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Introduction

Stomach cancer is one of the most common 
malignancies worldwide (Forman and Brewster, 2014), 
despite decreasing incidence rates in industrialised 
countries in the past four decades. The incidence of 
stomach cancer was reported to be linked to several 
environmental factors such as Helicobacter pylori 
infection and a diet rich in salt and poor in fruits and 
vegetables (Abnet and Corley, 2015; Graham, 2015), in 
addition to unknown endogenous factors. Incidence rates 
of stomach cancer among second-generation Japanese 
immigrants in the USA were lower than those among 
first generation immigrants (Kamineni and Williams, 
1999; Locke and King, 1980), highlighting that a change 
in lifestyle was influential in decreasing incidence. 
Geographical variations in incidence is mainly affected 
by differences in lifestyle; however, the variability of 
stomach cancer mortality rates remains complicated due 
to many contributing factors, such as incidence, rate of 
early diagnosis and surgery and proficiency of surgeons 
and endoscopy specialists. Thus, the mechanisms of the 
high mortality rate of this disease should be carefully 
investigated to reveal the source of unfavourable 
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geographical distributions affecting mortality.
In Japan, cancer has been the leading cause of death 

since the 1980s, and stomach cancer is the second 
leading cause of mortality among all cancers (Vital 
Statistics of Japan, 2014). Although the mortality rate 
of stomach cancer has been decreasing similar to that 
in other industrialised countries, the magnitude and 
impact of this disease remain because of the ageing 
Japanese population. Aomori prefecture (Population: 
1,368,197.0, Area: 9,645.59.0km² in 2010), located in 
Northeast Japan, continues to experience the highest 
cancer-related mortality rates since the 2,000.0s. This 
region was the seventh among 47.0 prefectures of Japan 
for stomach cancer-related mortality in 2002, which has 
been worsening since 2003. Among several prefectures 
with substantial differences, Aomori prefecture remains 
one of the highly impacted regions. Thus, it is of utmost 
importance to reveal the barriers to alleviation of this 
grim picture and reverse the tide in favour of improving 
cancer-related mortality rates in Aomori prefecture.

Thus, the aims of this study were to determine the 
incidence and mortality rates of stomach cancer in Aomori 
prefecture and whole of Japan and to determine the factors 
contributing to the higher mortality rates in Aomori 
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prefecture compared to other prefectures in Japan.
 

Material and Methods

Cases with stomach cancer (ICD-10 code, C16) that 
were diagnosed between 2009 and 2012 were extracted 
from the Aomori Cancer Registry Database. Date of 
birth, date of diagnosis and stage at diagnosis for all 
cases were also extracted from the database. Although 
the Aomori Cancer Registry was established in 1989, 
data of patients diagnosed before 2009 were not reliable 
due to poor ascertainment (%DCO>40). From 2009 
onward, we recognise that the quality assurance of the 
Aomori Cancer Registry is adequate for analysis, because 
% DCO between 2009 and 2012 were 5.1, 5.1, 2.6, and 
2.0, respectively. Incidence of stomach cancer in whole 
of Japan between 2009 and 2012 were obtained from the 
Monitoring of Cancer Incidence in Japan (MCIJ). The 
MCIJ is data collection of cancer incidence stratified 
by prefectural units in Japan. Although Cancer Registry 
Act was not enforced, cancer incidence data in 2012 
were gathered from all prefectures by MCIJ, which 
was managed by National Cancer Center of Japan. The 
population of Aomori prefecture in 2009 was calculated 
with interpolation, and those in 2011 and 2012 were 
determined using extrapolation based on the population 
data from the National Census of Japan in 2005 and 
2010. Age-standardised incidence rates (AIRs) in Aomori 
prefecture were calculated with a direct method using 
the World Health Organization (WHO) world standard 
population figures during the period between 2009 and 
2012. AIRs in whole of Japan were retrieved from the 
MCIJ for the period from 1995 to 2012. The number of 
deaths from stomach cancer by sex and for each of the 
5-year age groups between 0.0 and 85.0+ (e.g. 0–4, 5–9, 
10–14, …, 75–79, 80–84, 85+) in Aomori prefecture and 
whole of Japan were obtained from the Vital Statistics 
of Japan for the period between 1995 and 2014. Age-
standardised mortality rates (AMRs) due to stomach 
cancer in each year was calculated by the same method 
described for AIR. Age-specific incidence and mortality 
rates were presented as means for the period between 
2010 and 2012 according to the 5-year age groups. AIRs 
and AMRs were reported as per 100,000 person-years.

Stage at diagnosis was classified as localised, regional, 
distant or unknown according to the MCIJ. Localised 

cancer was confined to the gastric wall with negative 
lymph nodes. Those diagnosed with carcinoma in situ 
were excluded from this study. Tumours with spread to 
regional lymph nodes and/or immediately adjacent tissues 
were classified as regional cancer. Distant cancer was 
defined as tumours with distant extension or metastases. 
Tumours with insufficient information on stage were 
classified as those of unknown stage.

Percentages of specific stages at diagnosis in Aomori 
prefecture were reported in nine age groups: < 50, 
50–54, 55–59, …, 75–89, 80–84, 85+ years. Percentages 
of specific stages at diagnosis in whole of Japan were 
reported as averages for all ages and both sexes as 
determined from the MCIJ. All values were presented as 
means in the period from 2010 to 2012.

 
Results

1-Age-standardised incidence and mortality rates
Figure 1a and 1b show age-standardised incidence and 

mortality rates of stomach cancer in Aomori prefecture and 
whole of Japan. AMRs of 4-year (2009-2012) averages 
and 95% confidence intervals in Aomori prefecture and 
whole of Japan were 22.6 (21.4-23.8) and 18.7 (18.6-
18.9), respectively, among males, and 8.2 (7.5-8.9) and 
7.0 (6.9-7.1), respectively, among females. AMRs of 
stomach cancer among males in Aomori prefecture and 
whole of Japan in 1995 were 34.4 and 30.4, respectively; 
AMRs remained higher in Aomori prefecture from 1995 
onward. AMRs of stomach cancer among females in 
Aomori prefecture and whole of Japan were 12.2 and 12.6, 
respectively; similar to that observed among males, these 
rates remained higher from 1998 onward among females 
in Aomori prefecture. In 2014, AMRs among males were 
22.1 and 16.6 in Aomori prefecture and whole of Japan, 
respectively, whereas AMRs among females were 6.5 and 
6.3, respectively, for the same year in Aomori prefecture 
and whole of Japan. AIRs of 4-year (2009-2012) averages 
and 95.0% confidence intervals in Aomori prefecture and 
whole of Japan were 53.4 (51.0-55.8) and 55.5 (55.3-
55.7), respectively, among males, and 17.7 (16.4-19.0) 
and 20.2 (20.1-20.3), respectively, among females. In 
2012, in Aomori prefecture and whole of Japan, AIRs 
among males were 59.5 and 55.4, respectively, whereas 
AIRs among females were 18.0 and 20.0, respectively. An 
increase of incidence rates among males could be caused 

Figure 1a. Age-Standardised Incidence and Mortality 
Rates of Stomach Cancer Among Males in Aomori 
Prefecture and Whole of Japan

Figure 1b. Age-Standardised Incidence and mortality 
Rates of Stomach Cancer Among Females in Aomori 
Prefecture and Whole of Japan
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were 45.6%, 22.3% and 21.4%, respectively, and those in 
females were 45%, 21.1% and 20.9%, respectively. The 
percentages of localised cancer cases among males and 
females were lower in Aomori prefecture than in whole 
of Japan (53%). In males, the percentage of localised 
cancer cases in each age group was lower in Aomori 
prefecture than in whole of Japan, with the highest 
percentage of 52.5% observed among the 70–74- year age 
group. Whereas the percentage of localised cancer cases 
was lowest (25.9%) among males aged 85+ years, that 
age group also had the highest percentage of cases with 
unknown stage (34.7%). Among males aged < 50 years, 
the percentage of localised cancer cases was the second 
lowest (35.2%), and that of cancer cases with unknown 
stage accounted for 11.1%. In females, the percentages 
of localised cancer in each age group were also lower in 
Aomori prefecture than in whole of Japan, except for that 
among those aged 75–79 years (54%). The second highest 
percentage of localised cancer cases were observed among 
females aged 70–74 years (52.3%). Among those aged 
50–54 years, the percentage of distant cancer cases was 
the highest (36.7%) and that of localised cancer was the 
lowest in Aomori prefecture. 

Discussion

We found that the AIRs of stomach cancer were 
slightly higher among males and lower among females in 
Aomori prefecture than in whole of Japan; however, the 
AMRs of stomach cancer were higher for both sexes in 
Aomori prefecture than in whole of Japan. Furthermore, 
our analysis revealed that age-specific mortality rates were 

by improvement of data ascertainment. 

2. Age-specific incidence and mortality rates
In males, there were no noticeable differences in 

age-specific incidence rates among males aged 50–54 
years or younger between Aomori prefecture and whole 
of Japan. Incidence rates among males aged 55–59 years 
or older were lower in Aomori prefecture than in whole 
of Japan, except for those between the ages of 60–64 
and 80–84 years (Figure 2a). Age-specific mortality rates 
among males aged 45.0–49.0 years or older were higher 
in Aomori prefecture than in whole of Japan; in contrast, 
differences in mortality rates among males aged 40–44 
years or younger were very small (Figure 2b)

In females, there were no noticeable differences in 
age-specific incidence rates among those aged 25–29 
years or younger between Aomori prefecture and whole 
of Japan. Incidence rates among females aged 30–34 
years or older were lower in Aomori prefecture than in 
whole of Japan (Figure 3a). Age-specific mortality rates 
among females aged 30–34 years or older were higher in 
Aomori prefecture than in whole of Japan, except for those 
between the ages of 35–39 and 65–69 years; however, the 
differences among those aged 25–29 years or younger 
were very small (Figure 3b).

3. Age-specific percentages of specific stages at diagnosis
Figure 4a and 4b show age-specific percentages of 

specific stages at diagnosis in Aomori prefecture and 
whole of Japan among males and females, respectively. 
Specifically, In Aomori prefecture, the percentages of 
localised, regional and distant cancer cases in males 

Figure 2a. Age-Specific Incidence Rates of Stomach 
Cancer among Males in Aomori Prefecture and Whole 
of Japan (2010-2012)

Figure 2b. Age-Specific Mortality Rates of Stomach 
Cancer among Males in Aomori Prefecture and Whole 
of Japan (2010-2012)

Figure 3a. Age-Specific Incidence Rates of Stomach 
Cancer among Females in Aomori Prefecture and Whole 
of Japan (2010-2012)

Figure 3b. Age-Specific Mortality Rates of Stomach 
Cancer among Females in Aomori Prefecture and Whole 
of Japan (2010-2012)
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higher in Aomori prefecture than in whole of Japan for 
most age groups, thus indicating that the higher AMRs in 
Aomori prefecture were not caused by substantially high 
age-specific mortality rates in certain age groups. The 
lower percentages of localised cancer cases in most age 
groups suggested that higher AMRs were associated with 
delays in diagnosis. 

Screening for specific cancers was adopted as part of 
national health initiatives in many countries, with an aim at 
reducing cancer-related mortality through early detection. 
In Japan, screening for stomach cancer with double-
contrast barium X-ray radiography has been conducted 
nationwide for all residents aged 40 years and older since 
1983 as stomach cancer has been the leading cause of 
cancer-related deaths over a long period of time. Given 
the recognised efficacy of double-contrast barium X-ray 
radiography as a screening tool for stomach cancer (Inaba 
and Hirayama, 1999; Mizoue and Yoshimura, 2003), 
proper implementation of this initiative can potentially 
reduce the mortality. Attendance rate is one of the most 
reasonable and frequently used indicators of quality 
control of screening tools. Among a total of 47 prefectures 
in Japan, the attendance rate for stomach cancer screening 
in Aomori prefecture was the fourth and the third highest 
in males and females, respectively (Cancer Registry and 
Statistics, 2016). Among several critical requirements for 
effective screening are the enrolment of all residents in the 
target age group, high sensitivity and specificity and high 
compliance of follow-up examinations (Rabeneck and 
Lansdorp-Vogelaar, 2015). One or more of these factors 
might be contributing to the failure of early detection of 
stomach cancer cases despite high screening attendance 
rates in Aomori prefecture. For example, poor achievement 
in quality control of screening implementation could 
impede early detection despite high attendance rates.

Several previous studies reported the incidence, 
mortality and percentage of patients with stomach cancer 
of specific stages. Zheng et al, (2014) reported the statistics 
on the stage and survival rates of patients with stomach 
cancer in Shanghai, China; however, the ratio of cases with 
cancer of unknown stage was more than 50%.  Lambert et 
al, (2002) demonstrated differences in AIRs, AMRs and 
ratio of stomach cancer cases of specific stages in Osaka 
prefecture (Japan), Slovenia and the USA for the period 
between 1975 and 1995. In 1995, AMRs of stomach cancer 
among males and females were higher in Osaka prefecture 
than whole of Japan, notwithstanding the lower AIRs in 

Osaka prefecture. A combination of lower AIRs and higher 
AMRs was observed both in Osaka prefecture in 1995 
and in Aomori prefecture in this study. Data collection 
for population-based cancer registries was poorer in 1995 
than in 2012; thus, the AIRs in 1995 in Japan could be 
lower than predicted. Given that the AIRs in 1995 were 
not reliable, the overall findings in the present study were 
unique and underlined the importance of early detection. 

Stage at diagnosis for stomach cancer in Osaka 
prefecture was previously reported (Verdecchia and 
Mariotto, 2003). Localised stomach cancer cases 
accounted for 30% of all cases during the period from 1978 
to 1989 in Osaka prefecture and was the highest in four 
areas reported in that study. The screening programmes 
for stomach cancer could have contributed to the increase 
in early-diagnosed cases in Osaka prefecture, as the 
other areas in that study, Iowa (USA), Varese (Italy) and 
Campinas (Brazil), did not adopt the programme. In our 
study, the percentage of localised stomach cancer cases 
in Aomori prefecture accounted for more than 40% of all 
cases in the period from 2010 to 2012. The difference in 
the percentage of localised cases between the two studies 
could be explained by longitudinal factors, such as the 
widespread use of other diagnostic methods including 
upper gastrointestinal endoscopy over the course of 30.0 
years, and cross-sectional factors, such as differences 
in the screening attendance rates. Stage distribution 
of cardia and non-cardia stomach cancer cases in the 
Netherlands, where the screening programme was not 
adopted, supported the link between the programme and 
early detection (Dassen and Dikken, 2014). In the period 
from 2004 to 2008, the total number of stage I, II and III 
cardia and non-cardia stomach cancer cases, classified 
according to the International Union Against Cancer 
TNM classification, accounted for less than 45% of the 
total number of stomach cancer cases. Stage I, II and III 
cases included those spread to regional lymph nodes and/
or immediately adjacent tissues; thus, the proportion of 
localised cancer in the Netherlands was lower than in 
Japan. Screening is less likely to provide an advantage 
to countries with low incidence rates such as European 
countries and the USA, but countries with high incidence 
rates should strongly consider the adoption of screening 
programmes for stomach cancer.

There are other potential causes of delays in diagnosis 
for the residents of Aomori prefecture. A long waiting 
period for detailed evaluation after screening results 

Figure 4a. Age-Specific Percentages of Specific Stages of 
Stomach Cancer at Diagnosis Among Males (2010-2012)

Figure 4b. Age-Specific Percentages of Specific Stages 
of Stomach Cancer at Diagnosis Among Females (2010-
2012)
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become available can contribute to the deterioration of 
the disease. The number of specialists certified by the 
Japan Gastroenterological Endoscopy Society were 
16,170and 118, or 12.7 and 9.8 per 100,000 in whole of 
Japan and Aomori prefecture, respectively, in 2015 (Japan 
Gastroenterological Endoscopy Society, 2015). While 
the magnitude of poor quality control of the screening 
programme in Aomori prefecture might be overestimated, 
the influence of specialists on early detection could not 
be overemphasised. Thus, a lower number of specialists 
could also contribute to the low sensitivity of detailed 
evaluations caused by increased numbers of patients per 
specialist and longer waiting times for treatment after 
diagnosis in Aomori prefecture.

There were other limitations in this study. The 
percentages of cases with unknown stage in Aomori 
prefecture were higher than those in whole of Japan. 
Although the proportions of DCO cases in Aomori 
prefecture was lower than MCIJ, data quality of Aomori 
cancer registry could be poorer than that of MCIJ. In spite 
of it, the results of this study would not change because 
cases with unknown stage were presumed to consist of 
cases with severe stage mainly.

The screening programme for stomach cancer using 
double-contrast barium X-ray radiography is effective 
for improving early detection in Japan. However, proper 
implementation of the screening tools, including good 
quality control, is critical for reducing mortality rates. 
Screening providers and researchers should inform 
residents of ‘what we know, what we don’t know, and 
what we believe’ (Brawley and Goldberg, 2012) for 
the screening of not only prostate cancer but also other 
cancers. Reduction of stomach cancer mortality rates 
through early detection requires efficient quality control 
of the screening programme, and performance indicators 
such as the sensitivity and positive predictive value should 
be disclosed for accurate evaluation of its progress.
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