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Secondary Supratentorial Primitive
Neuroectodermal Tumor following Irradiation in a

Patient with Low-Grade Astrocytoma
Allan Y. Chen, Haidy Lee, Jonathan Hartman, Claudia Greco, Janice K. Ryu,

Robert O’Donnell, and James Boggan

Summary: We report a case of a supratentorial primitive
neuroectodermal tumor (PNET) that occurred 12 years
after cranial irradiation for a grade II astrocytoma. Neu-
roimaging was unable to distinguish between a recurrence
of the original neoplasm and the development of a new,
distinct entity. Pathologic review assisted by immunohisto-
chemical staining, however, revealed a high-grade PNET.
Although rare, PNET needs to be included in the differen-
tial diagnoses for previously irradiated patients, who de-
velop recurrent brain tumors in the presence of uncharac-
teristic imaging features.

Tumors of the CNS are infrequent sequelae of
cranial irradiation. These radiation-associated tumors
may manifest as gliomas, meningiomas, schwanno-
mas, sarcomas, and primitive neuroectodermal tu-
mors (PNETs; 1–3). We describe a supratentorial
PNET arising in a patient 12 years after surgery and
cranial irradiation for a low-grade astrocytoma.

Case Report
A 27-year-old woman presented with a grand mal seizure.

Her workup revealed a right frontal brain mass for which she
underwent surgical resection. The pathology department re-
ported a grade II astrocytoma; unfortunately, slides from this
surgery are no longer available for review. Postoperatively, the
patient received 4500 cGy to the whole brain with a tumor bed
boost to a total dose of 5040 cGy at a local community hospital.
She was followed closely for 5 years, during which time there
was no evidence of recurrence.

She did well until 12 years after completion of irradiation,
when she developed sinus pressure and fatigue. Her symptoms
progressed, and she presented to the emergency department
complaining of nausea and vomiting. CT (not shown) revealed
a large right frontal lobe intraaxial mass, and MR imaging
revealed a well-circumscribed, heterogeneously enhancing
mass measuring 5.1 � 6.4 cm, with surrounding edema, mass
effect, and midline shift (Fig 1A and B). The tumor was slightly

hypointense relative to gray matter on noncontrast T1-
weighted images and slightly hyperintense on T2-weighted im-
ages (not shown). On diffusion-weighted imaging, the lesion
demonstrated markedly increased signal intensity (not shown).
Central necrosis was absent. The patient underwent a right
frontal craniotomy with microdissection and resection of the
tumor (Fig 1C). Histopathologic review of the specimen re-
vealed an embryonal tumor composed of poorly differentiated
neuroepithelial cells with pseudopalisading necrosis and endo-
thelial proliferation and a high mitotic index on Ki-67 immu-
nostaining (Fig 2A). Immunohistochemical staining showed
scattered tumor cells staining positively for GFAP and many
cells with positive cytoplasmicstaining for synaptophysin and
negative staining for neurofilament, indicating divergent neu-
roblastic and glial differentiation. (Fig 2B and C). The tumor
was classified as a World Health Organization grade IV supra-
tentorial PNET.

The patient’s postoperative recovery was complicated by
multiple pulmonary emboli; however, she recovered well. Post-
operative radiation therapy was not an option for this patient
because of her previous full-dose of radiation to the same area.
The patient was later treated with chemotherapy, and follow up
imaging 4 months after surgery revealed a stable appearance of
the mass (Fig 3A and B).

Discussion
The development of brain tumors in previously

irradiated sites is a rare complication of cranial irra-
diation (1, 2). Other possible risk factors for these
secondary CNS tumors include younger age at irradi-
ation, genetic predisposition to cancer, and genetic
polymorphisms in certain metabolizing enzymes, such
as thiopurine S-methyl-transferase (2). The most com-
monly reported histologic types of these tumors are
the high-grade gliomas, including glioblastomas and
malignant astrocytomas (1). Nevertheless, cases of
meningiomas, schwannomas, sarcomas, and PNETs
arising in the CNS after cranial irradiation have also
been described (1–5). Secondary PNETs have been
reported in 11 patients at a mean of 8.5 years follow-
ing a relatively low-dose prophylactic craniospinal ir-
radiation (18–24 Gy) and intrathecal methotrexate
for leukemia and lymphoma (3). In addition, a supra-
tentorial secondary PNET was reported to occur in a
patient with unilateral sporadic retinoblastoma 5
years after surgery, low-dose cranial irradiation (27.6
Gy), and intrathecal methotrexate (4). In these cases,
the relative contribution of low-dose irradiation ver-
sus intrathecal methotrexate to the development of
PNET is not clear.

Hader et al (4) recently reported four cases of
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PNETs developing in the CNS after 50–55 Gy of
irradiation alone for low-grade intracranial neo-
plasms. Our case is similar to those reported by
Hader et al and represents the fifth incidence of

PNET that is directly associated with high dose of
irradiation.

PNETs describe a group of histologically similar
neoplasms composed of embryonal small cells that

FIG 1. MR imaging shows a 5.1 � 6.4 cm heterogeneous mass in the right frontal lobe with areas of necrosis and surrounding edema.
A, Axial T1-weighted postgadolinium image (500/8/2; TR/TE/NEX).
B, Axial FLAIR image (8002/158/1; TI, 2000).
C, Axial FLAIR image (8002/158/1; TI, 2000) immediately after surgical resection.

FIG 2. Histopathologic findings (original magnification �400).
A, Hematoxylin-eosin stained sections show sheets of undifferentiated tumor with frequent apoptotic figures and endothelial

proliferation. Malignant gemistocytes indicate astrocytic differentiation (arrows).
B, Immunostaining with anti-GFAP antibody shows positive staining of fibrillary tumor cell processes as well as of the rounded cell

bodies of malignant gemistocytic astrocytes (arrows).
C, Scytplasmic staining of many tumor cells, indicating neuroblastic differentiation. Cells showing absent cytoplasmic staining

(arrows) correspond to cells with astrocytic differentiation.

FIG 3. Follow-up MR imaging 4 months
after resection shows a stable appear-
ance of her right frontal tumor with de-
creased edema and mass effect.

A, Axial T1-weighted postgadolinium
image (400/8/2).

B, Axial FLAIR image (8002/158/1; T1,
2000).
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may be undifferentiated or may have varying degrees
of neuronal, glial, or mesenchymal differentiation.
PNETs of the CNS include medulloblastomas, neu-
roblastomas, pineoblastomas, and ependymoblasto-
mas. The exact mechanism of the development of
PNETs after cranial irradiation is unknown, although
it has been speculated to involve the persistence of a
population of undifferentiated neuroepithelial cells in
the CNS, as well as genetic mutations involving on-
cogenes such as K-ras (3, 5).

Development of a distinct tumor at the site of prior
irradiation can be difficult to distinguish from recur-
rent primary tumor or radiation necrosis. In this case,
the 12-year time interval between the initial treat-
ment and the appearance of a new lesion argues
against the latter two. The imaging characteristics
also would be unusual for astrocytoma or radiation-
induced injury. The relatively low signal intensity on
T2-weighted images and high signal intensity on dif-
fusion-weighted images imply the presence of dense
cellularity and high nuclear-to-cytoplasmic ratio,
which would not be expected with low-grade astrocy-
toma or radiation necrosis and that can be seen in
PNETs. In addition, the lack of central necrosis ar-
gues against radiation necrosis or dedifferentiation of
the original tumor into a more high-grade glial neo-
plasm. MR spectroscopy or positron emission tomog-
raphy could be used to distinguish between these
entities, but in this case, the diagnosis was made

histologically, because the patient required surgery
for relief of mass effect.

The reported survival time in patients with radia-
tion-associated PNETs of the CNS is rather short.
The four patients described by Hader et al had a
mean survival of 12 months after diagnosis; however,
only two of these patients received chemotherapy (5).
This short survival time may be attributed to the
aggressive nature of tumors that develop after irradi-
ation, as well as the limited treatment options avail-
able to patients who have previously received full-
dose irradiation to the tumor area. Our patient
remains stable both clinically and radiologically after
two cycles of combination chemotherapy, including
cytoxan, cisplatin, etoposide, and vincristine.
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