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Abstract
Object Brain tumors are the most common solid tumors in
children and their prognosis is poor. Epidemiologic data
from a population-based cancer registry provide the
information necessary to determine the incidence rate of
pediatric brain tumors. The aim of this study was to
determine the epidemiology of childhood primary intracra-
nial tumors in Kumamoto Prefecture, Japan.
Methods We surveyed 210 patients younger than 15 years
who were diagnosed with primary intracranial tumors
between 1989 and 2008; 159 (75.7%) of the tumors were
confirmed microscopically.
Results The age-adjusted annual incidence rate was 36.1
cases per million children. The boys/girls ratio was 1.31.
The age-specific annual incidence rate was 28.5-, 40.9-, and
38.4 cases per million for the 0- to 4-, 5- to 9-, and 10- to
14-year age group, respectively. The incidence was highest
in 10- to 14-year-old boys (53.6 per million) and lowest in
10- to 14-year-old girls (22.6 per million). The most
common tumor was astrocytoma (35.7%) with an annual
incidence rate of 13.2 per million, followed by germ cell
tumor (14.3%, 5.0 per million), craniopharyngioma (10.5%,
3.8 per million), medulloblastoma (10.0%, 3.7 per million),
and ependymoma (4.8%, 1.5 per million). The distribution
of the tumor type varied with the patient age and gender.
Although there were no germ cell tumors in 0- to 4-year-old
boys, they were the second-most common tumor in 10- to
14-year-old boys. Conversely, while there were no medul-
loblastomas in 10- to 14-year-old girls, their incidence was
high in 0- to 4-year-old girls.

Conclusions In this Kumamoto survey, the incidence rate
of primary intracranial tumors in children was similar to
that in Western countries. However, the incidence and
relative frequency of particular histological types of child-
hood brain tumors such as germ cell tumors and cranio-
pharyngiomas were different between Japan and Western
countries.
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Introduction

Brain tumors are the most common solid tumors in children
younger than 15 years. According to data from cancer
registries, brain tumors represent more than 20% of all
childhood cancers. Although compared to other ethnicities
the incidence of intracranial tumors is low in Asian
populations, we reported elsewhere that the overall age-
adjusted incidence rate in Western and Asian countries was
almost the same [1]. On the other hand, for some types of
tumor, the incidence is different in different ethnic
populations. For example, the incidence of germ cell
tumors is higher in Orientals than Westerners [2, 3]. To
obtain an accurate population-based epidemiological sur-
vey, we investigated the incidence of intracranial tumors in
Japanese children living in Kumamoto Prefecture between
1989 and 2008.

Methods

Study population

Kumamoto Prefecture (population 1,850,000) is located in
the center of Kyushu Island in the southern part of Japan.
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Of its population, 288,000 (15.5%) are children younger
than 15 years. According to the decennial census, popula-
tion movement into and out of Kumamoto Prefecture is
negligible. Between 1989 and 2008, 5,448 new cases of
primary intracranial tumors were diagnosed at 32 hospitals
in Kumamoto Prefecture. These institutions have expert
professional staff and modern equipment, including com-
puted tomography (CT)- and/or magnetic resonance imag-
ing (MRI) scanners to diagnose and treat patients with
intracranial tumors.

Summary of registered patients

Information on all new patients with primary intracranial
tumors diagnosed in the 32 hospitals between 1989 and
2008 was logged. Registration information included the
patient's age, sex, address, the date of diagnosis, and
the pathological diagnosis. All information was carefully
scrutinized to eliminate double registration. A resident was
defined as any individual who lived within the physical
limits of Kumamoto Prefecture for at least 1 year prior to
the diagnosis. We recorded as the incidence date the first
day of the hospital stay during which the diagnosis was
made for inpatients; for outpatients, it was the date on
which diagnostic CT or MRI scans were obtained. Tumors
not verified histologically were included if clinical records
and neuroimaging studies resulted in a tumor diagnosis. No
diagnoses were obtained primarily at autopsy during the
period covered by this study.

Incidence rate

Age-adjusted incidence rates were calculated by the direct
method using 5-year age groupings, with the incidence in
the total Japanese population in 2000 as the standard.
Population figures were obtained from published decennial
tabulations for Kumamoto Prefecture and Japan. The
adjusted rates allow an overall comparison among different
populations because the rates are standardized for dissim-
ilarities in the age and sex distribution. Age-specific
incidence rates were calculated for all intracranial tumors
and for each type of intracranial tumor. Throughout this
manuscript, incidence rates are expressed as cases per
million child population (0–14 years).

Results

During the 20-year period from 1989 to 2008, 5,448 new
cases of primary intracranial tumors were diagnosed in
Kumamoto Prefecture. There was a constant year-to-year
increase in the number of diagnosed tumors. Of the 5,448
primary intracranial tumors, 210 (3.9%) were in children

younger than 15 years. The number of children with brain
tumors diagnosed each year in Kumamoto Prefecture was
relatively constant; among 288,000 children surveyed for
the 20-year period (1989–2008), the age-adjusted annual
incidence rate was 36.1 per million child population. The
incidence rate was 39.3 for boys and 30.0 for girls,
resulting in a boys:girls ratio of 1.31:1 (Table 1).

As shown in Fig. 1, the age-specific incidence of primary
intracranial tumors was different among different age groups.
The total incidence was 28.5, 40.9, and 38.4 in the 0–4-,
5–9-, and 10–14-year age group, respectively. There was no
significant difference in the incidence rate between boys and
girls in the 0–4- and 5–9-year group. However, among
children in the 10–14-year group, the incidence was higher
for boys than girls (53.6 vs. 22.6 per million per year).

In 159 of the 210 patients in this series (75.7%), the
diagnosis was based on histological evidence. As shown in
Table 2, the rate of histological confirmation of different
tumor types varied (craniopharyngiomas, 95.5%; medullo-
blastomas, 95.2%; germ cell tumors, 73.3%). Diagnoses of
germ cell tumors without histological confirmation were
based on markers in serum and cerebrospinal fluid (CSF)
and characteristic neuroimaging evidence in pineal and
suprasellar regions.

Of the tumors, 35.7% were astrocytomas, 14.3% were
germ cell tumors, 10.5% were craniopharyngiomas, 10%
were medulloblastomas, and 4.8% were ependymomas. The
age-adjusted incidence rate per million child populations
per year was 13.2 for astrocytomas, 5.0 for germ cell
tumors, 3.8 for craniopharyngiomas, 3.7 for medulloblas-
tomas, and 1.5 for ependymomas (Table 1).

Regarding the distribution of primary intracranial tumors
by gender, astrocytomas were the most common tumor in
boys (36.0%; incidence rate 15.6 per million per year) and
girls (35.3%, incidence rate of 10.7). In boys, the second-
most common tumors were germ cell tumors (18.4%,
incidence rate 7.6 per million per year), followed by

Table 1 Age-adjusted annual incidence (per million child population)
of primary intracranial tumors in childhood

Tumor Incidence rate

Total Boys Girls Boy/girl ratio

Astrocytoma 13.2 15.6 10.7 1.46

Germ cell tumor 5.0 7.6 2.4 3.17

Craniopharyngioma 3.8 3.4 4.2 0.81

Ependymoma 1.5 1.7 1.3 1.31

Medulloblastoma 3.7 2.6 4.8 0.54

Meningioma 0.6 0.9 0.3 3.0

Pituitary adenoma 1.3 1.7 1.0 1.7

Total 36.1 39.3 30.0 1.31
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craniopharyngiomas (8.0%, incidence rate 3.4), medullo-
blastomas (6.4%, incidence rate 2.6), and ependymomas
(4.8%, incidence rate 1.7). In girls, the second-most
common tumors were medulloblastomas (15.3%, incidence
rate 4.8) followed by craniopharyngiomas (14.1%, inci-
dence rate 4.2), germ cell tumors (8.2%, incidence rate 2.4),
and ependymomas (4.7%, incidence rate 1.3). There was a
gender difference in astrocytomas, germ cell tumors, and
ependymomas; the boys:girls ratio was 1.46:1, 3.17:1, and
1.31:1, respectively.

Figure 2 shows the predominant tumor types with the
patients' age at diagnosis. In all age groups and both sexes,
the most common tumor type was astrocytoma; the
incidence in boys in the 10–14-year age group was 18.1
per million per year. In 0–4-year-old boys, craniopharyngi-
omas were the second-most common tumors with an age-
specific incidence of 2.3 per million per year, followed by

medulloblastomas (incidence rate 1.1). No germ cell tumors
were diagnosed in 0–4-year-old boys. In girls, medullo-
blastomas were the second-most common tumors with an
age-specific incidence of 7.1 per million per year, followed
by craniopharyngiomas (incidence rate 2.4), and germ cell
tumors (incidence rate 1.2). In 5–9-year-old boys, germ cell
tumors were the second-most common tumors with an age-
specific incidence of 7.3 per million per year, followed by
craniopharyngiomas and medulloblastomas (incidence rate
for both=5.2). Among girls, craniopharyngiomas and
medulloblastomas were the second-most common tumors
with an age-specific incidence of 7.6 per million per year,
followed by germ cell tumors (incidence rate 3.3). In 10–
14-year-old boys, germ cell tumors were the second-most
common tumors (age-specific incidence 14.5 per million
per year) followed by craniopharyngioma (incidence rate
2.7), and medulloblastoma (incidence rate 1.8). In girls,
craniopharyngiomas and germ cell tumors were the second-
most common tumors; the age-specific incidence was 2.8
per million per year. No medulloblastomas were diagnosed
in 10–14-year-old girls.
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Fig. 1 Gender- and age-specific incidence rate of primary intracranial
tumors in the three age groups studied

Tumor Cases, n (%) Histological confirmation, %

Total Boys Girls

Astrocytoma 75 (35.7) 45 (36.0) 30 (35.3) 78.7

Craniopharyngioma 22 (10.5) 10 (8.0) 12 (14.1) 95.5

Germ cell tumor 30 (14.3) 23 (18.4) 7 (8.2) 73.3

Ependymoma 10 (4.8) 6 (4.8) 4 (4.7) 80.0

Medulloblastoma 21 (10.0) 8 (6.4) 13 (15.3) 95.2

Meningioma 4 (1.9) 3 (2.4) 1 (1.2) 75.0

Pituitary adenoma 8 (3.8) 5 (4.0) 3 (3.5) 75.0

Others 40 (19.0) 25 (20.0) 15 (17.7) 50.0

Total 210 (100) 125 (100) 85 (100) 75.7

Table 2 Distribution of primary
intracranial tumors in childhood

a b
20 16

18 14
16

12
14

12 10

10 8

8 6
6

4
4

In
ci

d
en

ce
 r

at
e/

m
ill

io
n

/y
ea

r

In
ci

d
en

ce
 r

at
e/

m
ill

io
n

/y
ea

r

22

0 0
0 ~ 4 5 ~ 9 10 ~14

Age group

0 ~ 4 5 ~ 9 10 ~14

Age group

Fig. 2 Age-specific annual incidence of intracranial tumors in boys
(a) and girls (b). ○ = astrocytoma, ● = craniopharyngioma, □ = germ
cell tumor, ■ = medulloblastoma
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Discussion

There are several reports documenting incidence rates of
childhood primary intracranial tumors; the annual incidence
of these tumors ranges from 24 to 45 per million child
population [4–8]. In 2006, Peris-Bonet et al. [9] presented
compiled data from the European Automated Childhood
Cancer Information System Project; 59 cancer registries in
19 European countries participated in this study and 11,829
cases of primary central nervous system (CNS) tumors in
children were recorded. The overall age-standardized
incidence rate (ASR) of CNS tumors in European children
was 29.9 per million child population, with the highest rates
recorded in northern Europe (43.8 per million). According
to the 2008 U.S. Central Brain Tumor Registry, the ASR in
the USA (2004–2005) was 45.8 per million [10]. Lower
rates were recorded for South America, Africa, and Asia
[11]. The ASR we documented in 1996 for Kumamoto
Prefecture was 34.3 per million [2], and our present survey
indicated an ASR of 36.1 per million, almost the same as in
Western countries (Table 3).

In our study, the incidence rate for intracranial tumors
was male-dominant (boys:girls, 1.31:1) and close to that
previously reported for other Asian countries [3, 12, 13]. In
several Western countries, the gender ratio was close to 1.0;
it was 1.03 according to the Swedish Registry [14], 1.08 in
Canada [15], 1.15 in Denmark [4], and 1.10 in France [16].
Rorke and Schut [17] attributed the male predominance of
pediatric brain tumors to the gender distribution ratio in the
normal childhood population. In Kumamoto Prefecture, the

gender ratio for the population younger than 15 years was
1.05 in the year 2000, indicating that the difference in the
incidence rate reflects gender differences. According to our
data, the male:female ratio of germ cell tumors and
astrocytomas was 3.17:1 and 1.46:1, respectively.

In our study population, the incidence of intracranial
tumors was lowest at 28.5 per million per year in children
aged 0–4 years; it was 40.9 in 5–9-year olds, and 38.4 in
the 10–14-year age group. In Shanghai, the incidence of
CNS tumors was also lowest in the 0–4-year age group [7].
According to others, children in the 0–4-year age group had
the highest incidence of intracranial tumors [10, 11, 18]. In
our survey, the highest incidence for boys was 53.6 per
million per year in the 10–14-year age group; it was 18.1
for astrocytomas and 14.5 for germ cell tumors. For girls,
the incidence was highest in the 5–9-year group (38.0 per
million per year); it was 14.1 for astrocytomas. These
findings may explain the higher incidence of brain tumors
in these age groups compared to the 0–4-year age group.

Histologically, astrocytomas were the most common
tumors in our study (35.7%, annual incidence rate 13.2
per million) followed by germ cell tumors (14.3%, 5.0 per
million per year), craniopharyngiomas (10.5%, 3.8 per
million per year), medulloblastomas (10.0%, 3.7 per million
per year), and ependymomas (4.8%, 1.5 per million per
year) (Table 4). In other studies, astrocytomas were
the most common tumors throughout childhood and
adolescence; their incidence rate ranged from 10 to 19 per
million per year [5, 6] and was similar to the rate in our
survey.

Country Authors Time period Incidence/million child population/year

Denmark Gjerris et al. [4] 1960–1984 32.5

Germany Kaatsch et al. [5] 1990–1999 26.0

Sweden Lannering et al. [6] 1984–2005 42.3

China Bao et al. [7] 2002–2005 24.0

Europe Peris-Bonet et al. [9] 1988–1997 29.9

USA CBTRUS 2008 [10] 2004–2005 45.8

Japan Present case 1989–2008 36.1

Table 3 Population-based
survey of primary intracranial
tumors in children

Table 4 Age-adjusted incidences of primary intracranial tumors in children

Country Authors Time period Incidence/million child population/year

Astrocytoma Medulloblastoma Ependymoma Craniopharyngioma

Sweden Lannering et al. [6] 1984–2005 18.7 6.4 3.8 2.2

Germany Kaatsch et al. [5] 1990–1999 11.0 7.0 3.0 1.0

China Bao et al. [7] 2002–2005 4.5 5.8 n.d. n.d.

USA CBTRUS 2008 [10] 2004–2005 n.d. 5.9 2.6 1.6

Japan Present case 1989–2008 13.2 3.7 1.5 3.8

n.d.: no data
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The second-most common pediatric brain tumor is
medulloblastoma; its reported incidence rate was 5–7 per
million per year [5, 6, 10]. In our survey, its annual
incidence rate was 3.7 and medulloblastomas were the 4th
most common tumors. According to an international survey
by the International Agency for Research on Cancer
(IARC) performed in the 1980s and 1990s, Asia and South
Africa manifested the lowest rate of medulloblastoma [19,
20]. More recent reports from Asian countries indicated that
medulloblastoma was the 2nd or 3rd most common brain
tumor in children; it was the 2nd most common tumor in
Korean children (17.9%) [12] and the 3rd most common
among Taiwanese children (13.2%) [3] and children
surveyed in Beijing (16.6%) [13]. At present, we cannot
explain the difference in the incidence rate among Asian
countries.

Germ cell tumors were the second-most common tumors
in our survey (14.3%, annual incidence 5.0 per million);
these data are similar to reports from Taiwan (14.0%) [3]
and Korea (11.2%) [12] and compared to children from
Western countries where the incidence of germ cell tumors
was 0.4–4.5% [20, 21], it was high in Asian countries.
Furthermore, the incidence of craniopharyngioma at 10.5%
was higher in our survey than in previous reports from
Western countries (3.9–7.6%). The incidence in our survey
(3.8 per million per year) was higher than in a Swedish
study (2.2 per million) [6] and a report from Italy (1.4 per
million) [22], and the USA (1.6 per million) [10]. Earlier
reports suggested that craniopharyngiomas occurred
more frequently in Asian and African children [12, 13,
23, 24].

Our findings indicate that there are differences between
Japan and Western countries with respect to the incidence
rate and relative frequency of particular histological types
of childhood brain tumors such as germ cell tumors and
craniopharyngiomas. Genetic and/or environmental factors
may play a role in the tumorigenesis of intracranial tumors
in children.

Conclusions

Epidemiologic data from a population-based cancer registry
provide the information necessary to determine the inci-
dence rate of pediatric brain tumors. However, pitfalls for
population-based survey of brain tumors in children
through childhood cancer registries or childhood brain
tumor registries were incompleteness of patient registration
that may lead to underestimation. Bias also exists for not
including benign tumors or tumors without histologic
verification. Since 1989, we have collected information on
all new patients with primary intracranial tumors diagnosed
by CT or MRI at the 32 hospitals in Kumamoto Prefecture.

We surveyed 210 patients younger than 15 years between
1989 and 2008. Among them, 159 (75.7%) of the tumors
were confirmed microscopically. Furthermore, in order to
standardize for dissimilarities in the age and sex distribu-
tion, age-adjusted incidence rates were calculated by the
direct method using 5-year age grouping in the total
Japanese population in 2000 as the standard. Therefore,
this survey may be data representative of primary pediatric
intracranial tumors in a geographic region and allow an
overall comparison among different populations.

Disclaimer The authors report no conflict of interest concerning the
materials or methods used in this study or the findings specified in this
paper.
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