjuvant chemotherapy.

Many clinical trials involving postoperative adjuvant chemotherapy against gastric
carcimona have been performed. However, no apparent benefit of postoperative 
adjuvant chemotherapy has been proven for gastric carcinoma [13,21–26]. Several
meta-analyses of RCTs involving postoperative adjuvant chemotherapy have been
reported (Table 3) [27–32]. From these, a significant survival benefit of postoperative
adjuvant chemotherapy against advanced gastric carcinoma was observed. However,
chemotherapy and the quality of surgery varied for RCTs analyzed in these reports.
Well-designed RCTs are mandatory to estimate the efficacy of postoperative adjuvant
chemotherapy.

Adjuvant Chemoradiotherapy Against Advanced 
Gastric Carcinoma

Macdonald et al. [33] reported the results of an RCT to evaluate the efficacy of post-
operative adjuvant chemoradiotherapy against gastric carcinoma (Intergroup 0116).
The regimen of this study is shown in Fig. 13. The medial overall survival for the
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Table 2. Reports of neoadjuvant chemotherapy against gastric carcinoma

Reference Patient stage No. of patients Regimen Results

Nakajima et al. [18] Incurable GC 30 LV/5-FU/CDDP/ETO MST was 12.7 months for 
responders and 4.7 months 
for nonresponders.

Cascinu et al. [17] Unresectable and/or 105 CDDP/LV/5-FU/EPI Overall RR was 65%; MST was 
metastatic GC 11 months and 1-year survival 

rate was 42%.
Gallardo-Rincon Unresectable GC, details not 60 CDDP/LV/5-FU/ETO NAC permitted a 17.5%

et al. [16] described resection rate.
Takahashi et al. [15] Resectable schirrous GC 20 MTX/LV/5-FU/ADM NAC improved the curative 

resection rate but not the
survival rate.

Yano et al. [19] Unresectable GC: any of 34 5-FU/EPI/MTX/CDDP (n = 13) Patients able to undergo 
peritoneal seeding, T4 to THP/5-FU/LV/CDDP/MMC salvage surgery showed 
unresectable lesion, (n = 20) better prognosis.
paraaortic LN matastases,
etc.

Schuhmacher et al. [20] Locally advanced GC: stages 42 ETO/ADM/CDDP MST was 19.1 months for all 
III A, III B, or IV patients. Only patients who 

underwent a compete resection 
experienced a survival benefit.

Ott et al. [14] Locally advanced GC cT3 or 49 CDDP/5-FU/LV Overall RR was 26%. The 5-year
cT4, N+, M0 survival rate of the responders

was 90%.

NAC, neoadjuvant chemotherapy; RR, response rate; MST, median survival time; GC, gastric cancer; 5-FU, 5-fluorouracil, LV, leucovorin; CDDP, cisplatin;
ETO, etoposide; EPI, epirubicin; ADM, adriacin; MTX, methotrexate; THP, therarubicin; LN, lymph node; MMC, mitomycin C



chemoradiation group was 36 months, which was significantly longer than that of the
surgery-alone group (P = 0.005). Following this report, adjuvant chemoradiation was
recommended in North America. However, this study has one important problem
associated with it. The quality of surgery performed on patients enrolled in it was
poor. In spite of recommendations made regarding D2 lymph node dissection, only
10% underwent this type of surgery. Furthermore, more than half the patients (54%)
underwent D0 dissection. Such quality of surgery is far from acceptable in Japan.
Thus, the local control obtained by surgery in this study is deemed to be crude.
Furthermore, the 3-year survival rate of the chemoradiation group was only 50%.
Radiation provides local control during cancer treatment and should have compen-
sated for poor lymph node dissection in this study.A high-quality RCT including strict
D2 dissection is necessary to confirm the clinical benefit of chemoradiotherapy after
curative surgery for gastric carcinoma. Macdonald and colleagues immediately
reported that their study was partially incomplete [34].

Conclusion

An update regarding the significance of adjuvant chemotherapy for the treatment of
gastric cancer has been described. The structure and anticancer mechanism of drugs
used during adjuvant chemotherapy against gastric carcinoma are also described.
Recent advances in cancer chemotherapy and molecular targeting therapy are prom-
ising, and it is believed that these advances will provide improvements in the 
prognosis of advanced gastric carcinoma. Well-designed RCTs are mandatory to
obtain quality evidence for adjuvant chemotherapy against gastric carcinoma.
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Table 3. Reports of meta-analyses of adjuvant chemotherapy against gastric carcinoma

Author No. of No. of Odds ratio
(year) trials patients (95% CI) P

Hermans et al. 11 2096 0.88 (0.78–1.08) NR
(1993) [32]

Earle and Maroun 13 1990 0.80 (0.68–0.97) P = 0.012
(1999) [31]

Mari et al. 21 3658 0.82 (0.75–0.89) P < 0.001
(2000) [30]

Janunger et al. 21 3962 0.84 (0.74–0.96) NR
(2002) [29]

Panzini et al. 17 3118 0.72 (0.62–0.84) NR
(2002) [27]

Hu et al. 14 4543 0.81 (0.70–0.94) P = 0.0008
(2002) [28]

NR, not reported



References

1. Dohden K, Ohmura K, Watanabe Y (1993) Ternary complex formation and reduced folate
in surgical specimens of human adenocarcinoma tissues. Cancer (Phila) 15:471–480

2. Piedbois P, Michiels S (2003) Survival benefit of 5FU/LV over 5FU bolus in patients with
advanced colorectal cancer: an updated meta-analysis based on 2751 patients. Proc Am Soc
Clin Oncol 22:294

3. Salonga D, Danenberg KD, Johnson M, et al (2000) Gene expression levels of dihydropy-
rimidine dehydrogenase and thymidylate synthase together identify a high percentage of
colorectal tumors responding to 5-fluorouracil. Clin Cancer Res 6:1322–1327

4. Jiang W, Lu Z, He Y, et al (1997) Dihydropyrimdine dehydrogenase activity in hepatocellular
carcinoma: implication for 5-fluorouracil-based chemotherapy. Clin Cancer Res 3:395–339

5. Ishikawa Y, Kubota T, Otani Y, et al (1999) Dihydropyrimidine dehydrogenase activity and
messenger RNA level may be related to the antitumor effect of 5-fluorouracil on human
tumor xenografts in nude mice. Clin Cancer Res 5:883–889

6. Heggie GD, Sommadossi JP, Cross DS, et al (1987) Clinical pharmacokinetics of 5-
fluorouracil and its metabolites in plasma, urine, and bile. Cancer Res 47:2203–2206

7. Sugimachi K, Maehara Y, Horikoshi N, et al (1999) An early phase II study of oral S-1,
a newly developed 5-fluorouracil derivative for advanced and recurrent gastrointestinal
cancers. Oncology 57:202–210

8. Pazdur R, Lassere Y, Diaz-Canton E, et al (1996) Phase I trials of uracil-tegafur (UFT) using
5- and 28-day administration schedules: Demonstration of schedule-dependent toxicities.
Anticancer Drugs 7:728–733

9. Diasio B (2001) Clinical implication of dihydropyrimidine dehydrogenase on 5-FU
pharmacology. Oncology 15:21–26

Adjuvant or Neoadjuvant Chemotherapy Against Gastric Carcinoma 323

Fig. 13. Study design of Intergroup 0116



10. Iyer VN, Szybalski W (1963) A molecular mechanism of mitomycin action: linking of
complementary DNA strands. Proc Natl Acad Sci USA 50:335–362

11. Vaisman A, Varchenko M, Umar A, et al (1998) The role of hMLH1, hMSH3, and hMSH6
defects in cisplatin and oxaliplatin resistance: correlation with replication bypass of
platinum-DNA adducts. Cancer Res 58:3579–3585

12. Brendel M, Ruhland A (1984) A relationship between functionality and genetic toxicology
of selected DNA-damaging agents. Mutat Res 133:51–85

13. Nashimoto A, Nakajima T, Furukawa H, et al (2003) Randomized trial of adjuvant
chemotherapy with mitomycin, fluorouracil, and cytosine arabinoside followed by oral flu-
orouracil in serosa-negative gastric cancer: Japan Clinical Oncology Group 9206-1. J Clin
Oncol 21:2282–2287

14. Ott K, Sendler A, Becker K, et al (2003) Neoadjuvant chemotherapy with cisplatin, 5-FU, and
leucovorin (PLF) in locally advanced gastric cancer: a prospective phase II study. Gastric
Cancer 6:159–167

15. Takahashi S, Kinoshita T, Konishi M, et al (2001) Phase II study of sequential high-dose
methotrexate and fluorouracil combined with doxorubicin as a neoadjuvant chemotherapy
for scirrhous gastric cancer. Gastric Cancer 4:192–197

16. Gallardo-Rincon D, Onate-Ocana LF, Calderillo-Ruiz G, et al (2000) Neoadjuvant chemother-
apy with P-ELF (cisplatin, etoposide, leucovorin, 5-fluorouracil) followed by radical resec-
tion in patients with initially unresectable gastric adenocarcinoma: a phase II study. Ann
Surg Oncol 7:45–50

17. Cascinu S, Labianca R, Alessandroni P, et al (1997) Intensive weekly chemotherapy for
advanced gastric cancer using fluorouracil, cisplatin, epi-doxorubicin, 6S-leucovorin, glu-
tathione, and filgrastim: a report from the Italian Group for the Study of Digestive Tract
Cancer. J Clin Oncol 15:3313–3319

18. Nakajima T, Ota K, Ishihara S, et al (1997) Combined intensive chemotherapy and radical
surgery for incurable gastric cancer. Ann Surg Oncol 4:203–208

19. Yano M, Shiozaki H, Inoue M, et al (2002) Neoadjuvant chemotherapy followed by salvage
surgery: effect on survival of patients with primary noncurative gastric cancer.World J Surg
26:1155–1159

20. Schuhmacher CP, Fink U, Becker K, et al (2001) Neoadjuvant therapy for patients with locally
advanced gastric carcinoma with etoposide, doxorubicin, and cisplatinum. Closing results
after 5 years of follow-up. Cancer (Phila) 91:918–927

21. Chipponi J, Huguier M, Pezet D, et al (2004) Randomized trial of adjuvant chemotherapy
after curative resection for gastric cancer. Am J Surg 187:440–445

22. Takiguchi N, Fujimoto S, Koda K, et al (2002) Postoperative adjuvant chemotherapy is effec-
tive in gastric cancer with serosal invasion: significance in patients chosen for multivariate
analysis. Oncol Rep 9:801–806

23. Bajetta E, Buzzoni R, Mariani L, et al (2002) Adjuvant chemotherapy in gastric cancer: 5-
year results of a randomised study by the Italian Trials in Medical Oncology (ITMO) Group.
Ann Oncol 13:299–307

24. Chang HM, Jung KH, Kim TY, et al (2002) A phase III randomized trial of 5-fluorouracil,
doxorubicin, and mitomycin C versus 5-fluorouracil and mitomycin C versus 5-fluorouracil
alone in curatively resected gastric cancer. Ann Oncol 13:1779–1785

25. Neri B, Cini G, Andreoli F, et al (2001) Randomized trial of adjuvant chemotherapy versus
control after curative resection for gastric cancer: 5-year follow-up. Br J Cancer 84:878–880

26. Nakajima T, Nashimoto A, Kitamura M, et al (1999) Adjuvant mitomycin and fluorouracil
followed by oral uracil plus tegafur in serosa-negative gastric cancer: a randomized trial.
Gastric Cancer Surgical Study Group. Lancet 354:273–277

27. Panzini I, Gianni L, Fattori PP, et al (2002) Adjuvant chemotherapy in gastric cancer: a meta-
analysis of randomized trials and a comparison with previous meta-analyses. Tumori
88:21–27

28. Hu JK, Chen ZX, Zhou ZG, et al (2002) Intravenous chemotherapy for resected gastric
cancer: meta-analysis of randomized controlled trials. World J Gastroenterol 8:1023–1028

324 K. Omura



29. Janunger KG, Hafstrom L, Glimelius B (2002) Chemotherapy in gastric cancer: a review and
update meta-analysis. Eur J Surg 168:597–608

30. Mari E, Floriani I, Tinazzi A, et al (2000) Efficacy of adjuvant chemotherapy after curative
resection for gastric cancer: a meta-analysis of published randomized trials. Ann Oncol
11:837–843

31. Earle CC, Maroun JA (1999) Adjuvant chemotherapy after curative resection for gastric
cancer in non-Asian patients: revisiting a meta-analysis of randomized trials. Eur J Cancer
35:1059–1064

32. Hermans J, Bonenkamp JJ, Boon MC, et al (1993) Adjuvant therapy after curative resection
for gastric cancer: meta-analysis of randomized trials J Clin Oncol 11:1441–1447

33. Macdonald JS, Smalley SR, Benedetti J, et al (2001) Chemoradiotherapy after surgery com-
pared with surgery alone for adenocarcinoma of the stomach or gastroesophageal junction.
N Engl J Med 345:725–730

34. Hundahl SA, Macdonald JS, Benedetti J, et al (2002) Surgical treatment variation in a
prospective, randomized trial of chemoradiotherapy in gastric cancer: the effect of under-
treatment. Ann Surg Oncol 9:278–286

Adjuvant or Neoadjuvant Chemotherapy Against Gastric Carcinoma 325



Part 6

Recent Topics in Gastric 
Carcinoma Research



Micrometastasis of Gastric Cancer
Shoji Natsugoe, Masataka Matsumoto, Hiroshi Okumura, Akihiro Nakajo,
Koki Tokuda, Futoshi Miyazono, Sumiya Ishigami, Shuichi Hokita,
Sonshin Takao, and Takashi Aikou

Introduction

Even patients with gastric cancer who undergo complete resection and have no his-
tological evidence of lymph node metastasis sometimes experience recurrence after
operation [1–3]. Why do cancers recur despite the performance of macroscopically
and histologically radical resections? This recurrence is probably caused by
micrometastasis to the lymph nodes, circulating blood, and abdominal cavity [4,5]. It
is known that occult lymph node micrometastases have been identified by detailed
histological examination in additional sections [6,7]. In recent years, the development
of sensitive immunohistochemical technique and reverse transcription-polymerase
chain reaction (RT-PCR) has led to the detection of micrometastases [4,5]. The
concept of isolated tumor cells (ITC) has been introduced in the TNM classification
[8]. In this issue, ITC was defined as single tumor cells or small clusters of cells not
more than 0.2 mm in greatest dimension that are usually detected by immunohisto-
chemistry or molecular methods, but which may be verified with hematoxylin and
eosin (H&E) stains. The clinical significance of ITC or micrometastasis is still
unknown in gastric cancer patients.

Since 1996, our laboratory has pursued gene diagnosis to detect lymph node
micrometastasis,free cancer cells in the circulating blood,and disseminated cancer cells
in the abdominal cavity in patients with gastric cancer. In the present chapter, we
demonstrate the current results of micrometastasis,including ours,and discuss the role,
significance, and problem of perioperative gene diagnosis in gastric cancer surgery.

Lymph Node Micrometastasis

Immunohistochemical Detection of Micrometastasis
We examined lymph node micrometastasis by immunohistochemistry using AE1/AE3
(Dako, Carpinteria, CA, USA) in 1761 lymph nodes obtained from 67 gastric cancer
patients who were diagnosed as free of lymph node metastasis by routine histologi-
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cal examination [9]. Tumor involvement of lymph nodes was divided into two cate-
gories: tumor cell microinvolvement (TCM), individual tumor cells without a change
in the stroma and micrometastasis; and cluster formation of tumor cells with stromal
reaction (Fig. 1) [5,10]. Thirty (1.5%) of the 1761 lymph nodes showed micrometas-
tasis and/or TCM. Micrometastasis with or without TCM was found in 10 patients,
and TCM alone was found in 4 patients; 6 (18.2%) of the 33 patients with T1 tumor
and 8 (23.5%) of the 34 patients with T2 tumor had occult lymph node metastasis.
The 5-year survival rate was worse among those with micrometastasis with or without
TCM than among those without micrometastasis (Fig. 2) [10–19]. Some authors have
reported the detection rate and clinical outcome in patients with micrometastasis
(Table 1). The rate of micrometastasis ranged from 8% to 90%. There were some prob-
lems regarding the difference of antibody used, identification between micrometasta-
sis and immune cells, and estimation of micrometastasis, especially in single cells. It
is important to apply such methods in the clinical field. Recently, we have introduced
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400X

Fig. 1. a Micrometastasis in a lymph node as detected by immunohistochemical staining with
anticytokeratin AE1/AE3. Micrometastasis was defined as metastasis consisting of tumor cells
or a small cluster of carcinoma cells with surrounding stromal change. b Tumor cell microin-
volvement (TCM) in a lymph node. Microinvolvement was defined as carcinoma cells without
surrounding stromal change
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Fig. 2. Survival curve of
patients who did or did not
have micrometastasis in one 
or more lymph nodes. MM,
micrometastasis; TCM, tumor
cell microinvolvement

a b



rapid immunohistochemical detection of lymph node micrometastasis during oper-
ation, which took 30 min to complete [20]. Such a method is useful for determining
distant lymphadenectomy by examination of regional nodes for advanced cancer and
examining the presence or absence of nodal involvement in sentinel node navigation
surgery for early cancer.

Micrometastasis Detected by RT-PCR
We examined 312 lymph nodes obtained from 50 patients (pT1, 41; pT2, 5; pT3, 3;
and pT4, 1) with node-negative gastric cancer [21]. The clinical characteristics of
micrometastasis were investigated after RT-PCR using carcinoembryonic antigen
(CEA) as a primer and immunohistochemistry using anticytokeratin antibody
(AE1/AE3) were performed. The number of patients and micrometastases detected by
RT-PCR was 14 and 17 and by immunohistochemistry was 7 and 8, respectively. RT-
PCR was a more sensitive method than immunohistochemistry. Micrometastasis by
RT-PCR correlated with depth of tumor invasion and lymphatic invasion. Regarding
pT1 tumor, 9 patients with micrometastasis had tumors that were of the macroscop-
ically depressed type and 2 cm or more in diameter. These results supported the indi-
cation of endoscopic mucosal resection.

There were some reports of micrometastasis detected by RT-PCR (Table 2) [21–24].
The detection rate of micrometastasis was different because of various stages of the
patients in each report. The RT-PCR method is actually more sensitive than the other
methods. However, there are some problems for RT-PCR technique as follow: (1) some
complicated procedures for management of specimens, (2) contamination of other
specimens, (3) selection of primer, (4) presence of pseudogene, and (5) suitable setup
of sensitivity for amplification. The relationship between micrometastasis detected by
RT-PCR and clinical outcome is still unknown. In the near future, we should analyze
a large number of patients with micrometastasis under certain conditions such as the
same primer and the same stage.

The question arises whether occult micrometastasis implant and proliferate in 
the lymph node. Izbicki and Hosch reported that implantation and proliferation of
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Table 1. Reports of lymph node micrometastasis detected by immunostaining

Author [Reference] Antibody Case Patients Positivity Prognosis

Siewert et al. 1996 [10] AE1/AE3,Ber-EP4 100 T1–T3 90 (+)
Ishida et al. 1997 [11] CK,CEA 109 St.I–IV 18 (+)
Harrison et al. 2000 [12] CAM5.2 25 T1–T4N0 36 (+)
Nakajo et al. 2001 [9] AE1/AE3 67 T1,T2,N0 21 (+)
Yasuda et al. 2002 [13] CAM5.2 64 T2T3N0 32 (+)
Lee et al. 2002 [14] AE1/AE3 153 T1–T4 49 (+)
Stachura et al. 1998 [15] CK18 40 T1 8 (-)
Kikuchi et al. 1999 [16] AE1/AE3 51 T2T3N0 43 (-)
Saragoni et al. 2000 [17] CK 139 T1N0 17 (-)
Choi et al. 2002 [19] CK8 88 T1(SM) 32 (-)
Fukagawa et al. 2001 [18] CK 107 T2N0 36 (-)

(+), significant; (-), not significant



micrometastasized cancer cells in the lymph nodes were confirmed by an experiment
of transplantation metastasis using nude mice [25,26]. Further study should be
required in the relationship between proliferation of micrometastasis and autoim-
mune system.

Free Cancer Cells in the Circulating Blood

Circulating cancer cells recently have been detectable with RT-PCR. We examined 
the relationship between molecular detection of circulation cancer cells according to
the time course during surgical procedure and blood-borne metastases [27]. Blood
samples from 57 patients with gastric cancer were obtained from the portal vein,
peripheral artery and superior vena cava before and after tumor dissection.After total
RNA was extracted from each blood sample, CEA-specific RT-PCR was performed
(Fig. 3). CEA mRNA was detected in the blood of 21 (36.8%) of 57 patients. CEA mRNA
expression was not detected in the blood obtained from 15 healthy volunteers and 15
patients with benign disease. The positive rate increased in proportion to the depth
of tumor. The incidence of positive CEA mRNA did not differ among the various sites
of blood sampling. The appearance of circulating cancer cells was related to the sur-
gical maneuver. A significant relationship was found between the detection of CEA
mRNA and blood-borne metastases (Table 3). These results suggested that surgical
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Table 2. Reports of lymph node micrometastasis detected by reverse transcription-polymerase
chain reaction (RT-PCR)

Author [Reference] Primer LN Patients Positivity Prognosis

Noguchi et al. 1996 [22] CK19 100 12 15 Unknown
Mori et al. 1995 [23] CEA 87 13 54 Unknown
Okada et al. 2001 [24] CEA,CK20,MAGE3 414 28 12 Unknown
Matsumoto et al. 2002 [21] CEA 312 50 5 Unknown

LN, lymph node

Portal Artery Vein
   B      A       B      A B A marker

CEA

GAPDH

Fig. 3. Example of expression of carcinoembryonic antigen (CEA) mRNA. CEA mRNA was 
positive in the portal vein after resection. GAPDH, glyceraldehyde phosphate dehydrogenase. B,
before resection; A, after resection



maneuvers were a possible cause of hematogeneous metastasis, and patients with 
positive CEA mRNA had a high risk of blood-borne metastasis even after curative
resection.

The frequency of free cancer cells in blood detected by RT-PCR reportedly ranged
from 10% to 37% (Table 4) [27–32]. Epithelial markers such as cytokeratin and CEA
were generally used as primers. To date, as the clinical significance is still unclear
because of the small number of patients, we should clarify clinical outcome by long-
term follow-up in patients with disseminated tumor cells in blood in a large number
of patients.

Although the frequency of hematogeneous metastasis differed depending on the
animal species or cancer cell lines, an animal experiment revealed that cancer metas-
tasis developed only when more than a certain number of cancer cells was injected
intravenously [33–35]. However, the mechanism of cancer metastasis still remains
unclear as to whether most free cancer cells die or are unable to adhere to the vascu-
lar endothelium. Basically, it is necessary to clarify the characteristics of the cancer
cells that are considered to establish a metastatic lesion. These cells possess the ability
to adhere and infiltrate to the vascular endothelium, proliferate outside the blood
vessel, and subsequently induce vascularization [36,37].

Free Cancer Cells in the Peritoneal Cavity

Peritoneal dissemination is one of the most common modes of gastric cancer recur-
rence, even after curative resection [38]. Cytological examination of peritoneal lavage
is a useful means of detecting free cancer cells in the peritoneal cavity and predict-
ing recurrence [39–41]. However, some patients with negative cytological findings
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Table 3. Expression of carcinoembryonic antigen (CEA) mRNA (CEA mRNA) and blood-
borne metastases after surgery

Expression of CEA mRNA

Negative Positive P value

No recurrence 36 17 0.029
Recurrence 0 4

Number of patients 36 21

Table 4. Reports of free cancer cells in blood detected by RT-PCR

Author [Reference] Primer Case Positivity Recurrence

Yeh et al. 1998 [28] CK19 34 21 (+)
Majima et al. 2000 [29] CEA,CK20 52 10, 10 Unknown
Nishida et al. 2000 [30] CAM5.2 36 22 Unknown
Piva et al. 2000 [31] CEA 30 37 Unknown
Miyazono et al. 2001 [27] CEA 57 37 (+)
Ikeguchi et al. 2003 [32] CK20 55 27 Unknown

(+), significant



have been diagnosed later with peritoneal metastasis.We investigated free cancer cells
in the peritoneal lavage fluid by both conventional cytological examination (Papani-
colaou and Giemsa staining) and CEA-specific RT-PCR. Peritoneal lavage was per-
formed in 136 patients who underwent curative gastrectomy [42]. After laparotomy,
the left subphrenic and Douglas cavities were filled with 200 ml isotonic sodium chlo-
ride and peritoneal lavage fluid was collected. Among 136 patients, 5 patients (3.6%)
were positive for free cancer cells by cytological examination and 30 (22.1%) were
positive by RT-PCR. The frequency of RT-PCR results increased according to lymph
node metastases, lymphatic invasion, tumor depth, and stage grouping. The incidence
of peritoneal recurrence was significantly higher in patients with positivity than those
with negativity by RT-PCR. Among cytologically negative patients, survival was sig-
nificantly shorter in patients with positive than in those with negative CEA mRNA
expression (see Fig. 3). Therefore, the technique of RT-PCR was more sensitive 
than cytological examination in the detection of free cancer cells and prediction of
peritoneal recurrence.

There have been several reports regarding the detection of free cancer cells in the
peritoneal cavity by the immunohistochemical or RT-PCR method (Table 5) [42–47].
According to these reports, the detection rate was higher in immunostaining than in
RT-PCR. It is necessary to compare the sensitivity of both methods using peritoneal
fluid obtained from same patients. In all reports, interestingly, the presence of free
cancer cells detected by such methods correlated well with peritoneal recurrence.
Therefore, it should be considered that patients with positive finding by molecular
diagnosis are at a risk of developing peritoneal recurrence.

It is difficult to make a decision of intraperitoneal chemotherapy for these cases
when disseminated metastasis is not macroscopically observed. Early detection and
eradication of free cancer cells before the development of metastases could help to
improve the outcome of patients after tumor resection. The development of useful
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Fig. 4. Cumulative rate of peritoneal recurrence according to cytology results and CEA mRNA
expression by reverse transcription-polymerase chain reaction (RT-PCR). CY, cytology



tactics for disseminated micrometastasis in the peritoneal cavity is expected in the
near future.

Conclusions

Owing the development of biological and genetic techniques, the presence of
micrometastasis in the lymph node, circulating blood, and abdominal cavity has been
confirmed. The mechanism of implantation and proliferation of micrometastasis
should be basically clarified. Furthermore, we should also investigate the relationship
between micrometastasis and the autoimmune system. Clinically, the significance of
micrometastasis should be surveyed in a large number of patients with the same stage
and surgery. Because it may take a long time for occult micrometatsasis to form recur-
rent disease, long-term follow-up data are required to elucidate the clinical 
significance.

Although surgery is performed to primarily treat many gastric cancer patients, it
is inversely the final chance for survival of cancer cells. Therefore, the perioperative
prevention of micrometastasis is important when curative surgery is performed.
Patients with micrometastasis seem to have a high risk of cancer recurrence. This
concern may also allow the selection of therapeutic tactics to prevent metastasis. We
must fight these invisible enemies simultaneously with surgery. In recent years, drugs
that inhibit cancer cell infiltration and vascularization of the primary lesion have been
used clinically as antimetastatic agents [48–50]. It is advantageous that these agents
cause only slight side effects and may be useful for preventing cancer metastasis peri-
operatively. The antitumor effects of these agents, in combination with gene diagno-
sis, should be evaluated by randomized controlled studies in the near future.
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Sentinel Node Navigation Surgery:
Application to Minimally Invasive and
Function-Preserving Surgery for Early
Gastric Cancer
Yoshihide Otani1, Yuko Kitagawa1, Toshiharu Furukawa1,
Masashi Yoshida1, Yoshiro Saikawa1, Tetsuro Kubota1, Makio Mukai2,
Kaori Kameyama2, Hirofumi Fujii3, Atsushi Kubo3, Koichiro Kumai4,
and Masaki Kitajima1

Introduction

Lymphadenectomy in radical gastrectomy for gastric cancer has been generally
accepted as a standard technique in many countries. Although gastrectomy with 
prophylactic lymph node dissection is the standard surgical procedure, the survival
benefit of gastrectomy with D2 lymphadenectomy remains controversial [1,2]. Deter-
mination of the extent of lymph node dissection required in patients with gastric
cancer on the basis of actual node involvement is important because minimalization
of dissection may be associated with reduced postoperative morbidity and mortality
rates and increased postoperative quality of life (QOL). The development of novel
diagnostic procedures for lymph node involvement is therefore crucial to accurate
lymph node staging.

The recent increase in the detection rate of T1 gastric cancers in Japan and other
countries has highlighted the importance of patients’ postoperative QOL. The accu-
rate diagnostic exclusion of cases with lymph node involvement is an essential pre-
condition to the acceptance and use of modified lymphadenectomy such as D0 or D1
for T1 cancers.

What Is the Sentinel Node?

The word “sentinel” is an old military word used to describe a soldier standing as a
guard at the entrance of a castle or military base (Fig. 1). The sentinel node (SN) is the
first lymph node (LN) encountered by the lymphatic flow as it drains from the primary
lesion. SNs are detectable intraoperatively by the injection of a suitable dye or radioac-
tive tracer (Fig. 2). A negative result for metastasis in the SN predicts the absence of
the metastases in the other regional lymph nodes. The validity of the SN hypothesis
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has been demonstrated in various solid tumors including breast cancers [3,4], malig-
nant melanoma [5], penile cancers [6], and gastrointestinal (GI) cancers [7,8].

Feasibility of Sentinel Node Navigation in Gastric 
Cancer Surgery

Despite the fact that lymphatic drainage from the GI tract is multidirectional and vari-
able, recent reports from our group and other groups indicate that SN mapping and
the detection of metastasis is feasible (Tables 1, 2) [8–32]. Here we introduce the actual
methodology of SN navigation surgery and its possible application not only to mini-
mally invasive but also to function-preserving surgery for early gastric cancer.

Endoscopic and Laparoscopic Surgery as a Minimally
Invasive Procedure

From the standpoint of minimizing both the invasiveness of the procedure itself and
posttreatment loss of gastric volume, endoscopic treatment is superior to other gastric
cancer surgeries. Recent progress in endoscopic techniques has enabled the en bloc
resection of larger mucosal areas than before, a procedure termed endoscopic sub-
mucosal dissection (ESD) (see chapter by M. Fujishiro). The benefit of endoscopic
mucosal resection (EMR) can be fully achieved through precise histological exami-
nation using resected specimens, so an en bloc resection is always preferable.

Laparoscopic surgery was first introduced into gastric surgery more than a decade
ago [33–36] (see chapter by S. Kitano). Since then, the minimal invasiveness of this
method has been evidenced in many studies, using a variety of parameters such as
postoperative pain, length of postoperative hospital stay, and so on [37,38].
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Sentinel Node Hypothesis

Sentinel Node:
First draining node from the primary lesion

A negative metastasis in the sentinel node predicts
the absence of the tumor metastasis in the other regional lymph nodes

Fig. 1. Definition of
sentinel node and sen-
tinel node hypothesis



Function-Preserving Gastric Surgery and Its 
Expected Benefit

Postgastrectomy disturbances such as dumping syndrome, alkaline reflux esopha-
gogastritis, cholecystolithiasis, and reduced food intake from a small gastric volume
are unpleasant sequelae in patients undergoing gastrectomy. These conditions lead to
body weight loss and malnutrition and may be associated with carcinogenesis in the
remnant stomach. A number of methods are now available to minimize or prevent
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Table 1. Summary of sentinel node studies in gastric cancer

Author No. of patients Study Year Journal Ref. No.

Kitagawa et al. 36 R 2000 Surg Clin N Am 8
Tsioulias et al. 6 D 2000 Arch Surg 9
Hiratsuka et al. 74 D 2001 Surgery 10
Aikou et al. 18 R, D 2001 Ann Surg Oncol 11
Kitagawa et al. 106 R 2001 Ann Surg Oncol 12
Ichikura et al. 62 D 2002 World J Surg 13
Kitagawa et al. 145 R 2002 Br J Surg 14
Hundley et al. 14 D 2002 Am Surg 15
Carlini et al. 40 D 2002 J Exp Clin Cancer Res 16
Hayashi et al. 31 R, D 2003 J Am Col Surg 17
Yasuda et al. 21 R 2003 Jpn J Clin Oncol 18
Gretschel et al. 15 R 2003 Chirurg 19
Miwa et al. 211 D 2003 Br J Surg 20
Tonouchi et al. 17 R, D 2003 Dig Surg 21
Levine et al. 12 D 2003 J Gastrointest Surg 22
Simsa et al. 22 D 2003 Acta Chir Belg 23
Ajisaka and Miwa 35 D 2003 Br J Surg 24
Ishigami et al. 27 R 2003 J Gastrointest Surg 25
Uenosono et al. 36 R 2003 Cancer Lett 26
Shiozawa et al. 22 D 2003 Hepatogastroenterology 27
Ryu et al. 71 D 2003 Eur J Surg Oncol 28
Song et al. 27 D 2004 Am J Surg 29
Karube et al. 41 R, D 2004 J Surg Oncol 30
Nimura et al. 84 D 2004 Br J Surg 31
Kim et al. 46 R 2004 Ann Surg 32

R, radioactive tracer labeling; D, dye labeling

Table 2. Results of sentinel node (SN) biopsy for gastric 
cancer in Keio University Hospital

Detection rate 97% (262/270)
Number of SN 4.1
Sensitivity 92% (34/37)
Accuracy 99% (259/262)

Source: Keio University Hospital (Jan. 1999–Feb. 2004)



these problems. The reduction of resection volume provided by the recently intro-
duced segmental gastrectomy with lymphadenectomy preserves gastric volume and
improves QOL in patients with early gastric cancer. Preservation of pylorus function,
as a means of avoiding dumping syndrome and duodenal fluid regurgitation, is a
current topic of interest among gastric surgeons [39–45]. Further, vagus-sparing gas-
trectomy involves preservation of the hepatic and celiac branches of the vagus nerve,
with the expectation that this will be beneficial in reducing postgastrectomy distur-
bances as compared with conventional distal gastrectomy.

Treatment Strategy for Early Gastric Carcinoma with
Intraoperative Sentinel Node Biopsy

If the SN can be intraoperatively confirmed as negative for metastasis, resection of the
cancer lesion with modified LN dissection such as D0, D1 + a, and D1 + b is accept-
able. Our treatment protocol under these conditions is shown in Fig. 3. Indications for
laparoscopy-assisted segmental gastrectomy for gastric cancer in our institute include
the following: (a) T1 (M, SM1), N0, (b) lack of indications for regular EMR, and (c)
cancer located in the middle or lower third of the stomach, more than 4 cm from the
pyloric ring [46].

Laparoscopy-Assisted Vagus-Sparing Segmental
Gastrectomy (LAVSSG) under SN Navigation

We have introduced a novel method of laparoscopy-assisted surgery for early gastric
cancer [46] (Fig. 4). For intraoperative SN detection, radiolabeled particles (tech-
netium-99m-radiolabeled tin colloid) are endoscopically injected into the submucosal
layer of the lesion 6 h before surgery.

The laparoscopic procedure is done with the patient in the modified lithotomy posi-
tion. After laparoscopic survey of the abdomen, the gastrocolic ligament is divided 
4 cm distal to the epiploic arcade toward the lower pole of the spleen using Ligasure
(Valleylab, Boulder, CO, USA). The roots of the left gastroepiploic vessels are exposed
and divided using double clips at their origin. The lymph nodes (no. 4sb) along with
the left gastroepiploic vessels are dissected from the greater curvature using Ligasure.
After division of LN station no. 4d, the root of the right gastroepiploic vein is exposed
and secured with double clips and the right gastroepiploic artery is divided at its
origin, preserving the infrapyloric artery (Fig. 5).
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SN sampling (pathological examination)

Mets (-) Mets (+)

Operation over             Standard treatment
  (gastrectomy with D2 LN dissection)

EMR / Wedge resection / Segmental gastrectomy Fig. 3. Strategy for the treatment of
early gastric cancer under sentinel
node navigation. EMR, endoscopic
mucosae resection; LN, lymph node



The innervations to the liver (hepatic branch), pylorus (pyloric branch), and small
intestine (celiac branch) are preserved (see Fig. 4). The suprapyloric lymph nodes, no.
5, located only on the left side of the vessels, are sampled using the LCS. To preserve
vagal nerve innervation of the pylorus, the hepatoduodenal ligament should be kept
intact. The gastrohepatic ligament is divided toward the abdominal esophagus to
remove the lymph nodes along the lesser curvature. With exposure of the right crus
and anterodorsal side of the abdominal esophagus, the white wirelike vagus nerve can
be identified under laparoscopic magnified view. The posterior trunk is then isolated
with a right-angle clamp and retracted with a vessel loop toward the right side. The
stomach is then transected 4 cm proximal to the pylorus using an endoscopic stapling
device (60 mm, Endo GIA-II; US Surgical, Norwalk, CT, USA). The lymph nodes along
the common hepatic artery, no. 8a, are dissected toward the celiac axis using LCS.
Lymph nodes no. 9 and 11p along the common hepatic artery and splenic artery are
removed by LCS, exposing the left gastric artery and celiac axis. The celiac branch of
the vagus nerve runs down along the lesser curvature to the celiac ganglion together
with a branch of the left gastric artery. Retraction of the celiac branch using a vessel
loop toward the right side facilitates this procedure (see Fig. 5). Finally, the celiac
branch of the posterior vagal trunk is divided from the root of the left gastric artery,
which is divided with double clips, thereby keeping the celiac branch and celiac gan-
glion intact. An en bloc vagus nerve-sparing LN dissection is then completed.

The stomach with perigastric lymph nodes is exteriosed through a midline incisi-
son measuring 5 cm and divided with an ILA 100 stapler (US Surgical). The small
abdominal wound is covered with Lap Disc (Ethicon, Cincinnati, OH, USA) and the
pneumoperitoneum is established again, confirming the absence of radiolabeled sen-
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Anterior trunkPosterior  trunk
Hepatic branch

Celiac branch

Celiac Plexus 

Antral branch

Post. gastric branch

Ant. gastric branch

4 cm

Fig. 4. Surgical anatomy of vagus-sparing segmental gastrectomy (VSSG)



tinel nodes among residual lymph nodes in the upper abdominal cavity. On a back
table, the resected specimen is carefully investigated, and radiolabeled lymph nodes
identified with a handheld gamma probe are taken for intraoperative pathological
examination (Fig. 6). The gastrogastric anastomosis is created manually with an inter-
rupted layer-to-layer suture. A tube drain is inserted from the right lower trocar
wound and placed through the foramen of Winslow, and the abdominal wound is
closed. In the case illustrated here, the patient was discharged uneventfully 10 days
postoperatively. Postoperative pathological examination revealed that the lesion was
mucosal cancer with a negative surgical margin, and no positive lymph nodes were
detected including sentinel nodes. On gastroscopy and barium meal 1 year after
surgery, gastritis was less obvious than is seen with regular Billroth I anastomosis.
Occasionally, peristalsis was observed in the remnant stomach from the oral side to
the pyloric ring (Fig. 7).

Unanswered Questions in SN Navigation in Gastric
Cancer Surgery

Before SN navigation surgery in gastric cancer treatment can be broadly applied, the
following issues require elucidation:

1. Should the tracer be radioactive particles or dye?
2. Should the SN be sampled by pinpoint pickup of the lymph node or lymphatic

basin dissection?
3. Should the detection of cancer cells be done using hematoxilin and eosin, immuno-

histochemistry, or the polymerase chain reaction?

Two nation-wide prospective studies are now examining these issues, one by the
Japanese Society of Sentinel Node Navigation Surgery (http://web.sc.itc.keio.
ac.jp/surgery/snns/) and the second by the Japan Clinical Oncology Group
(http://www.jcog.jp/).

Conclusion

The SN concept in gastric cancer treatment appears ready to assume several impor-
tant roles in the individualization of treatment in patients with gastric cancer, espe-
cially early gastric cancer. The coming decade is likely to see broad general acceptance
of minimally invasive and function-preserving surgery based on the sensitive pre-
diction of LN metastasis by SN biopsy.
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Fig. 2. Laparoscopic detection of sentinel nodes in gastric cancer. Sentinel nodes (lymph node
station of no. 4d) are visible after intraoperative injection of blue dye into the submucosal layer
under the mucosal cancer lesion

LGA

SACHA

GDA

Celiac branch of vagus
nerve

RGV

Fig. 5. Preservation of the celiac branch of the vagus nerve. The celiac branch of the posterior
trunk is separated from the left gastric artery. Retraction of the celiac branch using a vessel loop
toward the right side facilitates this procedure. CHA, common hepatic artery; LGA, left gastric
artery; SA, splenic artery; GDA, gastroduodenal artery; RGV, stump of right gastric vein
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Fig. 7. Findings of endoscopy 1 year after laparoscopic-assisted VSSG (LAVSSG). Mucosal
inflammation, which is commonly observed in the residual stomach of Billroth I anastomosis,
is not obvious after pylorus preserving (segmental) gastrectomy. Also, peristalsis can be
observed in the residual stomach

Fig. 6. Detection of radioactive lymph node in the resected specimen on the back table using
handheld gamma probe
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