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Introduction

Primary central nervous system tumors (PCNSTs) are rare, 
but are associated with high morbidity and mortality. In  
addition, PCNSTs are a heterogeneous group of benign and 
malignant tumors in terms of histomorphology, genetics, and 
behavior. According to the International Classification of Dis-
eases for Oncology, third edition (ICD-O-3), PCNSTs involve 
more than 100 subtypes of tumors, including not only those 
located in the brain and spine, but also those found in the 
meninges, pituitary gland, pineal gland, and nerves [1]. The 
prognosis of malignant PCNSTs is poor because of their inva-
sive histologic characteristics; however, that of some benign 
PCNSTs is also poor owing to their inoperable location.

Only a few population-based registries have collected and 
disseminated the epidemiologic data of PCNSTs worldwide, 
most of which are regional registries and do not collect non-
malignant PNCSTs data. The Central Brain Tumor Registry of 
the United States (CBTRUS) and Surveillance, Epidemiology, 
and End Results (SEER) program in the United States are the 

largest registries and have reported their data regularly since 
2010. The reports from the CBTRUS include incidence and 
survival data of non-malignant as well as malignant PCNSTs 
[2,3].

The Korea Central Cancer Registry (KCCR) was established 
in 1980 as a nationwide and hospital-based cancer registry by 
the Korean Ministry of Health and Welfare. It was expanded 
into a nationwide and population-based cancer registry in 
1999. To date, the KCCR is the largest national population-
based cancer registry in Asia. Since the first epidemiologic  
report of PCNSTs from the KCCR was published in 2010, 
which described PCNSTs diagnosed in 2005, three articles 
have been published, each with data for a single year [4-6].

In this study, we aimed to report the nationwide incidence 
and survival of PCNSTs diagnosed from 2007 to 2016 in Korea 
and compare the results with those in the United States. It 
is the first nationwide, population-based, multi-year epide-
miologic study covering both malignant and non-malignant 
PCNSTs in Asia.
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Materials and Methods

1. Data sources
We used national cancer registry data from the KCCR. 

The KCCR was established in 1980 by the Korean Ministry 
of Health and Welfare and has become a population-based 
national cancer registry that includes information about over 
98% of patients newly diagnosed with cancer in Korea [7]. 
The KCCR has collected data not only on malignant PCNSTs, 
but also on non-malignant tumors since 2005.

This study included cases of malignant and non-malignant 
PCNSTs diagnosed from 2007 to 2016 in Korea. Cases within 
the first 2 years after the KCCR started registering non-malig-
nant tumors were excluded owing to reporting bias because 
relatively small numbers of non-malignant tumors were col-
lected between 2005 and 2006. In a period of 10 years, a total 
of 115,050 patients were diagnosed with PCNSTs accord-
ing to the ICD-O-3: brain (ICD-O-3: C71.0-C71.9); meninges 
(C70.0-C70.9); spinal cord, cranial nerves, and other parts 
of the CNS (C72.0-C72.9); pituitary gland and pineal gland 
(C75.1-C75.3); and olfactory region of the nasal cavity (C30.0 
[9522-9523]), along with the World Health Organization 
(WHO) classification for brain tumors. Histologic grouping 
was performed using the classification of the CBTRUS [2].

We utilized the data from patients with PCNSTs diagnosed 
from 2007 to 2016 for survival analysis. We excluded cases 
that could not be followed up owing to mismatched person-
al identification numbers, cases that were not first primary 
sites, and patients identified by death certificate only. As a 
result, 112,133 cases of PCNSTs diagnosed between 2007 and 
2016 were included in the survival analysis. Passive follow-
up was performed using the mortality database from Statis-
tics Korea until December 31, 2017 [8].

2. Statistical analysis
Age-specific incidence rates, age-standardized incidence 

rates (ASRs), and male-to-female sex incidence rate ratios 
(M:F rate ratios) were calculated with their corresponding 
95% confidence intervals (CIs). The age-specific incidence 
rates were calculated according to age group (children [0-14 
years], adolescents and young adults [15-39 years], adults 
[40-64 years], seniors [≥ 65 years], and adults and seniors  
[≥ 40 years]) by dividing the total number of cases in a giv-
en period by the entire population and were expressed per 
100,000 population. The ASRs were age-adjusted to the Unit-
ed States standard population in 2000 to directly compare 
with those in the United States from the most recent CBTRUS 
report, i.e., 2012-2016 [2].

The annual percent change (APC) for the incidence rates 
was calculated using a linear model according to the fol-
lowing formula: (exp(b)-1)×100, where b is the slope of the  

regression of the natural logarithm of the ASR in a calendar 
year [3]. The M:F rate ratio was calculated by dividing the 
age-adjusted incidence rates of the male patients by those of 
the female patients. All analyses were conducted by location, 
histologic diagnoses, and age groups.

Relative survival rates (RSRs) were calculated as the ratios 
of the observed survival of the patients with cancer to the  
expected survival of the general population, which was 
calculated using the standard life table provided by Statis-
tics Korea [8]. The RSRs were estimated using the Ederer II 
method.

All statistical analyses were conducted using SAS ver. 9.4 
(SAS Institute Inc., Cary, NC).

Results

1. Overall incidence
Between 2007 and 2016, 115,050 PCNSTs were diagnosed 

in a population of 50.2 million in 2012 [8]. Among them, 
21,411 cases were malignant (18.6%). The median patient 
age at diagnosis was 55.0 years. The overall ASR was 22.01 
per 100,000 individuals (95% CI, 21.88 to 22.14). The overall 
M:F rate ratio was 0.66:1 (1.27:1 for malignant tumors and 
0.56:1 for non-malignant tumors). The ASR, median patient 
age, and M:F rate ratio by histology are summarized in  
Table 1. Approximately 49.2% of the PCNSTs were diagnosed 
by histologic confirmation (72.8% of malignant tumors and 
43.8% of non-malignant tumors). A comparison of the over-
all ASRs between the two countries is shown in Fig. 1. The 
overall ASR in Korea was similar to that in the United States 
(ASR, 23.41 [95% CI, 23.34 to 23.49]); however, the ASR of all 
malignant tumors in Korea was lower than that in the United 
States (4.27% vs. 7.08%). Conversely, the histologic confirma-
tion rate for malignant tumors in Korea was lower than that 
in the United States (72.8% vs. 84.4%); however, that for non-
malignant tumors in Korea was similar to that in the United 
States (43.8% vs. 44.1%).

2. Distribution of tumors by histology
Among all PCNSTs (n=115,050; ASR, 22.01), meningeal  

tumors were the most prevalent histologic group (37.9% of 
all PCNSTs; ASR, 8.32), followed by sellar region tumors 
(21.1%; ASR, 4.53) and neuroepithelial tumors (13.9%; ASR, 
3.17). Meningiomas comprised the most frequently reported  
histology (36.0%; ASR, 7.92), followed by pituitary tumors 
(19.8%; ASR, 4.24), nerve sheath tumors (11.4%; ASR, 2.43), 
and glioblastomas (5.0%; ASR, 1.11). Among malignant  
tumors (n=21,411; ASR, 4.27), neuroepithelial tumors were 
the most common histologic group (66.6% of all malig-
nant PCNSTs; ASR, 2.82), followed by lymphomas and 
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hematopoietic neoplasms (9.5%; ASR, 0.40) and germ cell 
tumors and cysts (3.9%; ASR, 0.19). Because only 2% of  
meningeal tumors and 0.2% of sellar region tumors were  
malignant, they accounted for a small proportion of malig-
nant PCNSTs, although they occupied nearly half of all PC-
NSTs. In the CBTRUS, the most prevalent histologic group 
was meningeal tumors (38.8% of all PCNSTs; ASR, 8.83), sim-
ilar to ours, but followed by neuroepithelial tumors (27.7%; 

ASR, 6.56) and sellar region tumors (17.5%; ASR, 4.27).  
Unlike in Korea, glioblastomas were the third most common 
PCNST histology in the United States (14.6% of all PCNSTs; 
ASR, 3.22), following meningiomas (37.6%; ASR, 8.56) and 
pituitary tumors (16.8%; ASR, 4.08).

Ninety-two percent of the neuroepithelial tumors were 
gliomas. Among gliomas, glioblastomas were the most pre-
valent tumors (ASR, 1.11), accounting for 39% of gliomas, fol-

Ho Kang, Brain Tumor Epidemiology in Koreans

Table 1.  Epidemiologic data of primary CNS tumors

Histological group
	 10-Year  	 Median	

ASR (95% CI)a)	 Sex ratio: 
	 total (%)	 age (yr)		  male/female

Tumors of neuroepithelial tissue	 16,012 (13.9)	 49.0	 3.17 (3.12-3.22)	 1.23*
    Pilocytic astrocytoma	 702 (0.6)	 16.0	 0.16 (0.15-0.17)	 0.90
    Diffuse astrocytoma	 1,193 (1.0)	 44.0	 0.23 (0.22-0.24)	 1.35*
    Anaplastic astrocytoma	 979 (0.9)	 50.0	 0.19 (0.18-0.20)	 1.50*
    Unique astrocytoma variants	 390 (0.3)	 43.5	 0.08 (0.07-0.09)	 1.23*
    Glioblastoma	 5,796 (5.0)	 60.0	 1.11 (1.08-1.14)	 1.36*
    Oligodendroglioma	 756 (0.7)	 45.0	 0.14 (0.13-0.15)	 1.07
    Anaplastic oligodendroglioma	 580 (0.5)	 50.0	 0.11 (0.10-0.11)	 1.21*
    Oligoastrocytic tumors	 349 (0.3)	 43.0	 0.06 (0.06-0.07)	 1.08
    Ependymal tumors	 1,259 (1.1)	 43.0	 0.24 (0.23-0.26)	 1.07
    Glioma malignant, NOS	 1,599 (1.4)	 47.0	 0.33 (0.31-0.34)	 1.15*
    Choroid plexus tumors	 237 (0.2)	 34.0	 0.05 (0.04-0.06)	 1.01
    Other neuroepithelial tumors	 33 (0.0)	 46.0	 0.01 (0.00-0.01)	 0.75
    Neuronal and mixed neuronal-glial tumors	 1,147 (1.0)	 31.0	 0.23 (0.22-0.25)	 1.11
    Tumors of the pineal region	 211 (0.2)	 42.0	 0.04 (0.04-0.05)	 1.00
    Embryonal tumors	 781 (0.7)	 9.0	 0.19 (0.18-0.21)	 1.24*
Tumors of cranial and spinal nerves	 13,109 (11.4)	 53.0	 2.43 (2.39-2.47)	 0.89*
    Nerve sheath tumors	 13,101 (11.4)	 53.0	 2.43 (2.39-2.47)	 0.89*
    Other tumors of cranial and spinal nerves	 8 (0.0)	 60.5	 0.00 (0.00-0.00)	 1.11
Tumors of meninges	 43,572 (37.9)	 60.0	 8.32 (8.24-8.40)	 0.36*
    Meningioma	 41,438 (36.0)	 61.0	 7.92 (7.84-8.00)	 0.34*
    Mesenchymal tumors	 725 (0.6)	 46.0	 0.14 (0.13-0.15)	 0.97
    Primary melanocytic lesions	 58 (0.1)	 52.0	 0.01 (0.01-0.01)	 1.41
    Other neoplasms related to the meninges	 1,351 (1.2)	 48.0	 0.25 (0.24-0.26)	 1.27*
Lymphomas and hematopoietic neoplasms	 2,033 (1.8)	 62.0	 0.40 (0.38-0.41)	 1.41*
    Lymphoma	 1,942 (1.7)	 63.0	 0.38 (0.36-0.39)	 1.40*
    Other hematopoietic neoplasms	 91 (0.1)	 17.0	 0.02 (0.02-0.03)	 1.54*
Germ cell tumors and cysts	 1,083 (0.9)	 17.0	 0.24 (0.22-0.25)	 2.52*
    Germ cell tumors, cysts, and heterotopias	 1,083 (0.9)	 17.0	 0.24 (0.22-0.25)	 2.52*
Tumors of sellar region	 24,250 (21.1)	 48.0	 4.53 (4.47-4.59)	 0.71*
    Tumors of the pituitary	 22,751 (19.8)	 48.0	 4.24 (4.18-4.29)	 0.70*
    Craniopharyngioma	 1,499 (1.3)	 44.0	 0.29 (0.28-0.31)	 0.95
Unclassified tumors	 14,991 (13.0)	 55.0	 2.93 (2.88-2.98)	 0.86*
    Hemangioma	 3,418 (3.0)	 47.0	 0.64 (0.62-0.66)	 0.94
    Neoplasm, unspecified	 11,458 (10.0)	 57.0	 2.26 (2.22-2.30)	 0.83*
    All other	 115 (0.1)	 66.0	 0.02 (0.02-0.03)	 1.13
Total	 115,050 (100)	 55.0	 22.01 (21.88-22.14)	 0.66*
ASR, age-standardized incidence rate; CI, confidence interval; CNS, central nervous system; NOS, not otherwise specified. *A statistically 
significant difference between sexes. a)ASRs were age-adjusted to the United States standard population in 2000.
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lowed by unspecified malignant gliomas (ASR, 0.33), epen- 
dymal tumors (ASR, 0.24), diffuse astrocytoma (ASR, 0.23), 
and anaplastic astrocytoma (ASR, 0.19). Ninety-one per-
cent of the gliomas were malignant. The incidence rate of 
neuroepithelial tumors was two times higher in the United 
States than in Korea (ASR, 6.56 vs. 3.17). In particular, the 
incidence rate of glioblastomas was three times higher in the 
United States than in Korea (ASR, 3.22 vs. 1.11).

We directly compared the four clinically important non-
malignant histologies, i.e., vestibular schwannoma, pituitary 
adenoma, and WHO grade I and II meningiomas. A com-
parison is shown in S1 Table. The median patient age was 
the lowest with pituitary adenoma (49.0 years) and the high-
est with WHO grade I meningioma (61.0 years) histologies. 
WHO grade I meningioma most predominantly occurred in 
the female patients (M:F rate ratio, < 0.5). In addition, the 
age-specific incidence rates increased with age for all four 
histologies; especially, those of WHO grade I meningioma 
increased most significantly with age. The increasing pat-
tern of the incidence rates with age and the incidence rates of 
selected non-malignant tumors were similar between Korea 
and the United States.

 
3. Distribution of tumors by location

The meninges (34.3%) were the most common location 
of PCNSTs, followed by the cerebrum (including the fron-
tal, temporal, parietal, and occipital lobes; ventricle; and 
other parts of the brain; 23.4%), sellar region (22.2%), cra-
nial nerves (7.7%), and spinal cord and cauda equina (6.2%).  

Meningeal tumors and sellar region tumors were more 
likely to be non-malignant (malignant: non-malignant ratio,  
< 0.02:1), whereas cerebral, brain stem, and pineal gland 
tumors were more likely to be malignant (malignant: non-
malignant ratio, > 1:1) (Fig. 2A). Meningeal tumors (M:F rate 
ratio, 0.36:1) and sellar region tumors (M:F rate ratio, 0.71:1) 
developed more frequently in the female patients (Fig. 2B). 
Similarly, in the CBTRUS, the meninges were the most com-
mon location of PCNSTs (37.7%), followed by the cerebrum 
(29.2%) and sellar region (18%).

4. Distribution and incidence of tumors according to age 
and sex

The age-specific incidence rates according to age and his-
tology are shown in S2 Table, and the comparison of the age-
specific incidence rates between Korea and the United States 
is presented in Fig. 1. The incidence rate of PCNSTs increased 
with age and was the highest among the seniors aged ≥ 65 
years (ASR, 59.91). Tumors in the children aged 0-14 years 
were most likely to be malignant (malignant:non-malignant 
ratio, > 1:1). Among the children and adolescents and young 
adults, non-malignant PCNSTs were slightly more prevalent 
in Korea than in the United States. In contrast, malignant  
tumors were slightly more common in the United States than 
in Korea. Conversely, the incidence rate of non-malignant 
PCNSTs among the adults and seniors aged ≥ 40 years was 
similar between the two countries; however, the incidence 
rate of malignant tumors in the United States was nearly 
twice as high as that in Korea (11.88 vs. 6.28).

The five most prevalent histologies for each age group of 
the two countries are compared in Table 2. Among the chil-
dren aged 0-14 years, the first (pilocytic astrocytoma; ASR, 
1.02) and second most frequent tumors (malignant glioma, 
not otherwise specified; ASR, 0.80) were gliomas in the 
United States and embryonal tumors (ASR, 0.69) and germ 
cell tumors (ASR, 0.50) were the most common, followed by 
gliomas, in Korea. Notably, the incidence rate of germ cell 
tumors among the children aged 0-14 years was significantly 
higher in Korea than in the United States (ASR, 0.50 [95% CI, 
0.45 to 0.55] vs. 0.22 [95% CI, 0.20 to 0.24]). Among the ado-
lescents and young adults aged 15-39 years, pituitary tumors 
were the most common, followed by meningiomas and nerve 
sheath tumors, in both countries. Among the adults and sen-
iors aged ≥ 40 years, the incidence rate of glioblastoma was  
remarkably lower in Korea than in the United States (ASR, 
2.12 [95% CI, 2.06 to 2.18] vs. 6.95 [95% CI, 6.89 to 7.01]).

The M:F rate ratio was the highest for malignant heman-
gioma in Korea (M:F rate ratio, 3.38); however, this finding 
was not significant. Among the tumors that showed a signifi-
cantly noticeable M:F rate ratio, malignant germ cell tumors 
occurred most predominantly in the male patients (M:F rate 
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Fig. 1.  Comparison of incidence of primary brain and central 
nervous system tumors by age groups between Korea and the 
United States. Our data was from the KCCR, 2007-2016; U.S. 
data was from CBTRUS, 2012-2016. We standardized to U.S. 
2000 population to directly compare our incidences to those of 
the United States. CBTRUS, Central Brain Tumor Registry of the 
United States; KCCR, Korean Central Cancer Registry.
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ratio, 3.02), whereas non-malignant meningioma occurred 
most predominantly in the female patients (M:F rate ratio, 
0.33). A comparison of the M:F rate ratio for selected histolo-
gies and histologic groups between both countries is shown 
in Fig. 2C. The pattern of the selected histologic groups was 
quite similar between the two countries; however, we found 
minimal variations.

 
5. Time trends of tumors

The time trends of the incidence rate of PCNSTs are shown 
in Fig. 3. For malignant tumors, there was no significant 
change in the age-specific incidence rates in each age group. 
However, there was a significant increasing trend in the over-
all incidence rate of non-malignant PCNSTs (APC, 3.9%). The 

10-year increasing trend for non-malignant tumors in Korea 
was similar to that in the United States between 2000 and 
2016 (APC, 2.2%). Conversely, the incidence rate of malig-
nant tumors in the United States between 2000 and 2016 
(APC, –0.4%) significantly decreased, which differed to that 
in Korea.

6. Survival outcomes by histology
For the survival analysis, 112,133 of the 115,050 PCNSTs 

(97%) were included. Table 3 lists the survival of selected  
malignant PCNSTs, and S3 Table shows the survival out-
comes of all tumors. The 5-year RSR of all PCNSTs was 
86.4%, whereas that of all malignant tumors was 44.1%. 
Overall, female patients showed the more favorable survival 

Ho Kang, Brain Tumor Epidemiology in Koreans

Fig. 2.  Distribution of primary brain and other CNS tumors by location, sex and malignancy. (A) The distribution of all types of primary 
brain and other CNS tumors by location and behavior. (B) The distribution of all types of primary brain and other CNS tumors by location 
and sex. (C) Comparison of M:F rate ratio by histology between the United States and Korea. CBTRUS, Central Brain Tumor Registry of 
the United States; CNS, central nervous system; KCCR, Korean Central Cancer Registry; M:F rate ratio, male-to-female incidence rate ratio. 
*A statistically significant difference between sexes.
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Table 2.  The most common primary CNS tumor histologies by age group (Korea vs. United States)a)

Rank	 
                       Children (0-14 yr)		                   Adolescents and young adults (15-39 yr)	                        Adults (≥ 40 yr)

	 Histology	 Rate (95% CI)b)	 Histology	 Rate (95% CI)	 Histology	 Rate (95% CI)

Korea, KCCR 2007-2016
    1	 Embryonal tumors	 0.69 (0.63-0.75)	 Tumors of the	 3.87 (3.78-3.96)	 Meningioma	 16.26 (16.10-16.42)
			     pituitary
    2	 Germ cell tumors, cysts 	 0.50 (0.45-0.55)	 Meningioma	 1.33 (1.28-1.38)	 Tumors of the	 6.43 (6.33-6.53)	
	   and heterotopias				      pituitary
    3	 Pilocytic astrocytoma	 0.40 (0.35-0.44)	 Nerve sheath tumors	 1.31 (1.25-1.36)	 Nerve sheath tumors	4.39 (4.31-4.47)
    4	 Glioma malignant, NOS	 0.32 (0.28-0.36)	 Hemangioma	 0.52 (0.49-0.55)	 Glioblastoma	 2.12 (2.06-2.18)
    5	 Tumors of the pituitary	 0.31 (0.27-0.35)	 Glioblastoma	 0.34 (0.32-0.37)	 Hemangioma	 0.94 (0.90-0.98)
U.S., CBTRUS 2012-2016
    1	 Pilocytic astrocytoma	 1.02 (0.98-1.06)	 Tumors of the	 3.82 (3.76-3.87)	 Meningioma	 18.30 (18.21-18.40)
			     pituitary
    2	 Glioma malignant, NOS	 0.80 (0.77-0.84)	 Meningioma	 1.86 (1.82-1.90)	 Glioblastoma	 6.95 (6.89-7.01)
    3	 Embryonal tumors	 0.75 (0.72-0.78)	 Nerve sheath tumors	 1.03 (1.00-1.06)	 Tumors of the	 6.18 (6.13-6.24)
					       pituitary
    4	 Neuronal and mixed	 0.42 (0.40-0.44)	 Glioblastoma	 0.53 (0.51-0.55)	 Nerve sheath tumors	3.68 (3.63-3.72)
	   neuronal-glial tumors
    5	 Tumors of the pituitary	 0.32 (0.30-0.34)	 Pilocytic astrocytoma	 0.44 (0.42-0.45)	 Lymphoma	 0.91 (0.89-0.93)

CBTRUS, Central Brain Tumor Registry of the United States; CI, confidence interval; CNS, central nervous system; KCCR, Korean Central 
Cancer Registry; NOS, not otherwise specified. a)Histologic group of unspecified neoplasm was excluded from this table. The incidence 
rate of unspecified neoplasm was 0.74, 1.03, and 3.76 in the 0-14, 15-39, and ≥ 40 years old groups, respectively, b)Rate indicated the age-
specific incidence rate.

Fig. 3.  Incidence trend of primary brain and other central nervous system tumors by behavior and age group. *A statistically significant 
annual percent changes (APC).
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outcome than male patients for malignant PCNSTs (5-year 
RSR, 45.8 vs. 42.6). The 5-year RSRs ranged from 12.1% to 
99.3% according to histology, and glioblastomas had the low-
est RSR (12.1%), followed by malignant primary melanocytic 
lesions (23.4%), anaplastic astrocytoma (26.2%), and lym-
phoma (34.5%). The histologies with the most unfavorable 
outcomes in Korea were similar to those in the United States: 
glioblastoma (5-year RSR, 6.8%), malignant primary mel-
anocytic lesions (5-year RSR, 28.9%), anaplastic astrocytoma  
(5-year RSR, 30.2%), and lymphoma (5-year RSR, 35.3%). The 
5-year overall RSR of malignant PCNSTs was higher in Korea 
than in the United States (44.1% vs. 35.8%).

Discussion

To our knowledge, the KCCR is the largest PCNST registry 
in Asia, and our study is the first nationwide, population-
based, multi-annual epidemiologic study of PCNSTs in Asia, 
including both malignant and non-malignant tumors. Our 
analyses showed that there were some differences in the inci-
dence and survival outcomes of PCNSTs between Korea and 
the United States. In particular, the incidence rate of malig-
nant tumors was lower in Korea than in the United States, 
whereas that of non-malignant tumors was slightly higher in 
Korea for each age group. The ASR of glioblastoma was three 
times lower in Korea than in the United States. However, the 
incidence rate of germ cell tumors among children in Korea 
was more than twice as high as that in the United States. The 
patterns of the RSRs for malignant tumors of the two coun-
tries were quite similar; however, the overall RSRs for malig-
nant PCNSTs in Korea were slightly higher than those in the 
United States.

The overall ASRs of PCNSTs in Korea and the United States 
were similar (ASR, 22.01 vs. 23.41); however, large geograph-
ical variations in the ASRs of PCNSTs have been reported, 
i.e., from 5.9 to 23.4 [9-19]. In a comprehensive report of can-
cer registries from 185 countries, mostly subnational regis-
tries, the incidences of malignant PCNSTs were 3.9 and 3.1 in 
men and women, respectively [20]. Despite the heterogeneity 
in the registration quality among the registries and differenc-
es in the reported period, we found that the incidence rates 
of malignant tumors in European countries and the United 
States were higher than those in Asian countries (ASR: the 
United States, 7.1; Austria, 8.8; Korea, 4.3, Taiwan, 3.82; Iran, 
2.7) [12,14,21].According to Sant et al. [11], the ASRs of malig-
nant tumors in 72 European registries ranged from 5.7 to 11.0 
and averaged 7.9; these were age-adjusted to the European 
standard population. The relatively lower incidence rate 
of malignant PCNSTs was observed not only in east Asian 
countries, but also in Iran and western Asian countries.  

Although the apparent cause is unclear, several reports 
suggest that disparities in ethnicity, lifestyle, environment, 
hereditary factors, and population composition may be  
responsible for this finding. In this study, the ASR of  
malignant tumors among Koreans (ASR, 4.27) was close to 
that among Asian/Pacific Islanders (ASR, 4.25) and Blacks 
(ASR, 4.48) from the CBTRUS, but was different from that 
of Whites (ASR, 7.58) and Hispanics (ASR, 5.66). Ward et al. 
[22] showed that in terms of access to healthcare in the Unit-
ed States, Asian/Pacific Islanders were statistically closer to 
Whites than Blacks or Hispanics. Although Whites had simi-
lar socioeconomic states to Asian/Pacific Islanders, Whites 
showed higher incidence and mortality rates for most can-
cers, except for stomach and liver cancers, than did Asian/
Pacific Islanders. This may be attributed to the relatively 
high smoking and obesity rates in Whites; however, the pro-
portion of individuals who had these lifestyle risk factors 
was high in Blacks and Hispanics. Therefore, something that 
goes beyond socioeconomic abilities or lifestyle could be the 
cause of the lower incidence of malignant PCNSTs in Korea 
than in the United States, particularly among Whites; the dif-
ference in ethnicity-based genetic vulnerability is a potential 
explanation.

The proportion of histologically confirmed cases among all 
tumors was not followed up annually in this study. However, 
by analyzing previous reports from the KCCR, we revealed 
that the histologic confirmation rate of all PCNSTs decreased 
from 2005 to 2013 (2005, 58%; 2010, 52%; 2013, 48%) [4-6]. 
The histologic confirmation rate of glioma slightly decreased 
(2005, 86%; 2010, 84%; 2013, 82%), whereas that of menin-
gioma significantly decreased (2005, 59%; 2010, 46%; 2013, 
39%). Thus, considering that 81% of all PCNSTs were non-
malignant, it is assumed that the decrease in the histologic 
confirmation rate of all tumors mainly involved non-malig-
nant tumors. The indication of surgical resection for non-
malignant tumors has changed over time. With the develop-
ment of imaging techniques and radiosurgery as a treatment 
modality for non-malignant brain tumors, many small and 
stable tumors that do not cause neurological symptoms have 
been treated without surgical procedures. In Korea, patients 
with brain tumors have a relatively good access to radio-
surgery because the national health insurance covers them.  
According to Korean statistics between 2007 and 2016, the 
number of Gamma Knife radiosurgery performed nation-
wide increased gradually from 3012 to 4996 [8]. As of June 
2020, 39 radiosurgery-dedicated devices (Gamma Knife, 
n=21; Cyberknife, n=9; and Novalis Tx, n=9) are in operation 
in Korea. In addition, considering radiosurgery-compatible 
LINACs, radiosurgery is available in most cancer treatment 
hospitals. Therefore, the rapid spread of radiosurgery-ded-
icated or -compatible devices and good accessibility to the 
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same are presumed to be important factors for the declin-
ing histologic confirmation rate of non-malignant PCNSTs in 
Korea.

The increasing incidence rate of PCNSTs from 2007 to 2016, 
mainly involving non-malignant tumors, may be explained 
by the development of imaging techniques and the increase 
in the number of screening tests performed. The trend is sim-
ilar to that in most developed countries, such as France and 
the United States [2,18].

Survival outcomes vary depending on the histologic type, 
treatment modality, and diagnosis and treatment accessibil-
ity. We found that the 5-year RSR for malignant PCNSTs in 
Korea was 44.1%, which was higher than the 35.8% revealed 
when analyzing the US SEER 2001-2015 data. Sant et al. 
[11] analyzed 72 European registries from 24 countries and  
reported that the 5-year RSR for malignant tumors was 
19.9%. By region, the United Kingdom and Ireland had the 
lowest at 15.6%, and Northern Europe the highest at 25.1% 
[11]. In Asia, Chien et al. [14] reported that the 5-year RSR for 
14 selected malignant PCNSTs was 34.3% and that for glio-
blastoma was 9.8% from the Taiwan Cancer Registry. Even 
a few countries that do not report survival rates for overall  
malignant PCNSTs have reported survival rates for glio-
blastoma. In Europe, for glioblastoma diagnosed since 2005 
when the Stupp regimen was introduced, Austria had the 
4-year RSR of 1.0% and Sweden with the 5-year RSR of 5.4% 
[23,24]. The reason why Korea has a relatively better survival 
rate for malignant PCNSTs than the United States may be 
explained by the good accessibility to diagnostics and treat-
ment because of higher medical insurance coverage in Korea, 
i.e., 99% (the United States, 84%) [25]. In addition, Korean 
National Health Insurance has a unique additional coverage 
program only for severe or rare diseases; most PCNSTs are 
indicated. Korean patients with PCNSTs pay only 5% of the 
cost of diagnostics and treatment supported by the program. 
Another explanation is that glioblastoma accounted for a 
relatively low proportion of malignant PCNSTs in Korea. As 
glioblastoma shows the most unfavorable survival outcome, 
the higher the proportion of glioblastoma among malignant 
PCNSTs, the lower the 5-year RSR for all malignant tumors. 
The proportion of glioblastoma among all malignant tumors 
in the United States was nearly twice that in Korea (48.3% 
[59,164 of 122,569 for 5 years] vs. 27.1% [5,796 of 21,411 for 
10 years]). In addition, the 5-year RSR for glioblastomas 
in Korea was higher than that in the United States (12.1% 
vs. 6.8%). It may be intricately caused by factors, such as  
intrinsic genetic factors, tumor genetics, and accessibility to 
treatment. The CBTRUS had not reported the RSRs accord-
ing to ethnicity; conversely, Thakkar et al. [26] reported that 
Asian/Pacific Islanders showed more favorable outcomes 
for glioblastomas than did Whites or Blacks. This suggests 

that genetic factors have a significant influence on the sur-
vival rate of glioblastoma. However, for most of the other 
malignant PCNSTs, unlike glioblastoma, the 5-year RSRs in 
the United States were higher than those in Korea: malig-
nant primary melanocytic lesions (28.9% vs. 23.4%), ana-
plastic astrocytoma (30.2% vs. 26.2%), lymphoma (35.3% vs. 
34.5%), and unspecified malignant glioma (54.1% vs. 51.0%). 
Although many malignant PCNSTs other than glioblasto-
mas showed more favorable outcomes in the United States, a 
low proportion of glioblastomas among malignant PCNSTs 
in Korea may be the reason why the survival outcome of all 
malignant tumors was better in Korea.

The relatively high proportion of unspecified neoplasms 
is a limitation of this study (10.0%, 11,458 of 115,050). In the 
United States, unspecified neoplasms accounted for only 
3.6% of all PCNSTs. The relatively lower histologic confirma-
tion rate in Korea may be an explanation. Some physicians 
registered cases on the KCCR as unspecified neoplasms 
rather than specific histologies suspected in imaging find-
ings when there was no histologic confirmation. However, 
the histologic confirmation rate for all tumors was not much 
different between Korea and the United States (49.2% vs. 
56.3%). This suggests that a nearly three times higher propor-
tion of unspecified neoplasms in Korea cannot be explained 
by a relatively lower histologic confirmation rate. The dis-
tribution of histology may be another possible explanation. 
The proportion of non-malignant tumors among all PCNSTs 
was higher in Korea than in the United States (81% vs. 70%). 
Another limitation of the study is that risk factors affecting 
brain tumorigenesis were not collected and analyzed. This 
should be investigated in further studies.

In conclusion, we analyzed the nationwide statistics for 
PCNSTs to determine their epidemiologic characteristics and 
survival outcomes in Korea based on our nationwide regis-
try, which is the largest in Asia, with high-quality data. We 
also directly compared the KCCR data with the CBTRUS 
data. We found that low incidence of malignant tumors,  
increasing trend of non-malignant tumors, and better sur-
vival outcomes of malignant tumors were the characteristic 
features of PCNSTs in Korea.
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