
RESEARCH ARTICLE Open Access

Combination chemoradiotherapy with
temozolomide, vincristine, and interferon-β
might improve outcomes regardless of O6-
methyl-guanine-DNA-methyltransferase
(MGMT) promoter methylation status in
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Abstract

Background: This investigator-initiated, open-label, single-arm, single-institute study was conducted to investigate
the effectiveness of induction combination chemoradiotherapy and long-term maintenance therapy with
temozolomide (TMZ) plus interferon (IFN)-β for glioblastoma.

Methods: The initial induction combination chemoradiotherapy comprised radiotherapy plus TMZ plus vincristine
plus IFN-β. Maintenance chemotherapy comprised monthly TMZ, continued for 24–50 cycles, plus weekly IFN-β
continued for as long as possible. The primary endpoint was 2-year overall survival (2y-OS). The study protocol was
to be considered valid if the expected 2y-OS was over 38% and the lower limit of the 95% confidence interval (CI)
was no less than 31.7% compared with historical controls, using Kaplan-Meier methods. Secondary endpoints were
median progression-free survival (mPFS), median OS (mOS), 5-year OS rate (5y-OS), and mPFS and mOS classified
according to MGMT promoter methylation status.

Results: Forty-seven patients were analyzed. The 2y-OS was 40.7% (95%CI, 27.5–55.4%). The mPFS and mOS were
11.0 months and 18.0 months, respectively, and 5y-OS was 20.3% (95%CI, 10.9–34.6%). The mPFS in groups with and
without MGMT promoter methylation in the tumor was 10.0 months and 11.0 months (p = 0.59), respectively, and
mOS was 24.0 months and 18.0 months (p = 0.88), respectively. The frequency of grade 3/4 neutropenia was 19.1%.

Conclusions: The 2y-OS with induction multidrug combination chemoradiotherapy and long-term maintenance
therapy comprising TMZ plus IFN-β tended to exceed that of historical controls, but the lower limit of the 95%CI
was below 31.7%. Although the number of cases was small, this protocol may rule out MGMT promoter
methylation status as a prognostic factor.
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Background
Glioblastoma (GBM) remains an incurable disease. The
reported median overall survival (mOS) and 2-year OS
rate (2y-OS) in patients receiving treatment according to
the Stupp protocol (temozolomide [TMZ] plus radio-
therapy [RT]), which is regarded as the international
standard of care, were 14.6 months and 26.5%, respect-
ively [1]. That protocol represented a great paradigm
shift in chemotherapy as compared to the treatment
with alkylating agents used prior to the introduction of
TMZ. The introduction of TMZ has significantly im-
proved treatment outcomes. However, follow-up con-
tinuing beyond 2 years has shown that the 5-year OS
rate (5y-OS) in patients receiving RT plus TMZ was only
9.8%, not significantly different from results obtained
under previous conventional regimens [2]. Also, accord-
ing to a systematic review by Tykocki et al. [3], the 10-
year OS rate is a dismal 0.71%. Complete cure of GBM
thus still seems to be a far-fetched goal. In addition, the
incidence of GBM has not decreased. According to the
Brain Tumor Registry of Japan (2005–2008) [4], about
1000 patients are newly diagnosed with GBM in Japan
each year. Improving treatment outcomes for GBM is
thus an urgent issue worldwide.
The primary treatment strategy for patients with newly

diagnosed GBM is resection; that is, removal of as much
of the tumor as possible [5, 6], followed by combined
RT plus TMZ therapy. Alternatively, the latest treatment
method can be used: a combination of the Novo Tumor
Treating Fields system plus TMZ maintenance treat-
ment [7]. However, tumor O6-methyl-guanine-DNA-
methyltransferase (MGMT) promoter methylation status
is considered a prognostic factor, and an obstacle that
cannot be overcome by the initial induction therapy and
6 subsequent cycles (C) of maintenance treatment with
TMZ [8, 9]. MGMT promoter methylation status has
also been considered a prognostic factor for GBM in re-
cent meta-analyses [10, 11].
PCV multidrug combination therapy with procarba-

zine, Lomustine (CCNU) and vincristine was widely used
for the treatment of high-grade glioma (HGG) in West-
ern countries [12]. Nimustine (ACNU) was developed in
Japan [13], and has been used in this country as a com-
munity standard therapy in synchronous chemotherapy
(RT + ACNU+VCR) [14] and IAR therapy (RT+ ACNU+
IFB-β) [15, 16] for HGG.
Treatment with VCR has been reported to induce a

high accumulation of tumor cells during the highly ra-
diosensitive G2-M phase of the cell cycle. In addition, a

flow cytometric study of the growth pattern revealed
that about 10% of cells in the mitotic phase were in the
G2-M phase, suggesting the promise of combination
therapy with VCR [17]. Interferon (IFN)-β is classified as
a type I IFN and was discovered as a cytokine with anti-
viral activity. IFN-β has since been shown to exert vari-
ous biological activities, such as immunostimulatory
activity, angiogenesis-inhibitory activity, antiproliferative
activity, and anti-tumor activity mediated by induction
of apoptosis [18]. IFN-β was found to be useful in the
treatment of not only high-grade glioma (HGG) [15, 16]
but also low-grade glioma, with minor adverse drug re-
actions and a high response rate [19]. Clinical trials have
also been conducted overseas for recurrent HGG, show-
ing progression-free survival (PFS) of 23 weeks and a
23% partial response rate [20].
Utilizing these advantages, Aoki et al. [21] conducted a

phase II study of combined chemoradiotherapy; that is,
RT with ACNU + carboplatin + VCR + IFN-β, in patients
with newly diagnosed GBM, with the expectation of addi-
tive and synergistic effects of the drugs. They reported a
PFS of 10months, and an OS of 16months. We also in-
vestigated the clinical usefulness of RT administered with
the combination regimen of ACNU + VCR (unpublished
data). Meanwhile, Stupp et al. reported the results of treat-
ment with TMZ for newly diagnosed cases of GBM [1].
The study reported by Stupp et al. [1] was definitely an
epoch-making event, demonstrating significant prolonga-
tion of OS by a single agent in patients with newly diag-
nosed GBM. However, the results were still far from
satisfactory. By that time, basic experiments had revealed
TP53-mediated inactivation of MGMT by IFN-β [22]. We
therefore developed a new toxic multidrug combination
by replacing the conventionally used ACNU with TMZ
and adding IFN-β, resulting in TMZ+VCR + IFN-β.
We have therefore devised a new treatment strategy

involving the use of a multidrug combination, including
IFN-β in the initial induction therapy administered with
RT, followed by maintenance therapy with TMZ and
IFN-β administered for as long as possible, aimed at de-
pleting tumor MGMT. This post-hoc analysis investi-
gated the efficacy and safety of our proposed treatment,
which we expected to yield better treatment outcomes
than the conventional regimen.

Methods
Patients
Inclusion criteria for this study were as follows: 1)
pathologically confirmed newly diagnosed GBM
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(including giant cell glioblastoma or gliosarcoma) as de-
fined by the World Health Organization classification of
tumors 2007 (IARC 4th edition); 2) age, 16–80 years; 3)
tumor located without involvement of the optic nerve,
hypothalamus, or ventricles (containing most of the
tumor mass, but not involving the brainstem), and with-
out cerebrospinal fluid dissemination at initial diagnosis;
4) no history of malignant tumors, and no previous or
current history of chemotherapy; 5) no previous history
of RT; 6) no multiple primary cancers; 7) Eastern Co-
operative Oncology Group performance scale (ECOG-
PS), 0–2, or 3 in the presence of neurological symptoms;
8) adequate organ functions; 9) no serious infectious dis-
eases; 10) patient suitable to receive treatment within 28
days of undergoing surgery; 11) regardless of the extent
of surgical resection (biopsy is also acceptable); and 12)
provision of informed consent for participation in the
study by the patient or their legal representative.

Treatments
The initial induction therapy was RT and concomitant
chemotherapy with TMZ +VCR + IFN-β. RT (at 2.0 Gy/
fr/day, 30 fr) and TMZ (75 mg/m2/day) were started
simultaneously on Day 1. Oral TMZ was administered
daily before breakfast and continued for 42 days. Up to
45 days of TMZ treatment was accepted, allowing for
holidays and rest days for maintenance of the RT equip-
ment. On days 2 and 3, vincristine (VCR) was adminis-
tered by intravenous injection at 0.6 mg/m2. On day 5, a
thrice-weekly regimen of IFN-β was started; the drug
was administered by intravenous drip infusion at 3 MU/
body over 1 h. After completion of the initial induction
therapy, study patients were followed-up for 28 days
until the start of maintenance therapy. RT comprised
fractionated focal irradiation administered at a fractional
dose of 2 Gy given once a day, 5 days a week (Monday
through Friday) for a period of 6 weeks, to a total dose
of 60 Gy. The radiation treatment plan was the same as
applied in the Stupp protocol and JCOG0911 [1, 23].
Maintenance therapy was started with oral TMZ (150

mg/m2/day, for 5 days) administered before breakfast
after day 28 when the patient met all blood test criteria.
The permissible treatment interruption period for TMZ
was set at 23 days. Dose-increases of TMZ after the sec-
ond cycle from 150 to 200 mg/m2/day (for 5 days) were
allowed in patients who met the blood test criteria, but
no further dose increase was allowed from the third
cycle onward. If the next cycle could not be started
within 63 days from the start of the previous cycle, or if
G4 neutropenia or G3/4 thrombopenia was present in
the previous cycle, TMZ was dosed down (from 200 to
150 mg/m2/day, 5 days; 150 to 100 mg/m2/day, 5 days). If
it was longer than that, it was canceled. TMZ treatment
was continued for at least 24 cycles. Even after that,

whether the patient was willing to continue treatment
was assessed at 30 and 40 cycles, and continuation of
TMZ treatment was allowed up to 50 cycles. IFN-β was
administered at 3 MU/body, once weekly. Dose adjust-
ment of IFN-β within 1–3 MU/ body was allowed, tak-
ing into account body weight and myelosuppression.
IFN-β treatment was continued for at least 2 years, and
for as long as possible thereafter. Treatment after recur-
rence was not specified in the protocol, and patients
were given the liberty to choose any course of treatment.

Study design
This study was an investigator-initiated, open-label,
single-arm, single-institute trial. A threshold 2y-OS of
33% was set for this study, based on the study results re-
ported by Stupp et al. [1], other study results [14, 15,
21], and our previous study (unpublished data) in which
the 2y-OS for RT + ACNU+VCR was 33%. We used
IFN-β as add-on therapy in our proposed treatment, as
the so-called toxic new regimen. Also, taking into ac-
count patient burden and medical expenses, the survival
rate in patients receiving the combined chemoradiother-
apy (RT with TMZ +VCR+ IFN-β) should exceed that
in historical controls by ≥5%. Therefore, for the 2y-OS
threshold set at 33% for this therapy, the expected 2y-
OS was set at 38% using the Kaplan-Meier method, with
a registration period covering 5 years and a follow-up of
5 years. The one-sided significance level of testing the
results of the main analysis was set at 10%, because the
population of our hospital is small (1.2 million), the dis-
ease is rare and shows poor prognosis, and little vari-
ation was seen in cases due to the performance of
almost all interventions by a single surgeon. The number
of eligible patients necessary to obtain a statistical power
of 80% was calculated as minimum 44 according to the
formula of Simon et al. [24]. With allowance for ineli-
gible patients, the number of patients to be enrolled in
this study was set at 50.
This study was conducted in compliance with the Dec-

laration of Helsinki and guidelines on Good Clinical
Practice, and was conducted with the approval of The
Committee of Medical Ethics at the University Graduate
School of Medicine, Hirosaki, Japan (approval no. 2007–
142). After the confirmation of histopathological diagno-
sis, patients who provided informed consent were en-
rolled in the Neurosurgical Clinical Study Registry of
Hirosaki University Hospital, and trial treatment was
started within 28 days after surgery.

Statistical analysis
The primary endpoint was the 2y-OS. Secondary end-
points were progression-free survival (PFS), 5y-OS, over-
all survival (OS), and PFS and OS classified according to
tumor MGMT promoter methylation status, and the
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frequency/nature of adverse events. PFS was defined as
the period from the date of surgery to the date of MRI
confirmation of recurrence. OS was defined as the period
from the date of surgery to the date of death or last date
of confirmed survival. Adverse events were coded accord-
ing to the Common Terminology Criteria for Adverse
Events (CTCAE) version 3.0. MGMT promoter methyla-
tion status was determined by methylation-specific poly-
merase chain reaction (MS-PCR) using surgical
specimens, as described later [8, 25]. The extent of surgi-
cal resection was determined from findings on MRI per-
formed within 72 h after surgery. In addition, tumor
immunostaining was performed after surgery to detect
IDH1R132H mutations (Anti-IDH1R132H antibody [H09];
DIANOVA GmbH, Hamburg, Germany).
In the main analysis, the efficacy of our proposed treat-

ment was determined based on an expected 2y-OS of this
study being greater than that of historical controls. In
other words, if the result from Kaplan-Meier analyses was
greater than or equal to 38% of the expected 2y-OS
(26.5%, as the 2y-OS of the Stupp trial [1]), and the lower
limit of the 95% confidence interval (CI) of our study was
no less than 31.7%, as the result from the study by Stupp
et al. [1] (i.e., the 95%CI included the value of 31.7%), the
method was to be considered effective. OS and PFS were
examined using Kaplan-Meier methods. Determination of
the OS and PFS according to MGMT promoter methyla-
tion status was performed by log-rank test. All statistical
analyses were performed on a Mac OSX version 10.14.5
operating system, using JMP version 14 statistical software
(SAS Institute, Cary, NC).

MS-PCR for determining MGMT promoter methylation
status
DNA extraction from formalin-fixed, paraffin-embedded
tissue sections and subsequent bisulfite conversion were
performed using the Methylamp Whole Cell Bisulfite
Modification Kit, in accordance with the instructions
from the manufacturer (EPIGENTEK, Farmingdale, NY).
PCR was performed using ZymoTaq PreMix (ZYMO
RESEARCH, Irvine, CA) and a C1000 Thermal Cycler
(Bio-Rad, Hercules, CA). Amplified products were sepa-
rated on 4% agarose gels, stained with ethidium brom-
ide, and visualized using the Gel Doc EZ Imager (Bio-
Rad). For each PCR reaction, a Human Methylated &
Non-methylated DNA Set (ZYMO RESEARCH, Irvine,
CA) was used as the control. These reaction conditions
and the sequences of the PCR primers were as previ-
ously described in the literature [8, 25].

Results
Patients
Patients were enrolled in this study between April 2008
and March 2013. Originally, 53 patients were enrolled to

the study and a final total of 47 patients thus received
the protocol treatment (Fig. 1).
The median age of patients was 62 years (range, 16–

80 years), and 10 patients (21.3%) were elderly (≥71 years
old). Twenty patients (42.6%) had an ECOG-PS of 2, in-
dicating that many patients were in a serious condition.
Total tumor resection was achieved in 27 patients
(57.4%). Immunostaining of the resected tumor revealed
wild-type IDH1R132H in 41 patients (87.2%) and a mutant
gene in 6 patients (12.8%). MGMT promoter methyla-
tion status as determined by MS-PCR was rated as
“methylated” in 16 patients (34.0%) and “unmethylated”
in 31 patients (66.0%). No dropouts or treatment discon-
tinuations due to emergence of adverse events to the ini-
tial induction therapy were encountered. The median
number of TMZ maintenance therapy cycles adminis-
tered was 13 (range, 3–50), and the median number of
IFN-β maintenance therapy cycles administered was 51
(range, 10–328) (Table 1).

Clinical course
Six of the 47 patients remained alive, 39 had died, and 2
were lost to follow-up. Of the 39 patients who died, 2
died of comorbid diseases, including myocardial infarc-
tion and acute aortic dissection, and the remaining 37
died of the tumor or tumor-related complications.
Under this protocol, 10 patients (21.3%) continued TMZ
maintenance therapy for 2 years without recurrence, and
5 patients (10.6%) continued TMZ maintenance therapy
for 5 years without recurrence (Table 1). Six patients
(12.8%) discontinued after 50 cycles of TMZ, including 5
patients who completed 5 years of relapse-free treatment
and 1 patient who relapsed during treatment and contin-
ued to use TMZ.
The 2-year PFS rate (2y-PFS) was 22.8% (95%CI, 12.9–

37.1%). The primary endpoint, 2y-OS, was 40.7%
(95%CI, 27.5–55.4%). The 2y-OS was 7.7% higher than
that recorded for the in-house treatment (unpublished
data). In addition, 2y-OS in this study exceeded the ex-
pected 2y-OS of 38%, but the lower limit of the 95%CI
was below 31.7%. The 5-year PFS rate (5y-PFS) was
11.4% (95%CI, 4.9–24.5%), and the 5y-OS was 20.3%
(95%CI, 10.9–34.6%). Median PFS (mPFS) was 11.0
months, and mOS was 18.0 months (Fig. 2a, Table 2).

PFS and OS according to MGMT promoter methylation
status
Examined by MGMT promoter methylation status as de-
termined by MS-PCR, mPFS was 11.0 months (95%CI,
7.0–13.0 months) in the 31 patients of the unmethylated
group and 10.0 months (95%CI, 4.0–27.0 months) in the
16 patients of the methylated group. Log-rank test re-
vealed no significant difference (p = 0.59) in PFS between
groups. The mOS was 18.0 months (95%CI, 14.0–27.0
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months) in the unmethylated group and 24.0 months
(95%CI, 11.0–40.0 months) in the methylated group.
Log-rank test showed no significant difference (p = 0.88)
in OS between groups (Fig. 2b, c).

Post-protocol treatments
With regard to treatment course after recurrence, which
the patients were given the liberty to choose, the major-
ity (26 patients; 61.9%) opted to continue maintenance
therapy with TMZ and IFN-β. Five patients underwent
additional surgery, 12 underwent additional stereotactic
radiosurgery, and 2 received bevacizumab (BEV). Most
patients (40 patients; 95.2%) continued combination
therapy with TMZ and IFN-β (Table 3).

Adverse events
Table 4 shows adverse events observed throughout the
initial induction therapy and maintenance therapy pe-
riods. One patient developed IFN-associated retinopathy
(CTCAE G3) in the maintenance phase. Although this
patient, who had underlying hypertension and diabetes
mellitus, was a high-risk patient, the causal relationship
between the event and IFN-β was assessed as “probable,”
and the patient therefore stopped IFN-β. Three patients
developed CTCAE grade 1 peripheral sensory

neuropathy, which was considered to have been caused
by VCR, and the causal relationship with the drug was
assessed as “probable.” In addition, 2 patients developed
CTCAE grade 3 hydrocephalus, with the causal relation-
ship to the treatment assessed as “unlikely”. As common
toxicities, CTCAE grade 1–4 lymphopenia occurred in
all patients, and grade 3/4 lymphopenia was noted in
87.3% of patients. Grade 3/4 neutropenia occurred in
19.1% of patients, while no patients developed febrile
neutropenia. The incidence of thrombocytopenia was
also high, at 72.5% overall, with 8.6% developing grade
3/4 thrombocytopenia. Anorexia also occurred at a rela-
tively high incidence of 57.4% overall, with 8.5% develop-
ing grade 3/4 anorexia. Incidence of constipation was
high, at 80.8%, but was controllable with medications in
most cases.

Discussions
The primary endpoint of 2y-OS in the present trial of a
new treatment regimen we developed was 40.7% (95%CI
27.5–55.4%). This was higher than the 33% from our un-
published in-house data, the expected 2y-OS of 38%,
and the 2y-OS of 26.5% reported by Stupp et al. [1], but
the lower limit of the 95%CI for this study was below
31.7%, so the result was not valid. In addition, mPFS and

Fig. 1 Recruitment and inclusion of patients in this study
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mOS, set as the secondary endpoints, were 11.0 and
18.0 months, respectively, both of which were superior
to the results reported [1]. The 5y-OS was also higher
(20.3%; 95%CI 10.9–34.6%) than the reported result of
the follow-up study [2], but the lower limit of the 95%CI
for this study was again insufficient.
Nevertheless, the mPFS and mOS of 11.0 and 18.0

months, respectively, which were longer than those re-
ported previously (6.9 months and 14.6 months, respect-
ively) [1], did not represent significant improvements.
This could be because the entry criteria for our study

population were less stringent, to better represent actual
clinical settings. For example, the study population in-
cluded elderly people up to 80 years old, and no limit
was placed on tumor size, so inclusion of even very large
tumors with volume ≥ 100mL was permitted. The study
population thus included patients with poor preoperative
PS and patient ineligible for total resection (gross total
removal rate, 57.4%). In other words, the study popula-
tion included patients more likely to die earlier. How-
ever, although not significant, our results for survival
and duration (2y-OS-5y-OS, PFS, OS, etc.) tended to be

Table 1 Baseline characteristics and treatment details of patients

Characteristic The number of patients (N = 47)

Age –

Median (IQR), Range 62 (54, 69), 16–80

Age≤ 70 37 (78.7%)

Age≥ 71 10 (21.3%)

Sex –

M: F 21:26

ECOG performance status –

0 13 (27.7)

1 14 (29.8)

2 20 (42.6)

3 0 (0.0)

Operation removal rate –

Biopsy 6 (12.8)

Partial resection 14 (29.8)

Gross total removal 27 (57.4)

Pathological diagnosis –

Glioblastoma 43 (91.5)

Giant cell glioblastoma 3 (6.4)

Gliosarcoma 1 (2.1)

IDH status (IDH1R132H) –

Wild 41 (87.2)

Mutant 6 (12.8)

MGMT status –

Methylated 16 (34.0)

Unmethylated 31 (66.0)

Concomitant induction phase –

Complete protocol 47 (100)

Incomplete protocol 0 (0.0)

Maintenance phase –

Complete protocol of TMZ 24C + IFN-β 96C 10 (21.3)

Complete protocol of TMZ 50C + IFN-β 200C 5 (10.6)

Maintenance cycles of TMZ (Median (IQR) Range) 13 (8, 23), 3–50

Maintenance cycles of IFN-β (Median (IQR) Range) 51 (32, 86), 10–328

Data are number (%).
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Fig. 2 (See legend on next page.)
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higher than those reported by Stupp et al. [1, 2]. An-
other feature of this study was that the survival rate after
more than 2 years remained relatively high. In addition,
a number of studies in addition to the present investiga-
tion have concluded that prognosis is unaffected by the
presence or absence of MGMT methylation status,
which has often been considered a prognostic factor
[26–30], but this study is one of them. We discuss the
potential reasons below.
First, one reason could be our continuation of main-

tenance therapy with TMZ for as long as possible. Our
cohort included 6 responders (12.8%), with the inclusion
of 1 case with recurrence, and treatment in these cases
was discontinued after 50 cycles of TMZ. In addition, 40
patients (95.2%) received TMZ plus IFN-β therapy in
combination with BEV, surgery or stereotactic radiosur-
gery, etc., even after the development of recurrence. In
actual clinical practice in Japan, 6 treatment cycles of
TMZ as specified in the protocol reported by Stupp
et al. [1] is not sufficient, and TMZ treatment is actually
continued for longer in many cases. In the literature,
one report has described administration of TMZ for 101
cycles [31], and another indicated that long-term treat-
ment with TMZ until progression is more cost-effective
than a treatment protocol that recommends completion
of TMZ treatment after 6 cycles [32]. Many publications

have discussed the efficacy of long-term treatment [31,
33–40]. A meta-analysis has indicated that long-term
treatment is more beneficial in terms of both OS and
PFS [41]. In addition, according to one study, MGMT-
mediated TMZ resistance may be attenuated by continu-
ous therapy [42]. Certainly, long-term administration of
TMZ would enhance the accumulation of TMZ in the
body, and may have the same significance as the use of
dose-dense TMZ, which depletes MGMT. On the other
hand, some studies reporting on the benefits of long-
term treatment with TMZ have also indicated that prog-
nosis varies depending on tumor MGMT promoter
methylation status [31, 33–35]. We cannot definitively
conclude that long-term treatment with TMZ in our
study resulted in good prognosis regardless of tumor
MGMT promoter methylation status. Of course, TMZ
could be considered ineffective for patients with
unmethylated MGMT. Hegi et al. also reported that
combined TMZ plus RT in the unmethylated group
yielded a significantly prolonged PFS as compared to RT
alone, and in the unmethylated group, combined TMZ
plus RT as compared to RT alone tended to prolong OS,
although those differences were not significant [8]. Fur-
thermore, MGMT expression is heterogeneous and var-
ies depending on the assay, and the site and timing of
the assay [43, 44]. Suggesting that long-term treatment
with TMZ contributes to improvement of PFS and OS
may thus be acceptable.

(See figure on previous page.)
Fig. 2 Kaplan-Meier curves for PFS and OS. a Kaplan-Meier estimates of progression-free survival (PFS) and overall survival (OS). PFS and OS were
determined from date of registration until either tumor progression or last follow-up (censored patients), or until death or last follow-up
(censored patients), respectively. b Kaplan-Meier estimates of PFS, according to MGMT promoter methylation status. PFS was 11.0 months (95%CI,
7.0–13.0 months) for the 31 patients of the unmethylated group and 10.0 months (95%CI, 4.0–27.0 months) for the 16 patients of the methylated
group. Log-rank testing revealed no significant difference (p = 0.59). c Kaplan-Meier estimates of OS, according to MGMT promoter methylation
status. OS was 18.0 months (95%CI, 14.0–27.0 months) in the unmethylated group and 24.0 months (95%CI, 11.0–40.0 months) in the methylated
group. Log-rank testing showed no significant difference (p = 0.88)

Table 2 Progression-free survival (PFS) and overall survival (OS)

Variable PFS/OS (M / %) 95%CI

Median PFS (M) 11.0 7.0–13.0

At 1 year (%) 40.4 27.5–54.9

At 2 year (%) 22.8 12.9–37.1

At 3 year (%) 15.9 7.9–29.7

At 4 year (%) 13.6 6.4–27.1

At 5 year (%) 11.4 4.9–24.5

Median OS (M) 18.0 15.0–26.0

At 1 year (%) 80.8 67.1–89.7

At 2 year (%) 40.7 27.5–55.4

At 3 year (%) 27.1 16.1–41.9

At 4 year (%) 22.6 12.6–37.1

At 5 year (%) 20.3 10.9–34.6

CI Confidence interval

Table 3 Second-line treatments after first recurrence

Treatment Regimen The Number of Patients N = 42 (%)

Same as protocol of TMZ + IFN-β 26 (61.9)

TMZ + IFN-β + SRS 8 (19.0)

TMZ + IFN-β + SRS + BEV 1 (2.4)

TMZ + IFN-β + SRS + Surgery 3 (7.1)

TMZ + IFN-β + Surgery+BEV 1 (2.4)

TMZ + INF-β + Surgery 1 (2.4)

Subtotal (TMZ + IFN-β) 40 (95.2)

Surgery alone 1 (2.4)

Best supportive care 1 (2.4)

SRS Stereotactic radiosurgery, BEV Bevacizumab
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No data have since demonstrating the efficacy of VCR
alone in patients with brain tumors [45]. However, VCR
is always used together with other antitumor agents, to
deliver synchronous chemotherapy [14] or to obtain
additive or synergistic effects [21, 46–48]. A meta-
analysis revealed that VCR can become an antagonist for
ACNU, BCNU, and cytosine arabinoside (Ara-C), and
can synergize with CCNU, procarbazine, and cyclophos-
phamide. Only limited reports have described the use of
VCR in combination with TMZ, but it is not an antag-
onist [45]. It remains necessary to accumulate more
cases in the future, but at present, it appears that com-
bined therapy with TMZ may contribute to the pro-
longation of PFS and OS.
Why then did the results of this study suggest that OS

was unrelated to MGMT promoter methylation status?
As mentioned above, continued treatment with IFN-β
could be one reason. The INTEGRA study [49] was con-
ducted using combined TMZ plus IFN-β therapy, based
on the results of basic experiments reported by Natsume
et al. [22], aimed at depleting MGMT, followed by the
phase-II JOCG0911 study [23]. The add-on efficacy of
IFN-β was denied in this JCOG0911 study, because no
superiority of TMZ plus IFN-β could be established.
However, a definitive difference from our study was seen
in the dose of IFN-β. While the dose used for induction
therapy was the same, that used for maintenance therapy
was 4-fold higher in our study, leading to differences in
continuing treatment. This may be one reason for the
superior results in our study. Since the report from Hegi

et al. [8], MGMT promoter methylation status has gen-
erally been viewed a prognostic marker, and meta-
analyses have supported this stance [10, 11]. In recent
years, however, MGMT promoter methylation status has
been suggested to not be the only prognostic marker.
Sex differences [28] and Asian and Serb ethnicity are not
associated with MGMT promoter methylation status
and prognosis [26, 27, 29]. A retrospective study from a
large single institute also found no relationship with
MGMT promoter methylation status [30]. GBM there-
fore shows complex biological diversity, and some diver-
sity may not be explained only by the addition of
extended maintenance TMZ, VCR and IFN-β. Of course,
the absolute number of patients in this study was low
and may have resulted in insufficient statistical power.
In addition, continued treatment with TMZ causes

lymphopenia in most cases. Likewise in this study, lym-
phopenia was observed in all patients, reaching grade 3/
4 in 87.3%. Lymphopenia caused by TMZ is said to be
characterized by depletion of a particularly high propor-
tion of CD4-positive helper T cells [50]. If helper T cells
disappear, the response of CD8-positive killer T cells
also disappears, probably resulting in decreased antitu-
mor effects. However, IFN-β can compensate for this,
exerting cytocidal activity and providing immunothera-
peutic advantages [18]. In other words, during the first
2 years or so of treatment, the main effect is produced
by anticancer agents, such as TMZ, which has cytocidal
effects. Thereafter, IFN-β may exert immune antitumor
actions. However, this also remains speculative.

Table 4 Adverse events

Grade 1 (%) Grade 2 (%) Grade 3 (%) Grade 4 (%) Grade 3 + 4%

Hematological

Anemia 14 (29.8) 19 (40.4) 0 0 0.0

Neutropenia 6 (12.8) 18 (38.3) 8 (17.0) 1 (2.1) 19.1

Lymphopenia 3 (6.4) 3 (6.4) 28 (59.6) 13 (27.7) 87.3

Thrombopenia 21 (44.7) 9 (19.2) 2 (4.3) 2 (4.3) 8.6

Non-hematological

Nausea 7 (14.9) 5 (10.6) 2 (4.3) 0 4.3

Vomiting 4 (8.5) 4 (8.5) 1 (2.1) 0 2.1

Anorexia 16 (34.0) 7 (14.9) 4 (8.5) 0 8.5

Constipation 12 (25.5) 26 (55.3) 0 0 0.0

ALT elevation 16 (34.0) 10 (21.3) 2 (4.3) 0 4.3

Hyponatremia 26 (55.3) 3 (6.4) 2 (4.3) 0 4.3

Hyperpotassemia 11 (23.4) 1 (2.1) 1 (2.1) 0 2.1

Skin rush 3 (6.4) 4 (8.5) 0 0 0.0

Fever 15 (31.9) 0 0 0 0.0

Febrile neutropenia – – 0 0 0.0

Others 3 (6.4) 0 3 (6.4) 0 6.4

Others: Interferon-associated retinopathy (G3) 1 case, hydrocephalus(G3) 2 cases, and Peripheral sensory neuropathy(G1) 3 cases
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Verification for the above findings of dosage and im-
munology requires a well-designed prospective study
based on patient conditions under certain statuses in
collaborative work with other institutions, and we have
to identify those populations in which IFN-β is most ef-
fective by performing sub-analyses for each MGMT
methylation status and other biomodulators.
With regard to adverse drug reactions, interferon-

associated retinopathy have been reported. Since the de-
velopment of irreversible visual dysfunction has been re-
ported, special attention to patients with comorbid
hypertension and diabetes mellitus appears necessary
[51]. Some recent studies have reported that extended
maintenance TMZ does not contribute to PFS or OS
[34, 52]. Balana et al. [53] reported that extended main-
tenance TMZ not only failed to improve PFS or OS, but
also increased thrombopenia and lymphopenia. How-
ever, the present study encountered no severe adverse
events such as interstitial pneumonia, and all observed
adverse events (including hematological adverse events)
were considered tolerable.

Conclusions
In general, the adverse events of this study were toler-
able, and 2y-OS of 40.7% as the primary endpoint was
higher than that of the historical controls. However, the
lower limit of the 95%CI was not exceed. Although a sig-
nificant difference from historical controls was not able
to be demonstrated, the treatment regimen applied may
be promising. The results also suggest that MGMT
methylation status may counteract the effects of PFS and
OS. However, a well-designed, large-scale randomized
controlled trial with biomolecular studies is required in
the future.

Abbreviations
CTCAE: Common Terminology Criteria for Adverse Events; CI: Confidence
interval; C: Cycles; ECOG-PS: Eastern Cooperative Oncology Group
performance scale; GBM: Glioblastoma; HGG: High-grade glioma; IFN-
β: Interferon β; IDH: Isocitrate dehydrogenase; MGMT: O6-methyl-guanine-
DNA-methyltransferase; mOS: Median overall survival; mPFS: Median
progression-free survival; MS-PCR: Methylation-specific polymerase chain
reaction; OS: Overall survival; PFS: Progression-free survival; RT: Radiotherapy;
TMZ: Temozolomide; VCR: Vincristine; CCNU: Lomustine; ACNU: Nimustine

Acknowledgements
We wish to thank all staff at Hirosaki University Graduate School of Medicine.

Authors’ contributions
K.A.1 and H.O. contributed to the concept and design of the study. K.A.1 and
H.O. contributed to tumor removal operations. K.A.1 and H.O. contributed to
the management of patients after operation. K.A.1, K.K., S.H., N.S., and K.A.2
contributed to follow-up after treatment. A.K.1 and A.K.2 contributed to the
review of pathological diagnosis. T.F. and A.K.1 contributed to molecular ana-
lyses. M.M. and K.A.1 contributed to statistical analyses. K.A.1, K.K., M.M., and
H.O. contributed to the acquisition and analysis of data. K.A.1, T.F., A.K.2, and
H.O. contributed to the drafting of the text and the preparation of figures.
The author(s) read and approved the final manuscript.

Funding
No funding was received for this study. No authors have any financial
relationships to disclose.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was conducted in compliance with the Declaration of Helsinki
and guidelines on Good Clinical Practice, and was conducted with the
approval of the Committee of Medical Ethics at Hirosaki University Graduate
School of Medicine, Hirosaki, Japan (approval no. 2007–142). All patients
provided written informed consent. The Ethics Committee determined that
no additional permission or informed consent was required for the current
data publication and analysis.

Consent for publication
Not Applicable.

Competing interests
All authors have no conflicts to report.

Author details
1Department of Neurosurgery, Hirosaki University Graduate School of
Medicine, 5 Zaifu-cho, Hirosaki, Aomori 036-8562, Japan. 2Clinical Research
Support Center, Hirosaki University Hospital, 53 Hon-cho, Hirosaki, Aomori
036-8563, Japan. 3Department of Medical Informatics, Hirosaki University
Hospital, 53 Hon-cho, Hirosaki, Aomori 036-8563, Japan. 4Department of
Neurosurgery, Kuroishi General Hospital, 1-70 Kitami-cho, Kuroishi, Aomori
036-0541, Japan. 5Department of Neurosurgery, Towada City Hospital, 8-14
Nishi-Jyuniban-cho, Towada, Aomori 034-0093, Japan. 6Department of
Anatomic Pathology, Hirosaki University Graduate School of Medicine, 53
Honcho, Hirosaki, Aomori 036-8563, Japan.

Received: 8 December 2020 Accepted: 5 July 2021

References
1. Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, Taphoorn MJ,

et al. Radiotherapy plus concomitant and adjuvant temozolomide for
glioblastoma. N Engl J Med. 2005;352(10):987–96. https://doi.org/10.1056/
NEJMoa043330.

2. Stupp R, Hegi ME, Mason WP, van den Bent MJ, Taphoorn MJ, Janzer RC,
et al. Effects of radiotherapy with concomitant and adjuvant temozolomide
versus radiotherapy alone on survival in glioblastoma in a randomised
phase III study: 5-year analysis of the EORTC-NCIC trial. Lancet Oncol. 2009;
10(5):459–66. https://doi.org/10.1016/S1470-2045(09)70025-7.

3. Tykocki T, Eltayeb M. Ten-year survival in glioblastoma. A systematic review.
J Clin Neurosci. 2018;54:7–13. https://doi.org/10.1016/j.jocn.2018.05.002.

4. Narita Y, Shibui S. Brain tumor registry of Japan (2005-2008). Neurol Med
Chir (Tokyo). 2017;57(Suppl 1):9–102.

5. Lacroix M, Abi-Said D, Fourney DR, Gokaslan ZL, Shi W, DeMonte F, et al. A
multivariate analysis of 416 patients with glioblastoma multiforme:
prognosis, extent of resection, and survival. J Neurosurg. 2001;95(2):190–8.
https://doi.org/10.3171/jns.2001.95.2.0190.

6. Sanai N, Polley MY, McDermott MW, Parsa AT, Berger MS. An extent of
resection threshold for newly diagnosed glioblastomas. J Neurosurg. 2011;
115(1):3–8. https://doi.org/10.3171/2011.2.JNS10998.

7. Stupp R, Taillibert S, Kanner A, Read W, Steinberg D, Lhermitte B, et al. Effect
of tumor-treating fields plus maintenance Temozolomide vs maintenance
Temozolomide alone on survival in patients with glioblastoma: a
randomized clinical trial. Jama. 2017;318(23):2306–16. https://doi.org/10.1
001/jama.2017.18718.

8. Hegi ME, Diserens AC, Gorlia T, Hamou MF, de Tribolet N, Weller M, et al.
MGMT gene silencing and benefit from temozolomide in glioblastoma. N
Engl J Med. 2005;352(10):997–1003. https://doi.org/10.1056/NEJMoa043331.

9. Gilbert MR, Wang M, Aldape KD, Stupp R, Hegi ME, Jaeckle KA, et al. Dose-
dense temozolomide for newly diagnosed glioblastoma: a randomized

Asano et al. BMC Cancer          (2021) 21:867 Page 10 of 12

https://doi.org/10.1056/NEJMoa043330
https://doi.org/10.1056/NEJMoa043330
https://doi.org/10.1016/S1470-2045(09)70025-7
https://doi.org/10.1016/j.jocn.2018.05.002
https://doi.org/10.3171/jns.2001.95.2.0190
https://doi.org/10.3171/2011.2.JNS10998
https://doi.org/10.1001/jama.2017.18718
https://doi.org/10.1001/jama.2017.18718
https://doi.org/10.1056/NEJMoa043331


phase III clinical trial. J Clin Oncol. 2013;31(32):4085–91. https://doi.org/10.12
00/JCO.2013.49.6968.

10. Binabaj MM, Bahrami A, ShahidSales S, Joodi M, Joudi Mashhad M,
Hassanian SM, et al. The prognostic value of MGMT promoter methylation
in glioblastoma: a meta-analysis of clinical trials. J Cell Physiol. 2018;233(1):
378–86. https://doi.org/10.1002/jcp.25896.

11. Zhao YH, Wang ZF, Cao CJ, Weng H, Xu CS, Li K, et al. The clinical
significance of O (6)-methylguanine-DNA methyltransferase promoter
methylation status in adult patients with glioblastoma: a meta-analysis.
Front Neurol. 2018;9:127. https://doi.org/10.3389/fneur.2018.00127.

12. Levin VA, Wilson CB. Nitrosourea chemotherapy for primary malignant
gliomas. Cancer Treat Rep. 1976;60(6):719–24.

13. Takakura K, Abe H, Tanaka R, Kitamura K, Miwa T, Takeuchi K, et al. Effects of
ACNU and radiotherapy on malignant glioma. J Neurosurg. 1986;64(1):53–7.
https://doi.org/10.3171/jns.1986.64.1.0053.

14. Matsutani M, Nakamura O, Nakamura M, Nagashima T, Asai A, Fujimaki T,
et al. Radiation therapy combined with radiosensitizing agents for cerebral
glioblastoma in adults. J Neuro-Oncol. 1994;19(3):227–37. https://doi.org/1
0.1007/BF01053276.

15. Yoshida J, Kajita Y, Wakabayashi T, Sugita K. Long-term follow-up results of
175 patients with malignant glioma: importance of radical tumour resection
and postoperative adjuvant therapy with interferon, ACNU and radiation.
Acta Neurochir. 1994;127(1–2):55–9. https://doi.org/10.1007/BF01808547.

16. Watanabe T, Katayama Y, Yoshino A, Fukaya C, Yamamoto T. Human
interferon beta, nimustine hydrochloride, and radiation therapy in the
treatment of newly diagnosed malignant astrocytomas. J Neuro-Oncol.
2005;72(1):57–62. https://doi.org/10.1007/s11060-004-2160-x.

17. Shitara N, Kohno T, Takakura K. New approach to brain tumour
chemoradiotherapy with cellular synchronization by colcemid. Acta
Neurochir. 1976;35(1–3):123–33. https://doi.org/10.1007/BF01405940.

18. Yoshino A, Katayama Y, Yokoyama T, Watanabe T, Ogino A, Ota T, et al.
Therapeutic implications of interferon regulatory factor (IRF)-1 and IRF-2 in
diffusely infiltrating astrocytomas (DIA): response to interferon (IFN)-beta in
glioblastoma cells and prognostic value for DIA. J Neuro-Oncol. 2005;74(3):
249–60. https://doi.org/10.1007/s11060-004-7316-1.

19. Watanabe T, Katayama Y, Yoshino A, Komine C, Yokoyama T, Fukushima T.
Treatment of low-grade diffuse astrocytomas by surgery and human
fibroblast interferon without radiation therapy. J Neuro-Oncol. 2003;61(2):
171–6. https://doi.org/10.1023/A:1022120325619.

20. Yung WK, Prados M, Levin VA, Fetell MR, Bennett J, Mahaley MS, et al.
Intravenous recombinant interferon beta in patients with recurrent
malignant gliomas: a phase I/II study. J Clin Oncol. 1991;9(11):1945–9.
https://doi.org/10.1200/JCO.1991.9.11.1945.

21. Aoki T, Takahashi JA, Ueba T, Oya N, Hiraoka M, Matsui K, et al. Phase II study of
nimustine, carboplatin, vincristine, and interferon-beta with radiotherapy for
glioblastoma multiforme: experience of the Kyoto neuro-oncology group. J
Neurosurg. 2006;105(3):385–91. https://doi.org/10.3171/jns.2006.105.3.385.

22. Natsume A, Ishii D, Wakabayashi T, Tsuno T, Hatano H, Mizuno M, et al. IFN-
beta down-regulates the expression of DNA repair gene MGMT and
sensitizes resistant glioma cells to temozolomide. Cancer Res. 2005;65(17):
7573–9. https://doi.org/10.1158/0008-5472.CAN-05-0036.

23. Wakabayashi T, Natsume A, Mizusawa J, Katayama H, Fukuda H, Sumi M,
et al. JCOG0911 INTEGRA study: a randomized screening phase II trial of
interferonβ plus temozolomide in comparison with temozolomide alone for
newly diagnosed glioblastoma. J Neuro-Oncol. 2018;138(3):627–36. https://
doi.org/10.1007/s11060-018-2831-7.

24. Simon R. Optimal two-stage designs for phase II clinical trials. Control Clin
Trials. 1989;10(1):1–10. https://doi.org/10.1016/0197-2456(89)90015-9.

25. Esteller M, Hamilton SR, Burger PC, Baylin SB, Herman JG. Inactivation of the
DNA repair gene O6-methylguanine-DNA methyltransferase by promoter
hypermethylation is a common event in primary human neoplasia. Cancer
Res. 1999;59(4):793–7.

26. Yang H, Wei D, Yang K, Tang W, Luo Y, Zhang J. The prognosis of MGMT
promoter methylation in glioblastoma patients of different race: a meta-
analysis. Neurochem Res. 2014;39(12):2277–87. https://doi.org/10.1007/s11
064-014-1435-7.

27. Meng W, Jiang Y, Ma J. Is the prognostic significance of O6-methylguanine-
DNA methyltransferase promoter methylation equally important in
glioblastomas of patients from different continents? A systematic review
with meta-analysis. Cancer Manag Res. 2017;9:411–25. https://doi.org/10.214
7/CMAR.S140447.

28. Franceschi E, Tosoni A, Minichillo S, Depenni R, Paccapelo A, Bartolini S,
et al. The prognostic roles of gender and O6-methylguanine-DNA
methyltransferase methylation status in glioblastoma patients: the female
power. World Neurosurg. 2018;112:e342–7. https://doi.org/10.1016/j.wneu.2
018.01.045.

29. Jovanović N, Mitrović T, Cvetković VJ, Tošić S, Vitorović J, Stamenković S,
et al. The Impact of MGMT promoter methylation and temozolomide
treatment in serbian patients with primary glioblastoma. Medicina (Kaunas).
2019;55(2):34. https://doi.org/10.3390/medicina55020034.

30. Egaña L, Auzmendi-Iriarte J, Andermatten J, Villanua J, Ruiz I, Elua-Pinin A,
et al. Methylation of MGMT promoter does not predict response to
temozolomide in patients with glioblastoma in Donostia hospital. Sci Rep.
2020;10(1):18445. https://doi.org/10.1038/s41598-020-75477-9.

31. Barbagallo GM, Paratore S, Caltabiano R, Palmucci S, Parra HS, Privitera G,
et al. Long-term therapy with temozolomide is a feasible option for newly
diagnosed glioblastoma: a single-institution experience with as many as 101
temozolomide cycles. Neurosurg Focus. 2014;37(6):E4. https://doi.org/10.31
71/2014.9.FOCUS14502.

32. Waschke A, Arefian H, Walter J, Hartmann M, Maschmann J, Kalff R. Cost-
effectiveness of the long-term use of temozolomide for treating newly
diagnosed glioblastoma in Germany. J Neuro-Oncol. 2018;138(2):359–67.
https://doi.org/10.1007/s11060-018-2804-x.

33. Quan R, Zhang H, Li Z, Li X. Survival analysis of patients with glioblastoma
treated by long-term administration of temozolomide. Medicine (Baltimore).
2020;99(2):e18591. https://doi.org/10.1097/MD.0000000000018591.

34. Gramatzki D, Kickingereder P, Hentschel B, Felsberg J, Herrlinger U,
Schackert G, et al. Limited role for extended maintenance temozolomide for
newly diagnosed glioblastoma. Neurology. 2017;88(15):1422–30. https://doi.
org/10.1212/WNL.0000000000003809.

35. Roh TH, Park HH, Kang SG, Moon JH, Kim EH, Hong CK, et al. Long-term
outcomes of concomitant chemoradiotherapy with temozolomide for
newly diagnosed glioblastoma patients: a single-center analysis. Medicine
(Baltimore). 2017;96(27):e7422. https://doi.org/10.1097/MD.
0000000000007422.

36. Jaoude DA, Moore JA, Moore MB, Twumasi-Ankrah P, Ablah E, Moore DF Jr.
Glioblastoma and increased survival with longer chemotherapy duration.
Kans J Med. 2019;12(3):65–9. https://doi.org/10.17161/kjm.v12i3.11795.

37. Seiz M, Krafft U, Freyschlag CF, Weiss C, Schmieder K, Lohr F, et al. Long-
term adjuvant administration of temozolomide in patients with
glioblastoma multiforme: experience of a single institution. J Cancer Res
Clin Oncol. 2010;136(11):1691–5. https://doi.org/10.1007/s00432-010-0827-6.

38. Freyschlag CF, Smolczyk DR, Janzen E, Schmieder K, Thomé C, Lohr F, et al.
Prolonged administration of temozolomide in adult patients with anaplastic
glioma. Anticancer Res. 2011;31(11):3873–7.

39. Roldán Urgoiti GB, Singh AD, Easaw JC. Extended adjuvant temozolomide
for treatment of newly diagnosed glioblastoma multiforme. J Neuro-Oncol.
2012;108(1):173–7. https://doi.org/10.1007/s11060-012-0826-3.

40. Darlix A, Baumann C, Lorgis V, Ghiringhelli F, Blonski M, Chauffert B, et al.
Prolonged administration of adjuvant temozolomide improves survival in
adult patients with glioblastoma. Anticancer Res. 2013;33(8):3467–74.

41. Xu W, Li T, Gao L, Zheng J, Shao A, Zhang J. Efficacy and safety of long-
term therapy for high-grade glioma with temozolomide: a meta-analysis.
Oncotarget. 2017;8(31):51758–65. https://doi.org/10.18632/oncotarget.17401.

42. Zhou Z, Howard TA, Villano JL. Long-term daily temozolomide with dose-
dependent efficacy in MGMT promotor methylation negative recurrent
high-grade astrocytoma. Cancer Chemother Pharmacol. 2017;80(5):1043–6.
https://doi.org/10.1007/s00280-017-3415-5.

43. Malley DS, Hamoudi RA, Kocialkowski S, Pearson DM, Collins VP, Ichimura K.
A distinct region of the MGMT CpG island critical for transcriptional
regulation is preferentially methylated in glioblastoma cells and xenografts.
Acta Neuropathol. 2011;121(5):651–61. https://doi.org/10.1007/s00401-011-
0803-5.

44. Feldheim J, Kessler AF, Monoranu CM, Ernestus RI, Löhr M, Hagemann C.
Changes of O (6)-Methylguanine DNA Methyltransferase (MGMT) promoter
methylation in glioblastoma relapse-a meta-analysis type literature review.
Cancers (Basel). 2019;11(12):1837. https://doi.org/10.3390/cancers11121837.

45. Aydin B, Patil M, Bekele N, Wolff JE. Vincristine in high-grade glioma.
Anticancer Res. 2010;30(6):2303–10.

46. Wu M, Fan Y, Lv S, Xiao B, Ye M, Zhu X. Vincristine and temozolomide
combined chemotherapy for the treatment of glioma: a comparison of
solid lipid nanoparticles and nanostructured lipid carriers for dual drugs

Asano et al. BMC Cancer          (2021) 21:867 Page 11 of 12

https://doi.org/10.1200/JCO.2013.49.6968
https://doi.org/10.1200/JCO.2013.49.6968
https://doi.org/10.1002/jcp.25896
https://doi.org/10.3389/fneur.2018.00127
https://doi.org/10.3171/jns.1986.64.1.0053
https://doi.org/10.1007/BF01053276
https://doi.org/10.1007/BF01053276
https://doi.org/10.1007/BF01808547
https://doi.org/10.1007/s11060-004-2160-x
https://doi.org/10.1007/BF01405940
https://doi.org/10.1007/s11060-004-7316-1
https://doi.org/10.1023/A:1022120325619
https://doi.org/10.1200/JCO.1991.9.11.1945
https://doi.org/10.3171/jns.2006.105.3.385
https://doi.org/10.1158/0008-5472.CAN-05-0036
https://doi.org/10.1007/s11060-018-2831-7
https://doi.org/10.1007/s11060-018-2831-7
https://doi.org/10.1016/0197-2456(89)90015-9
https://doi.org/10.1007/s11064-014-1435-7
https://doi.org/10.1007/s11064-014-1435-7
https://doi.org/10.2147/CMAR.S140447
https://doi.org/10.2147/CMAR.S140447
https://doi.org/10.1016/j.wneu.2018.01.045
https://doi.org/10.1016/j.wneu.2018.01.045
https://doi.org/10.3390/medicina55020034
https://doi.org/10.1038/s41598-020-75477-9
https://doi.org/10.3171/2014.9.FOCUS14502
https://doi.org/10.3171/2014.9.FOCUS14502
https://doi.org/10.1007/s11060-018-2804-x
https://doi.org/10.1097/MD.0000000000018591
https://doi.org/10.1212/WNL.0000000000003809
https://doi.org/10.1212/WNL.0000000000003809
https://doi.org/10.1097/MD.0000000000007422
https://doi.org/10.1097/MD.0000000000007422
https://doi.org/10.17161/kjm.v12i3.11795
https://doi.org/10.1007/s00432-010-0827-6
https://doi.org/10.1007/s11060-012-0826-3
https://doi.org/10.18632/oncotarget.17401
https://doi.org/10.1007/s00280-017-3415-5
https://doi.org/10.1007/s00401-011-0803-5
https://doi.org/10.1007/s00401-011-0803-5
https://doi.org/10.3390/cancers11121837


delivery. Drug Deliv. 2016;23(8):2720–5. https://doi.org/10.3109/10717544.2
015.1058434.

47. Filippini G, Falcone C, Boiardi A, Broggi G, Bruzzone MG, Caldiroli D, et al.
Prognostic factors for survival in 676 consecutive patients with newly
diagnosed primary glioblastoma. Neuro-Oncology. 2008;10(1):79–87. https://
doi.org/10.1215/15228517-2007-038.

48. Kellie SJ, Koopmans P, Earl J, Nath C, Roebuck D, Uges DR, et al. Increasing
the dosage of vincristine: a clinical and pharmacokinetic study of
continuous-infusion vincristine in children with central nervous system
tumors. Cancer. 2004;100(12):2637–43. https://doi.org/10.1002/cncr.20220.

49. Wakabayashi T, Kayama T, Nishikawa R, Takahashi H, Hashimoto N,
Takahashi J, et al. A multicenter phase I trial of combination therapy with
interferon-β and temozolomide for high-grade gliomas (INTEGRA study): the
final report. J Neuro-Oncol. 2011;104(2):573–7. https://doi.org/10.1007/s11
060-011-0529-1.

50. Su YB, Sohn S, Krown SE, Livingston PO, Wolchok JD, Quinn C, et al.
Selective CD4+ lymphopenia in melanoma patients treated with
temozolomide: a toxicity with therapeutic implications. J Clin Oncol. 2004;
22(4):610–6. https://doi.org/10.1200/JCO.2004.07.060.

51. Willson RL, Ross RD, Willson LM, Cohen G, Redfield TL, Gitter KA. Interferon-
associated retinopathy in a young, insulin-dependent diabetic patient.
Retina. 2000;20(4):413–5. https://doi.org/10.1097/00006982-200004000-
00023.

52. Blumenthal DT, Gorlia T, Gilbert MR, Kim MM, Burt Nabors L, Mason WP,
et al. Is more better? The impact of extended adjuvant temozolomide in
newly diagnosed glioblastoma: a secondary analysis of EORTC and NRG
oncology/RTOG. Neuro-Oncology. 2017;19(8):1119–26. https://doi.org/10.1
093/neuonc/nox025.

53. Balana C, Vaz MA, Manuel Sepúlveda J, Mesia C, Del Barco S, Pineda E, et al.
A phase II randomized, multicenter, open-label trial of continuing adjuvant
temozolomide beyond 6 cycles in patients with glioblastoma (GEINO 14-
01). Neuro-Oncology. 2020;22(12):1851–61. https://doi.org/10.1093/neuonc/
noaa107.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Asano et al. BMC Cancer          (2021) 21:867 Page 12 of 12

https://doi.org/10.3109/10717544.2015.1058434
https://doi.org/10.3109/10717544.2015.1058434
https://doi.org/10.1215/15228517-2007-038
https://doi.org/10.1215/15228517-2007-038
https://doi.org/10.1002/cncr.20220
https://doi.org/10.1007/s11060-011-0529-1
https://doi.org/10.1007/s11060-011-0529-1
https://doi.org/10.1200/JCO.2004.07.060
https://doi.org/10.1097/00006982-200004000-00023
https://doi.org/10.1097/00006982-200004000-00023
https://doi.org/10.1093/neuonc/nox025
https://doi.org/10.1093/neuonc/nox025
https://doi.org/10.1093/neuonc/noaa107
https://doi.org/10.1093/neuonc/noaa107

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Patients
	Treatments
	Study design
	Statistical analysis
	MS-PCR for determining MGMT promoter methylation status

	Results
	Patients
	Clinical course
	PFS and OS according to MGMT promoter methylation status
	Post-protocol treatments
	Adverse events

	Discussions
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

