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Abstract
Radiation-induced glioblastoma is particularly resistant to treatment, and therapeutic options are limited. We report
a 48-year-old woman with a radiation-induced glioblastoma who had a complete response to nimustine hydrochloride.
Our patient developed a left temporal meninigioma 22 years after and bi-temporal glioblastoma 30 years after a
pituitary adenoma was treated with surgery and 50 Gy radiation therapy. She was treated with subtotal resection
followed by four cycles of nimustine hydrochloride; a complete response was achieved. She relapsed 16 months
after diagnosis of glioblastoma, and underwent further surgery and treatment with temozolomide. She survived for 26
months after the onset of glioblastoma. As the site was within the irradiated area, both meninigioma and glioblastoma
were thought to be radiation-induced tumors. If further radiotherapy is not a therapeutic option for glioblastoma,
chemotherapy may result in prolonged survival.
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total resection and pathology revealed a fibrous meningioma (Figure
1). She remained asymptomatic until May 2005 when she developed
headache. Cranial MRI revealed a bi-temporal heterogeneously
enhancing intra-axial mass, with ventricular wall dissemination (Figure
2A). The patient underwent subtotal resection of the right temporal
mass and pathology revealed a GBM (Figure 3A). Post-operatively, the

Introduction
Radiation-induced central nervous system (CNS) neoplasms
are rare, and the cumulative risk of brain tumor after therapeutic
cranial irradiation is 0.5–2.7% at 15 years [1]. Radiation-induced
CNS neoplasms are recognized in patients who have had therapeutic
radiotherapy to the head or face [2]. Among radiation-induced CNS
neoplasms, meningiomas make up about 70%, gliomas about 20%
and sarcomas fewer than 10% [2–4]. Types of post-radiation gliomas
are glioblastoma (GBM) in 75% and anaplastic astrocytoma in 25%
[1]. Generally, radiation-induced GBM occurs in a younger patient
population than would be expected for primary GBM [5]. Radiationinduced GBM is difficult to treat; radiotherapy is not always a therapeutic
option because the patient has already been exposed to radiation [6].
We report a patient with a radiation-induced meningioma and GBM
who had a sustained remission following chemotherapy alone.

Case Report
In 1975 a 16-year-old girl was diagnosed with an intra-suprasellar
pituitary adenoma. She underwent a biopsy and received conventional
radiotherapy with daily fractions of 2 Gy to a total dose of 50 Gy by
opposing portal irradiation. She was mentally slow, but functioned and
lived independently as an adult. A ventriculoperitoneal shunt had been
placed initially and maintained throughout the years. She remained
asymptomatic until October 1997 when she developed headache.
Cranial magnetic resonance imaging (MRI) revealed a left temporal
homogeneously enhancing extra-axial mass. The patient underwent
J Neurol Neurophysiol
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Figure 1: Pathological findings of meningioma. Pathological findings on the
tumor removed in 1997. Hematoxylin & Eosin (H&E) staining demonstrated
fibrous meningioma characterized by parallel fascicles of fibroblastic cells
(×100).
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genotyping microarray (GeneChip Human Mapping 250 K Arrays:
Affymetrix, Inc., Tokyo, Japan) and O6-methylguanine-DNA methyltransferase (MGMT) immunohistochemistry, according to the method
previously described [7,8]. On genotyping microarray analysis, loss
of heterozygosity (LOH) of 1p, p53, K-ras, p16, methylthioadenosine
phosphorylase (MTAP) and amplification of platelet-derived growth
factor receptor alpha (PDGFRA), KIT was observed. Amplification
and LOH of epidermal growth factor receptor (EGFR), phosphatase
and tensin homolog (PTEN), E3 ubiquitin protein ligase (MDM2) or
MGMT were not observed. High MGMT expression was observed
on immunohistochemical study (Figure 3B). Informed consent was
obtained from the patient in accordance with the guidelines of the
Ethical Committee on Human Research, Niigata University Medical
School.

(A)

(B)

Discussion
The development of brain tumors in previously irradiated sites is a
rare complication. Cahan et al. established four criteria to diagnose a
radiotherapy-induced brain tumor [9]. These criteria were modified in
1972 by Schrantz [10] as follows: (1) the tumor must appear within the
irradiated field; (2) the tumor was not present prior to the radiotherapy;
(3) a sufficient latency period must elapse between irradiation and
appearance of the tumor; (4) the radiation-induced tumor must be
histologically proven and be of a different histological type from the
original neoplasm treated by the radiation therapy. In our case, both
meningioma and glioblastoma were considered to be radiation induced
tumors because both originated within the radiation field. They arose
22 and 30 years after initial irradiation, respectively.

Figure 2: MRI before and after chemotherapy. (A) T1-weighted gadoliniumenhanced magnetic resonance imaging (MRI) from May 2005 demonstrated a
well-enhanced mass in bilateral temporal lesion. (B) T1-weighted gadoliniumenhanced MRI from April 2006. No evident tumor after nimustine hydrochloride.

(A)

Gliomas are the most frequent glial tumors following sellar region
irradiation [11]. Brada et al. described a relative risk of secondary
glioma of 7.92 times higher than that of the normal non-irradiated
population, with an average latency period to glioma diagnosis of 7
years, in 334 patients with pituitary lesions irradiated to a median dose
of 45 Gy for the sellar region [2]. Tsang et al. estimated the relative
risk of glioma occurrence after radiotherapy in patients with pituitary
adenomas to be 16 times greater than that of the general population
[12]. In cases where the pituitary adenomas are treated by standard
fractionated radiation or stereotactic radiosurgery, radiation-induced
gliomas should be considered as a possible long-term side effect.

(B)

Figure 3: Pathological findings of glioblastoma. (A) Pathological findings
on the tumor removed in 2005. H&E staining demonstrated necrosis, mitosis,
microvasucular proliferation and palisading figures. The histological diagnosis
was glioblastoma (× 100). (B) Immunohistochemical staining of cells for MGMT
shows strong immunoreactivity (×100).

patient improved and a contrast enhanced MRI of the brain showed
bulky residual disease. Further radiation could not be administered
safely, and she was started on nimustine hydrochloride (ACNU) (80
mg/m2 daily every 6–8 weeks). In April 2006, after four cycles, an
MRI showed no evidence of disease (Figure 2B), and her Karnofsky
Performance Status was 90. Surveillance MRIs showed no disease
until September 2006, 16 months from the diagnosis of GBM, when
an MRI showed local tumor recurrence; the patient had no symptoms.
There were four new nodular areas of enhancement within the surgical
cavity of the left parieto-occipital area and linear enhancement of the
surgical cavity wall. The patient underwent a repeated craniotomy
and pathology again revealed GBM. After surgical removal, she was
started on temozolomide (5 courses of 80 mg/m2 daily for 21 days every
4 weeks). In July 2007, before the fifth cycle, her chemotherapy was
discontinued because of the progressive disease. She died of tumor
regrowth in July 2007, 26 months following her first diagnosis of GBM.
We analyzed her tumor sample using single-nucleotide-polymorphism
J Neurol Neurophysiol
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Radiation-induced gliomas are usually high-grade tumors, although
low-grade ones [13,14] have been reported. High-grade gliomas are the
most common radiation-induced brain tumors observed in children,
while benign meningiomas are the most frequently found radiationinduced brain neoplasms in adults [15]. In adults, low-grade gliomas
develop after 9.2 years and high-grade gliomas after 12.5 years from
the time of irradiation [15]. The relation of the radiation dose to the
histological type of the secondary tumor is not proved [15]. In our
case, the latency period of 30 years to the occurrence of the radiationinduced glioma is longer than that of reported cases.
Regarding the reports of treatment of radiation-induced glioma,
a dramatic response and prolonged survival after treatment with
carmustine and temozolomide were reported [16,17]. These tumors
have a poor prognosis because of their intrinsic resistance to treatment
and the difficulty of using aggressive therapies in previously irradiated
patients. In our patient, further radiotherapy could not be administered
safely. However, the patient had an unexpected complete response to
nimustine hydrochloride after subtotal resection. She had an overall
survival of 26 months from her diagnosis of GBM. The remarkably
durable response to nimustine hydrochloride suggests that vigorous
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chemotherapeutic approaches may yield prolonged disease control in
some patients with radiation-induced GBM.
In a patient reported by Gessi et al. the genetic alterations were
p53 mutation, LOH of 17p and 19q, MGMT promoter methylation,
and no amplification of EGFR [18]. Nine radiation-induced highgrade gliomas were studied for possible molecular alterations in p53,
PTEN, K-ras, EGFR, and p16 by Brat et al [19]. p53 gene mutation
is detected in one case, and EGFR amplification and p16/MTAP gene
deletion in two cases each [19]. Genetic alterations similar to those
described in spontaneous, sporadic primary GBM, except the absence
of PTEN mutations, were found in the radiation-induced group.
Radiation-induced GBMs have a lower percentage of EGFR and p16
alterations than primary GBM [19]. In our case, although LOH and
amplification of EGFR, PTEN was not observed, LOH of 1p, K-ras,
p16 and p53 and amplification of PDGFR, KIT were. The relationship
of 1p LOH and chemosensitivity in oligodendroglial tumors is well
known [20]. Although MGMT expression was noted, 1p LOH may
account for the marked response to chemotherapy. The molecular
alteration of radiation-induced GBM is not well known, owing to
the limited number of cases and limited genes analyzed. The marked
chemosensitivity should be further investigated for the development
of glioma therapy.

Conclusion
We encountered a patient who presented with glioblastoma 30
years after undergoing partial removal and radiation therapy to treat
pituitary adenoma at the identical site in the brain. The remarkably
durable response to nimustine hydrochloride was noted. If further
radiotherapy is not a therapeutic option for glioblastoma, chemotherapy
may be taken into account. The continuing follow-up of pituitary
adenoma patients who have undergone radiotherapy will allow early
diagnosis of radiation-induced gliomas. At present radiation-induced
gliomas must be considered in treatment decision-making in pituitary
adenoma patients. Although this clinical course is rare, the possibility
of this kind of delayed complication should be considered.
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