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Abstract

Background: This study aimed to investigate what treatment are selected for malignant brain

tumors, particularly glioblastoma (GBM) and primary central nervous system lymphoma (PCNSL),

in real-world Japan and the costs involved.

Methods: We conducted a questionnaire survey regarding treatment selections for newly diag-

nosed GBM and PCNSL treated between July 2021 and June 2022 among 47 institutions in the

Japan Clinical Oncology Group-Brain Tumor Study Group. We calculated the total cost and cost

per month of the initial therapy for newly diagnosed GBM or PCNSL.

Results: The most used regimen (46.8%) for GBM in patients aged ≤74 years was ‘Surgery +
radiotherapy concomitant with temozolomide’. This regimen’s total cost was 7.50 million JPY

(Japanese yen). Adding carmustine wafer implantation (used in 15.0%), TTFields (used in 14.1%),

and bevacizumab (BEV) (used in 14.5%) to the standard treatment of GBM increased the cost

by 1.24 million JPY for initial treatment, and 1.44 and 0.22 million JPY per month, respectively.

Regarding PCNSL, ‘Surgery (biopsy) + rituximab, methotrexate, procarbazine, and vincristine (R-

MPV) therapy’ was the most used regimen (42.5%) for patients of all ages. This regimen incurred

1.07 million JPY per month. The three PCNSL regimens based on R-MPV therapy were in ultra-

high-cost medical care (exceeding 1 million JPY per month).

Conclusions: Treatment of malignant brain tumors is generally expensive, and cost-ineffective

treatments such as BEV are frequently used. We believe that the results of this study can be used to

design future economic health studies examining the cost-effectiveness of malignant brain tumors.

Key words: glioblastoma, primary central nervous system lymphoma, treatment regimen, high-cost medical care, cost
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Introduction

Glioblastoma (GBM) is one of the most malignant primary brain
tumors and diffusely infiltrates the central nervous system (1,2). In
Japan, GBM is a rare cancer, accounting for 1.68 cases of 100 000
people per year (3). Postoperative concomitant chemoradiotherapy
with temozolomide (TMZ) and adjuvant TMZ are the standard
treatments for GBM worldwide (4), with a median overall survival
(OS) period of 14.6 months (5).

As GBM has the poor prognosis, treatment development is cur-
rently underway to determine what to add to TMZ to prolong
survival for GBM. Firstly, carmustine wafer implantation (Gliadel)
is an intracavity sustained-release formulation containing carmus-
tine, a nitrosourea alkylating antineoplastic agent, implanted on
the resection surface during the resection of malignant gliomas (6).
Secondly, bevacizumab (BEV) is another drug approved for GBM
treatment. Although there are two randomized controlled trials
(AVAglio and RTOG0805) on BEV in combination with TMZ plus
chemoradiotherapy for newly diagnosed GBM, it is not considered
the standard of care for newly diagnosed GBM, mainly because
two large placebo-controlled phase III trials showed no significant
differences in OS, and this has not been approved for use in newly
diagnosed GBM in any country other than Japan. Thirdly, the
NovoTTF-100A system is a portable device that generates a low-
intensity, intermediate-frequency alternating electric field called a
tumor-treating field (TTF), which is believed to kill cancer cells
by inhibiting their replication (7). However, the actual treatment
selections for GBM in the real world as well as their associated costs
have not been fully investigated.

According to the Report of the Brain Tumor Registry of
Japan (2005–2008) (5), primary central nervous system lymphoma
(PCNSL) accounts for 4.9% (814 per 4 years) of all primary
brain tumors, and the incidence of PCNSL has been increasing in
recent years. Currently, the standard treatment for PCNSL is HD-
MTX-based remission induction therapy and consolidation therapy
with high-dose cytarabine (AraC) or WBRT. The 2-year survival
rate of patients treated with rituximab + MTX + procarbazine
+ vincristine (R-MPV), which is a combination of HD-MTX-
based multiple agent remission induction therapy and HD-AraC,
consolidation pharmacotherapy, and 23.4 Gy of reduced dose whole
brain radiation, was 90% (8).

In addition to the standard treatment for these malignant brain
tumors, further therapeutic development should be conducted to
enable prolonged survival and may achieve a cure in the future.
However, the high development costs of these new drugs render
them costly. Japan has a universal health insurance system that
significantly reduces patients’ out-of-pocket expenses, even when
medical costs are high (9). The reduced costs come from insurance
premiums and taxes paid by Japanese citizens. As the cost of medical
care continues to increase, the burden on the public is approaching
its limit. In the future, it will be necessary to consider drug costs and
the effects of treatment choices on patient outcomes and the effects
on healthcare costs and the use of limited healthcare resources from
a broad perspective. Particularly, the burden of cancer continues to
grow, and the disease is becoming a major economic burden for
all industrialized countries (10,11). Therefore, the Japan Clinical
Oncology Group (JCOG) Health Economic Committee considered
that it was necessary to discuss sustainable medical care for the next
generation of patients.

In the present study, we conducted a survey at a hospital in the
JCOG-BTSG to reveal the treatment options available for GBM and
PCNSL among malignant brain tumors and the medical costs for

each regimen. This study aimed to investigate what treatment are
available for malignant brain tumors, particularly GBM and PCNSL,
in real-world Japan and the costs involved. It was led by the JCOG
Health Economic Committee.

Materials and methods

A questionnaire survey

A questionnaire survey was conducted at 47 JCOG-BTSG-registered
centers to determine the initial treatment regimens used for malignant
brain tumors that are not curable: (1) newly diagnosed GBM and
(2) PCNSL. The survey was conducted using Google Form, which
included the name of the facility and the name of the researchers.
The lists of initial treatment regimens established in the questionnaire
survey items are shown in Tables 1 (newly diagnosed GBM) and
Table 2 (PCNSL). There were 11 treatment regimens for GBM and
eight treatment regimens for PCNSL (Tables 1 and 2). The content
of each treatment regimen was extracted from regimens used mainly
in Japan. In the survey, the total number of patients receiving each
treatment was collected, but individual patient data were not col-
lected. The number of patients who were treated with each regimen
was divided by ‘age ≤ 74 years/≥ 75 years (at the start of treatment)’
in the survey. The study period covered cases of newly diagnosed
GBM or PCNSL from July 2021 to June 2022 at each institution.

Calculation of the cost of each treatment for malignant

brain tumors

This study calculated the total cost of the initial therapy for newly
diagnosed GBM and PCNSL (not including the cost of maintenance
therapy). Medical costs were calculated based on Japanese receipt
scores. Monthly cost was calculated based on the treatment duration
for each treatment regimen. Among the treatments, we defined ‘high-
cost medical care’ as treatments of ≥0.5 million JPY per month and
‘ultra-high-cost medical care’ as treatments of ≥1 million JPY per
month, as defined by the JCOG Health Economics Committee.

Results

General information

Questionnaires were collected from patients with newly diagnosed
GBM or PCNSL treated between April 2022 and March 2023 from
47 JCOG-BTSG registries. The questionnaires collected from patients
with newly diagnosed GBM received responses from 42 of all 47
JCOG-BTSG-registered centers (89.4%). In contrast, the survey for
PCNSL received responses from 39 of the 47 JCOG-BTSG-registered
centers (83.0%). Among these centers, the total numbers of patients
surveyed for GBM and PCNSL were 733 and 258, respectively. In
Japan, the Center for Cancer Genomics and Advanced Therapeutics
offers a next-generation sequencing-based comprehensive genomic
profiling test for patients with malignant brain tumors. This test
targets patients with GBM or PCNSL. The cost is 0.56 million
JPY (12).

Results of a survey of treatment regimens used for

newly diagnosed GBM

Overall, 733 GBM cases were reported, of which 530 GBM cases
were reported for those aged ≤74 years and 203 GBM cases were
reported for those aged ≥75 years. The proportions of elderly and
non-elderly patients receiving each treatment regimen for newly diag-
nosed GBM are shown in Fig. 1 and Table 1. The most used regimen
for GBM in patients aged ≤74 years was ‘Surgery + radiotherapy
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Table 1. Initial treatment regimens for newly diagnosed GBM surveyed in the questionnaire.

Treatment regimens 74 years old or younger 75 years old or older

No. of
patients
(n = 530)

(%) No. of
patients
(n = 203)

(%)

Surgery + RT (60Gy/30fr) 5 1.0 14 6.9
Surgery + RT (60Gy/30fr) + TMZ 248 46.8 16 7.9
Surgery + RT (60Gy/30fr) + TMZ + Carmustine wafer implantation 57 10.8 6 3.0
Surgery + RT (60Gy/30fr) + TMZ + TTFields 56 10.6 3 1.5
Surgery + RT (60Gy/30fr) + TMZ + Carmustine wafer implantation + TTFields 29 5.5 0 0
Surgery + RT (40Gy/15fr) + TMZ 40 7.6 117 57.7
Surgery + RT (25Gy/5fr) + TMZ 14 2.7 22 10.9
Surgery + RT (60Gy/30fr) + TMZ + BEV 54 10.2 24 11.9
Surgery + RT (60Gy/30fr) + TMZ + BEV + Carmustine wafer implantation 12 2.3 1 0.5
Surgery + RT (60Gy/30fr) + TMZ + BEV + TTFields 10 1.9 0 0
Surgery + RT (60Gy/30fr) + TMZ + BEV + Carmustine wafer implantation + TTFields 5 1.0 0 0
Number of facilities that responded to the survey: 42 of the 47 JCOG-BTSG-registered centers (89.4%)

Abbreviation: RT, radiation therapy; TMZ, temozolomide, TTFields, tumor-treating fields; BEV, bevacizumab.

Table 2. Initial treatment regimens for newly diagnosed PCNSL surveyed in the questionnaire.

Treatment regimens 74 years old or younger 75 years old or older

No. of
patients
(n = 172)

(%) No. of
patients
(n = 86)

(%)

Surgery (biopsy) + HD-MTX therapy 11 6.4 12 14.0
Surgery (biopsy) + HD-MTX therapy + Tirabrutinib 2 1.2 3 3.5
Surgery (biopsy) + HD-MTX therapy + ASCT/HDC 3 1.8 0 0
Surgery (biopsy) + HD-MTX therapy + WBRT 7 4.1 5 5.9
Surgery (biopsy) + R-MPV therapy 73 42.5 46 53.5
Surgery (biopsy) + R-MPV therapy + Tirabrutinib 12 7.0 8 9.4
Surgery (biopsy) + R-MPV therapy + ASCT/HDC 19 11.1 0 0
Surgery (biopsy) + R-MPV therapy + WBRT 45 26.2 12 14.0
Number of facilities that responded to the survey: 39 of the 47 JCOG-BTSG-registered centers (83.0%)

Abbreviation: HD-MTX, high-dose methotrexate; WBRT, whole brain radiotherapy; R-MPV, rituximab, methotrexate, procarbazine, and vincristine;
ASCT/HDC, autologous stem cell transplantation/high-dose chemotherapy.

(RT) (60 Gy/30 fr) + TMZ,’ (248/530 cases, 46.8%), which is the
standard treatment for non-elderly patients with GBM. The next
most used regimen was ‘Surgery + RT (60 Gy/30 fr) + TMZ’ plus
(1) carmustine wafer implantation or (2) TTFields, or (3) BEV, which
were almost equally used. In contrast, the most used regimen for
GBM in patients aged ≥75 years was ‘Surgery + RT (40 Gy/15 fr)
+ TMZ’ (117/203 cases, 57.7%), which is the standard treatment
for elderly patients with GBM. The next most used regimens were
‘Surgery + RT (60 Gy/30 fr) + TMZ plus BEV’ (24/203 cases,
11.9%), and ‘Surgery + RT (25 Gy/5 fr) + TMZ’ (22/203 cases,
10.9%), which were performed as clinical trials. ‘Carmustine wafer
implantation’ and ‘TTFields’ tended not to be used in elderly patients
with GBM. Overall, the percentages of carmustine wafer implan-
tation, TTFields, and BEV used were 110/733; 15.0%, 103/733;
14.1%, and 106/733; 14.5%, respectively.

Comparison of the cost of each treatment regimen

used for newly diagnosed GBM

The cost of treatment for eight of the 11 regimens for GBM used
in the survey was investigated (Table 3). Among all 733 GBM
patients, 521 patients (71.1%) were in the ‘high-cost medical care’

group, while 116 (15.8%) were in the ‘ultra-high-cost medical
care’ group. As divided to age groups, 471/530 (88.9%) patients
≤74 years belonged to the ‘high-cost medical care’ group, while
112/530 (21.1%) were in the ‘ultra-high-cost medical care’ group.
Among patients ≥75 years, 50/203 (24.6%) were in the ‘high-cost
medical care’ group, compared to 4/203 (2.0%) in the ‘ultra-high-
cost medical care’ group with a low percentage.

The total cost of ‘Surgery + RT (60 Gy/30 fr) + TMZ’, the
standard treatment for GBM in non-elderly patients as initial
treatment, was 7.50 million JPY, including 1.32 million JPY
for surgery and 1.00 million JPY for radiation therapy. One
course of maintenance therapy cost 0.15 million JPY per month
for TMZ maintenance therapy. The cost of ‘Surgery + RT (60
Gy/30 fr) + TMZ (standard of care)’ for the first 6 months,
1 year, and up to 12 courses of TMZ maintenance therapy is
shown in Table 3. Adding carmustine wafer implantation to the
standard treatment of GBM in non-elderly patients increased the
cost by 1.24 million JPY for initial treatment, adding TTFields
increased the cost by 1.44 million JPY per month, and adding BEV
increased the cost by 0.22 million JPY per a month. ‘Surgery + RT
(60 Gy/30 fr) + TMZ’ (standard of care), adding ‘TTFields regimen,’
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Fig. 1. The proportion of each regimen for newly diagnosed GBM, selected by JCOG-participating physicians, according to the age group. Percentages show the

proportion of patients receiving the regimen in each age groups (<75 years or > 75 years). The bold star highlights the regimens with high- or ultra-high- cost.

Table 3. Total cost of each treatment regimen and monthly cost for newly diagnosed GBM.

Treatment Surgery
cost
(million
JPY)

Cost for the
first 6 months
of treatment
(including 3
courses of
TMZ
maintenance
therapy)
(million JPY)

Cost for the
first 1 year of
treatment
(including 9
courses of
TMZ
maintenance
therapy)
(million JPY)

Cost for
initial
treatment
without
recurrence
+12 courses
of TMZ
maintenance
therapy
(million JPY)

Cost per
month
(million
JPY)

high-
cost
medical
care

ultra-
high-
cost
medical
care

Surgery + RT (60Gy/30fr) + TMZ (Standard of
care) (JCOG0911)

1.32 7.95 8.85 9.3 0.74 ©

Surgery + RT
(60Gy/30fr) + TMZ + Carmustine wafer
implantation (JCOG1703)

1.32 9.19 10.09 10.54 0.84 ©

Surgery + RT (60Gy/30fr) + TMZ + TTFields 1.32 12.27 21.81 26.58 1.82 © ©
Surgery + RT
(60Gy/30fr) + TMZ + Carmustine wafer
implantation + TTFields

1.32 13.51 23.05 27.82 1.92 © ©

Surgery + RT (60Gy/30fr) + TMZ + BEV 1.32 8.61 10.83 12.31 0.9 ©
Surgery + RT
(60Gy/30fr) + TMZ + BEV + Carmustine
wafer implantation

1.32 9.85 12.07 13.55 1.01 © ©

Surgery + RT
(60Gy/30fr) + TMZ + BEV + TTFields

1.32 12.93 23.79 29.59 1.98 © ©

Surgery + RT
(60Gy/30fr) + TMZ + BEV + Carmustine
wafer implantation + TTFields

1.32 14.17 25.03 30.83 2.09 © ©

Abbreviation: RT, radiation therapy; TMZ, temozolomide; TTFields, tumor-treating fields; BEV, bevacizumab; JCOG, Japan Clinical Oncology Group.

‘carmustine wafer implantation + TTFields regimen,’ ‘BEV +
carmustine wafer implantation + TTFields regimen,’ ‘BEV + car-
mustine wafer implantation + TTFields regimen,’ and ‘BEV +
carmustine wafer implantation + TTFields regimen’ were regimens
for ultra-high-cost medical care.

Results of a survey of treatment regimens used for

PCNSL

A total of 258 PCNSL cases were reported, of which 172 were
reported in patients aged ≤74 years and 86 were reported in patients

aged ≥75 years. The proportions of elderly and non-elderly patients
in each treatment regimen for PCNSL are shown in Fig. 2 and
Table 2. ‘Surgery (biopsy) + R-MPV therapy’ was the commonly
used regimen for patients with PCNSL of all ages (119/258 cases,
46.1%). As the European Association of Neuro-Oncology guidelines
state that RT should be avoided in elderly patients with PCNSL (13),
‘Surgery (biopsy) + R -MPV therapy + WBRT’ was the second most
common treatment regimen. Autologous stem cell transplantation
high-dose chemotherapy was not performed in patient with PCNSL
aged >75 years.
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Fig. 2. The proportion of each regimen for newly diagnosed PCNSL, selected by JCOG-participating physicians, according to the age group. Percentages show

the proportion of patients receiving the regimen in each age groups (<75 years or > 75 years). The bold star highlights the regimens with high- or ultra-high-cost.

Table 4. Total cost of each treatment regimen and monthly cost for newly diagnosed PCNSL.

Treatment Surgery
(biopsy)
cost
(million
JPY)

Cost for the first
6 months of
treatment (Cost for
initial treatment
without recurrence)
(million JPY)

Cost per
month
(million
JPY)

high-
cost
medical
care

ultra-
high-
cost
medical
care

Surgery (biopsy) + HD-MTX therapy (Previous standard of care, JCOG1114) 0.2 2 0.33
Surgery (biopsy) + HD-MTX therapy + Tirabrutinib 0.2 4.73 0.79 ©
Surgery (biopsy) + HD-MTX therapy + WBRT 0.2 2.9 0.48
Surgery (biopsy) + R-MPV therapy 0.2 6.4 1.07 © ©
Surgery (biopsy) + R-MPV therapy + Tirabrutinib 0.2 8.22 1.37 © ©
Surgery (biopsy) + R-MPV therapy + WBRT (Standard of care) 0.2 7.9 1.32 © ©

Abbreviation: HD-MTX, high-dose methotrexate; WBRT, whole brain radiotherapy; R-MPV, rituximab, methotrexate, procarbazine, and vincristine; JCOG,
Japan Clinical Oncology Group.

Comparison of the cost of each treatment regimen

used for PCNSL

The total cost of six of the eight regimens for PCNSL used in the
survey was investigated (Table 4). Among the 258 patients with
PCNSL, 201 (77.9%) were in the ‘high-cost medical care’ group,
while 196 (76.0%) were in the ‘ultra-high-cost medical care’ group.
Among patients ≤74 years, 132/172 (76.7%) were in the ‘high-cost
medical care’ group, compared to 130/172 (75.6%) in the ‘ultra-
high-cost medical care’ group. In contrast, among patients ≥75 years,
69/86 (80.2%) were in the ‘high-cost medical care’ group, compared
to 66/86 (76.7%) in the ‘ultra-high-cost medical care’ group.

The most frequently used regimen at the JCOG-BTSG-registered
centers was ‘Surgery (biopsy) + R-MPV therapy,’ with a total cost
of 6.4 million JPY and 1.07 million JPY per month. The cost of the
stereotactic brain tumor biopsy surgery was 0.2 million JPY. Regard-
ing chemotherapy, MTX therapy (two courses) cost 0.7 million JPY
per month, R-MPV therapy (two courses) cost 1.4 million JPY per
month, and tirabrutinib cost 0.91 million JPY per month. The three
regimens based on R-MPV therapy involved ultra-high-cost medical
care, with a monthly cost exceeding 1 million JPY. In contrast, adding
tirabrutinib to HD-MTX or R-MPV therapy resulted in an increase
in 0.91 million JPY per month.

Discussion

Both GBM and PCNSL are rare brain tumors with poor prog-
noses. Although these tumors are treated with what is considered
the standard care, little consideration has been given to the cost
of the standard treatment itself, the cost of new drugs added to
the standard treatment, and the cost-benefit ratio of these new
drugs (14,15). Furthermore, clinical trials for the development of
new therapies in Japan have not been conducted in a cost-benefit
manner. In this study, we investigated the treatment regimens used for
GBM and PCNSL at JCOG-BTSG-registered centers with the most
experience in treating brain tumors in Japan and the cost of these
regimens.

The standard treatment for GBM is ‘Surgery + RT (60 Gy/30
fr) + 6–12 cycles of TMZ’ (4,16). In our series, this regimen was
also the commonly used regimen for GBM patients with 264 of
733 cases (36.0%). In the current study, 15.0% (110/733) of the
patients with GBM were treated with carmustine wafer implantation.
However, there are not many prospective randomized clinical trials
that compare these treatment regimen with groups of patients treated
with other agents. Although there are some reports from retro-
spective studies [17–19), there is still no evidence that carmustine
wafer implantation in GBM leads to a prolonged prognosis. We
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are currently awaiting the results of a randomized phase III study,
JCOG1703 (16), for newly diagnosed maximally resected GBM
comparing carmustine wafer implantation followed by chemora-
diotherapy with TMZ with chemoradiotherapy alone (16). While
it remains to be seen how carmustine wafer implantation during
surgery much improves the prognosis for of patients with GBM
will improve with carmustine wafer implantation during surgery, we
should firmly consider the 1.24 million JPY increase over standard
therapy. Therefore, this drug is not generally used for GBM in
routine practice before the results of the phase III trial, making it
less available than it should be.

For GBM, the following two treatments (TTFields and BEV) are
representative of prospective randomized clinical trials. A random-
ized phase III trial was conducted to evaluate the efficacy of the
TTFields in newly diagnosed GBM (20). A total of 695 patients with
GBM were randomized to receive TMZ maintenance with TTFields
or maintenance with TMZ alone after completion of the initial treat-
ment with the Stupp regimen. In patients with newly diagnosed GBM,
the median OS period was significantly prolonged by 4.9 months
in the TTFields group compared with TMZ alone (20.9 months vs.
16.0 months). A prolonged OS benefit of 4.9 months for TTFields
must be considered for cost-effectiveness, considering that the cost
per month for TTFields is 1.44 million JPY. A French research group
performed a cost-effectiveness analysis of TTFields (21). The analysis
using the Markov model showed that the addition of TTFields to
the standard treatment with TMZ increased the life expectancy by
4.08 months (0.34 life-years gained (LYG)) and the cost per patient
by e185 476. The incremental cost-effectiveness ratio (ICER) was
e549 909/LYG. Therefore, this study emphasizes that the current
cost of TTFields has an ICER that is significantly high to be cost-
effective. However, other research groups tested different models and
concluded that TTF remains a less cost-effective intervention, sig-
nificantly hindering its dissemination to potentially eligible patients
(22). Thus, given that TTFields are costly, there is a difference in
opinion as to whether they are cost-effective. In the present study,
14.1% (103/733) of patients with GBM were treated with TTF. In
Japan, the use of TTF increases the monthly amount by 1 440 000
JPY, with the ICER estimated at 17280000JPY/LYG (incremental
cost: 5875200JPY; incremental effectiveness: 0.34 LYG). Therefore,
it is considered to be a less cost-effective treatment since it far
exceeds the willingness-to-pay (WTP) threshold in Japan (7.5 million
yen/QALY).

In the AVAglio study, compared chemoradiotherapy with TMZ
plus BEV (23) and chemoradiotherapy with TMZ plus placebo in
patients with newly diagnosed GBM, the median OS period was
not significantly different at 16.8 and 16.7 months, respectively.
Another randomized controlled trial of BEV in combination with
chemoradiotherapy with TMZ for newly diagnosed GBM is the
RTOG0805 trial (24) showed no difference in OS between BEV-
treated (median survival, 15.7 months) and placebo-treated patients
(median survival, 16.1 months). Therefore, BEV is not considered
the standard of care for newly diagnosed GBM worldwide, partly
because of the lack of significant OS differences in two large placebo-
controlled phase III trials. However, the use of BEV for newly
diagnosed GBM has been inconsistently approved by insurance in
Japan. Even in the JCOG-BTSG registry, 106/733 (14.5%) patients
with newly diagnosed GBM were treated with BEV despite a lack
of OS prolongation (Fig. 1). One of the reasons why BEV is often
used in Japan is that 49.2% of patients newly diagnosed with GBM
in Japan have a Karnofsky performance status (KPS) of ≤70 and
BEV is used to improve performance status of patients. Some patients
with GBM with low KPS may benefit from additional BEV treatment

with RT + TMZ, but considering that BEV costs 0.22 million JPY
per month, the use of BEV for newly diagnosed GBM should be
discouraged, at least for patients with high performance status in
Japan.

Three to five cycles of HD-MTX have been the standard care
for PCNSL in Japan for a long time (25), and the JCOG-BTSG
conducted the JCOG1114 study comparing HD-MTX + WBRT
versus HD-MTX + TMZ + WBRT plus adjuvant MTX (26). Based
on the results of several clinical trials for PCNSL (8,27,28), R-MPV
is considered the standard of care for PCNSL in the JCOG-BTSG,
and some clinical trials are ongoing. ‘Surgery (biopsy) + R-MPV
therapy’ was the most used regimen at the JCOG-BTSG centers in
patients with PCNSL aged ≤74 years (73/172 cases, 42.5%) and
in patients with PCNSL aged ≥75 years (46/86 cases, 53.5%). R-
MPV therapy, the standard treatment for PCNSL, belongs to the
‘ultra-high-cost medical care’ group, indicating that the cost of the
standard treatment itself is high. If another therapy is added to this
standard therapy, the cost will naturally be even higher. Because there
are no results of clinical trials comparing it with R-MPV therapy,
it is difficult to discuss the cost-effectiveness of PCNSL treatment
regimens; however, there are some reports of the cost-effectiveness
of PCNSL treatment regimens (29,30). A retrospective study on the
cost-effectiveness of rituximab plus methotrexate with AraC (R-MA
regimen) has been reported (30). Thirty-seven patients who received
the R-M regimen showed good OS at low costs. The International
Extranodal Lymphoma Study Group-32 randomized patients with
PCNSL into three groups: methotrexate-AraC, methotrexate-AraC-
rituximab, and methotrexate-AraC-thiotepa-rituximab (MATRix) as
induction therapy. The MATRix regimen significantly improved
complete remission (29). The MATRix regimen had a 3.05 quality-
adjusted life year (QALY) gain at an additional cost of $75 513, with
an ICER of $24 758/QALY gain (29). Thus, the MATRix regimen
appears to be the optimal induction therapy for PCNSL patients, both
clinically and economically.

In the treatment of newly-diagnosed GBM, TMZ plus BEV had
no significant difference in median OS period compared to TMZ
alone. Thus, in the present study, if the 76 patients treated with
‘Surgery + RT (60 Gy/30 fr) + TMZ + BEV Surgery + RT (60 Gy/30
fr + TMZ + BEV)’, assuming those patients survived 12 months, the
cost of BEV could be reduced by 200.64 million JPY, considering
an increase of 0.22 million JPY per month in the cost of BEV.
Since Japan’s estimated medical cost in 2022 is 46 trillion JPY, this
represents a 0.004% reduction in medical costs.

One limitation is that this survey did not cover all brain tumor
treatment centers in Japan, only those registered with the JCOG-
BTSG. The treatment selections for malignant brain tumors at non-
JCOG participating centers may differ from those at JCOG partic-
ipating centers that have experts in malignant brain tumors. There-
fore, the results may differ if the disease population increases. In addi-
tion, because the survey period was limited to 1 year, the possibility of
bias cannot be denied. Additionally, individual patient data for GBM
and PCNSL were not collected. Thus, this study did not consider
information, such as the actual duration of administration, drug
discontinuation, or dose reduction in individual cases. Therefore, we
may not have been able to accurately assess the cost-benefit ratio of
each regimen for each disease. Therefore, future prospective clinical
trials on GBM and PCNSL should evaluate treatment regimens and
cost-benefits. There are still no ongoing surveys or studies for cost
containment for malignant brain tumors. Considering the increasing
healthcare costs in Japan, healthcare professionals should have a
perspective for cost-effectiveness optimization for malignant brain
tumors.
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Conclusions

In the present study, we investigated the types of treatment regimens
used for GBM or PCNSL and the proportion of elderly/non-elderly
patients in each treatment at JCOG-BTSG-registered centers in Japan
and provided information on the cost per month of each treatment
regimen and whether it was high-cost or ultra-high-cost medical care.
Treatment of malignant brain tumors is generally expensive, and
substantial number of patients are treated by high-cost drugs with
unproven or denied benefit. Although this study analyzed only sur-
vival time, it is important to discuss the maintenance of Performance
Status or Quality of life of patients in the future. We believe that the
results of this study can be used to design future health economic
studies examining the cost-effectiveness of malignant brain tumors,
particularly GBM and PCNSL.
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