
Gastric Cancer (2009) 12: 23–30
DOI 10.1007/s10120-008-0493-4

Offprint requests to: N. Tanigawa
Received: August 21, 2008 / Accepted: November 20, 2008

© 2009 by
International and
Japanese Gastric

Cancer Associations

Original article

Study of clinicopathological factors associated with the occurrence of 
synchronous multiple gastric carcinomas

TOSHIKATSU NITTA
1,2, YUTARO EGASHIRA

1, HIROSHI AKUTAGAWA
1, GO EDAGAWA

1, YOSHITAKA KURISU
1, 

EIJI NOMURA
2, NOBUHIKO TANIGAWA

2, and YURO SHIBAYAMA
1

1 Department of Pathology, Osaka Medical College, Osaka, Japan
2 Department of General and Gastroenterological Surgery, Osaka Medical College, 2-7 Daigaku-machi, Takatsuki, Osaka 569-8686, Japan

Introduction

In recent years, minimally invasive therapies, such as 
laparoscopic surgery and endoscopic resection, includ-
ing endoscopic submucosal dissection (ESD), have 
been actively performed for early gastric carcinomas. 
Such minimally invasive therapies conserve function, 
but after such resections, a large quantity of the gastric 
mucosa remains from which the carcinomas arose, and 
concurrent multiple carcinomas and the development 
of post-therapeutic asynchronous multiple carcinomas 
represent serious problems. The early detection and 
treatment of multiple carcinomas associated with mini-
mally invasive therapies requires strict post-therapeutic 
surveillance.

Studies of excised stomachs have shown an incidence 
of concurrent multiple gastric carcinomas of 4.8%–
23.8% [1–3]. The incidence of asynchronous multiple 
gastric carcinomas after endoscopic resection is report-
edly 1.0%–5.6% [4, 5]. Epidemiologically, multiple 
gastric carcinomas often occur in the elderly and in men, 
and histologically, multiple gastric carcinomas often 
arise in gastric mucosa with chronic gastritis, particu-
larly severe intestinal metaplasia [6–10]. In regard to 
such characteristics, several clinicopathological risk 
factors for multiple carcinomas have been reported, but 
no clinically useful criteria are available at present for 
assessing the onset of multiple gastric carcinomas. If the 
risk for multiple gastric carcinomas could be accurately 
assessed, effi cient and accurate surveillance could be 
performed following minimally invasive therapies.

The purpose of this study was to establish criteria for 
predicting the possible onset of multiple gastric carcino-
mas by comparing clinicopathological factors in solitary 
and multiple early gastric carcinomas.
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Materials and methods

We examined 379 specimens of early gastric carcinomas 
that had been surgically resected at the Department of 
General and Gastroenterological Surgery of Osaka 
Medical College, Japan, from April 1999 to December 
2006.

All of the resected materials (stomach including 
gastric carcinoma) were histologically confi rmed as 
early-stage gastric carcinomas.

Early gastric carcinomas were investigated through 
the clinicopathological assessment of 94 cases of multi-
ple early gastric carcinomas and 285 cases of solitary 
early gastric carcinomas.

The diagnosis of carcinoma was based on the criteria 
published in the General rules for the gastric cancer 
study of the Japanese Research Society for Gastric 
Cancer [11] and the TNM classifi cation of malignant 
tumors [12]. The diagnosis of multiple carcinomas was 
made according to the criteria outlined by Moertel et 
al. [13], as follows: (1) each lesion must be of pathologi-
cally proved malignancy, (2) all lesions must be clearly 
separated by intervals of microscopically normal gastric 
wall, and (3) the possibility that one of the lesions rep-
resents a local extension or metastatic tumor must be 
ruled out beyond any reasonable doubt. The diagnosis 
of carcinoma was also made according to the criteria 
outlined by the Vienna consensus classifi cation (cate-
gory classifi cation, 2000) [14].

Early gastric carcinomas were defi ned as mucosal 
carcinomas and submucosal invasive carcinomas of 
the stomach, and mucosal carcinomas were defi ned as 
greater than category 4, by the Vienna classifi cation of 
gastrointestinal epithelial neoplasia [14], and which also 
showed Tis (carcinoma in situ: intraepithelial tumor 
without invasion of the lamina propria) and T1 (tumor 
invades lamina propria or submucosa) by the TNM 
clinical classifi cation [12].

Differentiated adenocarcinoma was defi ned as 
tubular-forming adenocarcinoma and corresponded to 
“intestinal-type adenocarcinoma” according to Lauren 
[15] and Jarvi and Lauren [16]. A recent study of differ-
ences in the diagnostic criteria of gastric carcinoma 
between Japanese and Western pathologists [17] reports 
that, according to most Western pathologists, Japanese 
pathologists diagnosed defi nite carcinoma in 50% of 
cases with adenoma and/or low-grade dysplasia; diag-
nosed defi nite carcinoma in the majority of cases of 
adenoma and/or high-grade dysplasia; and diagnosed 
defi nite carcinoma in all cases of adenoma and/or high-
grade dysplasia with suspicion of carcinoma. There 
were no major differences in the diagnoses of cases with 
clearly invasive carcinoma. The presence of invasion 
was the most important diagnostic criterion of gastric 
carcinoma for most Western pathologists, whereas for 

the Japanese, the nuclear features and glandular struc-
tures were more important.

In the present study, the resected materials (stomach 
including gastric carcinoma) were fi xed in formalin, 
embedded in paraffi n, and stained with H & E. Sections 
(2-μm-thick) of the maximum diameter of the tumor 
were evaluated for the following pathological factors. 
All cases were blindly reviewed twice by three of the 
authors (T.N., Y.E., and H.A.). If discrepancies arose, 
the cases were discussed to achieve consensus while 
being viewed under a multihead microscope.

Clinicopathological factors

We investigated the clinicopathological differences 
between multiple early gastric carcinomas and solitary 
early gastric carcinoma in terms of the following 12 
factors:

 1. Sex
 2. Age
 3. Histological type

Histologically, the carcinomas were classifi ed into two 
types (well- and moderately differentiated type and 
poorly differentiated type) based on the criteria pub-
lished in the General rules for the gastric cancer study 
[11] and the TNM classifi cation [12]. We defi ned well- 
and moderately differentiated type (G1 and G2) if papil-
lary adenocarcinoma, well-differentiated carcinoma, or 
moderately differentiated carcinoma was present. We 
defi ned the rest as poorly differentiated type (G3) if 
papillary adenocarcinoma, well-differentiated carci-
noma, or moderately differentiated carcinoma was not 
present, and poorly differentiated carcinoma, signet ring 
cell carcinoma, or mucinous carcinoma was present.

 4. Location

Location was classifi ed into the upper (U), middle (M), 
and lower (L) thirds of the stomach based on the crite-
ria published in the General rules for the gastric cancer 
study [11]. The upper (U) third shows the cardia or 
fundus; the middle (M) shows the corpus; and the lower 
(L) third shows the antrum and pylorus, according to 
the anatomical subsites of the TNM classifi cation [12].

 5. Size

The maximum tumor diameter in early gastric carcino-
mas was measured macroscopically.

 6. Mucin phenotype

On the basis of mucin histochemistry, human gastric 
mucin (HGM; gastric mucin; Novocastra, Newcastle, 
UK) and MUC6 (Novocastra) were used as markers 
indicating gastric phenotype expression. MUC2 (Novo-
castra) and CD10 (Novocastra) were also used as 
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markers indicating intestinal phenotype expression. 
Both cytoplasmic and luminal membranous reactivity 
were judged as positive for HGM, while CD10 and cyto-
plasmic reactivity were judged as positive for MUC6 
and MUC2 [18]. Differentiated adenocarcinoma that 
consisted of more than 90% of gastric-type cells was 
classifi ed as carcinoma with gastric phenotype; that 
composed of more than 90% of intestinal-type cells was 
described as carcinoma with intestinal phenotype; and 
the remainder was assigned as carcinoma with mixed 
phenotype. In this study, gastric carcinoma was classi-
fi ed into gastric phenotype and intestinal phenotype, 
with the mixed phenotype being included in the intesti-
nal phenotype.

 7. Distribution of atrophic mucosa in the stomach

Distribution of atrophic mucosa was classifi ed into two 
categories (slight and severe) according to the criteria 
advocated by Nakamura et al. [19–21]. Atrophic mucosa 
surrounding carcinoma of the stomach was classifi ed 
according to the following criteria: slight, with scattered 
atrophic mucosa; severe, with continuous atrophic 
mucosa beyond the angle of stomach.

 8.  Degree of atrophy in the mucosa surrounding the 
cancer lesion

The gastric mucosa was divided into three areas (fundic, 
pyloric, and intermediate) in terms of intestinal meta-
plasia, according to the criteria advocated by Nakamura 
et al. [19–21], where the F-line is a distal line with chief 
cells and parietal cells continuously appearing and the 
f-line is a distal line with parietal cells appearing sepa-
rately or in the form of a nest; the area proximal to the 
F-line and f-line is called the intermediate zone area. 
In this study we checked the mucosa surrounding the 
cancer lesion and classifi ed the three areas into two 
types; nonatrophic mucosa (fundic gland) and atrophic 
mucosa (intermediate zone + pyloric gland).

 9.  Degree of intestinal metaplasia in the surrounding 
mucosa

The degree of intestinal metaplasia in the surrounding 
mucosa was classifi ed into two categories (slight and 
severe) according to the criteria advocated by Naka-
mura et al. [19–21]. Intestinal metaplasia in the sur-
rounding mucosa within 1 cm from the cancer was 
classifi ed as follows: slight, without intestinal metaplasia 
or with scattered intestinal metaplasia; severe, with con-
tinuous intestinal metaplasia or scattered nonmetaplas-
tic glands in between.

 10. Heterotopic glandular cysts

We checked whether heterotopic glandular cysts of the 
stomach were present (positive) or not (negative). Het-
erotopic glandular cysts are the translocation of pseu-

dopyloric cystic glands into the submucosal layer, cystic 
transformation, proliferation, and subsequent differen-
tiation of the lining of the foveolar epithelium.

 11. Helicobacter pylori

Microscopically, we investigated for the presence of a 
bacterial pathogen with spherical and spiral shapes, i.e., 
H. pylori, by H & E and Giemsa staining and we noted 
H. pylori positivity or negativity.

 12. Lymphoid infi ltration

The degree of lymphoid cell infi ltration in the cancer 
nest was classifi ed as either negative (no or little infi ltra-
tion) or positive (infi ltration with follicular structure or 
more lymphoid cells than the number of cancer cells).

Statistical method

The above pathological factors were compared between 
cases that were positive for multiple gastric carcinomas 
and those that were negative for multiple gastric carci-
nomas. Each pathological factor was assessed separately 
by univariate logistic regression analysis. Differences at 
P < 0.10 were considered signifi cant. Factors were ana-
lyzed by stepwise multivariate logistic regression, and 
the odds ratio with 90% confi dence interval was calcu-
lated for each factor. Statview version 5.0 [22] and SPSS 
II standard version [23] were used for all statistical 
calculations.

Results (Table 1)

 1. Sex

In the group with solitary early gastric carcinoma, the 
male/female ratio was 195: 90. In the group with multi-
ple early gastric carcinomas, the male/female ratio was 
65: 27. The male/female ratio therefore showed no dif-
ference between the group with solitary early gastric 
carcinomas and the group with multiple early gastric 
carcinomas.

 2. Age

The average age of the patients with solitary early 
gastric carcinoma was 62.4 years, and it was 66.1 years 
in those with multiple early gastric carcinomas. This 
difference was statistically signifi cant (P = 0.009). In 
addition, the odds ratio was highest when subjects were 
divided into groups with a cutoff age of 65 years. The 
incidence of multiple early gastric carcinomas increased 
with age.

 3. Histological type

In the group with solitary early gastric carcinoma, the 
ratio of well- and moderately differentiated type to 
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poorly differentiated type was 119 (41.8%) : 166 (58.2%). 
In the group with multiple early gastric carcinomas, the 
ratio of well- and moderately differentiated type to 
poorly differentiated type was 46 (50.0%): 46 (50.0%). 
This difference was statistically signifi cant (P = 0.036) 
and the well- and moderately differentiated type was 
present more often in the group with multiple early 
gastric carcinomas than in the group with solitary early 
gastric carcinomas.

 4. Location

In the group with solitary early gastric carcinoma, the 
upper third of the stomach (cardia and fundus) had 39 
cases (13.7%), the middle third (corpus) had 142 cases 
(49.8%), and the lower third (antrum and pylorus) had 
104 cases (36.5%). In the group with multiple early 
gastric carcinomas, the upper third of the stomach 

(cardia and fundus had 8 cases (8.7%), the middle third 
(corpus) had 50 cases (54.3%), and the lower third 
(antrum and pylorus) had 34 cases (37.0%). No differ-
ence was seen in the incidence of cases in the upper (U, 
cardia and fundus), middle (M, corpus), and lower (L, 
antrum and pylorus) thirds of the stomach between the 
groups with multiple early gastric carcinomas and soli-
tary early gastric carcinoma.

 5. Size

The median tumor diameter in the group with solitary 
early gastric carcinoma was 34.1 mm and the median 
tumor diameter in the group with multiple early gastric 
carcinomas was 30.0 mm., There was no statistically sig-
nifi cant difference between the group with solitary early 
gastric carcinomas and the group with multiple early 
gastric carcinomas.

Table 1. Clinicopathological differences between multiple gastric carcinomas and solitary gastric carcinoma

Solitary gastric 
carcinoma

Multiple gastric 
carcinomas Total

Sex
 Male 195 65 260
 Female 90 27 117
Age
 ≥65 127 62 189
 <65 158 32 190

62.4a 66.1a 63.3a
 *

Location
 U 39 8 47
 M 142 50 192
 L 104 34 138
Histological type
 Well-differentiated 119 46 165 *
 Poorly differentiated 166 46 212
Size
 mm 34.1 30.0 33.1
Mucin phenotype
 Gastric 167 36 203 *
 Intestinal 98 56 154
Distribution of atrophic mucosa in the stomach
 Slight 127 31 158 *
 Severe 113 56 169
Degree of atrophy in the mucosa surrounding cancer lesion
 Nonatrophic mucosa 45 10 55
 Atrophic mucosa 234 82 316
Degree of intestinal metaplasia in the surrounding mucosa
 Slight 146 29 175 *
 Severe 132 63 195
Heterotopic glandular cysts
 (−) 264 79 343 *
 (+) 19 13 32
Helicobacter pylori infection
 (−) 49 21 70
 (+) 92 26 118
Lymphoid infi ltration
 (−) 274 87 361
 (+) 11 5 16

* P < 0.10
a Average age
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 6. Mucin phenotype

In the group with solitary early gastric carcinoma, the 
ratio of gastric phenotype to intestinal phenotype was 
167 (63.0%): 98 (37.0%). In the group with multiple 
early gastric carcinomas, the ratio of gastric phenotype 
to intestinal phenotype was 36 (39.1%): 56 (60.9%). 
The intestinal phenotype was present more often in the 
group with multiple early gastric carcinomas than in the 
group with solitary early gastric carcinomas. Statisti-
cally, the mucin phenotype (intestinal phenotype) was 
one of the most signifi cant clinicopathological factors 
(P = 0.0001).

 7. Distribution of atrophic mucosa in the stomach

In the group with solitary early gastric carcinoma, the 
ratio of slight type to severe type was 127 (52.9%): 113 
(47.1%). In the group with multiple early gastric carci-
nomas, the ratio of slight type to severe type was 31 
(35.6%): 56 (64.4%). This difference was statistically 
signifi cant (P = 0.0056). “Severe” distribution of atro-
phic mucosa was present more often in the group with 
multiple early gastric carcinomas than in the group with 
solitary early gastric carcinomas.

 8.  Degree of atrophy in the mucosa surrounding the 
cancer lesion

In the group with solitary early gastric carcinoma, non-
atrophic mucosa (fundic gland) was found in 45 (16.1%) 
and atrophic mucosa (intermediate zone + pyloric gland) 
in 234 (83.9%). In the group with multiple early gastric 
carcinomas, nonatrophic mucosa was found in 10 
(10.9%) and atrophic mucosa in 82 (89.1%). There were 
no statistically signifi cant differences in these factors 
between the two groups.

 9.  Degree of intestinal metaplasia in the surrounding 
mucosa

In the group with solitary early gastric carcinoma, the 
ratio of slight type to severe type was 146 (52.5%): 132 
(47.5%). In the group with multiple early gastric carci-
nomas, the ratio of slight type to severe type was 
29(31.5%): 63 (68.5%). Statistically, a “severe” degree 
of intestinal metaplasia in the surrounding mucosa was 
one of the most signifi cant clinicopathological factors 
(P = 0.0004).

 10. Heterotopic glandular cysts

In the group with solitary early gastric carcinoma, 19 
cases were positive for heterotopic glandular cysts 
(6.7%) and 264 cases were negative for heterotopic 
glandular cysts (93.3%). In the group with multiple 
early gastric carcinomas, 13 cases were positive for het-
erotopic glandular cysts (14.1%) and 79 cases were 
negative for heterotopic glandular cysts (85.9%). In 

multiple early gastric carcinomas, coexistence with 
heterotopic glandular cysts was statistically signifi cant 
(P = 0.09).

 11. Helicobacter pylori

In the group with solitary early gastric carcinoma, 92 
cases were H. pylori-positive (65.2%) and 49 cases were 
H. pylori-negative (34.8%). In the group with multiple 
early gastric carcinomas, 26 cases were H. pylori-
positive (55.3%) and 21 cases were H. pylori-negative 
(44.7%). This difference was not statistically 
signifi cant.

 12. Lymphoid infi ltration

In the group with solitary early gastric carcinoma, 11 
cases were lymphoid infi ltration-positive (3.9%) and 
274 cases were lymphoid infi ltration-negative (96.1%). 
In the group with multiple early gastric carcinomas, 5 
cases were lymphoid infi ltration-positive (5.4%) and 87 
cases were lymphoid infi ltration-negative (94.6%). This 
difference was not statistically signifi cant.

Statistical analysis

Univariate logistic regression analysis showed that age 
(≥65 years), histological type (well and moderately dif-
ferentiated type), mucin phenotype (intestinal type), 
distribution of atrophic mucosa in the stomach (severe), 
degree of intestinal metaplasia in the surrounding 
mucosa (severe), and heterotopic glandular cyst (posi-
tive) were statistically signifi cant risk factors for multi-
ple gastric carcinomas (Table 2). Multivariate logistic 
regression analysis by the stepwise method showed that 
the important risk factors for multiple gastric carcino-
mas were the degree of intestinal metaplasia in the sur-
rounding mucosa (moderate or severe) and age (≥65 
years; Table 2).

Predictive pathological risk algorithm for multiple 
gastric carcinomas

Univariate logistic regression analysis of clinicopatho-
logical factors in the present study showed that multiple 
gastric carcinomas were signifi cantly correlated to old 
age (≥65 years), histological type (well- and moderately 
differentiated), mucin phenotype (intestinal type), dis-
tribution of atrophic mucosa in the stomach (severe), 
degree of intestinal metaplasia in the surrounding 
mucosa (severe), and heterotopic glandular cysts (posi-
tive). Furthermore, multivariate logistic regression 
analysis by the stepwise method identifi ed the degree of 
intestinal metaplasia in the surrounding mucosa (severe) 
and age (≥65 years) as signifi cant independent risk 
factors for multiple gastric carcinomas.
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Based on these fi ndings, the risk for multiple gastric 
carcinomas was classifi ed as high, moderate, or low, as 
follows: when intestinal metaplasia in the surrounding 
mucosa (severe) or age (≥65 years) was found, the risk 
was classifi ed as high; when the histological type was 
well- and moderately differentiated, mucin phenotype 
was the intestinal type, the distribution of atrophic 
mucosa in the stomach was severe, or heterotopic glan-
dular cysts were positive, the risk for multiple gastric 
carcinomas was classifi ed as moderate. The risk for mul-

tiple gastric carcinomas were classifi ed as low when 
these risk factors were absent.

A risk chart, based on logistic regression analysis, for 
multiple gastric carcinoma was developed, as shown in 
Fig. 1. We calculated the sensitivity and the specifi city 
for high risk and for high and intermediate risk for 
multiple gastric carcinomas. With this algorithm, sensi-
tivity was 86.2% and specifi city was 30.4% in the high-
risk category, and sensitivity was 98.9% and specifi city 
was 9.0% in the high-and-intermediate-risk category.

Table 2. Clinicopathological differences between multiple gastric carcinomas and solitary gastric carcinoma (logistic regression 
analysis; P < 0.10)

Pathological factors

Univariate analysis Multivariate analysis

P value Odds ratio P value Odds ratio

Sex 0.59
Age 0.009 2.29 0.02 2.19
Location 0.98
Histological type 0.036 1.89 0.87
Size 0.17
Mucin phenotype 0.0001 2.63 0.18
Distribution of atrophic mucosa in the stomach 0.0056 2.06 0.82
Degree of atrophy in the mucosa surrounding cancer lesion 0.15
Degree of intestinal metaplasia in the surrounding mucosa 0.0004 2.49 0.004 2.75
Heterotopic glandular cysts 0.09 1.91 0.34
H. pylori infection 0.24
Lymphoid infi ltration 0.82

those who underwent minimum invasive surgery

Age >65Age <65
or

severe intestinal metaplasia

and

mild intestinal metaplasiap

High risksevere atrophy
or

differentiated type

mild atrophy
and

undifferentiated type

or

intestinal type

and

gastric type
or

submucosal heterotopic gland (+)

and

submucosal heterotopic gland (+)

intermediate risklow risk Fig. 1. Risk chart for multiple gastric 
carcinomas
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Discussion

In the elderly, the incidence of gastric carcinomas 
reportedly tends to be high, and the frequency of mul-
tiple cancers is also high. Old age has therefore been 
recognized as a risk factor for multiple gastric carcino-
mas [24]. In the present study, old age was signifi cantly 
correlated to multiple gastric carcinomas, and multi-
variate analysis showed old age as a signifi cant indepen-
dent risk factor. Logistic regression analysis was 
performed by dividing subjects into two age groups, 
elderly and young, and odds ratios were highest when 
subjects were divided into groups with a cutoff age of 
65 years. Based on this fi nding, the assumption that 
elderly individuals aged 65 years or more are at greater 
risk for multiple gastric carcinomas appears valid. 
Studies have not fully clarifi ed the age at which the risk 
for multiple gastric carcinomas increases, and using age 
as a risk factor in clinical settings has been diffi cult. The 
current fi nding of a concrete value of 65 years is thus 
clinically signifi cant.

Meanwhile, studies have shown that chronic atrophic 
gastritis and intestinal metaplasia are carcinogenic 
factors and represent important risk factors for multiple 
cancers [25, 26]. In the present study, chronic gastritis 
was investigated in terms of the following four factors: 
distribution of atrophic mucosa in the stomach, degree 
of atrophy in the mucosa surrounding, the cancer, degree 
of intestinal metaplasia in the surrounding mucosa, and 
H. pylori infection. The results showed that multiple 
gastric carcinomas were correlated signifi cantly to the 
distribution of atrophic mucosa in the stomach and the 
degree of intestinal metaplasia in the surrounding 
mucosa, and multivariate analysis confi rmed the latter 
as a signifi cant independent factor. Recent studies have 
shown that H. pylori not only causes peptic ulcer and 
gastritis but also exhibits a strong correlation to gastric 
carcinomas [27–29]. The WHO/International Agency 
for Research on Cancer (IARC) recognized H. pylori as 
a defi nite carcinogen in 1994 [30]. Many prospective 
epidemiological studies have shown that the incidence 
of gastric carcinomas in persons infected with H. pylori 
is signifi cantly higher when compared to that in unin-
fected persons, and H. pylori also appears to represent a 
risk factor for multiple carcinomas. However, in the 
present study, the incidence of H. pylori infection tended 
to be higher for solitary carcinomas than for multiple 
carcinomas, but no signifi cant differences were identi-
fi ed and H. pylori infection was not shown as a risk 
factor for multiple carcinomas.

Heterotopic glandular cysts is a condition in which a 
non-neoplastic proper gastric gland proliferates ectopi-
cally in the submucosal layer, with an acquired ectopic 
gland developing during the regeneration process of 
erosion and ulcer. Yasuda et al. [31] reported that the 

incidence of gastric carcinomas, particularly multiple 
gastric carcinomas, was high in stomachs with multiple 
heterotopic glandular cysts. In the present study, uni-
variate analysis showed heterotopic glandular cysts as a 
signifi cant risk factor for multiple gastric carcinomas, 
but multivariate analysis did not identify heterotopic 
glandular cysts as an independent risk factor.

Lymphocyte-infi ltrating carcinomas are seen in 
various organs and, in the gastrointestinal tract, the 
number of such reports is highest for gastric carcinoma. 
Lymphocyte-infi ltrating gastric carcinoma is a cancer 
with better prognosis and lower incidence of lymph 
node metastasis, and Epstein-Barr virus (EBV) infec-
tion in the gastric mucosa is seen in more than 90% of 
cases. EBV infection in the gastric mucosa has been 
examined as a risk factor for gastric carcinoma [32–34]. 
The risk factors for gastric carcinoma are the same risk 
factors as those for multiple gastric carcinomas, and the 
incidence of multiple gastric cancers in lymphocyte-
infi ltrating gastric carcinoma is considered high. In the 
present study, the incidence of lymphocyte-infi ltrating 
gastric carcinoma in multiple carcinomas tended to be 
higher than that in solitary carcinomas, but no signifi -
cant difference existed, and lymphocyte-infi ltrating car-
cinoma was not a risk factor for multiple carcinomas.

It is known that multiple gastric carcinomas more 
often accompany well- and moderately differentiated 
carcinoma than poorly differentiated carcinoma. In the 
present study, univariate analysis showed well- and 
moderately differentiated carcinoma as a signifi cant risk 
factor, but multivariate analysis did not reveal well- and 
moderately differentiated carcinoma as an independent 
risk factor.

Gastric carcinoma can now be immunohistologically 
classifi ed into gastric type with mucinous transforma-
tion originating from the proper gland and intestinal 
type with mucinous transformation originating from 
intestinal metaplasia. Marked differences exist in the 
biological behaviors of these two types [35]. In the 
present study, intestinal transformation exhibited a sig-
nifi cant correlation to multiple gastric carcinomas, and 
multivariate analysis also showed intestinal transforma-
tion as a signifi cant independent risk factor for multiple 
gastric carcinomas.

Based on the present study, the risks for multiple 
gastric carcinomas were classifi ed as high, moderate, 
and low. The specifi city of these new multiple gastric 
carcinoma risk assessment criteria (where only the high-
risk group was considered at risk for multiple gastric 
carcinomas) was high, and the sensitivity of the multiple 
gastric carcinoma risk assessment criteria (where 
moderate- and high-risk groups were considered at risk 
for multiple gastric carcinomas) was high. While other 
studies have shown risk factors for multiple gastric car-
cinomas, the present study is unique in showing risk 
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assessment criteria based on a combination of risk 
factors for multiple gastric carcinomas.

Conclusion

Clinicopathological risk factors for multiple gastric car-
cinomas were extracted to develop risk assessment 
criteria. Using these criteria, patients at high risk for 
multiple gastric carcinomas can be identifi ed, and the 
criteria will be useful for developing surveillance plans 
following reductive therapy for gastric carcinomas.

Acknowledgments With much appreciation, the authors 
wish to thank S. Maetani, M.D., Ph.D. of the Tenri 
Institute of Medical Research and Tenri Hospital. The 
authors also thank the many doctors and staff of the 
Department of Pathology, Osaka Medical College, who 
helped with this work.

References

 1. Honmyo U, Misumi A, Murakami, Haga Y, Akai M. Clinico-
pathological analysis of synchronous multiple gastric carcinoma. 
Eur J Surg Oncol 1989;15:316–21.

 2. Noguchi Y, Ohta H, Takagi K, Ike H, Takahashi T, Ohashi I, 
et al. Synchronous multiple early gastric carcinoma. A study of 
178 cases. World J Surg 1985;9:786–93.

 3. Mikami T, Takizawa T, Inokari T, Hishima T, Kawamura T, 
Tei S, et al. Multiple gastric cancer from the pathological view-
point (in Japanese with English abstract). I to Cho (Stomach and 
Intestine) 1994;29:627–32.

 4. Tomimatsu H, Baba Y, Kaku S, Shimizu H, Takemoto N, 
Maruyama M, et al. Multiple early gastric cancer from the stand-
point of endoscopic therapy-with analysis of surgically resected 
multiple early gastric cancer cases (in Japanese with English 
abstract). I to Cho (Stomach and Intestine) 1994;29:667–79.

 5. Yokoi C, Nakajima T, Gotoda T, Ikehara H, Nishimoto F, 
Matsuda N, et al. Metachronous gastric cancer after initial EMR/
ESD (in Japanese with English abstract). I to Cho (Stomach and 
Intestine) 2005;40:1602–8.

 6. Nihei Z, Ichikawa W, Ito M, Yamashita T, Uetake H, Osanai T. 
Local excision for synchronous multiple gastric cancer (in 
Japanese with English abstract). Nippon Shoukaki Geka Gakkai 
Zasshi (Jpn J Gastroenterol Surg) 1997;30:2107–11.

 7. Esaki Y, Hirokawa K, Yamashiro M. Multiple gastric cancers in 
the aged with special reference to intramucosal cancers. Cancer 
1987;59:560–5.

 8. Mitsudomi T, Watanabe A, Matsusaka T, Fujinaga Y, Fuchigami 
T, Iwashita A. A clinicopathological study of synchronous multi-
ple gastric cancer. Br J. Surg. 1989;76:237–40.

 9. Kosaka T, Miwa K, Yonemura Y, Urade M, Ishida T, Takegawa 
S, et al. A clinicopathological study of multiple gastric cancers 
with special reference to distal gastrectomy. Cancer 1990;65:
2602–5.

10. Isozaki H, Okajima K, Xiang H, Fujii K, Sako S. Multiple early 
gastric carcinomas. Clinicopathologic features and histogenesis. 
Cancer 1996;78:2078–86.

11. Japanese Research Society for Gastric Cancer. The general rules 
for the gastric cancer study (in Japanese). Tokyo: Kanehara; 
1993.

12. Sobin LH, Witteking Ch, editors. International Union Against 
Cancer TNM classifi cation of malignant tumors. 6th ed. New 
York: Wiley-Liss; 2002.

13. Moertel CG, Bargen JA, Soul EH. Multiple gastric cancers. 
Gastroenterology 1957;32:1095–103.

14. Schlemper R, Riddell R, Kato Y, Borchard F, Cooper H, Dawsey 
S, et al. The Vienna classifi cation of gastrointestinal epithelial 
neoplasia. Gut 2000;47:251–5.

15. Lauren P. Two histological main types of gastric carcinoma: 
diffuse and so-called intestinal types of carcinoma. Acta Pathol 
Microbiol Scand 1965;64:31–45.

16. Jarvi O, Lauren P. On the role of heterotopias of the intestinal 
epithelium in the pathogenesis of gastric cancer. Acta Pathol 
Microbiol Scand 1951;29:26–43.

17. Schlemper R, Itabashi M, Kato Y, Lewin K, Riddell R, Shimoda 
T, et al. Differences in the diagnostic criteria of gastric carcinoma 
between Japanese and Western pathologists. Lancet 1997;14:
1725–9.

18. Shiroshita H, Watanabe H, Ajioka Y, Watanabe G, Nishikura K, 
Kitano S. Re-evaluation of mucin phenotypes of gastric minute 
well-differentiated-type adenocarcinomas using a series of HGM, 
MUC5AC, MUC6, M-GGMC, MUC2, and CD10 stains. Pathol 
Int 2004;54:311–21.

19. Nakamura K, Sugano H, Takagi K. Carcinoma of the stomach in 
incipient phase: its histogenesis and histological appearances. 
Gann 1968;59:251–8.

20. Nakamura K, Sugano H, Takagi K. Histogenesis of gastric cancer 
(in Japanese). Geka Chiryou (Surgical Therapy) 1970;23:435–48.

21. Nakamura K, Sugano H, Takagi K. Structure of the gastric cancer 
(in Japanese). Tokyo: Igaku-shoin; 1982. p. 236–43.

22. Statview (computer program). Version 5.0. Berkeley, CA, USA: 
Abacus Concepts; 1998.

23. SPSS II standard version (computer program). Windows Version; 
Chicago, IL: SPSS; 2008.

24. Arai T, Esaki Y, Inoshita N, Sawabe M, Kasahara I, Kuroiwa K, 
et al. Pathologic characteristic of gastric cancer in elderly: retro-
spective study of 994 surgical patients. Gastric Cancer 2004;7:
154–9.

25. Stemmermann GN. Intestinal metaplasia of the stomach: a status 
report. Cancer 1994;74:556–64.

26. Morson BC. Intestinal metaplasia of the gastric mucosa. Br J 
Cancer 1955;9:365–76.

27. Correa P. Human gastric carcinogenesis: multi-step and multi-
factorial process. Cancer Res 1992;52:6735–40.

28. Kitahara F, Shimazaki R, Sato T, Kojima Y, Morozumi A, Fujino 
M. Severe atrophic gastritis with Helicobacter pylori infection and 
gastric cancer. Gastric Cancer 1998;1:118–24.

29. Helicobacter and Cancer Collaborative Group. Gastric cancer 
and Helicobacter pylori: a combined analysis of 12 case control 
studies nested within prospective cohorts. Gut 2001;49:347–53.

30. Schistosomes, liver fl ukes and Helicobacter pylori. IARC Working 
Group on the Evaluation of Carcinogenic Risks to Humans. 
Lyon, 7–14 June 1994. IARC Monogr Eval Carcinog Risks Hum 
1994;6:1–241.

31. Yasuda T, Kashimura H, Ikegami M. Clinicopathological 
study of diffuse heterotopic submucosal cysts in the stomach — 
histogenesis and differentiation evaluated by a classifi cation of 
mucin phenotype (in Japanese with English abstract). Jikei Idaishi 
(Tokyo Jikeikai Medical Journal) 2001;116:289–98.

32. Watanabe H, Enjyoji M, Imai T. Gastric carcinoma with lym-
phoid stroma. Its morphologic characteristics and prognostic cor-
relations. Cancer 1976;38:232–43.

33. Oda K, Tamaru J, Takenouchi T, Mikata A, Nunomura M, Saitoh 
N, et al. Association of Epstein-Barr with gastric carcinoma with 
lymphoid stroma. Am J Pathol 1993;143:1063–71.

34. Chang M, Lee J, Kim J, Kim H, Lee H, Kim C, et al. Microsatellite 
instability and Epstein-Barr virus infection in gastric remnant 
cancers. Pathol Int 2000;50:486–92.

35. Gum JR Jr. Human mucin glycoproteins: varied structures predict 
diverse properties and specifi c functions. Biochem Soc Trans 
1995;23:795–9.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


