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Glioblastoma Occurred 20 Years after Cerebrospinal
Irradiation: Case Report and Literature Review
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Abstract— Radiation-induced gliomas represent a relatively
rare but well-characterized entity in the neurooncologic
literature. Age-related cerebral vulnerability could be a specific
factor in the genesis of these complications.

The occurrence of a malignant glioma at the site of a preexisting
medulloblastoma is exceptional.

Our purpose is to review the literature regarding the role of
radiotherapy (RT) in the treatment of patients with
radiation-induced malignant gliomas (RIMGs)

These findings support the notion that radiation-induced GBM
should be considered a distinct clinical entity. Further
understanding of multiple genetic changes after radiation will
help protect patients who have already been cured of their
original malignancy.

Index Terms— Glioblastoma, cerebrospinal, irradiation,
medulloblastoma

. INTRODUCTION

Radiotherapy is an important weapon in the treatment of
cancers, but it can lead to rare dreadful late side effects such
as radionecrosis or oncogenesis.

Radiation-induced glioma is a rare complication after cranial
irradiation, described only in some cases and in small series.
We report the case of probably radiation-induced
glioblastoma in 23 years old patient treated at the age of 3 for
medulloblastoma.

This is an atypical observation, due to latency time, tumor
aggressiveness and rapid evolution.

Il. CASE REPORT

A 23 years old patient treated at the age of 3 for
medulloblastoma of posterior cranial fossa by surgery and
adjuvant craniospinal radiation therapy.

The patient was followed regularly in consultation until the
age of 10 and then was lost in sight.

13 years later, the patient presented an ataxia rapidly
worsening  associated to balance disturbances and
pseudotumor cerebri. Cerebral MRI showed a right cerebellar
infiltrating, compressive expansive process in favor of
recurrence associated to left hemispheric cerebellar lesions
compatible with secondary locations. A stereotactic biopsy
with anatomopathological study and
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immunohistochemical complement showed a glioblastoma.
The clinical examination found a patient altered in WHO 3
with left hemiparesis.

The evolution was marked by the appearance of respiratory
distress with  swallowing disorders. Drainage of
hydrocephalus could not be achieved due to anesthetic
difficulties. The patient had an emergency tracheotomy and
started corticotherapy. Radiotherapy has not been proposed
because of his general condition. The patient died 10 days
later.

MRI: a-b /axial

Cerebral
reconstruction

Figure: plans ¢/ sagittal

1. DISCUSSION

Glioblastomas (GBMs) are the second most common primary
neoplasm of the central nervous system (CNS) in adults.
Radiation-induced malignancies were defined in a classic
study by Cahan et al. [1] four criteria for radiation-induced
malignancies: 1-presence of tumor in a previously irradiated
region, 2-sufficient latency time between the original and new
tumors, generally measured in years, 3-histology of the new
tumor must be distinct from the original, and 4-no history of
disease predisposing to tumor development.

The Childhood Cancer Survivor Study consists of a cohort of
14 361 five-year childhood cancer survivors [2]. An analysis
of these patients showed that 40 went on to develop gliomas
(including gliosarcomas, oligodendrogliomas, and juvenile
pilocytic astrocytomas). Ninety percent of these 40 patients
were originally treated for leukemia, CNS tumor, or
lymphoma and 90% received some form of radiation.

In addition to treatment for malignant diseases, pediatric
patients were also treated with ionizing radiation for benign
conditions. A retrospective analysis of 10,834 pediatric
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patients treated with low-dose radiation (median estimated
brain dose of 1.5 Gy) for tinea capitis resulted in 21 cases of
malignant tumors (defined as gliomas of all types, including
ependymomas) [3].

A retrospective study of 4581 pediatric cancer patients in
France treated with radiation indicates that many secondary
malignancies actually occur in lower dose areas [4].
Specifically, 31% of secondary malignancies (14% in the
CNS) occurred in volumes that received < 2.5 Gy.
Interestingly, in 6% of patients (43% in the CNS) secondary
malignancies occurred in volumes that received < 0.1 Gy.
However, more recent data using pediatric phantoms suggest
that while doses may fall off rapidly near the target,
peripheral doses remain relatively high with intensity
modulated radiation therapy compared to 3D conformal
radiation [5] - [6].

Some have suggested that the use of protons rather than
x-rays may reduce the risk of secondary malignancies [7].

A more recent study evaluated five RIG specimens using
microarray analysis [8]

Three genes in particular were highly over-expressed,
including ErB3 and Sox10 (both of which were previously
implicated in astrocyte development) and PDGFo. Inhibition
of ErbB3 through disruption of post-translational processing
increased radiosensitivity of glioma cells [9]. PDGFa
conjugated with 1-125 radioisotopes has been shown to
preferentially accumulate in glioma cells [10]. Finally, Sox10
was independently found to act synergistically with PDGFB
to promote glioma development [11].

Radiation-induced gliomas do not necessarily represent a
distinct clinical entity. The median survival of patients with
RIGs is approximately 11 months with one-, 2-, and 5-year
overall survival rates of 37%, 13%, and 4%, respectively
[12].

A retrospective analysis by Paulino et al. [12] showed
decidedly inferior outcomes in patients who did not receive
re-irradiation for RIGs. Of 85 patients evaluated, 35
underwent re-irradiation with a mean dose of 50 Gy (range:
30-76 Gy) with reported 2-year survival of 20.5%. In contrast,
the 50 patients who were not irradiated had a 2-year survival
of 3.0%.

Classically, dose limits for partial brain and whole brain
radiation have been set at 60 Gy and 50 Gy, respectively [13].
Mayer and Sminia found that re-irradiated normal brain tissue
tolerated acumulative normalized total dose
(NTDcumulative) of >100 Gy at conventional fractionation
[14]. This was predicated on assumptions that normal brain
was classified as a late-responding tissue (o/f = 2 Gy) and
that fractionation was conventional (2 Gy per daily fraction).

When using active scanning protons, also known as intensity
modulated proton therapy (IMPT), it is possible to reduce the
dose to healthy tissue in pediatric patients [15] compared to
comparable photon devices. [16]

A comprehensive search of the literature revealed 9 cases of
gliomas 6 high [17] - [18] - [19] - [20] - [21] - [22] and 3 low
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[23] - [24] - [25] grade) occurring 6 to 16 years following
radiation for medulloblastomas.

Pearly and al reported a case of a supratentorial glioblastoma
that occurred 13 years after radiation therapy for a cerebellar
medulloblastoma. After a subtotal resection, he received
radiation therapy consisting of 3000 rads to the whole brain, a
booster dose of 1000 rads to the posterior fossa, and 2000
rads to the spine. The patient was again treated with
x-irradiation: 3000 rads to the whole brain, a 1SOO-rad
booster dose to the left parietal region, and 3000 rads to the
spinal cord. He died 2years later. [26]

Schmidbauer and al reported development of a glioblastoma
multiforme at the site of excision of a medulloblastoma 6
years earlier. The patient was operated on for a cerebellar
medulloblastoma at the age of 13 years. Postoperative
treatment included irradiation with a dose of 60 Gy from a
6-MeV x-ray source, accompanied and followed by nine
courses of chemotherapy. Six years later, a glioblastoma
multiforme was found at the original site of the
medulloblastoma. The patient had a second surgery followed
by radiotherapy to the posterior fossa (total dose 55 Gy),
supplemented by chemotherapy with a variety of cytotoxic
drugs. [21]

Malde and al reported a rare case of a gliosarcoma occurring 8
years following treatment for a medulloblastoma. The patient
was diagnosed with a medulloblastoma at the age of 13 years
and received postoperative craniospinal radiotherapy with a
dose of 35 Gy to the whole brain and spine along with an
additional boost dose of 20 Gy to the posterior fossa. In view
of the residual disease near the brain stem, she also received
12 monthly cycles of adjuvant chemotherapy. 8years later,
she received three-dimensional conformal reirradiation
(3DCRT) with a total dose of 30 Gy in six weekly fractions.
[27]

Izci and al reported a case of multiform glioblastoma
occuring 4years after medulloblastoma treatment. The
10-year-old girl had been treated by surgery and irradiation
for a posterior fossa medulloblastoma. [28]

Yang and al reported a case occurring 10 years after treatment
of cerebellar medulloblastoma. The patient was a 15-year-old
boy who had undergone a gross-total removal of a
medulloblastoma and received radiation therapy at the age of
5 years in total dose of 36 Gy of radiation to the brain, an
additional 20 Gy to the primary tumor site as a focal boost,
and 24 Gy to the spine followed by 10 courses of
chemotherapy. He had experienced no tumor recurrences for
10 years until a new enhancing mass was found at the original
site of the medulloblastoma.

Following its resection the new lesion was found to be a
GBM and there was no evidence of a medulloblastoma. The
second tumor developed at the same site as the previous one
after a sufficient latent period and fulfilled the criteria for a
radiation-induced neoplasm. [29]

IV. CONCLUSION

The applied intensive multimodality treatment seems pivotal
for development of the secondary tumor, either by
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influencing tumor remnants or primitive stem cells, or by
inducing a malignant tumorde novo, resulting in a new tumor
phenotype. As the number of long-term survivors of brain
tumors increases due to intensive combined treatment, more
examples of such a previously poorly appreciated tumor
development might occur which require (very) long-term
monitoring and surveillance.
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