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Abstract
AIM: To investigate the trend in gastric cancer surgery 
in the context of rapid therapeutic advancement in Ja-
pan and East Asia.

METHODS: A retrospective analysis was performed on 
4163 patients who underwent gastric resection for gas-
tric cancer with histological confirmation between 1971 
and 2007 at the surgical unit in Kitasato University Hos-
pital, to determine the trend in gastric cancer requiring 
surgery.

RESULTS: Gastric cancer requiring surgical resection 
increased in our hospital, but the incidence adjusted 
for population was constant during the observed pe-

riod. Interestingly, the ratio of diffuse type/intestinal 
type gastric cancer was unexpectedly unchanged, and 
that of advanced/early gastric cancer (EGC) was, how-
ever, markedly reduced, while the actual incidence of 
potentially curative advanced gastric cancer tended 
to decrease. The incidence of EGC requiring surgery 
tended to increase as a whole, which is consistent with 
increased prevalence of endoscopic surveillance. As a 
result, overall survival and mortality of gastric cancer 
requiring gastric resection has recently markedly im-
proved.

CONCLUSION: In Japan, planned interventions may 
improve surgical gastric cancer mortality, but an unex-
pected trend of persistent existence of intestinal type 
cancer suggests the need for more robust medical in-
tervention.
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INTRODUCTION
Gastric cancer was newly diagnosed in 934 000 people 
worldwide in 2002, accounting for 8.6% of  new cancers. 
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It was the fourth leading cancer, following lung, breast, 
and colorectal cancer. In addition, it was the second lead-
ing cause of  cancer deaths worldwide, with approximate-
ly 700 000 deaths reported in 2002, indicating that gastric 
cancer had a poorer prognosis than breast and colorectal 
cancer. Because of  improvements in food storage meth-
ods putatively associated with infection-related gastric 
cancer, gastric cancer incidence and mortality have fallen 
dramatically over the past 70 years worldwide. Although 
its prevalence is being reduced in most advanced coun-
tries, the number of  patients is expected to increase up to 
1 100 000 in 2010 as the population ages worldwide[1].

Demographic trends in gastric cancer differ by tumor 
location and histology. While there has been a marked 
decline in distal, intestinal type gastric cancers, the inci-
dence of  proximal, diffuse type adenocarcinomas of  the 
gastric cardia has been increasing, particularly in Western 
countries. For example, in the USA, gastric cancer was 
the leading cause of  death in the 1930s, but mortality 
rates have fallen dramatically despite no planned preven-
tion, while diffuse type, proximal gastric cancer is sharply 
increasing[2]. Diverging trends in the incidence of  gastric 
cancer by tumor location or histology suggest that they 
may represent two diseases with different etiologies. 
The main risk factors for distal gastric cancer include 
Helicobacter pylori (H. pylori) infection and dietary factors, 
whereas gastroesophageal reflux disease and obesity play 
important roles in the development of  proximal stomach 
cancer. Intestinal type tumors predominate in high risk 
geographical areas, such as East Asia including Japan, and 
a decline of  the intestinal type gastric cancer in the distal 
stomach is believed to account for most of  the decrease 
in gastric cancer rates worldwide[3]. Detailed epidemiolog-
ical data will help guide future cancer control strategies, 
and we herein investigate the recent Japanese trend in 
gastric cancer requiring surgery to provide useful cancer 
information.

MATERIALS AND METHODS
The current study was conducted as a retrospective analysis 
of  4163 gastric cancer patients who underwent gastrecto-
my at the Kitasato University Hospital between Septem-
ber 1971 and March 2007 and had proven histology of  
adenocarcinoma of  the stomach. The patients who un-
derwent surgery without removal of  stomach tissue, and 
had no histology were initially ruled out (almost stage Ⅳ 
disease or any stage with invasion of  the pancreas head). 
Histological information was collected from the formal 
documents of  the pathological division in the Kitasato 
University Hospital (the East and Main hospital). Inci-
dence and mortality corrected for the population in the 
Sagamihara city were calculated between 1972 and 2006 
(35 years), because the years 1971 and 2007 did not have 
full annual data. Histology was shown as pap, tub1, tub2, 
por1, por2, sci, and muc for adenocarcinoma. Intestinal 
type gastric cancer was defined as pap, tub1, and tub2, 
and diffuse type as por1, por2, sci, and muc. Among the 
cases, some cancers were included in both cancers, and 
such cases were defined as mixed type. Early gastric can-

cer (EGC) was defined as mucosal or submucosal cancers 
irrespective of  lymph node metastasis status. Advanced 
gastric cancer (AGC) was defined as cancers invading be-
yond the muscularis proprior.

For all EGC, curative operations were successfully 
performed, while lymph node dissection was predomi-
nant for D2 during the early phase. According to the 
guideline for gastric cancer in 2001, lymph node dissec-
tion had gradually transitioned from D2 to D1+α (No. 
7) or β (No. 7, 8, 9) dissection. For AGC stages Ⅰ to Ⅲ, 
D2 dissection had been the standard option for surgery, 
if  severe complications were not present or in very el-
derly patients. R1 or R2 surgery was performed in 3% 
of  stage Ⅰ to Ⅲ patients, who largely had positive mar-
gins of  the esophagus or duodenum. For stage Ⅳ AGC, 
various operative procedures were selected according to 
the individual surgeons. As a whole, the earlier opera-
tions tended to be extended to include D2, D3 or even 
D4 lymph node dissection, while more recently D0 or 
D1 lymph node dissection became prevalent for cases 
with peritoneal dissemination and/or positive cytology 
(CY1) or distant metastasis. The staging system used was 
the 13th Japanese Classification of  Gastric Cancer in all 
recent cases, but before 2000, there was no consistent 
information on CY status. CY1 was the initial staging, 
which could affect operation performance, and we also 
have to allow for changes in staging classification before 
and after 2000.

The population of  Sagamihara city was determined 
from published city data (http://www.city.sagamihara.
kanagawa.jp/toukei/gaiyo/001902.html). The incidence 
of  disease was calculated by the following formula: num-
ber of  gastric cancer patients requiring surgery in the 
surgical unit of  Kitasato University/population in Sag-
amihara city �� ��������×���������  100 000.

Statistical computations were performed using SAS 
software package (SAS Institute, Cary, NC), Stat View 
version 5.0. The Kaplan-Meier method was used to esti-
mate cumulative survival rates, and differences in survival 
rates were assessed using the log rank test. A P value < 
0.05 was considered statistically significant. The time of  
follow-up was calculated from the date of  surgery. Mor-
tality rates were calculated by the following formula: total 
deaths during the observed term/sum of  the population 
in Sagamihara city during the same term. Cases were cen-
sored within 5 years, although these were below 1%, and 
were not judged as deaths.

RESULTS
Incidence of gastric cancer requiring surgical resection 
is constant in Kitasato University Hospital
The surgical unit of  Kitasato University Hospital was 
opened in 1971, and the number of  gastric cancer pa-
tients requiring surgical resection has been increasing 
until recently as shown in Figure 1A. Intriguingly, the 
ratio of  intestinal type gastric cancer to diffuse type gas-
tric cancer has not declined like the trend worldwide or 
in Western countries (Figure 1A and B). The majority of  
patients requiring surgery had been referred by neighbor-
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ing clinics or middle-scale hospitals or the Gastrointesti-
nal Division of  Internal Medicine at Kitasato University. 
The hospital is located in Sagamihara city (population 
about 700 000 in 2010), Kanagawa Prefecture, Japan, and 
is a dormitory town for the Tokyo and Yokohama area, 
with a markedly increasing population in recent years. 
The incidence of  gastric cancer requiring surgery largely 
ranged between 20 and 30 per 100 000 population, and it 
was unexpectedly constant during the nearly 35 years of  
the data (Figure 2A), which is consistent with the Japa-
nese trend as a whole. The incidence of  gastric cancer in 
Japan is the highest in the world, and it was calculated to 
be 69.2 in men and 28.6 in women per 100 000 popula-
tion[4]. Allowing for inoperable patients or those who 
were treated by endoscopic resection, a considerable pro-
portion of  patients requiring surgery in the Sagamihara 
city were sent to our hospital, putatively representing the 
Japanese trend of  gastric cancer requiring surgical resec-
tion. This trend is very different from that worldwide or 
in other developed countries.

Altered distribution of EGC and AGC requiring surgical 
resection
Despite a constant incidence of  gastric cancer requiring 

surgery, the ratio of  EGC to AGC persistently increased 
from low rates ( about 30%) to similar rates (about 50%) 
(Figure 3). The actual numbers of  gastric cancer cases are 
shown in Figure 4. We subdivided gastric cancer requiring 
surgical resection into 4 categories, namely mucosal EGC 
(Early-M), submucosal EGC (Early-SM), AGC stage Ⅰ to 
Ⅲ, and AGC stage Ⅳ. Although very small in number, 
EGC stage Ⅳ cases were either Early-M or Early-SM 
according to our classification. The number of  Early-M 
cases increased until 1994, and afterwards decreased prob-
ably due to the extended indication for endoscopic resec-
tion of  mucosal EGC. On the other hand, the number 
of  Early-SM cases persistently increased until recently, 
probably because it is inevitably an indication for surgical 
resection as it has potential for lymph node metastasis. As 
endoscopic screening has become more prevalent than 
ever, early detection of  SM cancers have also increased. 
On the other hand, the number of  AGC stage Ⅰ to Ⅲ 
(potentially curative) and stage Ⅳ was relatively constant, 
while the population increased in Sagamihara city. After 
calculating the incidence of  each gastric cancer group ac-
cording to the population in Sagamihara, the incidence 
of  stage Ⅰ to Ⅲ and stage Ⅳ AGC showed a tendency to 
decrease (Figure 5). On the other hand, the incidence of  
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Figure 1  Trends in gastric cancer patients in Kitasato University Hospital. A: Trend in the numbers of patients requiring surgery, according to 3 histology catego-
ries, namely intestinal, mixed, and diffuse type; B: Trend in the proportion of intestinal type advanced gastric cancer (AGC) of stages Ⅰ to Ⅲ. Note that the proportion 
of intestinal type AGC did not decline during the time period (the final time period was 7 years only).

Figure 2  Incidence of gastric cancer treated in Kitasato University Hospital, according to the population of Sagamihara city. A: Incidence is shown between 
1972 and 2006, because full annual data for 1971 and 2007 was not available. The incidence of gastric cancer requiring surgery did not decline; B: Incidence of gas-
tric cardia cancer has been increasing until recently. Incidence is per 100 000 population.
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EGC markedly increased as a whole. After the recent in-
creased prevalence of  endoscopic submucosal dissection 
and its potential extended application, Early-M and Early-
SM exhibited a fluctuating ratio (Figure 6).

Prognosis and mortality of gastric cancer
Overall survival of  gastric cancer requiring surgical resec-
tion markedly improved until recently (Figure 7A). This 

may be due to the change in the distribution of  stage 
of  gastric cancer requiring surgical resection by planned 
intervention (early detection by endoscopy or double-
contrast barium imaging and endoscopic resection). To 
confirm whether a long-term reduction in the mortality 
of  gastric cancer was observed, we also examined 5-year 
mortality, and histological distribution of  AGC requiring 
surgical resection. The numbers of  deaths at 5 years were 
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307, 354, and 323 according to the time period (1971-1980, 
1981-1990, 1991-2000), and mortality was calculated ac-
cording to the population in Sagamihara. The mortality of  
gastric cancer requiring surgical resection at 5 years after 
surgery gradually decreased (Figure 7B). In order to deter-

mine the effect against reduced mortality by introduction 
of  interventions, we examined the ratio of  intestinal type 
AGC to diffuse type AGC stage Ⅰ to Ⅲ (Figure 1B). As 
a result, we could not confirm a changing distribution of  
intestinal type and diffuse type AGC stage Ⅰ to Ⅲ as in 
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other developed countries, in spite of  rigorous planned 
intervention, suggesting that early resection of  intestinal 
type EGC did not necessarily result in a reduced incidence 
of  intestinal type AGC.

DISCUSSION
In the current study, we did not observe a declining trend 
of  intestinal type gastric cancer in contrast to other de-
veloped countries[2]. The incidence of  gastric cancer re-
quiring surgical resection was unchanged in our hospital 
over the observed time period (35 years), which is con-
sistent with the nationwide statistics that show a constant 
incidence of  gastric cancer in Japanese people in recent 
years[5]. Our data therefore suggested that intestinal type 
gastric cancer has not changed in our country in spite 
of  planned interventions such as rigorous screening for 
EGC, in which annual screening with a double-contrast 
barium technique and endoscopy is recommended for 
persons over the age of  40 years with subsequent endo-
scopic resection as necessary[6]. Recent introduction of  
endoscopic resection for a proportion of  intestinal type 
mucosal EGC may have been expected to result in a re-
duced incidence of  AGC or even EGC requiring surgery, 
but a reduced rate of  intestinal type was not observed. 

Intestinal type gastric cancer is associated with H. pylori 
infection, which may result from a poor hygienic envi-
ronment in early childhood[7]. Elderly Japanese had been 
living through World War II, when there was likely to be 
a poor hygienic environment in their childhood, which 
may be reflected in the high incidence of  H. pylori infec-
tion in the elderly in Japan[8]. From such considerations, 
a decreasing trend in intestinal type gastric cancer as in 
other advanced countries may be expected 10 to 20 years 
later in Japan. Careful observation is needed to determine 
the future trend in gastric cancer in Japan.

On the other hand, our current data obviously dem-
onstrated that the clinical outcome of  gastric cancer re-
quiring surgery has greatly improved recently (Figure 7A), 
and that mortality after surgery has declined (Figure 7B). 
Recent statistics in Japan also showed that mortality of  
gastric cancer exhibited a decreasing trend[5]. Gastric can-
cer consists of  either EGC or AGC, but mortality largely 
reflects the prognostic outcome of  AGC, and a reduced 
incidence of  AGC must be associated with reduced mor-
tality (Figures 3 and 5). Although AGC stage Ⅳ showed 
a similar tendency as other AGC, we could not conclude 
whether stage Ⅳ disease had actually declined, because 
far advanced AGC (stage Ⅳ) has usually been treated in 
the Gastrointestinal Department of  Internal Medicine. 
Internal Medicine in our university rigorously screens for 
EGC and treats with endoscopic resection[9,10] as well as 
chemotherapy for far AGC[11,12]. Such active interventions 
for EGC may result in a reduction in mortality of  gastric 
cancer requiring surgery. This also reflects previous in-
vestigations that indicate the critical significance of  large-
scale screening for gastric cancer in reducing mortal-
ity[13,14].

We were disappointed at the lack of  change in intesti-
nal type gastric cancer rates in this study. A recent report 
about the effect of  eradication of  H. pylori infection on 
metachronous gastric cancer after endoscopic resection 
of  EGC suggested that the eradication itself  may reduce 
the incidence of  intestinal type gastric cancer[15]. In that 
randomized trial of  544 patients with positive H. pylori 
infection, metachronous gastric cancer after endoscopic 
resection for EGC largely included intestinal type gastric 
cancer (32/33), which may suggest that further planned 
intervention including eradication of  H. pylori infection 
can reduce the incidence of  intestinal type gastric cancer 
requiring surgery. Moreover, our current analysis included 
remnant gastric cancer, and intestinal type predominates 
in remnant cancer (about 70%)[16], indicating that eradica-
tion of  H. pylori would have great preventive potential not 
only for primary gastric cancer, but also the secondary 
remnant gastric cancer in terms of  intestinal type gastric 
cancer. Thus we should investigate the clinical signifi-
cance of  eradication of  H. pylori infection to reduce the 
incidence of  intestinal type gastric cancer in a population-
based study. In Japan, a potent toxic strain of  H. pylori 
with cagA positivity is more prevalent (almost 100%) than 
in other countries (about 60%)[17-19]. Thus further more 
general intervention may be needed to further reduce the 
incidence and mortality of  gastric cancer in Japan.
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Figure 7  Clinical outcome of gastric cancer requiring surgery in the Kita-
sato University Hospital. A: Overall survival (OS) of gastric cancer requiring 
surgery shown according to time period (1971-1980, 1981-1990, 1991-2000).  
Five-year OS was 57.2%, 67.2%, and 77.4% according to time period, and has 
remarkably improved; B: Mortality of gastric cancer requiring surgery shown ac-
cording to time period (1971-1980, 1981-1990, 1991-2000), which is consistent 
with (A).
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On the other hand, a recent increase in cardia cancer 
is an emerging threat in gastric cancer worldwide[20,21]. 
There has also been a rising trend in esophageal adeno-
carcinoma, in which obesity, gastroesphageal reflux dis-
ease (GERD), and Barrett’s esophagus are major etiologic 
factors, and cardia cancers share certain epidemiologic 
features with adenocarcinomas of  the distal esophagus 
and gastroesophageal junction, suggesting that they rep-
resent a similar disease. In the past 30 years, the incidence 
of  gastric cardia adenocarcinoma rose by 5- to 6-fold in 
developed countries[22], but not in the developing coun-
tries or East Asia[2]. Gastric cardia tumors now account 
for nearly half  of  all stomach cancers among men from 
the Western world[21]. In Japan, foods have become west-
ernized with an increase in obesity in the population, 
resulting in a rapidly increasing incidence of  GERD[23], 
and cardia cancer is also increasing as we elucidated in 
this current study (Figure 2B). In Japan, the proportion 
of  gastric cardia tumors remains relatively small among 
the total gastric cancer as compared to that in Western 
countries, but as it is supposed to be unrelated to H. pylori 
infection[24], identification of  methods other than eradi-
cation of  H. pylori infection are necessary to reduce the 
incidence of  cardia cancer.

In conclusion, we revealed both the recent trend of  
gastric cancer requiring surgery in Japan and the differ-
ence from that in other developed countries. We found 
that intestinal type gastric cancer has not declined in Ja-
pan, and thus additional strategies beyond the present in-
terventions such as mass eradication of  H. pylori infection 
in the population may be needed to further reduce the in-
cidence. On the other hand, gastric cardia cancer remains 
a small proportion of  the gastric cancers in Japan, but its 
incidence is increasing as in Western countries. This find-
ing warrants urgent development of  novel strategies to 
reduce the risk of  cardia cancer.
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trectomy during a long period and at one institution. The authors analyzed the 
trends of gastric cancer, reporting interesting data. The work is a well designed 
and well written study. I think that this study is of interest for the readers of the 
journal.
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