
Abstract. Background/Aim: To analyze patterns of care and
overall survival for elderly patients with malignant brain
tumors. Materials and Methods: The database from the
National Health Insurance Service was searched January
2008-December 2016. A total of 1,607 patients aged 65-year-
old or more with malignant brain tumors who underwent
surgery or biopsy were extracted. Treatment performed in 180
days after surgery was divided into no treatment (N=522),
radiotherapy (RT) (N=351), chemotherapy (N=69), and
chemotherapy plus RT (N=665). Survival was recorded at 3,
6, 9, 12, 18, and 24 months after surgery. Results: Patients
were divided into groups by age: 65-69, 70-74, 75-79, and
≥80 years. Chemotherapy plus RT was most commonly used
in all age groups except those aged 80 years and more.
Treatment modality after surgery or biopsy was significantly
prognostic (p<0.001) in univariate analysis. Conclusion:
Adjuvant treatment can be recommended for elderly patients
with malignant brain tumors based on data from the National
Health Insurance Service.  

Malignant brain tumors are rare malignancies and confer
poor prognosis (1, 2). In the Surveillance, Epidemiology, and
End Results Program Cancer Statistics of the U.S., cancer of
the brain and nervous system was 6.4 per 100,000 males and
females per year, and caused 4.4 deaths per 100,000 males
and females yearly. The associated 5-year survival was
32.9% (1). In Korea in 2016, incidence and death from

cancer of the brain and central nervous system is 3.1 and 1.7
per 100,000 males and females per year, respectively. The 
5-year survival is approximately 40% (2). 

In particular, elderly patients are known to have worse
survival prognosis, and are under-represented in clinical
trials because of coexisting conditions such as poor overall
health status, multiple comorbidities, and polypharmacy (3).
Consequently, proper management for elderly patients with
malignant brain tumors has been emphasized. 

Among malignant brain tumors, glioblastoma (GBM), the
most common malignant brain tumor in adults, has been
actively studied. Although establishment of standard treatment
from the landmark European Organisation for Research and
Treatment of Cancer/National Cancer Institute of Canada trial
consisting of maximal surgical resection followed by concurrent
chemoradiotherapy with 60 Gy in 30 fractions of radiotherapy
(RT) plus temozolomide, then maintenance therapy of
temozolomide, the prognosis of GBM is markedly poor and the
median overall survival (OS) of patients is 14.6 months (4).
Moreover, patients older than 70 years were excluded from that
trial, and fewer than 30% of included patients were older than
60 years (5). Several randomized trials examined elderly
patients with GBM. RT was superior in best supportive care (6).
Hypofractionated RT of 40 Gy per 15 fractions was compatible
with standard RT of 60 Gy per 30 fractions (7).
Hypofractionated RT of 34 Gy in 10 fractions or temozolomide
alone led to better survival than standard RT in the Nordic trial
(8). Dose-dense temozolomide had similar effect to standard RT
in a phase III trial of the German Neuro-oncology Working
group (9). Recently, 40 Gy of hypofractionated RT plus
concurrent temozolomide was found to be superior to
hypofractionated RT alone (10). There is no treatment
consensus for elderly patients with GBM. 

In Korea, all citizens are enrolled in the National Health
Insurance Service (NHIS) from birth to death. Thus,
administrative claims data are recorded for all citizens. The
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purpose of this study was to evaluate patterns of care after
surgery or biopsy, and OS by treatment modality for elderly
patients with malignant brain tumors using data from the
NHIS in Korea. 

Patients and Methods

Study data and populations. The database system of the NHIS in
Korea was retrospectively accessed and administrative claims
databases were extracted. We included patients with diagnosis of
malignant neoplasm of the brain, unspecified, by International
Classification of Diseases, Tenth Revision [ICD-10] code, C719,
(11) because we found that several institutions code GBM as C719
even though other malignant tumors may also be included in this
code. Patient data were collected from between January 1, 2008 and
December 31, 2016 because temozolomide was covered by the
NHIS from mid-2007. Elderly patients were defined as those aged
65 years and older. To obtain concise diagnostic information, codes
of surgical procedures were included patients. Data for patients who
had craniotomy for tumor removal (S4634-7) or stereotactic biopsy
(S4756) were extracted. 

Treatments and survival outcomes. Treatments within 180 days after
surgery were considered. RT data were extracted through codes of
HD051-9 (external beam RT), HD061 (three-dimensional conformal
RT), HD110-5 (stereotactic radiosurgery), HD121 (proton therapy),
and HZ271 (intensity-modulated RT). Chemotherapy was defined
as codes of 358201-5ACH for temozolomide because temozolomide
was the most commonly used drug for malignant brain tumors.
Treatments after surgery were categorized as no treatment, RT
alone, chemotherapy alone, and combined treatment with
chemotherapy plus RT. Survival data were extracted at 3, 6, 9, 12,
18, and 24 months after surgery. 

Statistical analysis. All data are presented as absolute numbers or
percentages for each age group. The Kaplan–Meier method was
used to calculate actuarial rates of OS up to 24 months. For
comparison between groups, two-sided log-rank tests were
performed. All tests were bilateral and statistical significance was
defined as a p-value of less than 0.05. All statistical analyses were
performed using SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA).

Ethical statement. This study was approved by the Institutional
Review Board of Konkuk University Medical Center (approval No.
KUH1280129). Waivers of the requirement for individual informed
consent were obtained because this study used secondary data of the
NHIS. 

Results

Population. A flow diagram for patient selection is presented
in Figure 1. From 2008 to 2016, a total of 10,973 patients
were diagnosed with an unspecified malignant neoplasm of
the brain. Among these patients, there were 2,534 patients
aged 65 years or more. Finally, a total of 1,607 patients who
underwent surgical procedures remained. These patients were
classified onto four groups based on treatment within 180
days after surgery. Gender and age distribution are

summarized in Table I. There were 791 female patients and
861 male patients. Patients were divided by age into four
groups. There were 645, 542, 290, and 130 patients aged 65-
69, 70-74, 75-79, and age ≥80 years, respectively. 

Patterns of care after surgery. Trends of treatment after
surgery 2008-2016 are summarized as histograms in Figure
2. Chemotherapy plus RT was most commonly performed,
and was used for almost half of the patients. Approximately
30% of patients had no treatment at all. RT alone was
conducted for approximately 20% of patients. Chemotherapy
alone was performed for approximately 5% of patients. This
treatment pattern was followed in age groups 65-79 years
(Figure 3A-C). However, patients aged 80 years and older
most commonly received no treatment (Figure 3D). 

Survival outcomes. Survival data from each patient were
extracted up to 24 months. Actuarial 12-month OS for
patients with no treatment, treated with RT alone,
chemotherapy alone, and chemotherapy plus RT was 50.0%,
66.4%, 63.8%, and 69.3%, respectively (Figure 4).
Corresponding actuarial 24-month OS was 42.3%, 45.6%,
39.1%, and 46.2% (Figure 4). On univariate analysis,
treatment modality after surgery was a significant prognostic
factor for OS (p<0.001). When each treatment was compared
the other, no treatment was significantly inferior to RT alone
(p=0.006) and chemotherapy plus RT (p<0.001). Other
combinations were not significant. In subgroup analysis with
patients aged 65-69 years, treatment modality did not affect
OS (p=0.106, Figure 5A). Actuarial 12-month OS was
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Figure 1. Patient selection diagram. 



59.8% for those without treatment, 72.4% for those treated
with RT alone, 59.1% for those treated with chemotherapy
alone, and 75.3% for those treated with chemotherapy plus
RT (Figure 5A). For patients aged 70-74 years, OS was
significantly different by treatment modality (p=0.004,
Figure 5B). Actuarial 12–month OS was 43.5%, 66.2%,
68.0%, and 66.4%, respectively (Figure 5B). In the
remaining age groups, treatment modality was not a
significant risk factor (p=0.817 for those aged 75-79 years,
and p=0.275 for those aged ≥80 years; Figure 5C and D).
Corresponding actuarial 12–month OS of patients aged 75-
79 and ≥80 years was 44.3% and 48.4% for those without
treatment, 56.9% and 63.0% for those treated with RT alone,
71.4% and 50.0% for those treated with chemotherapy alone,
and 57.1% and 69.7% for those treated with chemotherapy
plus RT, respectively (Figure 5C and 5D). 

Discussion

In the current study, we investigated patterns of care of
elderly patients with malignant brain tumors after surgery or
biopsy using data from the NHIS in Korea. Even for elderly
patients, chemotherapy plus RT was the most common
treatment after surgery or biopsy except for those aged 80
years or older. When we analyzed survival data, treatment
modality significantly affected OS (p<0.001). No treatment
after surgery or biopsy led to the worst OS. 

Optimal treatment for elderly patients with malignant
brain tumors has not been determined. As summarized in the
introduction, even in GBM, for which standard therapy for
young adults has been defined, there was no consensus for
treatment of elderly patients (4-10). In this study,
chemotherapy plus RT was most commonly used except for
patients aged 80 years or more, and led to favorable OS. In
a population-based study using the US National Cancer Data

Base by Amsbaugh et al., chemotherapy plus RT led to the
best OS among adjuvant treatments in patients with GBM
aged 70 years or more (12). In another study using the US
National Cancer Data Base focusing on hypofractionated RT
by Haque et al., addition of chemotherapy to RT improved
OS in patients aged 65 years or more with GBM (13). When
adjuvant treatments for GBM in patients aged 65 years and
older were compared, hypofractionated RT, standard RT, and
chemotherapy alone led to better OS than no adjuvant
treatment in another study using the National Cancer Data
Base by Bingham et al. (14). Even in patients aged 80 years
and older, Bracci et al. insisted hypofractionated RT
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Table I. Gender and age distribution of patients diagnosed with malignant neoplasms of brain, unspecified, after surgery by years.

                                                                                                                            Year of diagnosis, n

                                      2008                2009                  2010                 2011                2012                2013                  2014               2015              2016

Gender
   Female                         75                     73                      80                     81                    85                     87                      87                 105                118
   Male                             68                     80                      83                     72                  101                     92                    114                   84                122
Age, years
   65-69                            76                     69                      66                     62                    70                     71                      78                   65                  88
   70-74                            44                     49                      56                     54                    66                     67                      65                   61                  80
   75-79                            14                     29                      26                     25                    34                     29                      40                   44                  49
   ≥80                                 9                       6                      15                     12                    16                     12                      18                   19                  23

Total                              143                   153                   163                   153                  186                   179                    201                 189                240

Figure 2. Patterns of care after surgery in elderly patients with
malignant neoplasm, unspecified 2008 through 2016. No Tx: No
treatment; RT: radiotherapy; CT: chemotherapy. 



with/without temozolomide was feasible and tolerable in
analysis of retrospective data (15). Consequently, based on
the present study, adjuvant therapy for malignant brain
tumors in elderly patients can be actively considered. 

The definition of ‘elderly’ patients has been variable. The
current National Comprehensive Cancer Network guidelines
for GBM assesses elderly patients as those older than 70
years (16). In the Korean Society for Neuro-Oncology
guideline for GBM, elderly patients were defined as those
older than 70 years (17). The European Association for
Neuro-Oncology guideline for GBM used 65-70 years as a
broad cutoff for dividing patients by age (18). In randomized
controlled trials for elderly patients, inclusion criteria for age
differed. Keime-Guibert et al. enrolled patients aged 70 years
and older for comparison of RT with supportive care (6). In
a study by Roa et al., patients aged 60 years and older were
randomized between standard RT and hypofractionated RT
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Figure 3. Patterns of care after surgery by age group 2008 through 2016: A: Age 65-69 years; B: Age 70-74 years; C: Age 75-79 years; D: Age
≥80 years. No Tx: No treatment; RT: radiotherapy; CT: chemotherapy.

Figure 4. Overall survival for all patients by treatment modality. No Tx:
No treatment; RT: radiotherapy; CT: chemotherapy.



(7). In the Nordic trial, patients aged ≥60 years were
included for comparing standard RT, hypofrationated RT, and
therapy with temozolomide alone (8). Wick et al. defined
elderly patients as those older than 65 years in a study to
compare standard RT and dose-dense temozolomide (9).
Perry et al. enrolled patients aged 65 years and older, and
randomized hypofractionated RT with/without temozolomide
(10). In the present study, we included patients aged 65 years
and older. A consistent, standard definition of elderly patients
is needed for proper application in daily practice. 

In a population-based study using an administrative claims
database, proper usage for disease codes is essential. In this
study, we sought patients with C719, malignant neoplasm of
brain, unspecified, in ICD-10, because several institutions use
C719 to code GBM. Nonetheless, other malignant brain
tumors as well as GBM were included because actual 24
months OS of patients in the present study was approximately
40%, and much higher than the approximately 10% reported
for elderly patients with GBM (6-10). In a previous study in

Japan, Yoshimoto et al. used code C71 for malignant
neoplasm of the brain in ICD-10 to investigate the pattern of
treatment for malignant brain tumors, but did not present
survival data (19). In another study in the U.S., GBM was
found using C71 code in ICD-10 from administrative claims
databases. The authors presented patterns of care after surgery
and survival graphs with 10-20% OS at 12 months (20). 

There are limitations and strengths of the current study. It
was not possible to extract data on several risk factors
influencing OS in elderly patients, such as the Eastern
Cooperative Oncology Group performance status (21), extent
of surgery (22), fractionation of RT (7, 8), and molecular
status (23) from reimbursement data. Additionally, selection
bias could not be excluded due to the retrospective nature of
this study. However, we collected a large number of patients
receiving relatively consistent treatment and showed survival
data based on the universal healthcare system in Korea. 

In conclusion, patients aged 65 and older with malignant
brain tumors received chemotherapy plus RT most
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Figure 5. Overall survival for each age group by treatment modality. A: Age 65-69 years; B: Age 70-74 years; C: Age 75-79 years; D: Age ≥80
years. No Tx: No treatment; RT: radiotherapy; CT: chemotherapy.



commonly after surgery or biopsy based on data from the
NHIS in Korea. Adjuvant therapy such as RT alone or
chemotherapy plus RT were superior to no treatment in
univariate analysis, and can be recommended for such
patients. Further validation or a plan for phase III trials is
needed to confirm population-based data from the
reimbursement system. 
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