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Abstract
Background  To improve the outcome in newly diagnosed glioblastoma patients with maximal resection, we aimed to 
evaluate the efficacy and safety of implantation of carmustine wafers (CWs), radiation concomitant with temozolomide and 
bevacizumab, and maintenance chemotherapy with six cycles of temozolomide and bevacizumab.
Method  This prospective phase II study enrolled glioblastoma patients considered candidates for complete resection (> 90%) 
of a contrast-enhanced lesion. The CWs were intraoperatively implanted into the resection cavity after achieving maximal 
resection. Patients without a measurable contrast-enhanced lesion on magnetic resonance imaging within 48 h after resec-
tion received concomitant radiotherapy and chemotherapy with temozolomide and bevacizumab, followed by maintenance 
treatment with up to six cycles of temozolomide and bevacizumab. The primary endpoint was the 2-year overall survival 
rate in glioblastoma patients with protocol treatment.
Results  From October 2015 to April 2018, we obtained consent for the first registration from 70 patients across 17 institutions 
in Japan, and 49 patients were treated according to the protocol. We evaluated the safety in 49 patients who were part of the 
second registration and the efficacy in 45 glioblastoma patients treated according to the protocol. The profile of hematologi-
cal and most of the non-hematological adverse effects was similar to that in previous studies, but stroke occurred in 12% of 
cases (6/49 patients). The estimated 2-year overall survival rate was 51.3%.
Conclusion  Implantation of CWs, followed by concomitant radiation, temozolomide, and bevacizumab, and six cycles of 
temozolomide and bevacizumab may offer some benefit to survival in Japanese glioblastoma patients with maximal resection.
Trial ID  jRCTs021180007.
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Introduction

Glioblastoma is the most malignant primary parenchymal 
tumor in adults. A randomized phase III trial by the Euro-
pean Organization for Research and Treatment of Cancer 
(EORTC) and the National Cancer Institute of Canada Clini-
cal Trials Group (NCIC) reported improved median overall 
survival (OS) for patients with glioblastoma treated with 

concomitant and adjuvant temozolomide and radiotherapy. 
This treatment, called Stupp’s regimen, is the standard treat-
ment for newly diagnosed glioblastoma [1]. Even with stand-
ard treatment, however, glioblastoma has a poor prognosis 
with a median OS of 14.6 months and a 2-year survival rate 
of 26.5% [1].

Extent of resection (EOR) is an important prognos-
tic factor in the treatment of glioblastoma, and several 
retrospective studies of large numbers of cases report a 
correlation between the EOR of contrast-enhanced (CE) 
lesions and prognosis [2, 3]. The 2-year survival rate of Extended author information available on the last page of the article
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combined treatment after complete resection was 38.4% in 
the EORTC-NCIC clinical trial [1], however, suggesting 
that more effective treatment modalities for patients with 
maximal EOR are needed.

Carmustine wafer (CW) implantation intensifies local 
therapy. Double-blind placebo-controlled studies con-
ducted before the temozolomide era demonstrated that 
CW implantation prolongs survival in newly diagnosed 
and recurrent malignant gliomas [4, 5]. Despite the lack 
of prospective data demonstrating an additive effect of 
CWs on radiation and temozolomide in newly diagnosed 
glioblastoma, a large French retrospective study demon-
strated that CW implantation prolongs progression-free 
survival (PFS) in patients with total and subtotal resec-
tion [6]. Thus, this treatment is expected to be particularly 
effective in cases with a high EOR [7].

Vascular endothelial growth factor (VEGF) has angio-
genic and vascular permeability-enhancing effects at sites 
of ischemia [8]. Bevacizumab is a humanized anti-VEGF 
antibody that normalizes blood vessels, decreases tissue 
interstitial pressure, and induces tissue reoxygenation by 
inhibiting abnormal angiogenesis and reducing vascular 
permeability [9, 10]. Synergistic effects of bevacizumab 
on other chemotherapeutic agents are expected through 
reoxygenation, and additive effects of bevacizumab in 
combination with several other agents have been examined 
[10]. Two placebo-controlled, double-blind, clinical tri-
als were conducted to examine the effect of bevacizumab 
on temozolomide and radiotherapy in newly diagnosed 
glioblastoma [11, 12]. Both trials failed to demonstrate 
an OS benefit but showed an increase in PFS in the beva-
cizumab groups [11, 12]. A systematic review, however, 
reported that a combination of chemotherapeutic agents 
and bevacizumab had a modest effect on OS [13]. The 
additive effect of bevacizumab on CW implantation and 
temozolomide has not yet been prospectively examined. 
Instead of multiple combination treatments with carmus-
tine, temozolomide, and bevacizumab, we reduced the 
number of cycles of maintenance treatment to avoid com-
plications associated with the long-term administration of 
temozolomide and bevacizumab, such as myelodysplastic 
syndrome and acute myeloid leukemia after temozolomide 
[14]; and stroke [15], hypertension, and proteinuria [16] 
after bevacizumab.

This phase II study evaluated the efficacy and safety of 
CW implantation in combination with concomitant radio-
therapy, temozolomide, and bevacizumab, and mainte-
nance treatment limited to six cycles in patients with newly 
diagnosed glioblastoma who had no residual measurable 
disease after tumor resection according to the Response 
Assessment in Neuro-Oncology criteria (RANO) [17] in 
all registered patients.

Methods

Patients

We applied for a two-step registration. The inclusion 
criteria for the first registration were as follows: age 
20–75 years, suspicion of supratentorial glioblastoma on 
preoperative gadolinium-enhanced T1-weighted magnetic 
resonance (MR) imaging (Gd-T1WI), and expectation for 
achieving an EOR ≥ 90% of the CE lesion. Patients were 
secondarily registered within 3–20 days after tumor resec-
tion. The inclusion criteria for the second registration were 
as follows: histological diagnosis of glioblastoma accord-
ing to the fourth edition of the World Health Organization 
(WHO) Classification of Tumours of the Central Nervous 
System[18]; performance status (PS) of 0, 1, 2, or 3 on the 
Eastern Cooperative Oncology Group performance status 
(ECOG-PS) scale; and no measurable CE lesions based 
on RANO criteria [17] detected on Gd-T1WI within 72 h 
after tumor resection. The eligibility criteria for systemic 
conditions are provided in the Supplementary files.

Treatment protocol

Maximal and safe resection of the CE lesion on Gd-T1WI 
was performed. After confirming the pathological diagno-
sis of malignant glioma during surgery, one to eight CWs 
were implanted in the resection cavity. Within 21 days 
after tumor resection, patients received radiotherapy 
and temozolomide. Bevacizumab was also intravenously 
administered three times (Fig. 1A). In the maintenance 
chemotherapy phase, combination therapy with temozo-
lomide and bevacizumab was started 4 weeks after ending 
the concomitant treatment and administered for six cycles 
(Fig. 1B).

Patient evaluation and follow‑up

The central histopathological diagnoses for all patients were 
reviewed according to the fourth edition of the WHO Clas-
sification of Tumours of the Central Nervous System [18] by 
consensus of two board-certified pathologists (H.S., H.T.).

Before the first and second registration and during proto-
col treatment and follow-up, patients underwent a physical 
examination, including subjective and objective symptoms, 
evaluation of Karnofsky Performance Status (KPS) and 
ECOG-PS, neurological examinations, blood cell counts, 
serum chemical examination, and urine examination. MR 
imaging was performed within 7 days before the first regis-
tration, within 72 h after tumor resection, and between the 
last day of concomitant radiation and chemotherapy and the 
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first day of maintenance treatment. Thereafter, MR imaging 
was performed every 8 weeks.

Statistical analysis

The primary endpoint was the 2-year OS rate in all patients 
with glioblastoma treated according to the protocol. OS is 
defined as the time from the second registration to death 
from any cause and was censored on the last day on which 
the patient was confirmed to be alive. Secondary endpoints 
were PFS, local PFS (LPFS), KPS deterioration-free sur-
vival time in all patients with glioblastoma treated according 
to protocol, and the incidence of adverse events (AE) and 
severe AEs in all registered patients. PFS was defined as the 
time from the second registration to disease progression or 
death from any cause and was censored the last day on which 
the patient was confirmed to be alive without any evidence 
of disease progression. Progression was defined according 
to the RANO criteria [17] (Supplementary file) and assessed 
by local neurosurgeons. The definitions of LPFS and KPS 
deterioration-free survival time are provided in the Supple-
mentary file. AEs were evaluated according to the National 
Cancer Institute Common Terminology Criteria for Adverse 
Events, version 4.0.

We assumed an expected 2-year survival rate of 50% 
and a threshold 2-year survival rate of 35%, which were 
derived from patients who underwent gross total resection 
of the CE lesion and received concomitant radiation and 
temozolomide therapy with adjuvant temozolomide in the 
EORTC-NCIC study [19]. To obtain a power of 80% with a 

one-sided significance level of 5% for the 24-month regis-
tration and 36-month observation periods, 44 patients were 
required. Considering the number of patient withdrawals and 
exclusions at the second registration, the total target sample 
size was 55 patients. The Kaplan–Meier method was used to 
analyze the survival rate, and 90% confidence intervals (CIs) 
were calculated using the Greenwood formula. Because the 
number of patients was lower than initially predicted, we 
extended the registration period from 2 to 2.5 years and 
changed the significance level from 5 to 10%.

DNA analysis

To elucidate the background of glioblastoma, IDH1 and 
IDH2 gene mutations; the MGMT gene promoter methyla-
tion status; and copy number alterations (CNAs) of epi-
dermal growth factor receptor (EGFR), cyclin-dependent 
kinase inhibitor 2A (CDKN2A), and phosphatase and tensin 
homolog deleted from chromosome 10 (PTEN) gene were 
evaluated as previously described (Supplementary file) 
[20–22].

Results

Patients

Patient flow through the study is shown in Fig. 2. From 
October 2015 to April 2018, 70 patients from 17 institutes 
provided their consent to participate in the study, and the 

Fig. 1   Treatment protocol of this study. A Concurrent radiation and 
chemotherapy phase. Within 21  days after maximal and safe tumor 
resection and implantation of carmustine wafers, patients received 
radiotherapy (60 Gy/30 fractions) as 3-dimensional conformal radia-
tion therapy or intensity-modulated radiation therapy concomitantly 
with temozolomide (75  mg/m2, daily) from the first to last day of 
radiation therapy. Bevacizumab was also intravenously administered 

at a dose of 10 mg/kg, on day 1 of weeks 4, 6, and 8 after initiation of 
the radiation and temozolomide therapy. B Maintenance chemother-
apy phase. Combination therapy with temozolomide (100–200  mg/
m2 per day on days 1–5) and intravenous bevacizumab (10 mg/kg, on 
days 1 and 15 of each cycle) were started 4 weeks after ending the 
concomitant treatment and administered for 6 cycles (24 weeks)
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first registration was conducted. At the second registration, 
21 patients were not eligible for registration for the reasons 
shown in Fig. 2. Thus, 49 cases were treated according to the 
protocol and analyzed for compliance and safety. Of these 
49 cases, 4 were excluded from the analysis for efficacy; 2 
patients received 12 cycles of maintenance temozolomide 
and bevacizumab, which was regarded as a protocol viola-
tion; and 2 patients were diagnosed with anaplastic epend-
ymoma and anaplastic astrocytoma at the central pathologi-
cal diagnosis. All 49 patients were of Asian ethnicity and 
Japanese nationality. The background of the 45 patients 
analyzed for efficacy is shown in Table 1.

Protocol treatment compliance

Of the 49 cases, 16 (33%) completed the protocol treatment 
without any cessation or discontinuation of radiation ther-
apy, temozolomide, or bevacizumab, and 43 (88%) cases 
completed 6 cycles of maintenance protocol treatment with 
cessation of chemotherapy or discontinuation of either radia-
tion, temozolomide, or bevacizumab. Details of the protocol 
treatment compliance are provided in the Supplemental file.

Primary and secondary outcome

Of the 45 glioblastoma patients treated according to 
protocol, 23 died during the study period. The esti-
mated 2-year survival rate was 51.3% with an 80% CI of 
40.8–60.9% (Fig. 3A). Median OS was 24.8 months (80% CI 
19.7–36.4 months), with an OS rate of 34.2% at 45 months 
from the date of enrollment; 39 patients showed progression 

during the study period. The median PFS was 11.8 months 
(80% CI 10.5–13.3 months) (Fig. 3B), and the PFS rate at 
39 months from the date of the definitive registration was 
8.5%. Of the 39 cases with recurrence, 7 (18%) cases had 
distant recurrence and 32 (82%) had local recurrence. LPFS 
and KPS deterioration-free survival rates are shown in Sup-
plementary Fig. 1.

Fig. 2   Patient flow in this study

Table 1   Patient demographics

ECOG PS, European Clinical Oncology Group performance status; 
KPS Karnofsky performance status

Number of patients (%)

Age (median) (mean) 33–75 (64.0) (59.7)
Sex
 Male 23 (51.1)
 Female 22 (48.9)

ECOG PS at first registration
 0 9 (20.0)
 1 17 (37.8)
 2 9 (20.0)
 3 10 (22.2)

KPS at first registration
 100 5 (11.1)
 90 16 (35.6)
 80 4 (8.9)
 70 7 (15.6)
 60 8 (17.8)
 50 3 (6.7)
 40 2 (4.4)
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Adverse events

Table 2 provides a summary of the AEs observed in this 
study. All deaths were ruled out as causally related to 

protocol treatment during the study period.
Adverse effects known to occur with CWs and bevaci-

zumab included proteinuria in 8 (16%), seizure in 6 (13%), 
cerebrovascular ischemia in 6 (12%), hypertension in 4 (8%), 

Fig. 3   Overall survival (OS) (A) and progression-free survival (PFS) (B) rate in 45 glioblastoma patients who received protocol treatment. The 
2-year OS rate was 51.3%. The median OS and PFS were 25 months and 11 months, respectively

Table 2   Summary of adverse 
effects (number of patients with 
adverse effects) in 49 registered 
patients

*Assessed by Common Terminology Criteria for Adverse Effects version 4.0
AST aspartate aminotransferase, ALT alanine aminotransferase

All grades (%)* Grade 3 or 4 (%)

Any adverse effects 44 (90) 26 (53)
Hematological adverse effects
 Any hematological adverse effects 33 (67) 15 (31)
 Anemia 16 (33) 1 (2)
 Lymphocyte count decreased 18 (37) 10 (20)
 Neutrophil count decreased 17 (37) 9 (18)
 Platelet count decreased 7 (14) 2 (4)

Non-hematological adverse effects
 Any non-hematological adverse effects 40 (82) 17 (35)
 Fever 2 (4) 0
 Wound dehiscence 1 (2) 0
 Seizure 6 (12) 3 (6)
 Hypertension 4 (8) 2 (2)
 Proteinuria 8 (16) 3 (6)
 Mucocutaneous bleeding 0 0
 Apatite loss 7 (14) 1 (2)
 Hyponatremia 5 (10) 0
 Hyperkalemia 2 (4) 1 (2)
 Allergic reaction 2 (4) 0
 Infections and infestations 5 (10) 1 (2)
 AST increased 8 (16) 1 (2)
 ALT increased 5 (10) 0
 Creatinine increased 2 (4) 0
 Hydrocephalus 1 (2) 1 (2)
 Cerebrovascular ischemia 6 (12) 2 (4)
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and wound dehiscence in 1 (2%). Cerebrovascular ischemia 
occurred between 8 and 25 months (median 14 months) after 
the second registration despite the short course of bevaci-
zumab; cerebrovascular ischemia occurred in 5 patients after 
completion of the protocol therapy and in 1 patient during 
the maintenance phase.

Survival by the MGMT gene promoter methylation 
status and CNA of EGFR, CDKN2A, and PTEN genes

The molecular profiles of our patients are shown in Sup-
plementary Table 1. Median OS was not reached within the 
median follow-up period of 28.6 and 20.0 months in patients 
with methylated and unmethylated MGMT gene promoters, 
respectively (Supplementary Fig. 2). CNAs had no impact 
on the OS rate (data not shown).

Discussion

In this multicenter phase II trial, Japanese patients with 
newly diagnosed glioblastoma who were candidates for 
complete resection (> 90%) of CE lesions were treated with 
maximal resection and CW implantation. Patients with no 
residual measurable CE lesion received concurrent treatment 
with radiation, temozolomide, and bevacizumab, and main-
tenance treatment was limited to six cycles of temozolomide 
and bevacizumab. The 2-year survival rate of 51.3% meets 
the prespecified criteria of a 2-year survival rate of > 50.0% 
in this study. This is the first prospective study demonstrat-
ing the result of maximal resection of newly diagnosed glio-
blastoma in Asian patients.

Compared to the subgroup analysis of patients with com-
plete resection in the EORTC-NCIC study, which reported 
a 2-year survival rate of 38.4%, and in the EF-14 study, 
which demonstrated the effect of tumor treating fields with 
a median survival time of 22.6 months [23], this treatment 
was considered potentially beneficial. A similar regimen was 
examined in a retrospective study from a single Japanese 
institution [24]. Akiyama et al. reported a median OS of 
24.2 months in patients treated with Stupp’s regimen plus 
CWs and bevacizumab [24]. Although maintenance therapy 
was continued until recurrence in their study, the patient 
background characteristics, including the EOR, were similar 
between our study and theirs (no measurable lesion vs 96%; 
mean age 59.7 years vs 62.2 years; and mean pretreatment 
KPS 76.6 vs 76.7), and the median OS was comparable. 
A study published in 2018, however, reported a signifi-
cantly longer survival time in Asian glioblastoma patients 
than in Hispanic patients based on a large population [25]. 
This difference was explained by a difference in the pro-
portion of cases with EGFR gene abnormalities or with 
EGFR, CDKN2A, and PTEN gene abnormalities [22, 26]. 

CNA analysis in the present study revealed that the CNA 
profiles of the EGFR, CDKN2A, and PTEN genes and the 
proportions of cases with CNAs for all three genes were 
similar to those of the Japanese cohort and significantly dif-
ferent from those of the TCGA cohort [22] (Supplementary 
Table 1). Therefore, because previous reports were limited 
to subgroup analysis, the results of this study should be com-
pared to those of an Asian glioblastoma population with 
maximal resection [24, 27–34] (Supplementary Table 2). 
First, we reviewed previous reports in which the PFS and 
OS after maximal resection followed by Stupp’s regimen 
were reported based on more than 50 Asian patients [27–32]. 
Among these reports, the median OS exceeded 24 months 
in three studies [28–30]. In these studies, 52–58 patients 
were analyzed, and maximal resection was defined as 100% 
[29, 30] and > 99% [28] resection of CE lesions. In contrast, 
the median OS was 21.0 and 23.0 months in the large series 
from Korea [27] and China [32], respectively. Second, we 
reviewed the PFS and OS after maximal resection followed 
by Stupp’s regimen and CW implantation. The median OS 
in patients treated with CWs in combination with Stupp’s 
regimen was 22.3 months in a multicenter retrospective 
study [33] and 27.3 months in a postmarketing study that 
included patients under 70 years of age [34]. Based on those 
reports, adding the combination of CWs and bevacizumab to 
Stupp’s regimen or Stupp’s regimen and CW implantation 
could provide an additional benefit for OS. It is difficult to 
draw a definitive conclusion about the positive effects of 
adding CWs and bevacizumab, however, because of the large 
variability in this study (80% CI for median survival time: 
19.7–36.4 months) and the unknown prognostic factors, such 
as MGMT promoter methylation status, KPS, and age, due 
to the subgroup analysis in previous reports.

A meta-analysis of clinical trials conducted in the United 
States and Europe found no effect of bevacizumab on sur-
vival in cases with methylated and unmethylated MGMT 
gene promoters [35]. Hata et al., however, demonstrated an 
additive effect of bevacizumab to Stupp’s regimen on OS in 
Japanese patients only with an unmethylated MGMT gene 
promoter [36]. In addition, Grossmann et al. reported an 
additive effect of CWs on OS in patients with a methyl-
ated MGMT gene promoter [37]. To explore whether the 
MGMT gene promoter methylation status affected the OS 
outcome of the combination of CW implantation and beva-
cizumab on glioblastoma, we compared our results to those 
of a multicenter retrospective study in Korean glioblastoma 
patients with total resection followed by Stupp’s regimen, 
in which the median OS was 28.6 months and 19.0 months 
in patients with methylated and unmethylated MGMT gene 
promoters, respectively [27]. While the median OS was 
comparable to that following Stupp’s regimen in patients 
with an unmethylated MGMT gene promoter (20.1 months 
vs 19.0 months), median OS in patients with a methylated 
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MGMT gene promoter in the present study seems better 
(OS rate at 28.6 months: 74.0% vs 50%). Although these 
results were also obtained from the subgroup analysis and 
further analysis is required, CW implantation combined with 
bevacizumab might have an additive effect on Stupp’s regi-
men in patients with a methylated MGMT gene promoter. 
The addition of CW implantation to Stupp’s regimen was 
associated with longer PFS only in patients with subtotal 
or total resection [6] and improved local tumor control [38, 
39]. A randomized control study demonstrated that the addi-
tion of bevacizumab to Stupp’s regimen was associated with 
longer PFS only in patients with tumor resection [6]. Based 
on these results, we expected that the addition of CWs and 
bevacizumab could lead to a significant improvement in 
PFS, and that the proportion of local recurrence would be 
decreased by maximum resection of gadolinium-enhanced 
lesions followed by CW implantation [33]. Only modest dif-
ferences, however, were observed in the median PFS time 
and PFS rate at 2 years compared with previous reports 
(Supplementary Table 2) and 82% of the patients experi-
enced local recurrence. We presumed that a short course of 
bevacizumab in the maintenance phase could be associated 
with a short median PFS because PFS time was prolonged 
when bevacizumab was continued until progression in clini-
cal trials evaluating the addition of bevacizumab to Stupp’s 
regimen [6] and in a retrospective analysis of the addition of 
CW implantation and bevacizumab to Stupp’s regimen [24]. 
In this study, several factors may have contributed to the 
lack of a reduction in local recurrence. First, some reports 
demonstrated that resection must be performed beyond the 
gadolinium-enhanced lesion to reduce local recurrence [40, 
41]. We did not collect data on the EOR of non-enhanced 
lesions in this study, but it is possible that the EOR was 
not sufficient to reduce local recurrence. Second, although 
a study by the French Neurosurgical Society demonstrated 
that CW implantation prolongs PFS in patients with subtotal 
and total resection of gadolinium-enhanced lesions based 
on a large number of patients, the effect of CWs on the pat-
tern of recurrence remains unclear, especially in patients 
with total resection of gadolinium-enhanced lesions. Third, 
the effects of bevacizumab on the pattern of failure are also 
unclear. Although bevacizumab does not affect the pattern 
of recurrence [42, 43], its impact on the pattern of failure 
remains unknown [44].

In the present study, neutropenia and thrombocytope-
nia ≥ grade 3 were observed in 18% and 4% of patients, 
respectively. The incidence was comparable to that reported 
by the EORTC-NCIC (7% and 12%, respectively) and the 
JCOG 0911 (neutropenia: 16.2%) studies. The combination 
of CWs and bevacizumab could increase wound dehiscence. 
This complication was observed in only one patient (2%), 
comparable to the result of Stupp’s regimen (1.2–4.9%), 
Stupp’s regimen plus bevacizumab (2.6–6.9%), and Stupp’s 

regimen plus CW implantation (1.6–3.3%) [11, 12, 33, 
34]. Limited cycles of maintenance treatment with bevaci-
zumab and temozolomide could lead to a decrease in pro-
teinuria, hyperextension, and mucocutaneous bleeding com-
pared to previous reports [11, 12, 45] in which proteinuria 
(15.6–29.8%), hypertension (39.3–42.6%), and mucocutane-
ous bleeding (1.7–10.6%) were reported. Cerebrovascular 
ischemia, however, occurred more frequently (12%) than in 
previous reports reporting ischemic complications: 1.9% of 
cases from previous clinical trials with bevacizumab and 
other antiangiogenic agents [15] and 5.9–7.4% of cases in 
prospective clinical studies of Stupp’s regimen and beva-
cizumab [11, 45]. The combination of CWs and radiation, 
temozolomide, and bevacizumab itself could increase this 
complication by an unknown mechanism. Otherwise, con-
sidering that this complication occurred after completion of 
the maintenance phase in five of six cases, it might be due 
to salvage treatment.

The present study has some limitations. First, among 
the 70 patients initially enrolled, 21 (30%) did not proceed 
to the second registration. The most frequent reason was 
pathological diagnosis other than glioblastoma in 12 cases 
(17%), but we experienced 6 (8.5%) patients who did not 
proceed to second registration for reasons related to surgery, 
including delayed wound healing, pulmonary embolus, and 
residual lesion in 2 cases (2.9%). Second, information on 
salvage treatment is lacking. The protocol was limited to six 
courses of maintenance temozolomide and bevacizumab. In 
contrast to previous clinical trials of bevacizumab for newly 
diagnosed glioblastoma in which bevacizumab was admin-
istered until progression, limited cycles of bevacizumab in 
this study may lead to the early detection of recurrence. In 
addition, 88% of the patients were able to complete at least 
part of the planned treatment. These results suggest that 
the patients might have a chance to receive a rechallenge of 
temozolomide and bevacizumab at recurrence, and the effect 
of salvage treatment could significantly affect the outcome. 
An analysis of salvage treatment might have clarified the 
mechanism underlying the excellent OS. Third, this study 
included patients without measurable enhanced lesions on 
postoperative MR images. Quantitative estimation of the CE 
lesion's EOR or residual volume is required for comparison 
with other studies, as shown in Supplementary Table 2.

Conclusion

This phase II study demonstrated the efficacy and safety of 
CW implantation followed by concomitant radiation, temo-
zolomide, and bevacizumab, and six cycles of temozolomide 
and bevacizumab in patients with newly diagnosed glioblas-
toma. Although the hematological AE was identical to that 
of Stupp’s regimen, strokes frequently occurred. This is the 
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first prospective study demonstrating the result of maximal 
resection of newly diagnosed glioblastoma in Asian patients. 
The addition of CW and bevacizumab to Stupp’s regimen 
might provide an additional benefit for survival in Japanese 
glioblastoma patients with maximal resection.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10147-​024-​02650-9.
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