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Summary Since different histological types (HT) of gastric cancer (GC) may differ in their aetiology, time trend analysis by HT may afford an
insight into aetiology. From the Gastric Cancer Registry of Japan, 161 067 cases diagnosed were retrieved between 1975 and 1989 to
calculate the annual relative frequencies, stratified by age group and sex, of HT according to the Lauren and the Japanese Research Society
for Gastric Cancer (JRSGC) classifications. Age- and sex-specific incidence rates by HT were estimated by multiplying the corresponding
national cancer incidence rates of GC by the relative frequencies. Logistic regression models stratified by sex and age group were fitted to
determine the time trends of HT. Using the Lauren classification, a decreasing trend of the intestinal type and a stable trend of the diffuse type
were found. By the JRSGC classification, significant decreasing trends for most age groups were found for papillary and mucinous
adenocarcinomas. Tubular adenocarcinomas (well differentiated type) showed a decreasing trend only in younger age groups. Tubular
(moderately differentiated type), poorly differentiated adenocarcinomas, and signet ring cell carcinoma were statistically stable during the
period. Considering changes in lifestyles of the Japanese, the result suggests that there are three aetiological types of GC. © 2001 Cancer
Research Campaign http://www.bjcancer.com
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Gastric cancer, though still one of the major causes of death among
the Japanese, is declining (Tominaga, 1987). Since certain
reported risk factors of gastric cancer have also declined over the
last three or four decades in Japan, e.g. improved standards,
changing of dietary habits, wider use of refrigerators (Hirayama,
1984), and a decreasing rate of Helicobacter pylori (H. pylori)
infection (Asaka et al, 1992; Haruma et al, 1997), a continued
decline in the incidence of gastric cancer is expected. 

Several studies have reported that of two histological types of
gastric cancer (Lauren, 1965) the intestinal type is more sus-
ceptible to the environmental factors: and a diffuse type less
susceptible to such factors (Munoz and Connelly, 1971; Howson et
al, 1986; Munoz et al, 1968; Parsonnet et al, 1991b). 

In this study, we have attempted to estimate incidence rates of
gastric cancer by histological type and analyse their time trends. 



The Gastric Cancer Registry of Japan 

The Gastric Cancer Registry of Japan was founded in 1969 to inves-
tigate the diagnosis, treatment and prognosis of this cancer among
patients diagnosed since 1963 and admitted to participating hospi-
tals whether or not for surgical treatment (National Cancer Center,
1972). The Registry was co-ordinated by the National Cancer
Center, the Japanese Research Society for Gastric Cancer (JRSGC),
and Miwa Registry Institute for Stomach Cancer (MRISC); it closed
in 1990. A wide variety of hospitals with surgical units participated.
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In 1989, 13 033 cases were registered from 188 institutions from all
over Japan. The registration and follow up forms collected details of
address, sex, occupation, family history, past history, age at first
diagnosis, diagnostic methods and date, TMN stage, treatment,
histopathological diagnosis, and survival status of each patient
provided by the periodical follow-up survey inquired to hospitals.
The histology was classified according to the JRSGC classification
of gastric cancer, which has been broadly accepted and used among
Japanese oncologists in clinical practice (JRSGC, 1995). Since the
registration form was revised according to major revision of the
JRSGC classification in 1974, cases registered since 1975 have been
used in this study. 

Data retrieval from the Registry and incidence rate
estimation of gastric cancer by histological types 

From 178 252 registered cases at ages 30 and over at first diagnosis
from 1975 to 1989, we retrieved 161 067 cases with complete data
on sex, birth date, histological diagnosis and date of diagnosis of
which 157 558 were surgically and 3509 were non-surgically treated.
We excluded 1997 cases because they were coded to other sites
according to the International Classification of Diseases (the ninth
version) (e.g., malignant lymphoma) and 15 188 cases without a
histological diagnosis. After retrieval, the JRSGC classification was
converted to that by Lauren (Hanai and Fujimoto, 1982) (Table 1). 

Annual proportional frequencies of histological types of gastric
cancer were computed for each sex and 5-year age group at first
diagnosis using both classifications. Annual incidence rates of
gastric cancer by histological types were calculated by multiplying
the national incidence rates of total gastric cancer (RGPCR,
1999a) by the proportional frequencies of each histological type
in each age group and sex in the relevant year. Annual age
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standardized rates (ASRs) by histological types were calculated
using a ‘Model’ population for 1985 in Japan as the standard popu-
lation (Abe et al, 1991). 

Statistical method for time trend analysis 

By fitting a logistic regression model, age group stratified time
trends were analysed with disease status as a dependent variable
and time (year) as an independent variable using 5-year-age-group
stratified data (12 age groups from 30–34 age group to over-85 age
group) as follows: 

ln(E(n/N)) = α + β (Year)

where n denotes estimated number of cases in a sex-age group in a
year, N denotes the general population in that group in the same
year, and year denotes a categorical variable from 1 to 15 for the
years between 1975 and 1989. 
© 2001 Cancer Research Campaign

Table 2 Estimated cover ratesa (%) of gastric cancer patients throughout Japan 

Registration 
year 30–34 35–39 40–44 45–49 50–54 55

1975 12.6 26.1 14.9 15.0 13.3 1
1976 17.9 33.4 15.5 15.4 13.3 1
1977 15.5 27.2 13.3 14.2 13.8 1
1978 16.2 26.5 35.7 15.8 14.9 1
1979 17.4 31.2 17.4 17.8 15.2 1
1980 16.8 30.5 20.0 17.8 17.2 1
1981 19.9 31.0 18.7 17.7 18.5 1
1982 17.2 29.2 18.8 17.9 16.8 1
1983 18.5 29.5 18.2 18.8 16.0 1
1984 17.2 39.8 17.9 18.8 16.3 1
1985 18.5 38.9 17.9 19.1 16.6 1
1986 18.9 50.6 22.3 20.3 20.2 1
1987 18.9 59.5 20.0 19.9 19.2 1
1988 15.9 53.0 18.2 16.5 16.9 1
1989 14.5 46.3 16.1 16.0 15.4 1

aCover rates were calculated by dividing registered cases in the Registry by incid
cancer registries (RGPCR, 1999b). 

Table 1 Converting tablea from the JRSGC to the Lauren classification 

Lauren Classification JRGSC Classification 

Intestinal type Papillary adenocarcinoma 
Tubular adenocarcinoma 

Well differentiated type 
Moderately differentiated type 

Mucinous adenocarcinoma 

Diffuse type Signet ring cell carcinoma 
Poorly differentiated adenocarcinoma 
Undifferentiated carcinomab

Others Adenoacanthoma 
Squamous cell carcinoma 
Miscellaneous (unclassified) carcinoma 
Carcinoid tumour 

aThis table was modified from Hanai’s converting table (Hanai and Fujimoto,
1982) regarding histological types of the revised JRSGC classification in 1974. 

bA histological type of undifferentiated carcinoma was classified into others in
the JRSGC classification in this study, since the number of diagnoses was
quite small. 
Percentages of average increase or decrease per year were
computed with 95% confidence intervals. The results for 
linear trend analysis were presented by percentage of increase 
in incidence rate per year (% increase). STATA statistical 
package (version 6.0) was used with the glogit procedure to 
fit a logistic regression model for grouped data (STATA Corp.,
1999). 



The estimated annual cover rates for gastric cancer in Japan
between 1975 and 1989 are shown in Table 2. The cover rates in
most age groups showed 10–20% coverage by the Registry. The
cover rates within the same age group were relatively stable during
the observation period. 

Time trend using the Lauren classification 

Temporal changes in relative frequencies of histological types by
the Lauren classification for all age groups are shown in Figure 1,
along with those for the JRSGC classification. These frequencies
were relatively stable; and diffuse type between 1975 and 1989:
approximately 62–58% were intestinal and 34–40% diffuse among
males, and 40–46% and 49–58% respectively among females. 

Changes in the relative frequencies of Lauren histological types
in the period 1975–1989 are shown by age group in Figure 2. The
diffuse type was the major histological type at younger ages, while
the intestinal type became predominant among the elder age
groups (Figure 2). 

Age standardized rates (ASRs) of total gastric cancer and the
two Lauren types for the over 30-year-old population are shown in
Figure 3 on a log scale. Total gastric cancer and the intestinal type
showed a decreasing trend for males and females. On the other
hand, the diffuse type was relatively stable. Results of linear trend
analyses for total gastric cancer and the two Lauren types by age
group and sex with 95% confidence intervals are shown in Figure 5.
The incidence rates of total gastric cancer showed a significant
decreasing trend in younger age groups for males and in most age
groups for females. The incidence rate for the over-85 age group,
however, showed increasing trends both for males and females. In
British Journal of Cancer (2001) 84(3), 400–405

by the Gastric Cancer Registry of Japan, 1975–1989 

Age group 

–59 60–64 65–69 70–74 75–79 80–84 85

1.5 10.9 9.5 6.4 1.6 5.1 0.7
5.1 12.7 10.8 7.9 1.9 6.3 0.6
4.4 11.2 10.1 8.1 2.1 6.2 1.1
6.1 13.6 11.6 9.7 2.5 7.6 1.2
5.5 13.8 12.9 10.0 3.0 9.3 1.1
6.1 14.8 13.0 10.2 3.5 8.9 1.4
6.6 14.8 13.5 10.9 3.9 9.8 1.4
5.9 15.7 13.6 11.7 4.2 9.7 0.9
6.5 15.7 14.5 12.2 4.7 9.8 1.5
5.9 15.6 14.7 11.5 5.0 10.1 2.5
6.0 15.6 16.1 12.9 5.8 11.4 1.9
8.6 17.5 16.6 14.6 6.4 13.7 2.6
8.7 17.7 16.9 14.8 6.6 14.7 2.3
7.3 15.5 15.4 13.1 6.1 13.6 2.6 
5.2 14.5 13.9 12.0 5.6 11.3 2.3

ences of gastric cancer in Japan estimated from several population-based
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Figure 1 Temporal transition in relative frequencies of histological types by
the JRSGC classification for all age groups, 1975–1989 
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Figure 2 Age transition of relative frequency of histological types of gastric
cancer during the whole period of 1975–1990 in the Gastric Cancer Registry
of Japan 
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Figure 3 Time trend estimation of age standardized incidence rates (ASRs)
for total gastric cancer and histological types of the Lauren for over 30-year-
old groups from 1975 to 1989 (log scale) 

Papillary�

adenocarcinoma

Tubular �

adenocarcinoma

Well differentiated type

Tubular �

adenocarcinoma

Moderately �

differentiated type

Mucinous

adenocarcinoma
Poor differentiated

adenocarcinoma

Signet ring Cell

carcinoma

Males

Males

Males

Females

Females

Females

76 78 80 82 84 86 88

Year

76 78 80 82 84 86 88

Year

76 78 80 82 84 86 88

Year

A
g
e
s
ta
n
d
a
rd
iz
e
d
ra
te

(p
e
r
1
0
0
0
0
0
)

100

50

10

5

1

100

50

10

5

1

100

50

10

5

1

Males

Males

Males

Females

Females

Females

76 78 80 82 84 86 88

Year

76 78 80 82 84 86 88

Year

76 78 80 82 84 86 88

Year

A
g
e
s
ta
n
d
a
rd
iz
e
d
ra
te

(p
e
r
1
0
0
0
0
0
)

100

50

10

5

1

100

50

10

5

1

100

50

10

5

1

Figure 4 Time trend estimation of age standardized incidence rates (ASRs)
for gastric cancer by histological types of the JRSGC for over 30-year-old
groups from 1975 to 1989 (log scale) 

---------

---:: ___ -=--: .... 7!'""'-:----.. ____ ...:, ______________ _ 

------:~~~~1 
! 

- ----·- _ .. _ 

······-~-'--"--'-'-'--"' 

' .1-:...:.....,. ... ---= .... 1.a...:,c'"~,u.u,-:;,. 

,.,,:.-.;...,_,r•K""C""',-,:--.),i.,_r..,_, 

.... _:.,o..,.. r-~°!",J-,-~ :-, :-:.:-1 .... :.: .. -
the intestinal type, decreasing trends were observed in younger age
groups for males, and most age groups for females. The trends of
British Journal of Cancer (2001) 84(3), 400–405
the diffuse type were relatively stable in most age groups both for
males and females (Figure 5). 

Time trend using the JRSGC classification 

Temporal changes in relative frequencies of histological types by
the JRSGC classification for all age groups are also shown in
Figure 1. The relative frequencies of papillary adenocarcinoma in
1989 were reduced by about 50% of those in 1975 for both males
and females. Other histological types showed slight increases over
the study period. Corresponding changes by age group and sex are
shown in Figure 2. Poorly differentiated adenocarcinoma was
the major type among the younger age groups, while tubular
© 2001 Cancer Research Campaign
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Figure 5 Sex-age-group stratified linear trends for total gastric cancer and
histological types of the Lauren for over 30-year-old groups by logistic
regression model with 95% confidence intervals in males (A) and females (B) 
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Figure 7 Age-group stratified linear trend analyses for gastric cancer by
histological types of the JRSGC classification over 30-year-old groups by
logistic regression model with 95% confidence intervals in females 
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Figure 6 Age-group stratified linear trend analyses for gastric cancer by
histological types of the JRSGC classification over 30-year-old groups by
logistic regression model with 95% confidence intervals in males 
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adenocarcinoma (moderately differentiated type) became dominant
at older ages among both males and females (Figure 2). The ASR
trends by histological types in the JRSGC classification are shown
in Figure 4 on a log scale. In both sexes, a decreasing incidence was
seen for papillary and mucinous adenocarcinomas, and possibly
tubular adenocarcinoma (well differentiated). Other JRSGC types
were stable over the study period. The declining trends for papillary
and mucinous adenocarcinomas applied to most age groups
both in males and females. Tubular adenocarcinoma (moderately
© 2001 Cancer Research Campaign
differentiated type), poorly differentiated adenocarcinoma, and
signet ring cell carcinoma showed statistically stable trends in
almost all age groups in both sexes. Tubular adenocarcinoma (well
differentiated type) showed a significant declining trend only in
younger males and females (Figures 6 and 7). 



Several studies have suggested that the decline in the incidence of
gastric cancer is due to a decrease of the Lauren intestinal-type
(Munoz and Connelly, 1971; Amorosi et al, 1988; Nikulasson
et al, 1992; Lauren and Nevalainen, 1993). However, these studies
were mostly based on the proportional frequency ratio of the
intestinal and diffuse types which does not itself indicate trends of
incidence. 

Age-adjusted incidence rates (ASR) of the intestinal type
showed a decreasing trend and a stable trend in the diffuse type.
Although these results are in good agreement with past studies
(Munoz et al, 1968; Munoz and Connelly, 1971; Hansson et al,
1991), age group stratified time trend analyses might be more
informative if exposure status to the relevant environmental
factors differed between age groups. 

The age group stratified time trends of the intestinal type
were clearly decreased in younger age groups both for males
and females, and stable for males or slightly decreased for
females in elder age groups. In the time trends of the JRSGC
classification corresponding to the intestinal type, three patterns
of time trends could be identified; 1) a pattern showing linear
decreasing trends in most age groups, 2) a pattern showing
linear decreasing trends only in younger age groups, and 3) a
pattern of relatively stable trends in most age groups during the
observation period. 

The first pattern could reflect an evenly decreasing chance of
exposure to the environmental risk factors of gastric cancer for all
British Journal of Cancer (2001) 84(3), 400–405
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age groups. Since food/nutrient intake among the Japanese has
moved towards protein and fat rich food (Tominaga and Kuroishi,
1997), these factors might work protectively against these histo-
logical types of gastric cancer for all age groups. 

The second pattern might be due to different exposures at
younger and older ages. The H. pylori infection rate is reported to
be decreasing in young age groups, but still high among the elderly
population in Japan (Asaka et al, 1992; Haruma et al, 1997) so this
could produce such a trend pattern. In addition, differences in past
and current lifestyles between the younger and elder age groups
might also contribute to the trend, e.g. differences in hygiene status
in childhood and differences in preference of current food intakes
between the age groups. 

The third trend pattern might be independent of environmental
factors attributed to lifestyles and be genetic in nature; this may be
relevant to the diffuse type. 

Some studies have concluded that H. pylori infection has an
association not only with the intestinal type, but also the diffuse
type (Nomura et al, 1991; Parsonnet et al, 1991a; Sipponen et al,
1992; Asaka et al, 1994); however, the association has not been
definitively identified (Talley et al, 1991). A meta-analysis of 42
case-control studies on H. pylori and gastric cancer revealed that
the intestinal type had more associated with H. pylori (Eslick et al,
1999). If we suppose that a histological type of gastric cancer has
an association with H. pylori, its time trend would be similar to the
second trend pattern in this paper, that is, a decreasing trend only
in younger age group where a prevalence of H. pylori has been
declining. However, such a pattern was not observed in the diffuse
type, and even in some JRSGC histological types corresponding to
the intestinal type. The stable gastric cancer trends regardless of
changes in H. pylori infection rate may give us a clue to elucidate
the relationship between gastric cancer and H. pylori along with a
phenomenon that low frequency of gastric cancer in several devel-
oping countries where the prevalence of H. pylori infection is as
high as 90% (Crespi and Citarda, 1998). 

The possibility that cases in the Registry are not representative
of gastric cancer in Japan could be a limitation of this study. Since
reporting biases with respect to histological type from hospitals
and selective visits or referrals of gastric cancer cases to partici-
pating hospitals are considered to be small, the relative frequencies
of histological types of gastric cancer in the registry should be
similar to those of all cases in Japan. 

Another limitation is the possibility of changes in histopatholog-
ical diagnosis. In Japan, the JRSGC classification has been broadly
accepted by oncologists and since this has not been drastically
revised since 1974 (JRSGC, 1995), histopathological diagnosis
should be comparable over the study period. 

In summary, we identified a decreasing trend in the intestinal
type in younger age groups, and a stable trend in the diffuse type in
the Lauren classification. In the JRSGC classification, three trend
patterns were identified; a decreasing trend pattern for most age
groups, a decreasing trend pattern only for younger age groups,
and a stable trend pattern for the most age groups. Considering the
changes in lifestyles of the Japanese during the recent three or four
decades, our results suggest that there exist three types of gastric
cancer from an aetiological and epidemiological point of view. 
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