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ABSTRACT —— Unlike various foreign countries, the quality assurance system of cancer screening is insufficient
in Japan. In particular, it has been difficult for lung cancer screening to maintain accuracy because the boundary
with the tuberculosis screening program was not clear. However, the national government is constructing a qual-
ity assurance system of cancer screening because the position of cancer screening in a national cancer control
planning was clarified after passing anti-cancer measures. Tools of quality assurance such as "Checklist for the
screening project evaluation” and "Quality assurance items that should be described in specifications” have been
discussed at the cancer screening committee in national government, Moreover, the quality assurance index has
been reported in Miyagi and Osaka Prefecture according to municipalities. It is worth considering instituting lung
cancer screening specialist authorization to establish the reliability for the lung cancer screening in the future.
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Problems of Lung Cancer Screening System—Nakayama

Table 1.
came 50% or 70%

Prediction of Cancer Mortality Reduction When Attendance Rate of Cancer Screening Programs Be-

mortality reduction mortality reduction

.1, imbalance modified attendance rate X . = death i
?gglutcdtl:(t); of quality mortality by attendance rate number by attendance rate
assurance  reduction  cyprent  targeted 50% 70%  m2005 50 70%

o C1 Cc2 s s
Al az WA B BBz =A3x o=asx p M cighted average
(B1-BO) (B2~B0) 0

stomach 59% 20% 47% 129%  50% 70% 19% 27% 50.311 29% 4.2%
colorectal 60% 20% 48% 17.9%  50% 70% 15% 25% 40.830 1.9% 31%
lung 28% 30% 20% 232%  50% 70% 5% 9% 62.063 1.0% 1.7%
breast 19% 0% 19% 11.3%  50% 70% 7% 11% 10,808 0.2% 04%
cervical 78% 20% 62% 136%  50% 70% 23% 35% 5381 04% 0.6%
liver 36% 20% 29% 44%  50% 70% 13% 19% 34,268 1.4% 20%
total 325941 7.8% 12.0%

mortality reduction by cancer screening =
tendance rate of screening programs
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Figure 1. Problems of quality assurance in cancer screen-

ing in Japan.
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Problems of Lung Cancer Screening System—Nakayama

Table 2. Organization of Quality Assurance in Breast Cancer Screening Programs

External controls

Quality
Country assurance Radiological units Pathology laboratory
comimittee L . R .
accreditations site visit accreditations site visit

United Kingdom 2/year No Yes No Yes
France Varies No Yes No Yes
Finland No Yes Yes No No
Iceland No Yes Yes No No
Luxembourg Monthly Yes Yes No No
Netherlands 4-0/years Yes Yes Yes Yes
Norway 2/year No Yes No No
Sweden 2/year Yes No Yes No
Japan No Yes No Yes No
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Figure 2. Checklist for lung cancer screening for screening facilities.
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Figure 3. The minimum items of quality assurance to be described clearly in the specifications for

lung cancer screening.
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Figure 4. Ranking of participation rate of Workup Examination for Lung Cancer Screening According to Municipali-
ties in Osaka Prefecture. (referred to http://www.prefosaka.jp/chiiki/kenkou/gan/ganseiseki/index.html 5/Jan/2009)
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Trends in cancer incidence and mortality in Osaka,
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Yuri Ito," Akiko loka, Masahiro Tanaka, Tomio Nakayama and Hideaki Tsukuma

Department of Cancer Control and Statistics, Osaka Medical Centre for Cancer and Cardiovascular Diseases, Osaka, Japan

(Received June 11, 2009/Revised August 04, 2009/Accepted August 06, 2003/0nline publication September 8, 2009)

It is essential to analyze trends in cancer incidence and mortality
in the evaluation of cancer control activities. Previous studies
from Japan, however, described trends in cancer incidence and
mortality only qualitatively. There have been few studies that
evaluated the trends quantitatively. We calculated age-standard-
ized mortality rates (1968-2006) and incidence rates (1968-2002)
for overall cancer sites and for each major site (stomach, colorec-
tal, liver, lung, prostate, breast, and uterus) in Osaka. We
applied a joinpoint regression model to the trends in incidence
and mortality, in order to identify the joinpoint and estimate
annual percentage change. Then, we quantified the contribution
of individual cancer sites to the change in overall cancer mortal-
ity rate. For the sites that made a major contribution, we
estimated the contribution of the incidence reduction to the
mortality reduction. In Osaka, the overall cancer mortality
started to decrease from 1998. The decrease was largely attrib-
utable to the reduction of stomach and liver cancer mortality
(73% for men, 53% for women). The reduction of mortality from
the two cancer sites could be explained by the decrease in their
incidences {(more than 80% for stomach, approximately 100%
for liver). Female breast cancer incidence and mortality were
both increased probably due to lifestyle changes and delayed
introduction of an effective screening program among Japanese.
in conclusion, the decreased overall cancer mortality in Osaka
during the study period was mainly due to natural decreases in
the incidence of stomach and liver cancer, which were attributable
to the decrease in risk factors. {Cancer Sci 2009; 100: 2390-2395)

I t is essential to analyze trends in cancer incidence and mor-
tality in the evaluation of cancer control activities. Almost
all of the studies from Japan in the past, however, described
trends of cancer incidence and muortality only qualitatively.
There have been few studies that evaluated the trends quanti-
tatively.

There has been no national-based cancer registry in Japan.
Since 1975, the cancer incidence data as national statistics have
been estimated from the data from selected cancer registries that
met certain data quality requirements. The number and geo-
graphical distribution of registries that provided data for the
national estimate were different from period to period. Therefore
it is difficult to evaluate the trends in cancer incidence and mor-
tality from the national estimate data.

The Osaka Cancer Registry, established in 1962, is one of the
largest population-based cancer registries in the world and its
database can be used for the evaluation of long-term trends in
cancer incidence. We evaluated the trends in cancer incidence
and mortality in Osaka by sex and major cancer sites in order to
assess the cancer control program in the prefecture.

Methods
Database. From the Osaka Cancer Registry database, we

calculated age-standardized mortality from 1968 to 2006 and
age-standardized incidence rates from 1968 to 2002 for overall

Cancer S¢ci | December 2009 |.vol. 100 | no.12 | 2390-2395

cancer sites and for each major site. We used the 1985 Japanese
Model Population as the standard population for age standardi-
zation. Stomach (ICD [International Classification Code}-10
code C16), colorectal (C18-C21), liver (C22), lung (C33, C34),
breast (C50, female only), uterus (C53-C55), and prostate (C61)
cancer were selected for analysis, because those sites of cancer
were the most common in Japan. In the present study, we could
not analyze cervix and corpus uteri separately, because the num-
ber of death certificates with ‘uterus, not otherwise specified
(NOS)’ was high in the 1970s and 1980s.

Statistical analysis. Joinpoint regression model. We applied

the piecewise log linear regression model, which is known
as the joinpoint regression model, to identify the years when
statistically significant changes in incidence or mortality
trends occurred, using the Joinpoint 3.3 packa§e (Us
National Cancer Institute, Bethesda, MD, USA).(l' These
years are called ‘joinpoints’. The model can estimate the
annual percentage change (APC) of each segment between
joinpoints and test if it is significantly different from zero
(P <0.05). The logarithmic age-standardized incidence or
mortality rate was used as the dependent variable, and the
year of diagnosis or death was used as the independent vari-
able in the model. We set the number of joinpoints in each
cancer trend to a minimum of 0 and maximum of 3 to find
best fit model using permutation test method and assumed
constant variance and uncorrelated errors in the calculation.
The latest 10-year trends of incidence and mortality were
evaluated using the estimated average APC.
Contribution of individual cancer sites to the change in
overall cancer mortality rates. We calculated the contribution
of individual cancer sites to the total change in overall cancer
mortality rates based on the methods presented in the annual
report ‘Cancer Statistics’ from the American Cancer Society
since 2007.%* In brief, all cancer sites were divided into two
categories, namely ‘cancers with decreasing mortality’ and ‘can-
cers with increasing mortality’, and the total decrease or
increase in each category was calculated, as well as the contribu-
tion of individual cancer sites to the total decrease or increase of
each category. As a point where the overall cancer mortality
starts to decrease, we used the peak year identified by the join-
point regression model. The contribution of individual sites was
calculated using the following equation, where ri(f) represents
mortality rate for site k in year ¢, #o is the peak year (1998 in this
study), and ¢, is the latest year available (2006 for mortality):

(o) — n(t)

2oAn() — (1)}

Contribution of the incidence reduction to the mortality
reduction. For the cancer site with decreasing mortality that
made a major contribution to the total reduction in mortality
described above, we calculated the contribution of the incidence

x 100.
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Fig. 1. Trends in age-standardized incidence and mortality rate for
all sites of cancer in Osaka, Japan, 1968-2006.

reduction to the mortality reduction. We calculated this contri-
bution using the relative changes for mortality rate and inci-
dence rate, assuming that the contribution of incidence was
100% when the trends in incidence and mortality were parallel.

The relative change for mortality rate (RCp,r;) Was calculated
as follows, where M(r) represents the total mortality of the major
cancer in the respective year:

M(to) — M(n)
M(n) '

We assumed that the year of incidence on average preceded
the year of mortality for the duration of the median survival time

(MST) of each cancer site. The MST was estimated based on the
relative survival for cancer patients diagnosed in 1995-1999 in

RCpon = x 100.

Osaka. Then the relative change for the incidence rate (RCj,c)

was calculated as follows, where I(f) represents the total inci-

dence of the major cancer in the respective year:

I{ty — MST) — I(t; — MST)
I(ty — MST)

RCine = x 100.

Then the contribution of the incidence reduction to the mor-
tality reduction (%) in each cancer site was defined as:

R Cinc

x 100.
RCinont

When the percentage was more than 100%, we substituted
100% for it.

Results

Trends in overall incidence and mortality. The results of join-
point regression analysis are shown in Table 1 for trends of mor-
tality and in Table 2 for trends of incidence. The trends in the
overall cancer incidence and mortality by sex are shown in Fig-
ure 1. The trends in incidence and mortality by sex for the major
cancer sites are shown in Figure 2.

The overall cancer mortality for men increased until 1985,
and leveled-off between 1985 and 1998, then decreased by-
2.06% per year since 1998, Similar trends were observed for the
overall incidence. For women, the trends of incidence increased
by 1.28% per year between 1971 and 1985 (P < 0.05), then lev-
eled-off from 1998. The overall mortality rates for women
decreased gradually all through the observation period.

Trends of individual cancer sites. Stomach cancer. For both
sexes, the trends of incidence and mortality rates decreased.
Compared with the 1970s and 1980s, the difference between
incidence rate and mortality rate widened after the 1990s. But
during the latest period, the trends of incidence and mortality
rates paralleled.
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Fig. 2. Trends in age-standardized incidence and mortality rate by site and sex in Osaka, Japan, 1968-2006.
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Table 3. Contribution of individual cancer sites to the change in
overall cancer mortality rates in Osaka, Japan

Age-
standardized Change L
site mortality 9 Contribution
(per 100 000) (%)
1998 2006  Absolute Relative
Men
All 255.0 2175 -37.5 -14.7
Decreasing
Liver 50.0 32.0 -17.9 -35.9 47.0
Stomach 46.0 36.0 -10.1 -21.9 26.3
Lung 55.5 51.1 -4.4 -7.9 1.5
Lymphoma 7.5 6.4 -1.1 -14.7 2.9
Gallbladder 7.8 6.8 -1.0 -12.9 2.6
Leukemia 53 4.6 -0.7 ~12.8 1.8
Oral cavity 5.2 4.7 -0.5 -9.8 1.3
and pharynx
Esophagus 1.5 11.2 ~0.3 -2.8 0.8
Colon and recturmn  24.5 24.4 —-0.1 -0.5 0.3
Bladder 3.9 3.9 0.0 -0.4 0.0
Others 18.2 16.1 ~2.1 -11.4 5.4
Total of -38.2 100.0
decreasing sites
Increasing
Pancreas 1241 12.5 0.4 3.4 55.5
Prostate 7.3 7.7 0.3 4.4 44.5
Total of 0.7 100.0
increasing sites
Women
All 119.6  106.7 -12.9 -10.8
Decreasing
Stomach 17.4 13.4 -4.1 -23.3 27.5
Liver 14.3 10.6 -3.7 -26.0 25.1
Ltung 17.0 14.9 =21 -12.5 14.4
Colon and rectum  14.5 13.0 -1.5 -10.3 10.1
Gallbladder 6.4 5.2 ~-1.3 -19.7 8.6
Uterus 6.2 5.5 -0.8 -12.2 5.2
Leukemia 3.0 2.8 -0.2 -7.6 1.5
Bladder 1.0 0.9 -0.1 -10.6 0.7
Oral cavity and 1.4 1.3 -0.1 -7.0 0.7
pharynx
Lymphoma 4.1 40 -0.08 -1.9 0.5
Others 13.9 1341 -0.8 -6.1 5.7
Total of -14.8 100.0
decreasing sites
Increasing
Breast 12.0 12.9 0.9 7.4 47.6
Pancreas 6.8 7.5 0.8 1.2 40.4
Esophagus 1.5 1.7 0.2 14.8 12.0
Total of ~1.9 100.0

increasing sites

Colorectal cancer. The trends of incidence rate for both sexes
were similar. Incidence rates for both sexes increased signifi-
cantly until 1993, and gradually decreased since 1993. The mor-
tality rates have not decreased yet, though.

Liver cancer. The incidence and mortality rates for both sexes
decreased from the middle to end of the 1990s. The differences
between the incidence and mortality rate were minimal.

Lung cancer. Until the middle to end of the 1980s, both
incidence and mortality rates increased. Both incidence and
mortality rates for men and the mortality rate only for women
leveled-off since the middle to end of the 1980s. But the
incidence for women was still increasing.

ito et al.
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Breast cancer. Both incidence and mortality rates had increased
significantly. The difference between incidence and mortality
rates became a little wider between the 1970s and 1980s. The
trends in the difference paralleled since 1985.

Uterus cancer. The latest joinpoint was the year of 1992 for
incidence and the year of 1993 for mortality rates. Before the
joinpoints for both incidence and mortality rate, those rates were
rapidly decreased (APC: -5.03 for incidence, -5.24 for mortal-
ity). After the joinpoints degree of the decreases was getting
smaller (APC: —1.81 for incidence, ~1.01 for mortality).
Prostate cancer. Both incidence and mortality rates increased.
The incidence increased remarkably from 1990.

Contribution of individual cancer sites to the change in overall
cancer mortality rates. Table 3 shows the contribution of indi-
vidual cancer sites to the total changes in overall cancer mortal-
ity rates. Overall cancer mortality rates peaked in 1998 for men
and did not show a peak for women. Therefore, we calculated
the contribution using the change between 1998 and 2006 both
for men and women. Overall cancer mortality rates decreased by
14.7% for men and by 10.8% for women between 1998 and
2006. Stomach and liver cancer contributed by more than 25%
to the total decrease in mortality; the two sites combined con-
tributed 73% for the total decrease in men, and 53% in women.

Contribution of the incidence reduction to the mortality
reduction. The contributions of the incidence reduction in stom-
ach and liver cancer to the reduction in their respective mortality
are shown in Table 4. The relative change for mortality was cal-
culated between 1998 and 2006. Median survival time was
5 years for stomach cancer and 1 year for liver cancer. Then the
relative change for incidence was calculated between 1993 and
2001 for stomach cancer, and between 1997 and 2004 for liver
cancer (2004 is the latest year of incidence at the moment).
Nearly 100% of the decrease in liver cancer mortality could be
attributed to the decrease in incidence for both sexes. For stom-
ach cancer, more than 80% of the decrease in mortality was
attributed to the decrease in incidence.

Discussion

The decrease in the overall cancer mortality in Osaka since
the end of the 1990s is largely attributable to the reduction in
the mortality rates of stomach and liver cancer for both sexes.
The decrease in mortality from the two cancer sites could be
explained mostly by the reduction in each incidence (more than
80% for stomach cancer, 100% for liver cancer). The prevalence
of risk factors for stomach cancer, such as high salt intake, low
fresh ve%etable consumption,””’ and infection of Helicobacter
pylori,®" decreased in Japan in the past several decades, which
reduced the incidence in part. A possible explanation for the
remaining 20% of the decrease could be early diagnosis due to a
screening program and improvement of treatments. Previous
study about trends of cancer survival in Osaka found that
approximately 60% of improved survival could be explained by
the effect of early diagnosis of stomach cancer.® Hepatitis C
virus (HCV) is known as the main risk factor for liver cancer in
Japan. A decrease in HCV-related hepatocellular carcinoma
incidence has been confirmed in Osaka."”” Both stomach and
liver cancer mortality were reduced by the decrease in the preva-
lence of risk factors.

Both incidence and mortality of breast cancer were increased
in Osaka during the study period. These trends seemed due to
changes in lifestyle that were related to risk factors'®'* and
the delayed introduction of an effective screening program for
breast cancer among Japanese. In parts of Europe and North
America, mortality of breast cancer started decreasing in the
1990s mainly due to the effect of systematic mammography
screening. ">~ In Osaka, some municipalities started the mam-
mography screening from around 2000, but the screening is not
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Table 4. Contribution of the incidence reduction at major cancer sites to the total reduction in mortality in Osaka, Japan

Age-standardized
mortality rate
(per 100 000)

Relative
change (%)

Age-standardized
incidence rate
(per 100 000)

Explained by
incidence
reduction (%)

Relative
change (%)

1998 2006 1993 2001
Stomach
Men 46.0 36.0 -21.9 92.0 74.9 -18.5 84.7
Women 17.4 134 -23.3 35.8 29.0 -18.0 81.6
Liver 1998 2006 1997 20041
Men 50.0 32.0 -35.9 59.9 36.3 -394 100.0%
Women 14.3 10.6 -26.0 17.8 12.3 -31.0 100.0%

+The latest incidence data was 2004, thus we could not use the 2005 data here. 3The figure was substituted as 100%, because the % was more

than 100 (109.7 for men and 119.1 for women).

so effective. The proportion who were participated in the screen-
ing program was 14.9% in Osaka, which was lower than that
in the whole of Japan (20.9%)® and much lower than that in
Finland (87% in 2005, ages 5069 years)," the UK (73.8% in
2006/2007, ages 50-70 years),?? and the USA (76%).?"

A slight decrease in lung cancer mortality for men could be
explained by the decrease in its incidence among the birth
cohort born in the late 1930s, which may be partlz% ex)plained by
limited supply of tobacco after World War 1175729 Possibly,
this decreasing trend is temporal because the tobacco supply
increased as the economy recovered later. Among women, lung
cancer incidence in Osaka is slightly increasing as in European
countries® and the USA.“?9 In particular, the prevalence of
smoking and lung cancer mortalit%f in Osaka has been higher
than in other prefectures in Japan. *) We need to monitor the
trends carefully and continue promoting tobacco control.

Trends in colorectal cancer incidence have leveled-off since
1993 as have those for mortality since 1996. There was a slight
decrease in incidence for women and in mortality for both sexes,
but the APC was small. The difference between incidence and
mortality for colorectal cancer was wider from the 1970s to the
mid-1990s for both sexes. These trends would be due to
improvements both in treatment and early diagnosis. But the
magnitude of impact from different contributing factors, such as
the change in risk prevalence and improvement in screening and
treatments, is still unclear. We need more detailed study of the
trends in survival, age, and sta&e-speciﬁc incidence and mortal-
ity, as reported from the USA.®®

The incidence and mortality of uterus cancer consistently
decreased during the study period. But the trend in mortality lev-
eled-off from 1993 and the APC of incidence decreased from
1992 and both trends became parallel. This might be due to the
effect of the Papanicolau screening test in reducing the risk of
invasive cancer incidence and mortality. A previous study
reported that the incidence of carcinoma in situ among young
people (under the age of 30 years) has increased in recent years
and the incidence of invasive cancer decreased in Japan, due to
screening of pregnant women.® But in Osaka, the coverage of
cervical cancer screening was lower than the coverage of Japan
as a whole (18.3% in Osaka, 21.3% in Japan)‘(m) So, we can
expect a further reduction in incidence and mortality if the popu-
lation-based cancer screening is more effectively conducted.

As in other countries in Europe and North America, prostate
cancer incidence increased partly due to the overdetection of the
cancer from the wide use of the prostate-specific antigen (PSA)
test. The mortality of prostate cancer increased too, which could
be also explained, at least in part, by wider use of the PSA test
for otherwise undiagnosed patients. The effect of population-
based PSA screening is still controversial, 8%

2394

Limitations. The population of Osaka was large enough to have
stable trends of statistics annually. But the characteristics of the
cancer statistics in Osaka might be different from those of Japan
overall. For example, mortalities from liver and lung cancers in
Osaka were higher than those of Japan,m) and the survival from
some cancers was lower in Osaka than in other prefectures.m)
Therefore we may not be able to generalize the results of the pres-
ent study to Japan as a whole. To evaluate cancer control in Japan,
we strongly hope that the Japanese government will establish a
cancer surveillance system in the near future.

We should keep in mind the changes in the completeness of
cancer registration in Osaka when we evaluate the incidence
trends. The percentage of cases registered by death certificate
only, which is often regarded as an index for the completeness,
was approximately 10-15% and stable in the Osaka Cancer Reg-
istry during the most recent two decades.®*3> Therefore, we
considered that the influence of the change in completeness on
the trends was small,

In the method used to estimate the contribution of the inci-
dence reduction to the mortality reduction, we assumed the med-
ian survival time as the time lag between incidence and death.
Under this assumption, the contribution of the incidence reduc-
tion to the mortality reduction (%) for liver was more than
100%, which was unrealistic.

We only analyzed the age-standardized rate for all ages. The
age of cancer patients in general is rapidly getting higher, but
the effectiveness of some cancer control activities, such as pri-
mary prevention, are unclear among the older population. Future
study will be needed to identify the trends in incidence and mor-
tality by age group, because some cancer control programs, such
as screening, are targeted at specific age groups.

Conclusion

The results of our quantitative analyses suggest the possibility
that the decreased overall cancer mortality in Osaka during the
study period was mainly due to natural decreases in the incidence
of stomach and liver cancer, which were attributable to the
decrease in risk factors, rather than to the effect of secondary pre-
vention or improved treatment. For the reduction of mortality in
other major cancers, we need improved cancer control programs.
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