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Summary. Radiation-induced brain cavernomas have been mainly reported in children who underwent radio-
therapy for medulloblastoma, leukemia, or low-grade glioma. Otherwise, the “de novo” appearance of a cav-
ernoma in an elderly long-survivor patient after resection and radiotherapy of a glioblastoma is a rare event.
We report the case of a 62-year-old female patient who underwent surgical resection of a right temporal
glioblastoma, followed by radiation therapy of the operative field and surrounding brain and concomitant ad-
juvant temozolomide. Four years after the operation, a follow-up Magnetic Resonance revealed a good tumor
control and a small round lesion at the superior surface of the right cerebellar hemisphere, close to the margins
of the previous irradiation field. The radiological items were consistent with a cavernous angioma. Because of
the small size of the malformation and the absence of related symptoms, no treatment was performed. The
patient died for tumor progression 86 months after the initial operation, with unchanged cerebellar caver-
noma. The occurrence of a cavernous angioma in an elderly patient after radiotherapy for brain glioblastoma
is an exceptional event; the distribution of radiotherapy-induced cavernous malformations reported in current
literature is presented and the mechanism of their formation is discussed. (www.actabiomedica.it)
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Abbreviations:

CAs - Cavernous angiomas; CNS - Central Nervous System;
HGG - High Grade Glioma; MRI - Magnetic Resonance
Imaging; LGG - Low Grade Glioma; RICM - Radiotherapy-
Induced Cavernous Malformations.

Introduction

Cavernous angiomas (CAs) are well-circum-
scribed vascular lesions composed of dilated thin walled
venous channels without intervening normal brain tis-
sue (1). Although benignant, CAs can be responsible
for disabling neurological symptoms depending on

their localization within the Central Nervous System
(CNS). These lesions can be either acquired or con-
genital; multiple CAs (10% to 20%) are typically fa-
miliar or secondary to radiation therapy.

Acquired CAs may occasionally occur after radio-
therapy, generally in addition to other more common
complications such as white matter leukoencepha-
lopathy, atrophy and dystrophic mineralization. The
“de novo” presentation of CAs after radiation therapy
is a relatively rare event, which may occur even after
several years after the treatment, irrespective of the
radiation dose and type of malignancy. Most of the
reported cases (2, 3) mainly concern children (mean
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age 12 years) who underwent radiotherapy for medul-
loblastoma, leukemia or low-grade glioma (LGA); in-
duced CAs after radiotherapy for high grade gliomas
(HGG) are less common across older age groups.

We describe the unusual case of a cerebellar CA
observed after radiation therapy for temporal glio-
blastoma in an elderly patient, reviewing current lit-
erature on the topic.

Case Report

A 62-year-old female patient was admitted to
hospital because of a 2-month history of temporal lobe
epilepsy. After a first-level neurological examination,
further diagnostic investigations were required to ex-
clude secondary epilepsy causes. Magnetic Resonance
Imaging (MRI) showed the presence of a large right
intracerebral temporal mass with intense and inho-
mogeneous contrast enhancement and perilesional

oedema, suggestive for a HGG (Figure 1a). A gross
total tumor resection was performed through a right
temporal craniotomy. Histology was consistent with
glioblastoma (WHO IV). Subsequent radiation ther-
apy of the operative field and surrounding brain (60Gy
for 30 days, 2Gy per daily fraction) and concomitant
adjuvant therapy with multiple temozolomide admin-
istrations (during radiotherapy: 75 mg/m? per day, 7
days per week; post-radiotherapy: 150-200 mg/m? for
5 days during each 28-day cycle) were performed.

After 26 months the patient came to our atten-
tion because of tumor recurrence (Figure 1b). Thus,
she underwent re-intervention remaining symptom-
free for the following 2 years. Following examinations
(4) did not show significant tumor recurrence, with a
good disease control.

Almost 4 years after the initial diagnosis, a follow-
up MRI confirmed the absence of recurrent disease;
nevertheless a new round small lesion of the right cer-
ebellar convexity was observed close to the margins of

Figure 1a. Coronal contrast-enhanced T1 weighted image
showing a large intra-axial right temporal lesion with intense
and inhomogeneous contrast enhancement due to the presence
of necrotic areas, strongly suggestive for a high-grade glioma.
The lesion is surrounded by a large amount of perifocal oedema,
with subsequent compressive effect on the right lateral ventricle
and contralateral shift of the midline structures

Figure 1b. Coronal contrast-enhanced T1 weighted image
showing the presence of an area of intense enhancement in the
right temporal region, peripherally to the surgical cavity, con-

sistent with tumor recurrence
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the previous irradiation field, showing central hyper-
intensity with a rim of signal loss due to hemosiderin
(Figure 2b); this asymptomatic lesion was not visible
in the previous MRI control (Figure 2a). Radiological
findings were strongly suggestive for CA, due to the
typical berry appearance on unenhanced sequences.
Because of the small size of the malformation
and the absence of related symptoms, no treatment
was performed. After 1 year, a further follow-up MRI
showed no tumor recurrence, as well as the unchanged
right cerebellar CA. The patient died for tumor pro-

gression after a 7-year disease-free survival.

Discussion

CA is one of the possible complications of high
dose radiation therapy, with a large number of cases

reported in scientific literature at present (2, 3, 5).
Almost all reported cases were described in paediat-
ric population, whereas only a minority of case con-
cerned adult patients. The most common primitive
neoplasms associated with radiation-induced CAs in-
clude medulloblastoma and malignant hematopoietic
neoplasms (2-5) as well as low grade gliomas (LGG)
(3), whereas only anedoctal observations of CA in
HGG are reported. The distribution of radiotherapy-
induced cavernous malformations (RICMs) reported
in current literature is represented in Figure 3. The
radiation dose was very variable, ranging from 18 to
90 Gy; most patients (57%) received a high radiation
dose of 40 up to 60 Gy. The time interval between the
irradiation and the diagnosis of CAs was very variable
(1 to 52 years), with most cases (65%) occurring with-
in 10 years after irradiation. A correlation has been
found between a radiation dose >30Gy and a shorter

Figure 2a. Axial T1 weighted image showing regular morphol-
ogy and signal of the posterior fossa structures, with no evi-
dence of focal lesions of the cerebellar hemispheres

Figure 2b. Axial FLAIR image revealing surgical cavity in the
right temporal region with no sign of tumor recurrence; pres-
ence of a round small lesion (transverse diameter: 1 cm) in the
upper convexity of the right cerebellar hemisphere showing
central hyperintensity with a rim of signal loss due to the pres-
ence of hemosiderin, consistent with CA
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Figure 3. Distribution of CNS radiotherapy-induced cavernous malformations, according to primary tumours

latency to development of cavernomas (1). Multiple
CAs were found in 36% patients, and clinical and/or
radiological evidence of haemorrhage was reported
in 38% of the radiation-induced cases, a significantly
higher incidence compared with sporadic cavernomas
(3, 6-8).

Odur case presents several elements of distinctive-
ness being unusual due to the patient age, type of ra-
dio-treated tumour and CA location in the posterior
fossa. The age of our patient, both at the irradiation
(62 years) and at the appearance of the cavernoma
(66 years), is very atypical. Indeed, among the 100
reviewed patients, at the diagnosis only 5 were older
than 40 years (9), and none was older than 50 years.
Moreover, at the CAs appearance only 5 patients (10)
were older than 50 years and none was older than 60
years. Interestingly, all but one of these adult patients
had received radiation doses greater than 60 Gy. On

the other hand, the median latency time to diagnosis
was 8.2 years, similarly in younger patients reports.
The present case is only the third reported in the
literature of a brain cavernoma after HGG irradiation
(11-19), although it is the first report of “de novo” ap-
pearance of a cavernous malformation in a patient who
had radiation therapy for glioblastoma in such an ad-
vanced age (>60 years of age). Indeed, the higher inci-
dence observed in LGGs is probably due to the longer
mean survival of these patients compared with HGGs.
The infratentorial location of CAs at the superior
surface of cerebellar hemispheres is unusual as well,
being this region close to the margins but not included
within the irradiation field. It has been suggested that
low radiation doses are more efficient to induce CAs;
indeed, higher radiation dose delivered at the centre of
the field of irradiation may result in extensive cellular
apoptosis, thus preventing the CA formation. Con-
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versely, the periphery of the field is at higher risk, as
the radiation may modify the genetic stability, induc-
ing abnormal vascular proliferation without substan-
tial cell apoptosis (2).

The management of the radiation-induced CAs
mainly depends on clinical manifestations and mean
survival time associated with the primary lesion. Gen-
erally, when clinically silent, CAs may benefit from
a regular MRI follow-up, especially in patients with
small CAs and short life expectancy, as in the present
case. Surgical treatment is indicated in cases with con-
spicuous haemorrhage or should be limited to younger
patients with stable disease, low grade lesions and/or
and long life expectancy.

Imaging plays a key role in the evaluation of dif-
ferent pathologic conditions, both for diagnostic and
interventional purposes (20-33). In neuroradiology,
the combined use of CT and MRI imaging is the ap-
proach of choice (34-43), while angiography is the pri-
mary modality used for interventional neuroradiology
procedures (44, 45).

On imaging, CAs have a distinctive appearance of
the nidus with little or no surrounding edema (1). CT
may show ring-like calcification with a core reticula-
tion of variable attenuation, with usually no contrast
enhancement (1, 13). MRI imaging shows a reticu-
lated core of heterogeneous signal intensity giving a
typical “popcorn” appearance, with a dark peripheral
rim of hemosiderin (14, 15).

A comparison between patients with RICMs and
those with non-radiotherapy-induced lesions showed
that there are no significant differences in size, location
and imaging appearance, although RICMs are more
often multiple and present some different histologic
features (13, 16, 46-48).

Another difference lies in the possible clinical-
radiological progression; variation in size and imaging
characteristics is a more frequent feature of “de novo”
cavernomas, that have significantly higher VEGE,
MIB-1 and Ki-67 expression compared to congenital
stable and indolent ones (17-19). Therefore, it may be
suggested that the production of the angiogenic fac-
tors such as VEGF and TGF may play a crucial role in
the formation of radiation-induced Cas (49-54).

The mechanism of CAs formation is not com-
pletely defined. It is controversial whether radiation

therapy causes enlargement of a pre-existing small
cavernoma, or induces a “de-novo” cavernous malfor-
mation due to direct radiation-induced damage in
blood vessels and DNA injury in predisposed pa-tients
(13).

In conclusion, the occurrence of CAs in elderly
patients after glioblastoma radiotherapy is exceptional,
although its prevalence may change over time. In fact,
this kind of complication could become more frequent
because of new treatment lines with progressively in-
creasing survival time of patients with HGG; in this
light radiation field margins should be considered par-
ticularly susceptible to this kind of vascular damage.
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