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Abstract

The increased use of neuroimaging and the aging of society have changed the incidence and
proportion of histological types of intracranial tumors in Japan. A population-based epidemio-
logical survey has been reported only from Kumamoto Prefecture. We performed a 10-year survey
in Miyazaki Prefecture to compare our findings with the incidence rate (IR) of primary intracra-
nial tumors (PIT) reported in the Kumamoto survey. Our study included 1915 new cases of PIT
diagnosed in Miyazaki Prefecture between 2007 and 2016. The crude IR was 16.97/100000/year.
The most common tumor was meningioma (46.3%), followed by glioma (17.1%), pituitary
adenoma (13.1%), schwannoma (8.2%), and malignant lymphoma (3.8%). The age-specific IR of
all PITs and of meningiomas, gliomas, pituitary adenomas, schwannomas, lymphomas, and germ
cell tumors was similar in both prefectures. To directly compare with the age-adjusted IRs
reported in the Kumamoto survey, we calculated the IR for the two prefectures. The age-adjusted
IR of primary brain tumors in Miyazaki Prefecture was 14.65/100000/year, which was slightly
higher than in the Kumamoto survey (14.09/100000/year between 1989 and 2008). The age-
adjusted IR of glioma, schwannoma, and malignant lymphoma showed only a small difference
between Miyazaki and Kumamoto. However, the age-adjusted IR of meningiomas was higher in
Miyazaki than Kumamoto (6.15- vs. 4.97/100000/year), but the IR of pituitary adenoma was
higher in Kumamoto than Miyazaki (2.66- vs. 2.13/100000/year). Although there were some
differences between the two surveys, the IR of PIT showed a similar pattern in Kumamoto and
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Miyazaki, which are neighboring districts on Kyushu Island.
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Introduction

The reported increase in the incidence of brain
tumors is attributable to advances in diagnostic
procedures using CT and MRI studies. These tumors
tended to be observed in individuals with advanced
age.'™ Short-term epidemiological studies have been
conducted.*® For example, a study from Nordic
countries showed an increase in gliomas and
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meningiomas between 1974 and 2003 but revealed
flattening trends in the years from 1998 to 2003.”
As many societies are aging, the age-adjusted inci-
dence rate (IR) of brain tumors must be investigated.

The Brain Tumor Registry of Japan, which was
created to identify the statistical characteristics of
brain tumors diagnosed since 1975, includes the
number of brain tumors, their location, the rate of
different types, and their survival rates but does
not include the age-adjusted IR. The age-adjusted
IR of primary brain tumors in Japan has been
reported only for Kumamoto Prefecture where the
overall age-adjusted IR increased from 9.47/100000/
year in 1989-1994'? to 10.97/100000/year in 1989—
1998% and to 14.09/100000/year in 1989-2008.'V
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To determine whether regional surveys reflect the
entire Japanese population, we conducted a 10-year
(2007-2016) epidemiologic study in Miyazaki Prefec-
ture and compared our findings with those of the
Kumamoto survey.

Patients and Methods

Study population

The Institutional Review Board of Miyazaki
University Hospital, Japan, approved our study
(approval number 360). Miyazaki Prefecture (popu-
lation of approximately 1100000) is located in
southeastern Kyushu Island, which is the third
largest Japanese island. It is adjacent to Kumamoto
Prefecture (population of approximately 1860000);
the land areas are similar in size (Miyazaki: 7735 km?,
Kumamoto: 7409 km?). According to the decennial
census, the annual population movement into or
out of Miyazaki Prefecture between 2007 and 2016
was negligible (from -0.97% to +0.28%).

In Miyazaki Prefecture, there are 16 hospitals or
clinics associated with Miyazaki University Hospital.
They have professional staff and modern medical
facilities and are equipped to perform both diag-
nostic CT and MRI studies and to care for patients
with intracranial tumors.

Summary of registered patients

Registration information on all new patients
diagnosed at the 16 facilities between 2007 and
2016 included their age, sex, the district of their
residence, the date of diagnosis, and the patholog-
ical diagnosis. All included information was carefully
checked to avoid double registration. Residents were
defined as individuals who resided within the
physical limits of Miyazaki Prefecture for at least
1 year prior to diagnosis. For the incidence date,
we used the first day of hospitalization during which
the diagnosis was made for inpatients, or the date
on which the CT or MRI studies resulted in a diag-
nosis of brain tumor for outpatients. Except for
angiomas, we included all primary intracranial
tumors (PITs) defined by the World Health Organization
(WHO) classification of 2000.

Incidence rate

All data are based on the census data for Japan
and Miyazaki Prefecture. Population figures were
obtained from published decennial tabulations for
Miyazaki Prefecture and Japan.

First, the crude annual IR was calculated from
the total number of brain cancer patients and the
total population of Miyazaki Prefecture and applied
as the average IR over the 10 years (2007-2016)
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included in this study. The population of Miyazaki
Prefecture for the 10-year study period (n = 1128411)
was taken as the average of the mid-year estimates
for 2011 and 2012; population data were based on
the 2011 and 2012 censuses.

To calculate the age-specific IR, we used the total
number of patients diagnosed in each of the 10 years
as the numerator and the population number for
each age distribution, extracted from the Ministry
of Internal Affairs and Communications data, as the
denominator. The age-specific IR was calculated for
all PITs and for each type of intracranial tumor.

The adjusted rates allow an overall comparison
among different populations because the rates are
standardized for dissimilarities in the age and sex
distributions. To directly compare our findings with
the reported age-adjusted IR in the Kumamoto survey
for the years between 1989 and 2008, we calculated
the age-adjusted IR for Miyazaki using the Japanese
population estimate in the year 2000 as the standard,
as was used in the Kumamoto survey.'V

Results

Crude incidence

During the 10-year period from 2007 to 2016, 1915
new cases of primary brain tumors were diagnosed
and registered in Miyazaki Prefecture. Table 1 lists
the type distribution of the 1915 intracranial tumors
and the crude incidence of each tumor type. The
most common tumors were meningiomas (46.3%),
followed by gliomas (17.2%), pituitary adenomas
(13.1%), schwannomas (8.2%), malignant lymphomas
(3.8%), and Rathke’s cleft cysts (2.9%). The crude
IR for all PITs was 16.97/100000/year.

Of the 1915 intracranial tumors, 52.0% were
confirmed histologically. Most tumors that were
incidentally diagnosed clinically or radiologically
were benign and tended to not be operated on at
the time of their registration in the database. There-
fore, the histological confirmation rate was 39.1%
for meningiomas, 46.8% for pituitary adenomas,
and 27.3% for Rathke’s cleft cysts (Table 1). The
histological confirmation rate was higher for malig-
nant tumors (gliomas: 81.3%, malignant lymphomas:
66.7%, germ cell tumors: 93.8%, medulloblastomas,
100%). Of the gliomas, 8% were asymptomatic, as
was 1.4% of malignant lymphomas; no germ cell
tumors and medulloblastomas were asymptomatic.

Age-specific incidence rate

The average annual sex- and age-specific incidence
of all PITs is shown in Fig. 1. The IR of PITs
increased in the first eight age groups (0-79 years);
the patterns for males and females were similar.



494 F. Matsumoto et al.

Table 1 Distribution of primary intracranial tumors in Miyazaki Prefecture between 2007 and 2016

T Number of cases (%) o Crude Hist'()logigzal Asymptomatic
umor type incidence/100000/ confirmation S
Total Male Female year rate (%) ratio (%)

Meningioma 886 (46.3) 218 (30.3) 668 (55.9 7.86 39.1 66.9
Glioma 329 (17.2) 180 (24.8) 149 (12.5 2.89 81.3 8
Pituitary adenoma 250 (13.1) 109 (15.2) 141 (11.8 2.22 46.8 40.4
Schwannoma 157 (8.2) 8 (9.5) 89 (7.5) 1.4 63.1 17.2
Malignant 2(3.8) 3(6) 29 (2.4) 0.64 66.7 1.4
lymphoma
Rathke’s cyst 5 (2.9) 18 (2.5) 37 (3.1) 0.49 27.3 59.3
Hemangioblastoma 8 (1.5) 16 (2.2) 12 (1) 0.25 75 25
Craniopharyngioma 5 (1.3) 10 (1.4) 15 (1.3) 0.22 64 20
Germ cell tumor 6 (0.8) 14 (1.9) 2 (0.2) 0.14 93.8 0
Epidermoid 5(0.8) 8 (1.1) 7 (0.6) 0.13 60 46.2
Medulloblastoma 1 (0.6) 4 (0.5) 7 (0.6) 0.1 100 0
Others 1(3.7) 33 (4.6) 38 (3.1) 0.63 33.8 54.9
Total 1915 (100) 721 (100) 1194 (100) 16.97 52 40.1

» year; females, 0.36/100000/year). With advancing

© age, the meningioma IR showed a marked gender
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Fig. 1 Graph shows the average annual sex- and
age-specific incidence of intracranial tumors in Miyazaki
Prefecture. Closed circle: male, open circle: female.

Males and females in the 70-79-year group mani-
fested the highest IR; the IR was 28.51/100000/year
for men and 41.17/100000/year for women. In all
age groups except for individuals aged 10-19 years,
the IR was slightly higher in females than males.

As shown in Fig. 2A, the IR of meningiomas
increased with age in both males and females.
However, in the 20-29-year-old group, it was slightly
higher in males than females (males, 0.82/100000/

difference. Among individuals aged 70-79 years,
the peak IR was 28.44/100000/year in females vs.
12.93/100000/year in males.

The age-specific IR of gliomas peaked at 5.67/100000/
year in males in the 70-79-year group and at
4.34/100000/year in females older than 80 years
(Fig. 2B). In most age groups, the IR of glioma was
higher in males than females.

In males, the rate of pituitary adenomas increased
with age; it peaked at 3.71/100000/year in 70- to
79-year-old males. In females, we noted three peaks.
The first was 2.55/100000/year in 30-39-year-old
women; the second was 4.19/100000/year (50-59
years of age); and the third peak was 3.49/100000/
year in women aged 70-79 years (Fig. 2C) and lower
than in males of the same age.

In our survey, 79% of schwannomas originated
at a vestibular nerve; 63.1% of these tumors were
histologically confirmed. The age-specific peak IR
was 2.66/100000/year in males aged 70-79 years;
it was 3.30/100000/year in females 60-69 years of
age (Fig. 2D).

The incidence of malignant lymphomas increased
with age, especially in males. In males and females
older than 60 years, the incidence was markedly
increased. The peak incidence was 2.53/100000/
year in males older than 70 years; in females between
the age of 70 and 79 years, it was 1.23/100000/year
(Fig. 2E).
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Fig. 2 Graph shows the average annual sex- and age-specific incidence rates in Miyazaki Prefecture. (a) Meningioma,
(b) glioma, (c) pituitary adenoma, (d) schwannoma, (e) malignant lymphoma, (f) germ cell tumor.
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The peak incidence of germ cell tumors was
1.58/100000/year in males aged 10-19 years. It was
8.6 times higher than in females of the same age
(Fig. 2F).

Age-adjusted IR

As shown in Table 2, the average annual age-adjusted
IR of PITs diagnosed between 2007 and 2016 was
14.65/100000/year, which was slightly higher than in
the Kumamoto survey (14.09/100000/year [1989—-2008]).
Among males residing in Miyazaki Prefecture, the
age-adjusted incidence was 12.05/100000/year; among
females, it was 16.89/100000/year.

Among PITs, meningiomas had the highest IR. The
age-adjusted IR was 6.15/100000/year (males: 3.36-,
females: 8.56/100000/year). The next highest IR was
for gliomas; the age-adjusted IR was 2.59/100000/year
(males: 3.03-, females: 2.19/100000/year). Males had
a higher IR of gliomas, malignant lymphomas, heman-
gioblastomas, germ cell tumors, and epidermoid cysts.
Females had a higher IR of meningiomas, pituitary
adenomas, schwannomas, Rathke’s cleft cysts, cranio-
pharyngiomas, and medulloblastomas. The IR of
meningiomas was 2.5 times higher in females than
in males. In comparison, the IR of germ cell tumors
was 7.5 times higher in males than in females.

Discussion

This is the first population-based study of primary
brain tumors from Miyazaki Prefecture. During the

Table 2 Age-adjusted incidence rate using the year 2000
Japanese population as a standard

Incidence/100000/year M/F

Tumor type

Total Male Female @t0
Meningioma 6.15 3.36 8.56 0.39
Glioma 2.59 3.03 2.19 1.38
Pituitary adenoma 2.13 1.91 2.33 0.82
Schwannoma 1.24 1.17 1.32 0.88
Malignant 0.49 0.66 0.37 1.78
lymphoma
Rathke’s cyst 0.54 0.34 0.72 0.48
Hemangioblastoma 0.26 0.3 0.21 1.43
Craniopharyngioma  0.22 0.18 0.26 0.67
Germ cell tumor 0.17 0.3 0.04 7.74
Epidermoid 0.13 0.15 0.12 1.28
Medulloblastoma 0.11 0.08 0.15 0.51
Others 0.62 0.61 0.6 1.02
All tumor 14.65 12.05 16.89 0.71

10-year period from 2007 to 2016, 1915 cases of
primary brain tumors were newly diagnosed in
Miyazaki Prefecture. The crude IR for all PITs was
16.97/100000/year.

Currently, the only reliable regional Japanese
survey is available from Kumamoto Prefecture. As
Miyazaki and Kumamoto prefectures are adjacent
areas on Kyushu Island and although Miyazaki is
more rural than Kumamoto and its aged population
is greater than that of Kumamoto, we performed a
10-year epidemiologic survey in Miyazaki Prefecture
to compare the IR of PITs in the two prefectures.

To directly compare our findings with the reported
age-adjusted IR for Kumamoto, we calculated the
age-adjusted IR using the Japanese population
estimate from the year 2000 as the standard, as was
used in the Kumamoto study, rather than the mid-year
census data.!¥ We found that the average annual
age-adjusted IR of PITs was 14.65/100000/year in
Miyazaki, which was considerably lower than the
crude IR (16.97/100000/year). This observation can
be explained by the progressive aging of Japanese
society and by population movement from provinces
to big cities over time.

The age-specific IR of primary brain tumors in
both prefectures exhibited a similar pattern for not
only all PITs but also for meningiomas, gliomas,
pituitary adenomas, schwannomas, lymphomas, and
germ cell tumors. However, the age-adjusted IR of
primary brain tumors was slightly higher in Miyazaki
than Kumamoto (14.65/100000/year between 2007
and 2016 vs. 14.09/100000/year between 1989 and
2008). This small difference may be attributable to
the different periods during which the surveys were
conducted. Three reports in the Kumamoto survey
showed that the age-adjusted IR gradually increased.
In the report covering the years from 1989 to 1994,
the IR was 9.47/100000/year,'” and between 1989
and 1998, it increased to 10.97/100000/year. In the
period from 1989 to 2008, it was even higher
(14.09/100000/year).*'V The close age-adjusted IRs
suggest that both surveys yielded reliable data.

Although there was only a small inter-prefecture
difference in the rate of gliomas, schwannomas, and
malignant lymphomas, there was a marked difference
in the rate of meningiomas (Miyazaki: 46.3%,
Kumamoto: 36.8%). In Miyazaki, 886 of 1915 PITs
(46.3%) were meningiomas; 668 of 1194 (55.9%)
brain tumors diagnosed in women, who tend to live
longer than men, were meningiomas.

For a direct inter-prefecture comparison, we
calculated the age-adjusted IR using the Japanese
population estimate from 2000 as the standard. Even
after compensation, the age-adjusted IR of menin-
giomas in Miyazaki was higher than in Kumamoto
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(6.15- vs. 4.97/100000/year). It is possible that the
number of CT and MRI studies of asymptomatic
patients was higher in Miyazaki than Kumamoto
institutions; histological meningioma confirmation
was obtained in 39.1% of Miyazaki and 47% of
Kumamoto patients.

According to published epidemiological surveys
conducted in several countries, the age-adjusted
IR of primary brain tumors ranges from 8.7 to
18.1/100000/year.®1*!? Calculating the age-adjusted
IR using a common standard population allows for
comparisons of rates across regions with different
age structures. Central Brain tumor Registry of the
United States (CBTRUS) reported that the age-ad-
justed IR of total primary brain (malignant and
non-malignant) tumors was 18.16/100000/year,
which is adjusted to the U.S. standard population
in 2000. Our calculation of age-adjusted IR of PITs
was 14.65/100000/year, which is slightly lower in
Miyazaki than in the U.S.

In comparing the age-adjusted IR for tumor types
between the U.S. and our data, we found that the
IRs of meningiomas (6.03/100000/year in U.S. vs.
6.15/100000/year in Miyazaki), pituitary adenomas
(2.22/100000/year in U.S. vs. 2.13/100000/year in
Miyazaki), and schwannomas (1.57/100000/year in
U.S. vs. 1.24/100000/year in Miyazaki) were similar.
However, there was a difference in IRs for gliomas
(3.18/100000/year glioblastomas only in U.S. vs.
2.59/100000/year gliomas total in Miyazaki) and
germ cell tumors (0.08/100000/year in U.S. vs.
0.17/100000/year in Miyazaki).'?

In addition, the calculated age-adjusted IR of
glioblastomas for Miyazaki was 1.26/100000/year.
The most recent literature from the U.S. reported
age-adjusted IRs by race categories including White,
Black, American Indian/Alaskan Native (AIAN), and
Asian/Pacific Islander (API). The rate of glioblas-
tomas was highest in White (3.49/100000/year)
compared to Black (1.79/100000/year), AIAN
(1.43/100000/year), and API (1.46/100000/year)
populations.'® Interestingly, the age-adjusted IRs of
people of color in our research was almost similar.

Other studies have reported that the incidence of
germ cell tumors is higher in East Asia, including
Japan, than in Western countries.®!2¥ The incidence
of central nervous system (CNS) germ cell tumors
in the year 2000 was 0.023/100000/year in the
country of Georgia.? From 1989 to 1990, its crude
incidence was 0.1/100000/year in Scottish Lothian.?
McCarthy et al. found that the incidence of primary
CNS germ cell tumors in the Japan Cancer Surveil-
lance Research Group (JCSRG) and the U.S. was
not significantly different.’® However, our findings
suggest that the IR of germ cell tumors was
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somewhat higher in Japan than in Western countries.
According to our Miyazaki survey, the age-adjusted
IR of germ cell tumors was 0.17/100000/year. In
Kumamoto, the age-adjusted IR between 1989 and
1994 was 0.17/100000/year; it was 0.18/100000/
year between 1989 and 2008. There was no signif-
icant inter-prefecture difference. The JCSRG reported
that the incidence of CNS germ cell tumors decreased
over time in males; in females, it remained the
same. The IR was 0.096/100000/year (males: 0.143-,
females: 0.046/100000/year). However, their database
analysis is not representative of the entire Japanese
population.

Our study has some limitations. It is a relatively
small regional study (population of approximately
1100000), and only 52% of the tumors were histologically
confirmed. Many non-malignant brain tumors were
not confirmed by histology; the confirmation rate for
meningiomas was 39.1%. However, advances in
neuroimaging rendered a definitive diagnosis of
meningioma by CT or MRI possible, and the wide
availability of neuroimaging instrumentation facilitates
the non-invasive tracking of tumor growth. With the
aid of CT and MRI, our knowledge of the natural
history of meningiomas will expand.'®

Conclusion

We surveyed 1915 new cases of PIT diagnosed in
Miyazaki Prefecture between 2007 and 2016. The
age-adjusted IR of primary brain tumors was
14.65/100000/year, which was similar to the finding
in the Kumamoto survey (14.09/100000/year between
1989 and 2008). Although the inter-prefecture differ-
ence was small, the age-adjusted IR of meningiomas
was higher in Miyazaki than Kumamoto (6.15- vs.
4.97/100000/year). In contrast, the incidence of
pituitary adenomas was lower in Miyazaki than
Kumamoto (2.13- vs. 2.66/100000/year).
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