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Osteosarcoma of the Skull Base after
Radiation Therapy in a Patient with
McCune-Albright Syndrome: Case Report
Marlan R. Hansen, M.D.1 and J. Craig Moffat1

ABSTRACT

Sarcomas of the skull base occurring in the field of prior radiotherapy are
rare; only a few have been reported in the English literature. We report a fatal os-
teosarcoma of the skull base arising in a patient with McCune-Albright syn-
drome and severe fibrous dysplasia of the skull base 22 years after radiation ther-
apy for a pituitary adenoma. This malignancy fulfills Cahan’s criteria for a
radiation-induced tumor in that it arose in the radiation field of a pituitary ade-
noma with a latency of 22 years. The literature on radiation-induced sarcomas of
the skull base is reviewed, and the predisposition of patients with isolated fibrous
dysplasia or McCune-Albright syndrome to develop radiation-induced tumors is
discussed. Although the risk of radiation-induced malignancy is low in the gen-
eral population, special consideration should be given when contemplating the
use of radiotherapy for benign disease in patients with McCune-Albright syn-
drome or isolated fibrous dysplasia.
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brous dysplasia, café-au-lait spots, and multiple
endocrinological abnormalities. This case fulfills
Cahan’s criteria for a radiation-induced sarcoma1

and represents the first report of an osteosarcoma
of the skull base following radiation therapy for a
pituitary adenoma in a patient with McCune-
Albright syndrome.

Neoplasms of the skull base that develop
after prior radiotherapy are rare events. We report
an osteosarcoma that arose in a patient with
McCune-Albright syndrome and fibrous dysplasia
of the skull base 22 years after he received radia-
tion therapy for a pituitary adenoma. McCune-
Albright syndrome is characterized by polyostic fi-
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CASE REPORT

A 29-year-old male with McCune-Albright syn-
drome and severe polyostic fibrous dysplasia that
involved most of the skeleton, including the long
bones of all extremities, pelvis, thorax, spine, facial
bones, and skull base, experienced left facial numb-
ness and rapid deterioration of vision in his left eye
for 3 weeks. The patient’s history was significant
for an eosinophilic macroadenoma of the pituitary
gland resected when he was 7 years old and treated
with postoperative radiation therapy. This therapy
consisted of 5000 rads administered in 25 daily
treatments of 200 rads for 31 days, delivered with a
Cobalt-60 source 4 MeV linear accelerator with
right and left lateral fields measuring 5 � 5 cm.

His left visual field was significantly reduced
and his right visual field was moderately impaired.
Magnetic resonance imaging (MRI) and computer
tomography (CT) showed extensive fibrous dys-
plasia of the skull and skull base with narrowing of
the optic foramina bilaterally and of the left inter-
nal auditory canal. There was an extensive enhanc-
ing 9 � 5 cm irregular mass involving the anterior
frontal floor, planum sphenoidale, and sella with
extension into the clivus (Fig. 1). The cavernous
sinus and carotid arteries were involved bilaterally.

The patient underwent a bifrontal craniotomy
with left superolateral orbitotomy and decompres-
sion of the optic nerve and biopsy of the skull base
mass. Pathologic examination of the biopsy speci-
men revealed a spindled-cell neoplasm with fre-
quent atypical mitotic figures and an associated
osteoid matrix (Fig. 2). Electron microscopy showed
osteoid within the matrix of a mesenchymal tumor,
confirming the diagnosis of osteosarcoma.

The tumor was deemed unresectable, and
further radiation therapy was not advised. The pa-
tient was considered for systemic palliative chemo-
therapy. However, the disease progressed rapidly
with symptoms including blindness, deafness, and
lower cranial neuropathies. He died before treatment
could be instituted.

DISCUSSION

Cahan proposed four criteria for a sarcoma to be
considered radiation induced: (1) the second neo-
plasm must arise in the irradiated field and be
proved histologically; (2) a latent period of at least
several years must have elapsed between radiation
exposure and development of the second neoplasm;
(3) there must be histologic and radiographic evi-
dence of the pre-existing condition and its nonma-
lignancy in addition to microscopic proof of a tumor;
and (4) the second tumor must be histologically
different from the first tumor.1

This case report documents the occurrence
of a skull base osteosarcoma arising in the field
of previous radiation therapy in a patient with
McCune-Albright syndrome and severe fibrous
dysplasia of the skull base. His initial tumor was an
eosinophilic macroadenoma of the pituitary gland.
The osteosarcoma developed within the radiation
field after a latency of 22 years. Rare cases of radia-
tion-induced malignant transformation of pituitary
adenomas into pituitary fibrosarcomas have been
reported.2,3 In this case, both light microscopy and
electron microscopy demonstrated osteoid forma-
tion within the tumor. These findings confirm that
this tumor represented an osteosarcoma arising
within fibrous dysplasia and was not a malignant
transformation of the pituitary adenoma.

Although difficult to estimate, the incidence
of radiation-induced tumors is extremely low.4

Sarcomatous tumors account for most radiation-
induced neoplasms involving the head and neck,
and most occur in the facial skeleton. Only a very
few involve the skull base.5–8 Other histological
types of skull base neoplasms that have been re-
ported to follow radiation therapy include menin-
giomas, schwannomas, astrocytomas, and squamous
cell carcinomas.

Fibrous dysplasia is thought to predispose to
the development of sarcomas, and most reported
cases have followed previous radiation therapy.9,10

Rare cases of spontaneous sarcomas developing in
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Figure 1 MRIs of a radiation-induced osteosarcoma in a patient with severe fibrous dysplasia of the skull and skull
base. (A) Gadolinium-enhanced, T1-weighted axial image with fat suppression shows a large tumor in the region of the
sphenoid and sella. (B) T2-weighted fast spin-echo, axial and (C) gadolinium-enhanced, T1-weighted coronal image with
fat suppression of the same lesion.

fibrous dysplasia without prior radiation therapy
have also been described.11–14 Therefore, it remains
possible that this patient’s sacrcoma represents a
sporadiac neoplasm. Fibrous dysplasia was present
throughout most of this patient’s skeleton, yet the
malignancy arose in the central skull base within the
field of radiation therapy. This case fulfills Cahan’s
criteria for a radiation-induced tumor, and we con-
sider it more likely to be a consequence of radiation
therapy than a spontaneous event.

In addition to Cahan’s criteria, documenta-
tion of new mutations in genes implicated in ma-
lignant transformation after radiation therapy, such
as the p53 and retinoblastoma tumor suppressor
genes, further supports induction of malignancy.15

This requires the availability of a prior tissue speci-
men or, less ideally, uninvolved tissue adjacent to
the new tumor. Lack of adequate pathological speci-
mens prevented such analysis in this case. Many
spontaneous sarcomas demonstrate similar genetic
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Figure 2 Photomicrograph of a light microscopy image
from a section of the tumor shows a spindle-cell neo-
plasm with multiple mitotic figures. Arrow indicates area
of osteoid formation. Original magnification = 20�.

alterations, emphasizing that such mutations pro-
vide support, not proof, that a given malignancy is
a consequence of prior radiation therapy.16–19 Thus,
even in the contemporary era of molecular genet-
ics, it remains difficult to assert absolute proof that
a malignancy was induced by radiation therapy and
Cahan’s criteria remain vital.

McCune-Albright syndrome is caused by a
somatic mutation in the alpha subunit of the G
protein (Gs alpha) that stimulates adenylate cyclase
and cyclic adenosine 3',5'-cyclic monophosphate
(AMP) formation.20 This mutation occurs early in
embryonic development and results in a mosaic ex-
pression pattern in a variety of tissues. The hyper-
activity of intracellular signaling resulting from this
mutation may predispose to the development of neo-
plasms, including those induced by radiation ther-
apy.21 The risk of radiation-induced malignancy re-
mains extremely low for the general population.
Nonetheless, the use of radiotherapy to treat benign
lesions in patients with factors known to predispose
to malignant transformation, including fibrous dys-
plasia and McCune-Albright syndrome, should be
considered carefully.
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