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Abstract

We conducted this study to clarify the current trends and healthcare resource usage in the treatment of  
inpatients with primary malignant brain tumors. The Diagnostic Procedure Combination (DPC) data of all 
inpatients treated between 2013 and 2014 in the 370 core and branch hospitals enrolled in the Japanese  
Neurosurgical Society training program were collected. DPC is a discharge abstract and administra-
tive claims database of inpatients. We assessed 6,142 primary, malignant brain tumor patients. Patient  
information, diagnostic information, treatment procedure, and healthcare resource usage were analyzed. 
Chemotherapy was the most frequent treatment (27% of cases), followed by surgery (13%) and surgery + 
chemo-radiotherapy (11%). Temozolomide (TMZ), the most frequently used chemotherapeutic drug, was 
administered to 1,236 patients. Concomitant TMZ and radiotherapy was administered to 816 patients, and 
was performed according to the Stupp regimen in many cases. The mean length of hospital stay (LOS) was 
16 days, and the mean medical cost was 1,077,690 yen. The average medical cost of TMZ-only treatment 
was 1,138,620 yen whilst it was 4,424,300 yen in concomitant TMZ patients. The LOS was significantly 
shorter in high-volume than in low-volume hospitals, and the medical cost was higher in hospitals treating 
21–50 patients compared to those treating 1–10 patients. However, the direct medical cost of TMZ treatment 
was the same across different volume hospitals. This is the first report of current trends and healthcare  
resource usage in the treatment of primary malignant brain tumor inpatients in the TMZ era in Japan.
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Introduction

malignant brain tumors are amongst the most 
lethal types of cancer. its incidence is increasing, 
and hence, a growing number of patients are being 
treated in the clinic.1–4) the current incidence of 
primary brain tumors is 10–20 cases per 100,000 

of the general population. Primary malignant brain 
tumors can be classified into a number of histo-
logical subtypes, but are mostly gliomas with a 
World health organization (Who) grade between i 
and iV. treatment consists of surgery, radiotherapy 
(Rt), and chemotherapy (ctX), either alone or in 
combination, depending on the tumor histology 
and the patient’s condition. temozolomide (tmz) 
is an oral alkylating agent, and has been widely Received June 8, 2016; Accepted August 1, 2016
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used to treat primary malignant glioma patients 
in Japan since 2006 when it was first covered by 
health insurance. After the publication of stupp  
et al’s influential study, the standard initial treatment 
strategy for malignant glioma became concomitant 
Rt and tmz-based ctX.5) however, as tmz is 
an expensive drug compared to carmustine and 
procarbazine, the economic burden of tmz usage 
for the treatment of malignant glioma has been 
a matter of debate. For example, Wasserfallen  
et al reported that tmz usage in concomitant and 
adjuvant treatment increased medical costs eight 
fold in a single institution cohort in switzerland.6) 
Nevertheless, several studies demonstrated the cost-
effectiveness of tmz treatment in malignant brain 
tumor treatment.7–9) in this context, there is no data 
as to how many primary brain tumor patients are 
treated in Japanese hospitals, and how often tmz is 
administered overall and in single hospitals. given 
that concomitant tmz treatment after surgery is 
considered the standard treatment internationally for 
malignant glioma, the medical economics of tmz 
usage should be evaluated in individual countries 
because the health insurance system is different in 
each country. 

in 2002, the Japanese government introduced a 
per diem prospective payment system with a diag-
nosis-Related groups (dRg)-like grouping, which is 
called diagnostic Procedure combination (dPc).10) 
data for practices can be obtained from dPc, and 
an attending physician is responsible for clinical 
data entry for each patient. using this database, we 
have previously reported the discharge outcomes 
of cerebrovascular disease patients in a nationwide 
retrospective analysis (the J-AsPect study).11–13) in 
this study, we collected and analyzed all the dPc data 
for patients treated in 370 core and branch hospitals 
from a total of 847 hospitals participating in the Japan  
Neurosurgical society training program. Brain tumor 
patients are treated in neurosurgical hospitals in 
Japan, and this treatment includes ctX and Rt. 
therefore, this dataset may include the majority 
of data for patients treated in Japan during the 
designated period. 

the first aim of this study was to reveal what kind 
of therapeutic modality is administered, and the 
difference of modality based on patient age, focusing 
particularly on tmz usage in the Japanese clinical 
setting. the second aim was to evaluate healthcare 
resource usage based on measures such as length of 
hospital stay (Los) and direct medical cost using an 
exhaustive patient administrative claim database. our 
findings clarify the current trends in the treatment 
of primary malignant brain tumor patients, and its 
associated medical economics in Japan.

Materials and Methods

Data acquisition
of the 847 hospitals participating in the Japan 

Neurosurgical society training program, 392 agreed to 
participate in this study. We obtained data between 
April 2013 and mach 2014 from 392 hospitals, but 
22 hospitals were excluded from the analysis because 
insufficient data are available. in total, the data from 
370 hospitals were analyzed, including the dPc 
data of 501,609 patients admitted to neurosurgical  
hospitals. this dataset included background patient 
information such as age, sex, charlson score, and Japan 
coma scale (Jcs) score: 1, 2, 3-digit, and we could 
acquire information about the treatment procedure 
and modality, and the administered drug. in addition, 
we could obtain healthcare resource usage informa-
tion such as the Los and direct medical cost. direct 
medical costs include hospitalization, medications, 
imaging examinations, surgery, ctX, and Rt. Analysis 
of indirect medical costs is not included in this study. 
As mentioned above, the dPc reimbursement system 
pays for the surgery, Rt, and ctX as fee-for-service 
(FFs), while other costs for hospitalization, medica-
tions, blood examination, imaging examination, and 
physician time are inclusive. As the cost of chemo-
therapeutic drugs is inclusive, the dose and duration 
of ctX are not reflected in dPc reimbursement. the 
medical cost was converted into us dollars based on 
an exchange rate at 103 Japanese Yen per us dollar.

Patient extraction
in this study, we focused on patients with primary 

malignant brain tumors of neuroepithelial origin. the 
dPc database does not include diagnostic histological 
information. the icd-10 codes denote different 
intracranial primary malignant tumors as follows: 
c71, malignant brain tumor; c70, malignant intrac-
ranial tumor originating in the meninges; and c72, 
malignant intracranial tumor originating in the cranial 
nerves. in order to extract information on primary 
malignant brain tumors of neuroepithelial origin, we 
used c71 as the dPc icd-10 code. using this code, 
we assumed that we could extract data on astrocytic,  
oligodendroglial, ependymal, pineal, embryonal, germ 
cell, and other neuroepithelial tumors. Primary central 
nervous system lymphomas were not included as they 
are specified by a different code. We also assumed that 
no malignant meningeal, mesenchymal, or peripheral 
nerve sheath tumors were included in the analysis. 
Patients with malignant tumors in the sellar region 
and pituitary tumors were also excluded. in total, 
data for 6,142 patients with a primary malignant 
brain tumor were retrieved using code c71. data 
analysis was performed for these patients.
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interferon, bevacizumab, methotrexate, carmustine, 
ifosfamide, cisplatin, carboplatin, vincristine, cyclo-
phosphamide, and procarbazine. We considered that 
ctX had been administered when there was a code 
for ctX and one of these drugs were listed. 

RT
in Japan, payments for Rt are classified and coded 

according to the treatment modality. external beam 
therapy (eBt) is coded as m001, and stereotactic 
radiosurgery (sRs) and stereotactic Rt (sRt) are 
coded as m001-2 and m001-3, respectively. in this 
study, we identified patients treated with Rt and 
sub-categorized them by modality using these codes. 

Statistical analysis 
Los and medical cost were treated by log trans-

formed value. geometric means and their 95% 
confidence intervals were calculated. A general linear 
mixed model analysis was performed to determine 
statistically significant differences in mode of therapy 
on Los or medical cost adjusted for age, sex, and 
the charlson and Jcs scores as a fixed effect and  
the hospital as a random effect. the differences in the 
number of patients per hospital were also determined. 
Reference population was set on male, average age 
(46.28), Jcs = 0, and average charlson score = 4.28, 
and then estimates and their 95% confidence interval 
for Los and medical cost were presented. A value 
of p < 0.05 was considered statistically significant. 
the reference category for the number of patients per 
hospital was 1–10, and the Jcs score had a value 
of 0, 1, 2, or 3. the analyses were performed using 
sAs version 9.4 (sAs institute inc., cary, Nc, usA).

Ethical statement
the research plan was designed by the authors 

and approved by the institutional Review Board of 
Kyushu university. the requirement for individual 
informed consent was waived.

Results

Patient demographics
of 6,142 primary malignant brain tumor patients, 

57% were male and 43% were female. With regard to 
age, 18% of the patients were children aged 15 years 
or younger, 65% were adult patients aged between 
16 and 70 years, and 17% were elderly patients aged 
over 71 years. the tumor type was unknown in 3% 
of the patients; 58% of patients had a primary tumor 
and 39% of patients had recurrent disease (table 2). 
the number of patients treated in a single institu-
tion varied between 1 and 277, with a median of 7  
(Fig. 1), indicating that many hospitals treated less 

Evaluation of treatment modalities
the dPc database includes sub-codes that specify 

the surgical procedures and adjuvant therapy used, 
allowing demographic data to be stratified according 
to the treatment modalities described below.

Surgery
the type of surgical treatment is specified by 

a K-code. in this study, we aimed to extract data 
on surgical procedures related directly to tumor 
treatment. We used codes K169 (tumor removal by 
craniotomy), K171 (transsphenoidal tumor removal), 
and K151-2 (tumor removal by extended skull base 
craniotomy) to extract data for patients who had 
a tumor removed by craniotomy. in addition, to 
extract data on biopsies, we used codes K148 (only 
craniotomy), K1541 (functional stereotactic surgery 
[hemilateral]), and K164-4 (stereotactic hematoma 
evacuation) because stereotactic tumor biopsy was not 
K-coded as of the end of this study period. We also 
included codes K1492 (decompressive craniectomy), 
K145 (extra-ventricle drainage), and K174 (operation 
for hydrocephalus). collectively, to extract data for 
malignant brain tumor patients who underwent surgery, 
we used codes K-169, K148, K1541, K164-4, K171, 
K151-2, K1492, K145, and K174 (table 1).

CTX
in order to evaluate the use of chemotherapeutic 

drugs, we selected the following agents that are used 
in the neurosurgical clinic: tmz, nimustine (AcNu), 

Table 1 Number of extracted patients according to 
K-code

K-code description Number of 
patients (%)

K1691 tumor removal by craniotomy 
(pineal region) 18 (0.9)

K1692 tumor removal by craniotomy 1688 (79.8)

K148 craniotomy only 34 (1.6)

K1541 Functional stereotactic surgery 
(hemilateral) 83 (3.9)

K164-4 stereotactic hematoma 
evacuation 45 (2.1)

K145 extraventricular drainage 66 (3.1)

K174 operation for hydrocephalus 129 (6.1)

K1492 decompressive craniectomy 22 (1.0)

K151-2 tumor removal by extended 
skull base craniotomy 13 (0.6)

K171 transsphenoidal tumor removal 6 (0.3)

K171-2 endoscopic transsphenoidal 
tumor removal 11 (0.5)
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than 20 primary malignant brain tumor patients 
(small-volume hospitals), and a few hospitals treated 
more than 100 patients (high-volume hospital).

Surgery
of 6,142 primary malignant brain tumor patients, 

2,236 were assigned a surgical K-code, and of these, 
1,963 patients had a K-code related to surgery to 
treat the tumor (Fig. 2A, table 1). the remaining 273 
patients underwent procedures not directly related 
to the tumor, such as brain abscess evacuation, 
tracheostomy, or central venous catheter insertion. 
According to data from the Japan Neurosurgical 
society, there were 25,160 brain tumor surgeries 
in neurosurgical hospitals in 2013. therefore, the 
number of surgical cases analyzed in this study is 
equivalent to 7.8% of all brain tumor surgeries in 
Japan for a period of one year.

Radiation

A total of 1,510 primary brain tumor patients under-
went Rt (Fig. 2A), of whom, 1,203 were treated 
using eBt, 90 using sRs, and 217 using sRt. eBt 
was the most popular radiation modality followed 
by sRt and sRs in all age groups (Fig. 2B), and 
the frequency of these modalities were very similar.

Table 2 Demographics and clinical characteristics of 
patients included in this study

total, n 6,142

male, n (%) 3,489 (56.8)

Age

 ≤15, n (%) 1,091 (17.8)

 16–70, n (%) 3,984 (64.9)

 ≥71, n (%) 1,067 (17.4)

Primary, n (%) 3,549 (57.8)

Japan coma scale

 0, n (%) 4,211 (68.6)

 1-digit code, n (%) 1,592 (25.9)

 2-digit code, n (%) 240 (3.9)

 3-digit code, n (%) 99 (1.6)

charlson score

 2, n (%) 1,948 (31.7)

 3, n (%) 733 (11.9)

 4, n (%) 757 (12.3)

 5, n (%) 962 (15.7)

 6–10, n (%) 1643 (26.8)

 11–15, n (%) 99 (1.6)

Fig. 1 The distribution of the number of primary 
malignant brain tumor patients treated at each hospital

CTX 
ctX was administered to 3,079 of the 6,142 patients 

with a primary brain tumor (Fig. 2A), using a total 
of 4,728 different regimens. As shown in Fig. 3A, 
the most frequently used drugs were tmz (41%), 
followed by etoposide (11%), interferon-b (9%), and 
carboplatin (9%). Bevacizumab and carmustine were 
rarely used because they were not covered by health 
insurance at the start of this study period. With respect 
to age group, pediatric patients were less frequently 
administered tmz compared to adults, but were more 
frequently treated using etoposide, carboplatin, metho-
trexate, vincristine, cisplatin, or cyclophosphamide  
(Fig. 3B). We also investigated the frequency with 
which combinations of drugs were administered to 
different age groups (table 3). in total, combination 
therapy was used in 871 cases, and combined carbo-
platin and etoposide (cARe), or combined tmz and 
interferon-b, were both commonly used in the adult 
group. in contrast, combined cisplatin and vincris-
tine was most frequently used for pediatric patients, 
followed by combinations of carboplatin and etopo-
side, or ifosfamide, cisplatin, and etoposide (ice) at 
a similar frequency. combined cyclophosphamide, 
cisplatin, and vincristine therapy (Packer regimen) 
was also commonly used in the pediatric group.

We focused our analysis on tmz, as it is the 
most commonly used chemotherapeutic drug for the 
treatment of malignant glioma. the most common 
duration of tmz administration for initial cases 
(816 cases) was between 40 and 45 days, which 
is consistent with the standard concomitant tmz 
treatment protocol of 42 days for initial malignant 
gliomas (Fig. 3c). in addition, in the concomitant 
tmz treatment protocol, tmz therapy and Rt were 
initiated on the same day for most patients (Fig. 3d). 
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Fig. 2 (A) Frequency of each treatment modality (B) The ratio of different radiotherapy modalities in age groups 
(C) The distribution of types of therapy for all patients, and (D) by age group

Mode of therapy
the 6,142 primary malignant brain tumor patients 

were classified into eight groups depending on 
whether they underwent surgery alone, surgery + 
Rt, surgery + ctX, surgery + chemo-radiotherapy 
(cRt), Rt, ctX, cRt, or none of these (Fig. 2A, c). 
Patients with primary tumors were most frequently 
treated using ctX, followed by surgery, and surgery 
+ cRt. Pediatric patients less frequently underwent 
surgical treatment and were more often treated 
using ctX compared to adults. hence, the type 
of therapy varied between adult and pediatric 
patients (Fig. 2d). 

LOS 
We analyzed the Los with respect to the mode 

of therapy. the mean Los of all the patients was 
16 days. When we stratified the data according to 
the mode of therapy, primary tumor patients who 
underwent surgery had longer hospital stays compared 
to non-surgically treated patients (table 4). in the 
subgroup of primary tumor patients who under-
went surgery, the mean Los was long amongst 

Table 3 Combination of chemotherapeutic drug accord-
ing to the patient age group

chemotherapeutic  
drug (n = 871)

≤15 yr 
(%)

16–70 yr 
(%)

≥71 yr 
(%)

carboplatin + 
etoposide 69 (25.7) 253 (43.7) 5 (20.8)

temozolomide + 
interferon-b 22 (8.2) 229 (39.6) 16 (66.7)

cisplatin + Vincristine 90 (33.6) 19 (3.3) 0

ifosfamide + cisplatin 
+ etoposide 60 (22.4) 46 (7.9) 0

cyclophosphamide + 
cisplatin + Vincristine 27 (10.1) 7 (1.2) 0

Procarbazine 
+ Nimustine + 
Vincristine

0 25 (4.3) 3 (12.5)

those who underwent surgery + cRt (73.8 days), 
followed by surgery + Rt (65.5 days), surgery + 
ctX (38 days), and surgery alone (23.2 days). cRt 
was the most common treatment administered to 
patients who did not undergo surgery. When we 
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Fig. 3 Frequency with which each type of chemotherapeutic drug was administered for primary malignant brain 
tumor patients (for a total of 4,728 regimens) in (A) all patients and (B) patients in different age groups (C) The 
distribution of the duration of temozolomide (TMZ) administration for primary malignant brain tumor patients 
undergoing initial treatment (D) Relationship between the time between surgery and the start of TMZ or radio-
therapy for primary malignant brain tumor patients undergoing initial treatment

stratified the patients according to the number of 
primary malignant brain tumor patients treated by 
their hospital, the Los was significantly shorter 
in high-volume hospitals than in low-volume 
hospitals (table 5).

Direct medical cost 
the dPc dataset also lists inpatient direct medical 

costs including surgery, ctX, Rt, hospital stay, 
and other diagnostic and treatment modalities. 
the average direct medical cost for treating the 
patients was 1,077,690 yen. consistent with the 
Los, surgical treatment was much more expensive 
than non-surgical therapy (table 4). surgery + cRt 
was the most expensive treatment, at 5,926,220 yen, 
followed by surgery + Rt (4,757,000 yen) and 

surgery + ctX (3,937,540 yen). the mean cost of 
surgery was 2,752,300 yen. We found that medical 
cost was higher in hospitals treating 21–50 patients 
compared to those treating 1–10 patients (table 6). 
however, although the medical cost was lower in 
high-volume hospitals than in small-volume hospi-
tals, this difference was not statistically significant.  
in the dPc system, days and dose of tmz adminis-
tration for the primary patients are not translated in 
the medical expenditure, which means that medical 
cost depends on whether tmz is administered. We 
analyzed medical expenditure for tmz only patients 
(420 cases) and concomitant tmz patients (816 
cases) according to the number of the patients per 
hospital. in tmz only patients, the average medical 
cost was 1,138,620 yen, whilst for concomitant tmz 
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patients it was 4,424,300 yen, indicating that the 
direct medical cost increases more than two fold 
when it includes Rt in Japan. in both groups, the 
medical cost was not statistically different among 
hospitals with different patient volumes (table 6). 

Discussion

in this study, we analyzed the current status of 
malignant brain tumor treatment using the dPc 
database in Japan. the advantage of using dPc 
data is that patient and hospital information, diag-
nosis, procedures, and administrative claim data are 
completely enumerated for all of the patients in the 
participating hospitals. Another benefit is that all of 
these data can be collected from the administrative 
claims database of inpatients without additional effort 
by medical staff. this study covered 370 hospitals 
(44%) out of all 847 Japanese Neurosurgical society 
training program core and branch hospitals. thus, 
we think that our study is a good representation 
of the current trends in malignant brain tumor 
treatment in Japan. Approximately 24,000 patients 

are newly diagnosed with primary malignant brain 
cancer annually in the united states.3,4) in this study, 
3,562 (58%) of the 6,142 malignant tumor patients 
had primary disease, which is equivalent to 15% 
of all the patients in the united states. 

our analysis revealed that many of the hospitals 
treated less than 20 patients with primary malig-
nant brain tumors in a single year. there are very 
few high-volume centers treating more than 100 
malignant brain tumor patients per year in Japan, in 
contrast with the usA, europe, Korea, and china, 
where malignant brain tumor patients are treated 
in high-volume core center hospitals. Regarding the 
use of cytotoxic chemotherapeutic drugs, we found 
that tmz was administered to approximately 40% 
of patients, and that the next most frequently used 
drug was administered to less than 10% of patients, 
indicating that tmz is the most widely prescribed 
drug for treating primary malignant brain tumors. 
however, amongst pediatric patients, tmz was less 
frequently administered than platinum-based drugs, 
etoposide, vincristine, and ifosfamide. this may be 
because tmz offers no significant benefit in pediatric 

Table 4 Length of hospital stay and medical cost depending on therapeutic modalities

Length of stay (days) medical cost (10 thousand yen)

modalities n geometric 
mean 95% ci n geometric 

mean 95% ci

None 1893 8.0 0.6–101.3 1774 39.1 4.1–369.1 

ctX 1672 11.0 1.3–93.7 1640 64.5 11.3–370.1 

Rt 321 11.9 1.4–98.4 302 97.1 32.8–287.8

cRt 414 37.9 7.8–183.6 408 230.5 69.8–761.4

surgery 779 23.2 7.4–73.2 763 275.2 132.5–571.5

surgery + ctX 313 38.0 9.7–148.2 309 393.8 181.3–855.3

surgery + Rt 70 65.5 26.5–162.4 68 475.7 264.3–856.1

surgery + cRt 680 73.8 35.0–155.7 672 592.6 341.3–1029.0

Table 5 Length of hospital stay according to the patient volume of the hospital

Length of stay (days) Analysis of mixed model

estimates for reference population

Patient volume n geometric 
mean 95% ci p value estimates 95% ci

1–10 998 24.6 2.7–227.5 – 18.1 16.4–20.0

11–20 863 20.8 2.2–194.4 0.256 16.6 14.5–18.9

21–50 1109 18.4 1.5–221.1 0.854 18.4 15.8–21.5

51–100 1480 16.0 1.4–182.9 0.181 15.8 13.2–18.9

> =101 1692 10.0 0.8–124.5 0.001 11.5 8.9–14.9
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Table 6 Direct medical cost according to the patient volume of the hospital

medical cost (10 thousand yen) Analysis of mixed model

estimates for reference population

Patient volume n geometric mean 95% ci of 
geometric mean p value estimates 95% ci

1–10 977 133.5 13.5–1318.3 – 110.1 99.2–122.1

11–20 795 135.6 13.4–1373.9 0.334 119.3 103.7–137.3

21–50 1063 134.0 11.6–1549.2 0.011 139.7 119.0–163.9

51–100 1472 110.2 8.2–1475.4 0.655 115.2 96.1–138.1

> =101 1629 72.0 5.5–941.0 0.224 92.9 71.7–120.3

TMZ only

medical cost (10 thousand yen)

Patient volume n geometric 
mean 95% ci

1–10 82 162.2 27.4–958.9

11–20 55 107.6 11.8–984.2

21–50 82 137.1 17.4–1080.5

51–100 105 101.7 11.3–918.6

> =101 93 83.1 12.5–554.3

TMZ + RT (concomitant)

medical cost (10 thousand yen)

Patient volume n geometric 
mean 95% ci 

1–10 149 463.7 160.3–1341.1

11–20 125 460.3 159.3–1329.6

21–50 169 460.2 161.5–1311.3

51–100 226 410.6 116.4–1449.0

> =101 140 437.0 146.9–1300.2

Reference population means male, average age(46.28), Jcs 
 = 0, and average charlson score = 4.28

patients,14) or, in part, because germ cell and embryonal 
tumors occur frequently in pediatric patients. indeed, 
combination ctX, which is usually administered 
for germ cell and embryonal tumors, was most 
frequently used to treat pediatric tumors.

According to the standard protocol, Rt consists of 
fractionated focal irradiation at a dose of 2 gy per 
fraction for a total dose of 60 gy, which is admin-
istered once daily 5 days per week over a period of  
6 weeks. concomitant ctX consisted of tmz at a 
dose of 75 mg per square meter per day, administered 
7 days per week from the first day of Rt until the 

last day of Rt. We found that tmz administration 
most frequently lasted 40–45 days for many of the 
initial primary malignant brain tumor patients. in 
addition, Rt and tmz administration often started 
at the same time postoperatively, suggesting that 
concomitant ctX and Rt is the current trend for 
initial primary malignant brain tumors in Japan. 
taken together, our findings demonstrate that tmz 
treatment for initial primary malignant brain tumor 
patients was undertaken according to the international 
standard protocol in Japanese neurosurgical hospitals.

We also evaluated the frequency with which 
different therapies were used to treat the patients. 
the most frequent treatment was ctX (27%), 
followed by surgery (13%), and surgery + cRt 
(11%). No single treatment type was used for  
more than 30% of patients. this differs from 
findings using the Brain tumor Registry dataset,15) 
where surgery + cRt was most frequently used 
(51%), followed by surgery (18%) and surgery + 
Rt (18%). observation alone and other treatments 
accounted for only 2% of patients. there are a 
number of possible reasons for this discrepancy 
between the datasets. First, because tumor histology 
is not included in the dPc dataset, it is possible 
that this varies significantly between the datasets, 
which would be reflected in the different thera-
pies used. second, the tmz administration for 
malignant glioma was covered by Japanese health 
insurance in 2006, which means that Brain tumor 
Registry data were collected before the tmz era 
between 2001 and 2004. this might explain why 
ctX (possibly involving tmz) was used more 
frequently for patients included in our dataset. 
third, actively treated patients in the university 
and national center (core) hospitals might have been 
selectively included in the Brain tumor Registry. 
given that our data are collected from all of the 
patients in registered hospitals including branch 
hospitals, our results reflect the current situation 
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regarding malignant brain tumor treatment after 
admission to Japanese neurosurgical hospitals.

sub-analysis of therapy type for primary tumor 
patients demonstrated that pediatric patients less 
frequently underwent surgical treatment, including 
surgery alone or combined with cRt, compared 
with adult and elderly patients. however, pediatric 
patients more frequently underwent ctX. this 
suggests that pediatric patients are more often treated 
using ctX than Rt, and indeed the prevalence of 
Rt regardless of surgery and ctX was 7.5%, 18%, 
and 25% in pediatric, adult, and elderly patients, 
respectively. Regarding the type of Rt used, sRs/
sRt accounted for a quarter of all Rt used to treat 
primary brain tumors. 

our analysis also revealed novel findings regarding 
health care data in Japan. Japan sustains full and 
equal health insurance coverage with a single 
reimbursement fee system for all physicians and 
patients.16) under this system, the mean Los for 
primary malignant brain tumor patients was 16 days. 
hospital stays generally get longer with increasingly 
complex modes of therapy. According to the 2011 
data of the ministry of health, Labour and Welfare 
in Japan, the mean Los or all cancer patients was 
19.5 days.17) the mean Los in our dataset was closer 
to this value (16 days). Accordingly, the mean Los 
in the surgically treated groups was 46 days. the 
ministry of health, Labour and Welfare data also 
reveal that patients who undergo craniotomy have 
the longest stay in hospital (mean 48.5 days) among 
all patients undergoing surgery. As data for patients 
with benign tumors are also included in the ministry 
of health, Labour and Welfare dataset, this study 
is the first to demonstrate that the Los of malig-
nant brain tumor patients depends on the mode of 
therapy. given that ctX or Rt is more likely to be 
administered as an inpatient treatment in Japan, we 
need to be careful in comparing healthcare resource 
usage between countries.

in this study, we first evaluated the direct medical 
cost for the treatment of inpatient primary malignant 
brain tumor patients in Japan. the mean medical 
cost of all 6,142 patients was 1,077,690 yen, which is 
equivalent to 10,463 us dollars at the exchange rate 
of 103 Japanese yen per us dollar. A recent publi-
cation showed that the total direct cost for surgery 
and Rt ranged from 50,600 to 92,700 us dollars in 
the united states.9) We found that the medical cost 
of patients undergoing both surgery and Rt was 
4,757,000 yen (46,184 dollars) in this study. Although 
the direct medical cost cannot be compared between 
countries with different health insurance systems, it 
seems clear that the direct medical expenditure for 
combined surgery and Rt is within the same range 

in both countries. As expected, the medical costs 
are greater for patients undergoing surgery, Rt, and 
ctX, at 5,926,220 yen (57,536 dollars). concerning 
tmz treatment, the cost of treating patients under-
going concomitant tmz therapy after surgery was  
4,424,300 yen (42,541 dollars). A previous study 
found that the medical cost of inpatients with 
concomitant tmz therapy was 59,121 us dollars 
in the united states,18) which indicates that medical 
costs including tmz treatment is lower than that in 
the united states. Furthermore, our results showed 
that the direct medical cost of patients undergoing 
surgery with only tmz and concomitant tmz is 
similar among the hospitals regardless of patient 
volume. this indicates that the same level of treat-
ment is administered for primary malignant brain 
tumor patients across all hospitals in Japan, which 
may partly be because tmz use is included in the 
dPc system, and thus, the dose and duration of 
tmz administration is not reflected in the direct 
medical cost.

A limitation of this study is that detailed informa-
tion concerning the tumor site, histology, and extent 
of resection was not available in the dPc data set. 
Furthermore, because the dPc dataset only includes 
mortality data for the corresponding admission period, 
information on patient outcomes after discharge is 
not included. thus, the survival rate cannot be calcu-
lated. moreover, outpatient data are not included.  
Nevertheless, this study provides a clear picture of the 
current trend of treatment for malignant brain tumors 
in Japan. if we can link this population-based dataset 
to the standard registration database, we could obtain 
very useful information regarding the treatment of 
malignant brain tumor patients. 

in summary, we have assessed the current treat-
ment and healthcare resource usage of malignant 
brain tumor patients in Japan using exhaustive 
claim data from 6,142 patients. this study could 
act as a road map towards the establishment of a 
better health care policy.
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