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ABSTRACT

Background: Unlike many North American and European countries, Japan has observed a continuous increase in cancer
incidence over the last few decades. We examined the most recent trends in population-based cancer incidence and mortality in
Japan.

Methods: National cancer mortality data between 1958 and 2018 were obtained from published vital statistics. Cancer incidence
data between 1985 and 2015 were obtained from high-quality population-based cancer registries maintained by three prefectures
(Yamagata, Fukui, and Nagasaki). Trends in age-standardized rates (ASR) were examined using Joinpoint regression analysis.

Results: For males, all-cancer incidence increased between 1985 and 1996 (annual percent change [APC] +1.1%; 95%
confidence interval [CI], 0.7-1.5%), increased again in 2000-2010 (+1.3%; 95% CI, 0.9-1.8%), and then decreased until 2015
(=1.4%; 95% CI, —2.5 to —0.3%). For females, all-cancer incidence increased until 2010 (+0.8%; 95% CI, 0.6-0.9% in
1985-2004 and +2.4%; 95% CI, 1.3-3.4% in 2004-2010), and stabilized thereafter until 2015. The post-2000 increase was
mainly attributable to prostate in males and breast in females, which slowed or levelled during the first decade of the 2000s.
After a sustained increase, all-cancer mortality for males decreased in 1996-2013 (—1.6%; 95% CI, —1.6 to —1.5%) and
accelerated thereafter until 2018 (=2.5%; 95% CI, —2.9 to —2.0%). All-cancer mortality for females decreased intermittently
throughout the observation period, with the most recent APC of —1.0% (95% CI, —1.1 to —0.9%) in 2003-2018. The recent
decreases in mortality in both sexes, and in incidence in males, were mainly attributable to stomach, liver, and male lung
cancers.

Conclusion: The ASR of all-cancer incidence began decreasing significantly in males and levelled off in females in 2010.
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INTRODUCTION

Globally, the incidence of major cancers is entering a decreasing
phase. For example, a significant decrease in age-standardize rate
(ASR) has been observed for colorectal, male lung, female breast,
and cervical cancer incidence in North American'? and European
countries,>* as well as in Asian populations.’ These decreasing
trends have been interpreted as having resulted from effective
cancer control policies, including tobacco control and screening
interventions.%!° By contrast, Japan is reported to be experienc-
ing a significant increase in ASR of cancer incidence for all major
cancer sites except stomach and liver.!'"!3 These reports are
relatively outdated, however, with the most recent year of
diagnosis being 2012, and subsequent trends in incidence in

Japan have yet to be identified. Further, trends in cancers other
than major cancer sites have not been sufficiently docu-
mented.!" 1% Japan enacted the Cancer Registration Promotion
Act in 2013, under which the registration of diagnosed cancer
cases was started in 2016 under the new National Cancer Registry
(NCR) system. Incidence data collected under the NCR to date
has been published for diagnosed cases in 2016 and 2017 only,
and at least a decade will be required before the secular trends in
these national data can be evaluated. Accordingly, the present
study aimed to examine secular trends in cancer incidence and
mortality in Japan, including non-major cancer sites, with the use
of the most recent data available from selected high-quality
population-based cancer registries and national vital statistics.
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METHODS

Cancer incidence data were obtained in the framework of the
Monitoring of Cancer Incidence in Japan (MCIJ) project.!”!8
Annual cancer incidence data between 1985 and 2015 (before
introduction of the NCR) were obtained from population-based
cancer registries in four prefectures (Miyagi, Yamagata, Fukui,
and Nagasaki), which were selected because of the availability of
long-term high-quality data.'” Although we had confirmed the
validity of using data from these four prefectural cancer registries
in terms of representativeness for Japan,'® the updating of data
from Miyagi Prefecture was unstable as a result of the ongoing
data transfer process related to the start of NCR. Therefore, as
adopted in our previous study,'"!? the present study used cancer
incidence data from three prefectures (Yamagata, Fukui, and
Nagasaki). The validity of using these three prefectures was
previously confirmed.!?

For cancer mortality, we obtained the population and number
of annual cancer deaths between 1958 and 2018 from published
vital statistics.?’ Prefectural population data were obtained from
the Center for Cancer Control and Information Services, National
Cancer Center, Japan for the years 1985-2006,2! and from the
Bureau of Statistics, Ministry of Internal Affairs and Communi-
cations for the years 2007-2015.22

We analyzed site-specific cancers and all cancers combined
with reference to the International Classification of Diseases
(ICD) version 10 codes (C00-C96, additionally DO0-D09 for
incidence, and CO0—C97 for mortality). Twenty-five cancer sites
were selected according to the list of cancers adopted by the
National Cancer Center, Japam,23 which were the same as those
analyzed in our previous analysis.'"!> We defined “major cancer
sites” as the five leading cancers, and “sub-major cancer sites” as
the sixth to tenth leading cancers in the latest cancer statistics
(either in males or females and in incidence or mortality).”
Specifically, major cancer sites were stomach, colon/rectum,
liver, pancreas, lung, female breast, uterus, and prostate; sub-
major cancer cites were esophagus, gallbladder and bile ducts,
ovary, urinary bladder, kidney and other urinary organs (except
bladder), thyroid, and malignant lymphoma. For these major and
sub-major cancers, we discussed potential factors underlying the
observed trends in incidence and mortality. We added the analysis
of all-cancer incidence excluding stomach, stomach and liver,
prostate, and female breast to examine the effect of these
influential cancer sites. ASR were standardized to the 1985 model
Japanese population for cancer incidence and mortality.

A Joinpoint regression model?* was applied using the Joinpoint
Regression Program version 4.7.0.0, developed by the United
States National Cancer Institute. In the Joinpoint Regression
analysis, the number of incidence or death was assumed to follow
a Poisson distribution; the maximum number of joinpoints was
set at five; the minimum number of observations from a joinpoint
to either end of the data was set at two; and the minimum number
of observations between two joinpoints was set at three.

To identify cancer sites contributing to the recent decrease in
all-cancer mortality rates, we calculated the degree of contribu-
tion of each cancer site using the same method as that adopted in
our previous study.'? Briefly, we calculated the average APC
(AAPC) during the last 10 years for the trend of all-cancer and
site-specific ASR of mortality for each sex, calculated the amount
of change in ASR by multiplying the 10th power of (1+AAPC)
by the ASR in the first year of the 10-year period, and then

calculated the proportion of each cancer site in terms of the
amount of change. For cancer incidence, since a joinpoint
was observed during the last 10 years for both sexes (more
specifically, the trend changed from significant increase to
significant decrease or levelling off), the contribution of each
cancer site was calculated using the same method as that used for
cancer mortality, during each of the last significant increasing
segment and the subsequent decreasing segment (if significant).

This study was approved by the institutional review board of
the National Cancer Center, Japan (2019-202).

RESULTS

Figure 1A shows annual trends in ASRs of incidence for all-
cancer and major cancer sites in the three selected prefectures in
Japan. The ASR of all-cancer incidence for males was 376.2 in
1985, which then peaked at 464.5 in 2010 and decreased to 431.8
in 2015. For females, the ASR was 228.3 in 1985, which then
peaked at 307.5 in 2013 and decreased to 302.2 in 2015. Trends
for sub-major cancers are shown in Figure 1B.

Table 1 shows the results of the Joinpoint regression analysis
on the trends in all-cancer incidence in the three selected
prefectures. For males and females combined, the ASR of all-
cancer incidence intermittently increased from 1985 through 2010
with a significant APC of +1.0% between 1985-1996 and +1.7%
between 2000-2010, and then levelled off after 2010. Similar
patterns were seen in the separate analyses for males and females;
for males the decrease after 2010 was statistically significant.
Overall results were the same when stomach and liver cancers
were excluded, when prostate or female breast cancer were
excluded (Table 1) or when the data were restricted to ages under
75 years old (eTable 1). Corresponding results that included
carcinoma in situ are shown in eTable 2.

Table 2A and Table 2B show the corresponding site-specific
results of cancer incidence for males and females, respectively.
For major cancer sites in males, pancreatic and prostate cancers
showed significant increases through the observation period. The
increase in pancreatic cancer was monotonous. On the other hand,
prostate cancer significantly increased in the most recent segment,
but the APC was much smaller than in the previous segment
(1.3% in 20042015 vs 22.4% in 2000-2004). Major cancers that
showed a significant decrease during the most recent segment
(the period including the most recent year) were stomach, liver,
and lung. Among sub-major cancer sites, esophagus, kidney and
other urinary organs except bladder, and malignant lymphoma
showed a significant increase in the most recent segment, while
gallbladder and bile ducts and urinary bladder showed a
significant decrease. For females, significantly increasing major
cancers in the most recent segment were colon, rectum, (also
colon and rectum combined), pancreas, lung, cervix uteri, and
corpus uteri (also uterus as a whole). Notably, a long-term
increase in breast cancer (APC 4.0% in 1985-2010) stopped in
2010. Thyroid cancer significantly increased in 2002-2008 (APC
6.5%), but levelled off thereafter. Significant decreases were seen
in the most recent segment for stomach and liver. Among sub-
major cancer sites, esophagus, ovary, kidney, and malignant
lymphoma showed significant increases in the most recent
segment, while gallbladder and urinary bladder showed a
significant decrease. Among the other cancer sites, oral cavity
and pharynx, skin and multiple myeloma showed a significant
increase in both sexes.
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Figure 1A. Annual trends in age-standardized rates of all-cancer and site-specific cancer incidence: data from three prefectures
(1985-2015): Major sites®P. @Yamagata, Fukui, and Nagasaki Prefectures. PStandardized to the Japanese model
population in 1985. °Cervix and corpus uteri are shown in Figure 1B.
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Figure 2 shows the contribution of cancer sites to the significant
increase or decrease in all-cancer incidence. For males, prostate
cancer accounted for 64.5% of the most recent significant increase
in all-cancer incidence between 2000 and 2010. The contributions
of other cancer sites were less than 10% (lung: 9.3%, malignant
lymphoma: 5.8%, kidney and other urinary organs except bladder:
5.4%, and oral cavity and pharynx: 3.8%). For females, the largest
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contribution of cancer site to the significant all-cancer increase in
incidence between 2004 and 2010 was breast (51.1%), followed
by thyroid (8.8%), lung (8.6%), and colon/rectum (7.2%). For
males, all-cancer incidence significantly decreased after 2010, and
this decrease was mainly accounted for by stomach (41.1%), lung
(26.8%), and liver (24.1%) cancers. For females, there was no
significant increase in all-cancer incidence after 2010.
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Table 1. Results of joinpoint regression analysis on the trends in all-cancer incidence: data from three prefectures (1985-2015)2
) . 95% confidence
Age Sex Cancer site ICD-10 Nu-mbe‘r of [ine segment Annual interval
joinpoints % change ————————
Start End Lower Upper
All ages Male and female All cancers C00-C96 3 1985 1996 1.0 0.7 1.3
1996 2000 -0.5 -2.6 1.6
2000 2010 1.7 1.3 20 *
2010 2015 -0.5 -14 0.4
All cancers excluding stomach C00-C96 (excluding C16) 3 1985 1996 1.9 1.6 23 *
1996 2000 0.2 -2.1 2.6
2000 2010 22 1.8 26 *
2010 2015 -0.3 -13 0.6
All cancers excluding stomach and liver C00-C96 (excluding C16 and C22) 2 1985 2005 1.7 1.5 19 *
2005 2010 2.8 1.1 46 *
2010 2015 —-0.1 -13 1.1
Male All cancers C00-C96 3 1985 1996 1.1 0.7 1.5 =
1996 2000 -0.9 -3.6 1.9
2000 2010 1.3 0.9 1.8 *
2010 2015 -1.4 -25 -03 *
All cancers excluding stomach C00-C96 (excluding C16) 3 1985 1996 2.1 1.6 26 *
1996 2000 -0.2 -34 3.1
2000 2010 1.8 1.3 24 *
2010 2015 -1.3 —2.6 0.0 *
All cancers excluding stomach and liver C00-C96 (excluding C16 and C22) 1 1985 2010 1.8 1.6 19 =
2010 2015 -0.6 -2.1 0.9
All cancers excluding prostate C00-C96 (excluding C61) 3 1985 1995 1.0 0.6 14 *
1995 2005 -0.6 -1.0 -02 *
2005 2009 1.8 -04 4.0
2009 2015 -1.3 -2.0 -05 *
Female All cancers C00-C96 2 1985 2004 0.8 0.6 09 *
2004 2010 2.4 1.3 34 =
2010 2015 0.2 -0.8 1.2
All cancers excluding stomach C00-C96 (excluding C16) 2 1985 2005 1.6 14 1.7 =
2005 2010 3.0 1.4 47 *
2010 2015 0.3 -0.8 1.4
All cancers excluding stomach and liver C00-C96 (excluding C16 and C22) 2 1985 2005 1.6 1.5 1.8 *
2005 2010 33 1.7 49 *
2010 2015 0.5 -0.6 1.6
All cancers excluding breast C00-C96 (excluding C50) 2 1985 2005 0.2 0.1 04 =
2005 2012 1.6 0.7 24 %
2012 2015 -12 -3.8 1.3

ICD-10, International Classification of Diseases, 10th revision.
“Yamagata, Fukui, and Nagasaki Prefectures.

*Annual % change was statistically significantly different from zero (P < 0.05).

Figure 3A shows the annual trends in ASRs of mortality for
all-cancer and major cancer sites in Japan (national data). The
ASR of all-cancer mortality for males was 182.6 in 1958, which
then peaked at 226.1 in 1995 and decreased to 152.1 in 2018. For
females, the ASR was 130.7 in 1958, which then peaked at 132.0
in 1960 and decreased to 84.5 in 2015. Trends of sub-major
cancers are shown in Figure 3B.

Table 3 shows the results of the Joinpoint regression analysis
of all-cancer mortality from the national data of Japan. For males,
the ASR of all-cancer mortality intermittently increased from
1958 through 1996 and decreased thereafter. The decrease
accelerated from 2013 from the APC of —1.6% (1996-2013) to
—2.5% (2013-2018). For females, the ASR of all-cancer mortality
showed a long-term decreasing trend from 1968, with the APCs
of —0.8% (1968-1993), —1.4% (1997-2003), and -1.0%
(2003-2018). A similar decreasing trend was seen for males
and females combined, with the APCs of —0.2% (1966-1993),

—1.4% (1997-2015), and —2.2% (2015-2018). Overall results
were the same when the data were restricted to ages under 75
years old (eTable 3).

Table 4A and Table 4B show the corresponding site-specific
results of cancer mortality for males and females, respectively.
For major cancer sites in males, pancreatic cancer alone showed a
significant increase during the most recent segment. Conversely,
all the remaining major cancer sites showed a significant decrease
during the most recent segment: stomach, colon, rectum (also
colon and rectum combined), liver, lung, and prostate. Among
sub-major cancer sites also, all cancer sites showed a significant
decrease during the most recent segment, except malignant
lymphoma, which significantly decreased in 2001-2005. For
females, significantly increasing major cancers in the most recent
segment were pancreas, breast, cervix uteri, and corpus uteri,
(also uterus as a whole). Similarly to males, all the remaining
major cancer sites showed a significant decrease during the most

J Epidemiol 2021;31(7):426-450 | 429



Japanese Cancer Incidence (1985-2015) and Mortality (1958-2018)

Table 2A. Results of joinpoint regression analysis on the trends in site-specific cancer incidence: data from three prefectures

(1985-2015); Male?

. 95% confidence
Number of Line segment Annual

Cancer site ICD-10 L interval
joinpoints ———  — % change ——m————
Start End Lower Upper
Major
Stomach Cl16 2 1985 2005 -1.7 -19 -15 =
2005 2009 1.1 -2.6 4.8
2009 2015 -24 -3.6 -1.1 =
Colon C138 1 1985 1995 6.1 4.8 74 *
1995 2015 0.0 -0.3 0.3
Rectum C19-C20 1 1985 1994 43 2.3 62 *
1994 2015 0.3 —-0.1 0.7
Colon/rectum C18-C20 1 1985 1994 5.8 44 72 *
1994 2015 0.2 -0.1 0.5
Liver C22 2 1985 1991 33 0.9 5.8 *
1991 2008 -1.7 =22 -13 =
2008 2015 -5.7 =15 -39 =
Pancreas C25 0 1985 2015 0.6 0.3 0.8 *
Lung, trachea C33-C34 1 1985 2010 0.8 0.6 09 *
2010 2015 -2.1 -3.8 -05 ~*
Prostate C61 2 1985 2000 4.7 3.0 65 *
2000 2004 224 8.5 38.1 *
2004 2015 1.3 0.0 26 *
Sub-major
Esophagus Cl15 0 1985 2015 1.0 0.7 12
Gallbladder and bile ducts C23-C24 1985 2015 -0.8 -1.1 -04 *
Urinary bladder c67 1 1985 2003 0.9 0.3 14 =
2003 2015 =27 -3.6 -19 =
Kidney and other urinary organs (except bladder)  C64-C66 C68 0 1985 2015 2.8 2.4 32 0 F
Thyroid C73 2 1985 2002 2.0 0.9 32 =
2002 2007 9.5 1.1 185 *
2007 2015 1.1 -1.4 3.8
Malignant lymphoma C81-C85 C96 1 1985 2000 0.9 0.1 1.7~
2000 2015 29 22 36 *
Others
Oral cavity and pharynx C00-C14 0 1985 2015 2.3 1.9 28 *
Larynx C32 0 1985 2015 -0.5 -1.0 00 *
Skin C43-C44 0 1985 2015 2.6 2.1 3.1
Breast C50 0 1985 2015 1.7 0.2 32 0
Brain, nervous system C70-C72 0 1985 2015 -0.1 —-0.6 0.5
Multiple myeloma C88-C90 0 1985 2015 0.8 0.4 12
Leukemia C91-C95 0 1985 2015 0.0 -0.3 0.3

ICD-10, International Classification of Diseases, 10th revision.
#Yamagata, Fukui, and Nagasaki Prefectures.

*Annual % change was statistically significantly different from zero (P < 0.05).

recent segment, except colon, which significantly decreased in
1993-2008 and levelled off thereafter. Among sub-major cancer
sites, all cancer sites except kidney and malignant lymphoma
showed a significant decrease during the most recent segment.

Figure 4 shows the contribution of specific cancer sites to the
significant decrease in all-cancer mortality in the most recent 10
years (2009-2018). For males, stomach cancer accounted for
29.8% of the decrease of all-cancer incidence, followed by liver
(25.2%) and lung (22.3%). These three sites accounted for 77.3%
of the all-cancer decrease. Esophagus, and gallbladder and bile
ducts accounted for less than 10% (7.1% and 4.2%, respectively).
For females also, stomach, liver, and lung accounted for nearly
75% of the all-cancer decrease (34.4%, 28.7%, and 11.8%, respec-
tively). Unlike the result in males, however, the contribution of
gallbladder and bile ducts was slightly larger than that of lung
(12.6%), while ovary contributed 3.7%.

430 | J Epidemiol 2021;31(7):426-450

The contributions of cancer sites to the significant changes in
all-cancer incidence and mortality under 75 years old are shown
in eFigure 1 and eFigure 2, respectively. The largest contribu-
tions of prostate in males and breast in females were the same as
in the results for all ages. There was no significant decrease in all-
cancer incidence when age was restricted to under 75 years old.
The large contributions of stomach, liver, lung, and gallbladder
and bile ducts to the recent reduction in all-cancer mortality were
also the same as the result of all ages.

Figure SA shows the trends in incidence and mortality of all
cancers combined. There was a marked divergence between the
trends in incidence and mortality in both males and females. For
males, the divergence became wider after the late 1990s due to
the decrease in mortality. For females, the gap between incidence
and mortality widened constantly. Figure 5B and Figure 5C show
the trends in incidence and mortality of major and sub-major
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Table 2B. Results of joinpoint regression analysis on the trends in site-specific cancer incidence: data from three prefectures

(1985-2015); Female?

. 95% confidence
Number of Line segment Annual

Cancer site ICD-10 S interval
joinpoints ———  — % change ——m————
Start End Lower Upper
Major
Stomach Cl16 1 1985 2003 -2.6 -3.0 -22 =
2003 2015 -1.2 -2.0 -04 *
Colon Cl18 1 1985 1995 3.6 2.6 46 *
1995 2015 0.5 0.2 0.8 *
Rectum C19-C20 2 1985 1999 1.9 1.5 23
1999 2004 -32 =55 -0.7 *
2004 2015 1.4 0.9 20 *
Colon/rectum C18-C20 2 1985 1996 32 2.6 37
1996 2003 -0.7 -1.8 0.4
2003 2015 0.9 0.5 1.3 =
Liver C22 2 1985 1995 2.8 14 42
1995 2010 -1.2 -1.9 -04 *
2010 2015 -8.5 -12.2 -47 *
Pancreas C25 0 1985 2015 1.3 1.0 1.6 *
Lung, trachea C33-C34 1985 2015 1.9 1.6 2.1 *
Breast C50 1 1985 2010 4.0 3.8 42
2010 2015 1.7 -0.2 3.6
Uterus C53-C55 1 1985 1991 -4.6 -7.8 -14 =
1991 2015 2.8 2.3 32 =
Cervix uteri C53 1 1985 1991 -53 -9.8 -06 *
1991 2015 1.3 0.7 20 *
Corpus uteri C54 0 1985 2015 5.0 4.5 54
Sub-major
Esophagus Cl15 1 1985 1996 -2.8 -53 -0.1 *
1996 2015 2.1 0.9 32 =
Gallbladder and bile ducts C23-C24 1 1985 1997 -1.1 -2.0 -02 -~
1997 2015 -3.0 =35 -25 *
Ovary C56 0 1985 2015 1.8 14 2.1
Urinary bladder Cco7 0 1985 2015 -0.6 -1.1 00 *
Kidney and other urinary organs (except bladder)  C64-C66 C68 0 1985 2015 2.9 2.5 33 %
Thyroid C73 3 1985 1991 10.3 5.5 154 *
1991 2002 -0.5 -23 1.4
2002 2008 6.5 1.4 11.8 *
2008 2015 -1.2 -39 1.7
Malignant lymphoma C81-C85 C96 0 1985 2015 3.7 34 41
Others
Oral cavity and pharynx C00-C14 0 1985 2015 2.2 1.5 28 *
Larynx C32 0 1985 2015 0.6 -1.3 2.7
Skin C43-C44 2 1985 1997 -1.3 -2.6 0.0
1997 2003 6.9 2.1 11.8 *
2003 2015 1.9 0.9 30 *
Brain, nervous system C70-C72 0 1985 2015 -0.6 -14 0.1
Multiple myeloma C88-C90 0 1985 2015 0.8 0.4 12 =
Leukemia C91-C95 0 1985 2015 0.3 -0.2 0.8

ICD-10, International Classification of Diseases, 10th revision.
*Yamagata, Fukui, and Nagasaki Prefectures.

*Annual % change was statistically significantly different from zero (P < 0.05).

cancer sites, respectively. Similar to all cancers combined, a
divergence between incidence and mortality was a common
feature observed in almost all cancer sites. The results of cancers
other than major and sub-major sites are shown in eFigure 3.
Table 5 summarizes the description of observed trends in
incidence and mortality and potential interpretations for each
cancer site. Decreases in exposure to major risk factor such as
infectious agents and tobacco smoking were considered to be
associated with the decreases in incidence and/or mortality of
related cancers (stomach, liver, lung, and urinary bladder). Effects

of the introduction and dissemination of cancer screening were
considered to have been reflected in the trends in incidence and/
or mortality of several cancers (stomach, colon/rectum, female
breast, and prostate), among which the increase in prostate cancer
incidence was most remarkable. Improvements in diagnostic
measures and treatments were common factors associated with
the divergence of incidence and mortality. Potential over-
diagnosis was considered to be included in the increase in
incidence of prostate and thyroid cancers.
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Figure 2. Contribution of cancer sites to changes in incidence.

DISCUSSION

This study analyzed the trends in cancer incidence and mortality
in Japan with updated representative datasets. A notable finding
was that the ASR of all-cancer incidence started to significantly
decrease in males and level off in females in 2010, after a long-
term intermittent increase.''>?°> The leading cancer sites that
contributed to the past long-term increase were prostate in males
and breast in females, but these slowed down or levelled off
during the first decade of 2000s. For males, the main contributing
cancer sites to this significant decrease were stomach, liver and
lung cancers.

The ASR of prostate cancer incidence dramatically increased
between 2000 and 2004 (APC 22.4%) and slowed down
thereafter (APC 1.3% in 2004-2015). As summarized in Table 5,
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this rapid increase in the early 2000s was prominent for localized
cancer and suggested the contribution of the spread of prostate-
specific antigen (PSA) screening.”® Indeed, PSA screening
increased almost threefold in 2003 both in terms of the number
of participants and the number of municipalities that adopted it as
an organizational screening program, and subsequently shifted to
a slow increase.?”?8

The levelling off of ASR of female breast cancer incidence
after 2010 observed in the present study is an unprecedented
phenomenon.''™13 The mortality of female breast cancer'? also
slowed a slowing down of its increasing trend. Long-term
increase in incidence as well as mortality can be interpreted as the
effect of changes in reproductive factors in Japanese females
(Table 5).!1:2%30 This effect might be converging in breast cancer,
but cancers of the corpus uteri and ovary, which share common
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reproductive risk factors, continued to increase in incidence. The
participation rate of female breast cancer screening (mammog-
raphy) has been increasing in Japan, and early-stage cancer and
carcinoma in situ of the breast was reported to have increased in a
study using a prefectural cancer registry.’! Together with the
slowing down of the increasing trend in mortality observed in the
present study, these changes in trends could have partially
reflected the dissemination of breast cancer screening.'!

The significant decrease in ASR of all-cancer incidence in
males after 2010 was accounted for by stomach, liver, and lung
cancers. These cancer sites also contributed to the decrease in all-
cancer mortality in both males and females (77.3% and 74.9%,
respectively; Figure 4). Stomach cancer consistently decreased
during the whole observation period with regard to both incidence
and mortality, which can be interpreted to be the result of
dramatic reduction of Helicobacter pylori (H. pylori) infection,
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Table 3. Results of joinpoint regression analysis on the trends in all-cancer mortality: national data (1958-2018)

Number of

Line segment

Annual

95% confidence

Age Sex Cancer site ICD-10 L interval
joinpoints % change
Start End Lower  Upper
All ages Male and female All cancers C00-C97 4 1958 1966 0.4 0.1 0.8
1966 1993 -0.2 -0.2 —-0.1
1993 1997 0.6 -0.3 1.5
1997 2015 -14 -1.4 -1.3
2015 2018 22 -3.0 -14
All cancers excluding stomach C00-C97 (excluding C16) 5 1958 1975 1.1 1.0 1.2
1975 1984 1.7 1.5 1.9
1984 1993 0.7 0.5 0.9
1993 1997 1.4 0.6 22
1997 2016 -1.0 -1.1 -1.0
2016 2018 -2.3 -3.8 -0.9
All cancers excluding stomach and liver C00-C97 (excluding C16 and C22) 4 1958 1984 1.5 1.4 1.5
1984 1992 0.5 0.2 0.7
1992 1996 1.6 0.7 2.5
1996 2015 -0.6 -0.6 -0.5
2015 2018 -14 -22 —0.6
Male All cancers C00-C97 4 1958 1988 0.5 0.5 0.6
1988 1992 -0.5 -1.7 0.7
1992 1996 1.5 0.4 2.7
1996 2013 -1.6 -1.6 -1.5
2013 2018 -2.5 -29 -2.0
All cancers excluding stomach C00-C97 (excluding C16) 4 1958 1975 2.0 1.8 2.2
1975 1983 2.8 2.3 33
1983 1997 1.3 12 1.4
1997 2013 -1.3 -1.3 -12
2013 2018 -2.1 -2.5 -1.6
All cancers excluding stomach and liver C00-C97 (excluding C16 and C22) 4 1958 1963 3.6 22 5.0
1963 1982 2.4 2.3 2.5
1982 1997 1.3 1.2 1.5
1997 2014 -0.8 -0.9 -0.7
2014 2018 -1.9 -2.5 -1.2
All cancers excluding prostate C00—C97 (excluding C61) 4 1958 1987 0.5 0.4 0.5
1987 1992 -0.4 —-1.1 0.4
1992 1996 12 0.1 2.4
1996 2013 -1.6 -1.7 -1.5
2013 2018 -2.5 -29 -2.0
Female All cancers C00-C97 4 1958 1968 —-0.1 -0.3 0.1
1968 1993 -0.8 -0.9 -0.8
1993 1997 0.5 -0.4 1.4
1997 2003 -1.4 -1.8 -1.0
2003 2018 -1.0 -1.1 -0.9
All cancers excluding stomach C00-C97 (excluding C16) 4 1958 1976 0.1 0.0 0.2
1976 1980 1.0 -0.2 22
1980 1993 0.2 0.0 0.3
1993 1997 0.9 0.0 1.9
1997 2018 -0.7 —-0.8 -0.7
All cancers excluding stomach and liver C00-C97 (excluding C16 and C22) 5 1958 1976 0.4 0.3 0.5
1976 1981 0.9 0.2 1.7
1981 1993 0.1 -0.1 0.2
1993 1997 1.0 0.1 1.9
1997 2003 -0.8 -12 -0.4
2003 2018 -0.3 -0.4 -0.2
All cancers excluding breast C00-C97 (excluding C50) 5 1958 1968 -0.2 -0.4 0.0
1968 1993 -1.0 -1.0 -1.0
1993 1997 0.1 -0.8 0.9
1997 2007 -1.6 -1.7 -1.4
2007 2014 -1.0 -1.3 -0.7
2014 2018 -1.7 -2.3 -1.1

ICD-10, International Classification of Diseases, 10th revision.

*Annual % change was statistically significantly different from zero (P < 0.05).
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Table 4A. Results of joinpoint regression analysis on the trends in site-specific cancer mortality: national data (1958-2018); Male

95% confidence

Cancer site ICD-10 Nu.mbelr of Hine segment Annual interval
joinpoints % change
Start End Lower  Upper
Major
Stomach Cl6 5 1958 1969 -0.5 -0.7 -0.3
1969 1981 -2.6 -29 -24
1981 1992 -33 -3.6 -3.1
1992 1996 -14 -29 0.2
1996 2012 -32 -33 -3.1
2012 2018 -4.6 -5.1 —4.0
Colon CI18 4 1958 1985 4.7 4.6 49
1985 1996 3.0 2.7 32
1996 2009 -13 -14 -1.1
2009 2015 0.1 -04 0.6
2015 2018 -13 -24 -0.2
Rectum C19-C20 2 1958 1975 2.2 1.8 2.5
1975 1998 0.5 0.3 0.6
1998 2018 -1.0 -1.1 -0.9
Colon/rectum C18-C20 3 1958 1980 3.1 2.9 33
1980 1996 2.1 1.9 2.2
1996 2009 -1.1 -1.3 -1.0
2009 2018 -0.5 -0.7 -0.3
Liver C22 5 1958 1974 -0.6 -0.9 -0.3
1974 1986 42 39 4.6
1986 1996 1.0 0.6 1.3
1996 2002 -2.3 -3.1 -1.6
2002 2010 —4.2 -4.7 -3.8
2010 2018 =55 -59 =5.1
Pancreas C25 3 1958 1968 7.3 6.4 8.2
1968 1987 3.1 2.9 33
1987 2002 0.1 -0.1 0.3
2002 2018 0.5 0.4 0.6
Lung, trachea C33-C34 5 1958 1963 7.5 5.8 9.2
1963 1981 4.6 44 4.8
1981 1989 22 1.9 2.6
1989 1996 1.0 0.6 14
1996 2012 -0.9 -1.0 -0.8
2012 2018 -2.5 -2.8 22
Prostate C61 3 1958 1993 33 3.1 3.4
1993 1997 5.7 2.8 8.7
1997 2005 0.1 -0.6 0.7
2005 2018 -1.7 -19 -1.5
Sub-major
Esophagus Cl15 5 1958 1971 1.4 1.0 1.7
1971 1977 -2.1 -33 -0.8
1977 1994 -0.1 -0.3 0.1
1994 1998 2.0 0.1 4.0
1998 2008 -1.1 -14 -0.7
2008 2018 -29 -3.2 -2.6
Urinary bladder Co7 3 1958 1980 1.2 0.9 1.5
1980 1988 -1.6 -29 -0.3
1988 1999 12 0.5 1.8
1999 2018 -04 -0.6 -0.3
Kidney and other urinary organs (except bladder)  C64-C66 C68 4 1958 1977 4.1 3.7 4.6
1977 1984 6.0 45 7.6
1984 1996 2.3 1.9 2.7
1996 2016 0.9 0.7 1.0
2016 2018 —4.7 -84 -0.8
Thyroid C73 2 1958 1966 7.4 33 11.7
1966 1997 0.6 0.2 0.9
1997 2018 -1.0 -1.3 -0.6
Malignant lymphoma C81-C85 C96 4 1958 1967 4.0 3.0 49
1967 1980 2.4 2.0 2.9
1980 2001 0.7 0.6 0.9
2001 2005 -2.6 —4.8 -04
2005 2018 -0.2 -04 0.0
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Continued.
Number of Line segment Annual 95% confidence
Cancer site ICD-10 R interval
joinpoints ~——— % change
Start End Lower  Upper
Others
Oral cavity and pharynx C00-C14 3 1958 1992 1.8 1.7 20 *
1992 1996 7.6 3.8 115 =
1996 2008 0.5 0.1 09 *
2008 2018 -0.7 -1.1 -03 *
Gallbladder and bile ducts C23-C24 4 1958 1965 10.1 8.3 120 *
1965 1987 44 42 46 *
1987 1995 0.4 -0.1 1.0
1995 2012 -1.5 -1.7 -14 =
2012 2018 -2.3 =29 -1.8 *
Larynx C32 3 1958 1972 0.3 -0.2 0.8
1972 1991 -32 =35 -29 *
1991 1997 0.7 -1.3 2.8
1997 2018 -39 —-4.2 -3.7 *
Skin C43-C44 2 1958 1974 -1.3 -2.0 -05 *
1974 1987 -4.8 -5.8 -3.7 *
1987 2018 0.0 -0.3 0.2
Brain, nervous system C70-C72 4 1958 1970 1.3 -0.3 2.9
1970 1980 5.7 4.0 75 *
1980 1996 1.6 1.1 22 %
1996 2007 -0.3 -1.2 0.6
2007 2018 3.3 2.6 4.1 *
Multiple myeloma C88-C90 3 1958 1968 12.8 9.8 158 *
1968 1980 6.3 5.0 7.7 %
1980 2000 1.7 1.4 2.1 %
2000 2018 -2.0 =23 -1.8 =
Leukemia C91-C95 4 1958 1976 2.3 2.1 26 *
1976 1987 1.4 1.0 1.9 *
1987 1991 -1.9 -4.6 0.8
1991 1999 -0.2 -0.9 0.5
1999 2018 —1.1 -1.2 -09 *

ICD-10, International Classification of Diseases, 10th revision.

*Annual % change was statistically significantly different from zero (P < 0.05).

combined with improvements in sanitation, diet (reduced salt
intake), and food preservation techniques (Table 5).''323 A
study using data from a hospital-based registry in 2007-2015
showed a decrease in the proportion of cancer in the pylorus, the
main subsite of H. pylori-induced cancer.’* A related factor is the
eradication of H. pylori, which was covered by the universal
health insurance in Japan in 2013 as part of the treatment for
chronic gastritis as well as for gastric and duodenal ulcer. Indeed,
the reported number of eradications doubled after this extension
of coverage.®®> Although we observed an acceleration in the
decrease in stomach cancer mortality in males (APC —3.2% in
19962012, —4.6% in 2012-2018; Table 4A), this was not
consistent for incidence nor in females. Thus, the effect of H.
pylori eradication is not clear at the population level.

Evidence of a relation between the absence of H. pylori
infection and risk of adenocarcinoma of the esophagus is
accumulating.®® The long-term decrease in the prevalence of H.
pylori in Japan may be related to the increase in esophageal
cancer incidence observed in the present study, through the
pathway from gastroesophageal reflux disease to the occurrence
of esophageal cancer (Table 5).

Liver cancer is another site that showed a dramatic decrease in
incidence and mortality. As discussed in previous literature, the
long-term decrease in liver cancer in Japan is mainly due to the
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decrease in the prevalence of hepatitis C virus (HCV).!1337 The
observed acceleration both in incidence and mortality in 2008 or
2010 (Table 2 and Table 4) can be interpreted as a reflection of
therapeutic improvements made in the early 2000s such as
pegylated interferon in 2004 and a protease inhibitor (Telapre-
vire) in 2011."1-3340 Improvements in differential diagnosis could
have also affected the divergence between incidence and
mortality since 1980s (Table 5).

Cancer of the gallbladder and bile ducts had a similar pattern of
trends to that of liver cancer. Chronic infections have been
proposed as one of the risk factors for gallbladder cancer as well
as gallstones and obesity (Table 5).*'** Control over communi-
cable diseases could have resulted in the reduction of incidence
rate of gallbladder cancer.** Regarding cholangiocarcinoma
(CCA), overlapping of risk factors and misclassification between
intra- and extra-hepatic CCA* might explain the similarity to the
trends in liver cancer and cancer of the combined category of
gallbladder and bile ducts.

The decrease in lung cancer incidence in males was a
phenomenon that had never been observed in previous
literature.''* Trends in lung cancer incidence in Osaka by
histological type revealed that the ASR of adenocarcinoma
continuously increased, whereas those of squamous and small-
cell carcinomas decreased from 1990s, which was interpreted to be
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Table 4B. Results of joinpoint regression analysis on the trends in site-specific cancer mortality: national data (1958-2018); Female

95% confidence

Cancer site ICD-10 Nu'mbe'r of Line segment Annual interval
joinpoints —— % change ——
Start End Lower Upper
Major
Stomach Cl6 4 1958 1970 -0.8 -1.0 -0.6 *
1970 1979 -3.2 -3.5 -29 =
1979 1991 —44 —4.6 42 *
1991 1999 -33 -3.8 29 *
1999 2018 -39 —4.0 -3.8 *
Colon C18 5 1958 1982 34 33 35 *
1982 1993 2.3 2.0 26 *
1993 2004 -04 -0.7 -02 *
2004 2008 -2.3 -3.7 -09 *
2008 2014 0.4 -0.2 1.0
2014 2018 -0.9 -1.8 0.0
Rectum C19-C20 1 1958 1974 1.3 1.0 1.6 *
1974 2018 -1.3 -1.3 -12 *
Colon/rectum C18-C20 5 1958 1974 2.3 2.1 26 *
1974 1992 1.1 1.0 13
1992 2004 -0.5 -0.7 -03 *
2004 2009 -2.1 -3.0 -12 *
2009 2014 0.4 -0.5 1.3
2014 2018 -1.1 -2.0 -0.2 *
Liver Cc22 4 1958 1975 24 -2.6 2.1 *
1975 1989 0.2 -0.1 0.5
1989 1999 1.4 0.9 1.8 *
1999 2008 -29 -34 -25 *
2008 2018 =57 —6.1 54
Pancreas C25 5 1958 1967 6.4 5.5 74
1967 1988 2.8 2.7 3.0 *
1988 1994 -04 -13 0.5
1994 2006 0.6 0.4 08 *
2006 2011 2.1 1.1 31
2011 2018 0.7 0.4 0 B
Lung, trachea C33-C34 5 1958 1963 6.5 4.2 88 *
1963 1984 3.1 2.9 33 *
1984 1998 0.9 0.7 .1
1998 2003 -1.8 -2.8 -0.7 *
2003 2014 -0.2 -0.4 0.1
2014 2018 -2.3 -33 —-14 *
Breast C50 5 1958 1964 -0.5 -2.1 1.1
1964 1978 2.3 1.9 28 *
1978 1990 1.5 1.1 19 *
1990 1997 32 2.4 40 *
1997 2006 1.4 0.9 1.8 *
2006 2018 0.4 0.2 0.6 *
Uterus C53-C55 5 1958 1969 -3.1 -33 -29 =
1969 1979 —44 —4.8 —-4.1 *
1979 1987 -54 —6.0 -49 *
1987 1993 -3.1 —4.1 -2.1 *
1993 2007 -0.3 —0.6 -0.1 *
2007 2018 1.0 0.7 1.3 *
Cervix uteri Cs3 4 1958 1965 -19 -33 05 *
1965 1973 -5.1 —6.5 -3.8 *
1973 1978 1.0 -2.4 4.6
1978 1989 -24 -3.2 -1.6 *
1989 2018 0.4 0.3 06 *
Corpus uteri C54 3 1958 1966 -6.2 —-8.1 —-43 *
1966 1972 —14.3 —-19.1 93 *
1972 1996 4.3 3.8 47 *
1996 2018 3.0 2.7 33 *
Sub-major
Esophagus Cl15 2 1958 1969 —-0.1 -0.7 0.5
1969 1989 -39 —4.1 -3.6 *
1989 2018 -0.7 -0.9 -0.6 *

Continued on next page.
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Continued.
Number of Line segment Annual 9% confidence
Cancer site ICD-10 A ‘ interval
joinpoints —— % change ——
Start End Lower Upper
Gallbladder and bile ducts C23-C24 4 1958 1963 12.0 9.0 5.1 *
1963 1972 6.1 5.1 70 *
1972 1985 4.1 3.7 44 =
1985 1992 0.1 -0.5 0.8
1992 2018 -3.1 -3.1 -3.0 *
Ovary C56 4 1958 1981 3.9 3.7 41 =
1981 1996 1.3 1.1 1.6 *
1996 2000 -2.6 =5.1 0.0 *
2000 2011 -0.2 -0.6 0.2
2011 2018 —-1.1 -1.8 -04 *
Urinary bladder Co7 2 1958 1969 1.6 0.6 26 %
1969 1990 -1.7 -2.0 —-14 *
1990 2018 -0.2 -0.3 0.0 *
Kidney and other urinary organs (except bladder) C64-C66 C68 3 1958 1976 1.5 0.9 2.1
1976 1986 3.8 2.6 5.1 %
1986 2006 1.5 1.2 1.7 *
2006 2018 0.0 -0.4 0.4
Thyroid C73 2 1958 1977 1.9 L5 24 %
1977 2003 -1.0 -1.2 -0.8 *
2003 2018 -1.8 -2.1 —-14
Malignant lymphoma C81-C85 C96 3 1958 1981 2.5 2.3 27 %
1981 2001 0.9 0.7 0
2001 2006 -22 -3.8 -0.5 *
2006 2018 0.0 -0.3 0.3
Others
Oral cavity and pharynx C00-C14 3 1958 1979 0.6 0.2 1.r =
1979 1991 -0.8 -1.7 0.0
1991 1998 52 33 7.1 *
1998 2018 -0.5 -0.8 -03 *
Larynx C32 2 1958 1976 -4.3 -5.0 -35 *
1976 1986 -9.0 -11.3 -6.6 *
1986 2018 -3.5 -4.0 -3.0 *
Skin C43-C44 3 1958 1973 -1.8 -2.8 -0.8 *
1973 1988 =5.1 —6.1 —-4.1 *
1988 2012 0.8 0.3 1.3 *
2012 2018 -2.7 =59 0.7
Brain, nervous system C70-C72 4 1958 1971 1.8 -0.1 3.7
1971 1978 7.3 2.8 12.1 *
1978 1998 1.5 1.0 21 *
1998 2007 -0.6 -2.4 1.3
2007 2018 32 2.1 43
Multiple myeloma C88-C90 4 1958 1968 14.8 11.9 179 *
1968 1983 5.6 4.8 64 *
1983 1997 1.5 1.0 19 *
1997 2005 -0.2 -1.2 0.9
2005 2018 -2.6 -3.0 -22 =
Leukemia C91-C95 2 1958 1967 2.9 2.1 38 *
1967 1987 0.6 0.4 08 *
1987 2018 -1.5 -1.6 —-14

ICD-10, International Classification of Diseases, 10th revision.

*Annual % change was statistically significantly different from zero (P < 0.05).

the result of the spread of diagnostic use of computed tomography
and the decreasing trend in smoking prevalence, respectively.*64
Another possibility is the shift from nonfilter to filtered cigarettes
in the consumption of tobacco products in Japan (Table 5), which
may be more influential because the increase in adenocarcinoma
was observed even before the introduction of major diagnostic
advances.*® The decrease in overall lung cancer incidence
observed in the present study could have reflected the predominant
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effect of declining smoking prevalence, albeit that analysis
stratified by histological type is needed to clarify this possibility.
Cancers of the kidney and urinary tracts are also strongly related to
tobacco smoking,*>° but no similarity was found between the
trends in these cancers and smoking prevalence except for bladder
cancer incidence in males (Table 5).

An important feature of our results is that a decrease in
incidence was not observed for colorectal cancer, which can be
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Figure 4. Contribution of cancer sites to the decrease in mortality in the most recent 10 years (2009-2018).
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prevented by organizational screening. The ASR of colorectal
cancer has been significantly decreasing in many countries.'”
Using simulation modeling techniques, one study revealed that
the reduction in colorectal cancer in the United States was a
combined effect of cancer control measures for prevention and
screening.® Cervical cancer also showed a sharp contrast; the
ASR of this cancer has been consistently decreasing overseas,
including the Republic of Korea,">> whereas the present study
showed a significant increase in incidence and mortality, just as
was observed in our previous analysis.!'"!3 The increase in
mortality of cervical cancer (cancer of the corpus uteri as well) in
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Continued on next page.

Japan should be interpreted with caution because it could have
included the shift from cancer of the ‘uterus, not otherwise
specified (NOS)’. However, the proportion of NOS had been
stable since the late 1990s, and the increase was also observed in
incidence.''!* Cervical cancer can be prevented by a combination
of organizational screening and human papillomavirus (HPV)
vaccination.”*>!"2 In Japan, the national HPV vaccination
program has been substantially halted by the fear of potential
adverse effects.”>* A simulation modeling study demonstrated
that rapid restoration of vaccination coverage and catch-up for
missed cohorts could avoid approximately 50,000 cervical cancer
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cases in 50 years.” Realizing a reduction in colorectal and
cervical cancer incidence by promoting the primary and
secondary preventive measures is a major challenge for Japan.
Pancreatic cancer was another example that showed a long-term
increase both in incidence and mortality. Increase in risk factors,
such as type 2 diabetes, may be related to the increase in incidence™®
and mortality as well. Improvements in diagnostic measures and
biopsy for histologic confirmation have also been proposed as
underlying factors of the increasing trend in earlier years.>’
Monitoring cancer incidence trends is useful in examining the
possibility of overdiagnosis at a population level. In the United
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Continued on next page.

States, prostate, female breast, skin, kidney, thyroid, and lung
cancers have been listed as examples of potential overdiagnosis,
characterized as a sharp increase in incidence in the absence of a
clear change in mortality.”® In the present study, this typical
pattern seemed to be observed for prostate and thyroid cancers
(Figure 5 and Table 5). A common background factor of these
cancers is the availability of non-invasive tests (ie, PSA for
prostate cancer and ultrasonography for thyroid cancer).!!-26-38-6!
In addition to this descriptive approach, empirical or modelling
approaches that compare screened and unscreened (or tested and
untested) populations are needed to quantitively examine

J Epidemiol 2021;31(7):426-450 | 441



Japanese Cancer Incidence (1985-2015) and Mortality (1958-2018)

Lung, trachea : Males

All ages
[
[=e]
W"ﬁ«.
o
<
o
o
o
o
o
- o 4
5}
Qo
o
7]
<<
[Observed] [Modelled]
® Mortality — Mortality
~ =] * Incidence ~ Incidence
T T T T T T T
1960 1970 1980 1990 2000 2010 2020
Year at diagnosis or death
Breast : Females
All ages
o
3 A
. /
0
o
o
o
o
o
T o bd{f—
5 -
o
x
7]
<<
T T T T T T T
1960 1970 1980 1990 2000 2010 2020
Year at diagnosis or death
Cervix uteri : Females
All ages
o |
N
o | AR - N
o - .
o
o
]
2 6 &
9]
o -
x
%) .
< [

T T T T T T T
1960 1970 1980 1990 2000 2010 2020

Year at diagnosis or death

Lung, trachea : Females

All ages
o |
[<e]
o ]
<
o O
8 +
3 M
b .
o
— ° 4
5]
o
o
7]
<
T T T T T T T
1960 1970 1980 1990 2000 2010 2020
Year at diagnosis or death
Prostate : Males
All ages
o |
©
o ]
<
o
o o
o N
o
o
— o 4
5]
o
o
7]
< ) "
T T T T T T T
1960 1970 1980 1990 2000 2010 2020
Year at diagnosis or death
Corpus uteri : Females
All ages
o
o‘ —
N
o < |
g
o
IS4
5]
Q o
x < 7
7]
<
N
N

T T T T T T T
1960 1970 1980 1990 2000 2010 2020

Year at diagnosis or death

Figure 5B. Observed and modelled trends in cancer incidence (1985-2015) and mortality (1958—-2018) rates: Major sites.
ancidence: data from Yamagata, Fukui, and Nagasaki Prefectures, Mortality: national data. PStandardized to the

Japanese model population in 1985.

overdiagnosis.®> Despite the possibility of overdiagnosis, both
prostate and thyroid cancers showed significant decreases in
mortality. Refinements in diagnosis, treatment and disease
management could have contributed to those trends in mortal-
ity.6061.63.64 Malignant lymphoma showed a pattern of sharp
increase in incidence and no clear change in mortality, but
changes in lifestyle and improvements in diagnosis and
prognosis, as well as in coding of registry data, have been
proposed as underlying factors.5>-6
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Some of the reduction in cancer mortality observed in the
present and previous studies''™!3 likely reflects improvements in
the prognosis of cancer patients. This effect can be seen in the
divergence between trends in incidence and mortality (Figure 5),
which is consistent with the evidence of improved diagnosis,
treatment, and disease management cited in Table 5. Indeed,
several studies on hematological cancers showed that the
introduction of a new drug or treatment was associated with a
reduction in mortality at the national level.”~%° Studies using
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Figure 5C. Observed and modelled trends in cancer incidence (1985-2015) and mortality (1958-2018) rates: Sub-major sites.
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Japanese model population in 1985.

population-based cancer registries have also reported increases
in survival rates that can be interpreted as a reflection of
improvements in treatment.**7%73 Qur study group is planning
to update these reports using the most recent MCIJ dataset
(patients diagnosed in 1993-2015).

A strength of the present study is the representativeness of the
data. Mortality data were from the national vital statistics and
based on a complete mandatory reporting system. Incidence data
were from three prefectures, but the representativeness of the data
in terms of secular trends has been validated.'>!
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One of the limitations of the present study is that the trends in
cancer incidence might have been affected by an improvement in
the completeness and data quality of prefectural cancer registries.
Indeed, even in the three present prefectures that have long-term
high-quality data, there was a slight increase in completeness and
quality indices during the first decade of the 2000s (eFigure 4).
The observed increases in incidence in this period might therefore
reflect an improvement in data completeness. A second limitation
is that our analysis was only descriptive. Furthermore, the cancers
we analyzed were not grouped into clinically relevant subtypes.
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As stated above, further research is required to clarify factors
underlying the observed cancer trends, such as analyses according
to clinical stage or histological type and modelling approaches.

In conclusion, this analysis of cancer trends in Japan revealed
that the ASR of all-cancer incidence started to decrease
significantly in males and level off in females in 2010, after a
long-term intermittent increase. The convergence of an increase
in all-cancer incidence was mainly due to the slowing down of
prostate and breast cancers in males and females, respectively.
The ASR of all-cancer mortality continued to decrease, the main
contributing cancer sites of which were still stomach, liver, and
male lung.
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