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Abstract

We examined clinical stage distribution and proportion of screen-detected cases of stom-
ach, colorectal, lung, female breast and cervical cancer by sex and age group using Osaka
Cancer Registry data from 2000-2014. The proportion of local or in situ stage cancer had
increased for all age groups in all sites, except stomach cancer in the 0—49 years group and
female breast cancer in the 80 years and older group. The proportion of screen-detected
cases had increased during the study period for all age groups in all cancer sites. While the
proportion increased noticeably in the younger groups, there was only a slight increase in
the older groups. Regarding stomach, colorectal and lung cancers, the proportion of local
and in situ stage had similarly increased in the 65—79 years and 80 years and older age
groups compared with younger groups, despite lower exposure to cancer screening.
Regarding breast and cervical cancers, the increases in local and in situ cancer paralleled
the increase in screen-detected cases. These findings suggest that the increases in early
stage stomach, colorectal and lung cancers might be due not only to the expansion of
screening programs but also the development of clinical diagnostic imaging or other rea-
sons. The increases in local and in situ stage breast and cervical cancers seemed to be due
to the expansion of screening. Continued monitoring of trends in cancer incidence by clinical
stage may be helpful for estimating the effectiveness of screening.

Introduction

In Japan, population-based screening for stomach and cervical cancer was introduced in accor-
dance with the Health and Medical Service Law for the Elderly, in 1982. Screening for lung and
breast cancer was subsequently added in 1988, followed by colorectal cancer screening in 1992.
The modality for breast cancer screening was initially only palpation, but mammography was
introduced in 2003. At present, the Ministry of Health, Labour and Welfare (MHLW) recom-
mends the following medical tests as population-based cancer screening: biennial stomach can-
cer screening using upper gastrointestinal series or esophagogastroduodenoscopy (EGD) for
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people aged 50 years and older, annual colorectal cancer screening using fecal occult blood test-
ing for people aged 40 years and older, annual lung cancer screening using chest X-ray for peo-
ple aged 40 years and older and sputum cytology for smokers with a Brinkman Index of >600,
biennial breast cancer screening using mammography for women of 40 years and older and
biennial cervical cancer screening using cervical cytology for women of 20 years and older.

Several kinds of medical tests other than those recommended by MHLW have been seen in
Japan as opportunistic cancer screening has increased. These include: colorectal cancer screen-
ing using colonoscopy, lung cancer screening using chest computed tomography, and breast
cancer screening using ultrasonography. Regarding cancer screening rates including both pop-
ulation-based and opportunistic screening, the Comprehensive Survey of Living Conditions
(CSLC) (a nationwide, population-based cross-sectional survey) reported that participation
rates for cancer screening in 2016 were 40.9% for stomach cancer, 41.4% for colorectal cancer,
46.2% for lung cancer, 44.9% for breast cancer and 42.3% for cervical cancer [1].

The aim of population-based cancer screening is to reduce overall mortality by reducing
cancer mortality. When a screening program is successful, the cancer mortality rate and the
incidence rate of late stage cancer decrease [2, 3]. However, in Japan, no study has examined
the effect of cancer screening on trends in cancer incidence according to clinical stage. In the
present study, we examined the trends in clinical stage distribution and the proportion of
screen-detected cases of stomach, colorectal, lung, female breast and cervical cancers, using
population-based cancer registry data.

Material and methods

The Osaka Cancer Registry (OCR), which was established in 1962, is a population-based can-
cer registry that covers the Osaka prefecture (population: 8.8 million [2015 census]) [4]. We
calculated the clinical stage distribution and the proportion of screen-detected cases according
to sex, age group and incident year among cancer cases using OCR data on stomach, colorec-
tum, lung, female breast and cervical cancer incidence (International Classification of Dis-
eases, 10 revision (ICD-10); C16, C18, C19, C20, C33, C34, C50, C53, D01, D02, D05 and
DO06) in patients who were diagnosed between 2000 and 2014. Cases with missing sex, age and/
or clinical stage were excluded from our analysis. Cases detected by autopsy were also excluded
from the analysis.

Clinical stage was categorized as in situ, local, regional, and distant. In population-based
cancer registry databases in Japan, cases of in situ stage stomach cancer (ICD-10; D00) were
included in local stage stomach cancer (ICD-10; C16) [5].

In the OCR data, there is no distinction between population-based screening and opportu-
nistic screening, both of which are registered as screen-detected cases.

Cases with missing detection status were regarded as non-screen-detected cases. Incident
years were divided into 3-year time periods: i.e., 2000-2002, 2003-2005 up to 2012-2014. Age
group was categorized as 0-49 years, 50-64 years, 65-79 years and 80 years and older. The sta-
tistical software package SAS ver.9.4 was used for the data analysis. We obtained ethical
approval from the Institutional Review Board of Osaka International Cancer Institute
(approval number: 18-0018) before initiating the study. The data had been anonymized before
analysis.

Results

A total of 397,715 cases of stomach, colorectal, lung, female breast and cervical cancer were
identified from the OCR between 2000 and 2014. Of these, 131 cases detected by autopsy, 34
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Fig 1. Trends in distribution of clinical stage and the proportion of screen-detected cancer cases for each 3-year period.

https://doi.org/10.1371/journal.pone.0244644.9001

cases with missing age or sex, and 70,148 cases with unknown clinical stage were excluded.
The remaining 327,402 cases were used in this study.

Fig 1 shows trends in the clinical stage distribution and the proportion of screen-detected
cancer cases. The numerical values are shown in S1 Table. The proportion of local and in situ
stage had increased for all cancer sites and both sexes: from 49.3% and 45.6% in 2000-2002 to
60.7% and 58.4% in 2012-2014 among men and women (respectively) for stomach cancer,
from 52.2% and 47.1% in 20002002 to 63.8% and 59.0% in 2012-2014 among men and
women for colorectal cancer, from 22.9% and 30.9% in 2000-2002 to 29.1% and 38.0% in
2012-2014 among men and women for lung cancer, from 58.8% in 2000-2002 to 67.2% in
2012-2014 for female breast cancer and from 68.5% in 2000-2002 to 81.7% in 2012-2014 for
cervical cancer. The proportion of local and in situ stage lung cancer was lower than the other
cancers, despite an increasing tendency in these stages. On the other hand, an increasing ten-
dency was observed in distant stage lung cancer.

The proportion of screen-detected cancer increased for all cancer sites: from 4.1% and 5.5% in
2000-2002 to 11.8% and 11.4% in 2012-2014 among men and women (respectively) for stomach
cancer, from 6.3% and 4.6% in 2000-2002 to 20.0% and 18.3% in 2012-2014 among men and
women for colorectal cancer, from 4.1% and 4.9% in 2000-2002 to 11.8% and 13.4% in 2012
2014 among men and women for lung cancer, from 5.2% in 2000-2002 to 23.4% in 2012-2014
for female breast cancer and from 14.7% in 2000-2002 to 34.2% in 2012-2014 for cervical cancer.

Fig 2A and 2B show trends in the age-specific clinical stage distribution and the proportion
of screen-detected cancer cases. The numerical values are shown in S2-S6 Tables. The increas-
ing tendencies in screen-detected case were more noticeable in the younger age groups than
the elderly groups for all cancer sites. The increasing tendencies in local and in situ stage can-
cer were confirmed for most cancer and age and sex combinations except for breast cancer in
the 80 years and older group. The tendency in cervical cancer for the 80 years and older group
was unclear due to the low incidence level.

Among breast cancer patients aged 80 years and older, the proportion of local and in situ
stage and that of screen-detected cancer had leveled off. An increase was observed in distant
stage lung cancer among men aged 50 years and older and women aged 65 years and older and
in cervical cancer in women aged 50 years and older.
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Fig 2. a. Trends in the age-specific distribution of clinical stage and the proportion of screen-detected cancer cases for
each 3-year period. b. Trends in the age-specific distribution of clinical stage and the proportion of screen-detected
cancer cases for each 3-year period.

https://doi.org/10.1371/journal.pone.0244644.9002

Discussion

We reported simple trend statistics of cancer incidence, proportion of screen-detected cancer
cases and clinical stage distribution of cancer in Osaka, Japan. As a result, an increasing tendency
in the local and in situ stage was confirmed for stomach, colorectal, lung, female breast and cervi-
cal cancers. Similarly, screen-detected cases had increased, especially for the younger age groups.
According to the CSLC, cancer screening rates, including opportunistic screening, among men
and women aged 40 years and older in Osaka prefecture in 2013 were 32.5% and 24.0% for stom-
ach cancer, 30.6% and 25.7% for colorectal cancer, and 24.1% and 24.9% for lung cancer. The
breast cancer screening rate among women aged 40 years and older and cervical cancer screening
rate among women aged 20 years and older were 21.1% and 22.8%, respectively [1].

Along with the expansion of cancer screening programs, screening-detected cancer cases
had increased. When a population-based cancer screening program is successful, the cancer
mortality rate and the incidence rate of late clinical stage cancer decrease [2, 3]; as the propor-
tion of early stage cancer increases [2]. The findings of the present study seem to be almost in
line with this theoretical model. The increase in screen-detected cases was parallel to the
increase in the local and in situ stage, particularly in breast and cervical cancer,

Regarding stomach, colorectal and lung cancer, the increases in local and in situ stage can-
cer were confirmed in the elderly, although they have less exposure to cancer screening. This
would suggest that screening was not the only reason for the increase in early stage cancer
cases. One reason is that the elderly have more opportunities to undergo medical tests other
than screening: e.g., EGD, colonoscopy and chest computed tomography. According to the
CSLC in 2016 [6], the proportion of people who go to hospital for illness is higher among the
elderly; the proportions for 40-49 years, 50-59 years, 60-69 years, 70-79 years and 80years
and older were 27.6%, 41.9%, 58.2%, 70.8% and 73.0%, respectively. The technical develop-
ment of clinical imaging might contribute to early detection of these cancers for the elderly.

An increase in the distant stage for lung cancer was observed in men aged 50 years and
older and women aged 65 years and older and cervical cancer in women aged 50 years and
older. Although these increases in the distant stage contradicted the increase in screen-
detected cases, this might be due to improvements in OCR accuracy. The proportions of stage
unknown in 2000-2002 and 2012-2014 were 29.2% and 10.9% for stomach cancer, 25.3% and
9.2% for colorectal cancer, 40.0% and 16.4% for lung cancer, 16.5% and 7.0% for female breast
cancer and 13.7% and 3.1% for cervical cancer. Although the proportions had generally
decreased, that of lung cancer remained relatively high. A possible reason for this might be
that the development of diagnostic imaging, which enabled the detection of distant metastasis,
had previously been overlooked.

The present study has some limitations. First, there were some missing cases in the OCR.
Although the proportion of death certificate only (DCO) in the OCR decreased from 24.3% in
2000 to 6.2% in 2013 [7, 8], cancer incidence may be under-estimated as a whole, especially for
the 2000s. Second, cases with missing detection status were included in ‘other’” in the OCR
data. Although we assumed cases with missing detection status as non-screen-detected cases,
the proportion of screen-detected cases might be underestimated, especially for the 2000s.
Third, in order to estimate the effect of cancer screening, examining cancer incidence rate by
clinical stage may be better than examining stage distribution. However, there were many
cases with unknown clinical stage. Most of these cases were DCO. The proportion of cases
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with unknown clinical stage in the OCR data had decreased during the study period: from
28.0% in 2000-2002 to 10.5% in 2012-2014. However, the proportion for lung cancer was still
high: 15.5% among men and 18.2% among women in 2012-2014. Furthermore, the propor-
tion of unknown stage for the group aged 80 years and older remains high: from 52.3%, 46.6%,
59.9%, 33.9% and 31.8% for stomach cancer, colorectal cancer, lung cancer, female breast can-
cer and cervical cancer in 2000-2002 to 23.4%, 20.4%, 35.5%, 18.4% and 20.3% in 2012-2014,
respectively. Therefore, we alternatively evaluated the trends with stage distribution.

In conclusion, we reported trends in clinical stage distribution and screen-detection of
stomach, colorectal, lung, female breast and cervical cancers. The proportion of early stage
cancer had increased, along with the expansion of cancer screening programs for breast cancer
and cervical cancer in the younger age groups. Despite less exposure to cancer screening,
increases in early clinical stage cancer in the elderly were also confirmed for stomach, colorec-
tal and lung cancer. These findings suggest that the increases of early stage cancer for stomach,
colorectal and lung cancer were due not only to the expansion of screening but also the devel-
opment of clinical diagnostic imaging. We need to continue to monitor trends in cancer inci-
dence by clinical stage in order to examine the effectiveness of screening.
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