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Abstract

 This is the fourteenth case of an intracranial and dural-based 
osteosarcoma in the literature to date. The case involves a forty-year 
old woman with a previous history of a brain tumour, which was treated 
with surgery, chemotherapy and radiotherapy six years previously. The 
hypothesis is that this rare malignancy is secondary to the radiation ex-
posure given the growth of the lesion in the previous radiation field.

Keywords: Chondroblastic osteosarcoma, Radiation-induced, Primary 
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Introduction

Radiation-induced secondary malignancies are a well-recogn-
ised side effect of radiation therapy. Contributing factors include 
younger age, increased dose and volume of the irradiated area, 
treatment zone and radiation technique [1]. Given the improve-
ments in treatment and the growing population of cancer sur-
vivors, secondary cancers have risen from 9% of all cancers in 
1975-1979 to 19% in 2005-2009 [2]. Osteosarcomas are a “het-
erogeneous group of malignancies with bone formation or mes-
enchymal tissue with histopathological evidence of osteogenic 
differentiation”. There is a predominance of chondroid matrix in 
the tumour cells [3]. Here we present a rare case of high-grade 
chondroblastic osteosarcoma post-radiotherapy for a right frontal 
oligodendroglioma. 

Case description

A 40-year-old woman was diagnosed with a 5 cm grade II right 
frontal oligodendroglioma in 2014 (See Figure 1). She underwent 
subtotal debulking surgery. The histology was IDH1 mutant, ATRX 
equivocal and P53 expressed. 1p19q was not co deleted. This was 
a grade two oligodendroglioma (see Figure 2a and 2b). She had 
a history of growth hormone deficiency, for which she was on 
growth hormone, and epilepsy. The tumour was fifty percent deb-
ulked as assessed by imaging, and she proceeded to receive 54Gy 
in 30 fractions of radiotherapy. The radiotherapy met high-risk cri-
teria due to the risk of neurological deficit, tumour growth across 
the midline, and the subtotal resection size. She was planned for 
six cycles of adjuvant PCV (procarbazine, lomustine (CCNU) and 
vincristine) chemotherapy, which was discontinued after four cy-
cles due to grade II diarrhoea and deranged liver function tests. 
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Figure 1: T2 weighted axial image of MRI brain showing 5cm right 
frontal lesion

She remained well until September 2020 when a surveillance 
MRI brain reported a tumour recurrence in the falx and dura close 
to the previous surgery site. Measuring 47 x 45 x 32 mm, it was 
arising from the falx and notably, not the skull bone. It had the 
appearance of a meningioma with atypical features (see Figure 3). 
There were no distant metastases found on imaging. She under-
went a craniotomy with a significant subtotal excision of the left 
parafalcine mass. There was residual tumour superiorly extend-
ing on both sides of the falx, invading the superior sagittal sinus, 
measuring 37 x 29 x 23 mm. This superior sagittal sinus invasion 
precluded full excision of the lesion.

Unexpectedly, the histology from the resection showed a high-
grade chondroblastic osteosarcoma with brain invasion. There 
was no evidence of a glial component to suggest recurrence or 
high-grade sarcomatous transformation of the previously resect-
ed right frontal low-grade glioma. Whilst focal EMA and SSTR2 
expression were seen, anaplastic meningioma with heterologous 
differentiation was not favoured due to the relatively short latent 
period between prior radiotherapy and tumour development, and 
the extensive well-formed sarcomatous elements (See Figure 4). 
She is currently undergoing ten cycles of methotrexate, doxoru-
bicin and cisplatin (MAP chemotherapy). She is planned for brain 
radiotherapy upon completion of chemotherapy.

We assessed current and prior brain imaging to determine 
whether the new tumour developed within the prior radiothera-
py’s radiation field. Figure 5 is an axial slice of the original planning 
CT in 2014 fused with her MRI scan showing the T2 flair abnormal-
ity in green encompassed by Clinical Target Volume (CTV) in blue 
with 5 mm margin to Planning Target Volume (PTV) in red. Figure 
6 shows the radiotherapy plan with the beam arrangements and 
PTV encompassed by the 95% isodense line in green. It is clearly 
seen that the new lesion, the high-grade chondroblastic osteo-
sarcoma, has developed within the radiation field of the previous 
lesion. 

Figure 2A: T2 weighted axial image of MRI brain showing 5 cm right 
frontal lesion.

Figure 2B: Calcified lesion.

Figure 3: T1 weighted image of axial view of brain showing 4 cm le-
sion arising from falx.
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Discussion

In this case, we present an exceedingly rare case of intracranial 
and dural-based osteosarcoma. Intracranial osteosarcomas usu-
ally occur as metastases; however, these too are unusual with a 
reported incidence of 1.8–5.6% of primary osteosarcomas. They 
are associated with pulmonary metastasis, with the consensus 
that lung tumour emboli metastasise to the brain [4].

They are also known as primary meningeal osteosarcomas. 
Due to the lack of characteristic changes on imaging, it is difficult 
to distinguish these tumours from meningiomas [5].

Romeo et al. [6] have noted thirteen documented intracranial 
and dural-based osteosarcoma cases in the literature, and now 
to our knowledge, this is the fourteenth case to date. Of the thir-
teen documented cases of meningeal dura-based osteosarcomas, 
eight cases occurred de novo. Five developed after previous radia-
tion for meningioma or glioblastoma with intervals ranging from 
7 months to 22 years. Of these thirteen cases, histopathological 
classification had only been noted in three cases; two chondro-
genic osteosarcomas and one fibroblast osteosarcoma. Prognos-
tic factors and standardised treatment regimens do not exists [6]. 
Unfortunately, the prognosis of radiation-induced osteosarcomas 
is less favourable the prognosis of primary osteosarcoma [7].

Radiation-induced osteosarcomas are usually associated with 
doses exceeding 30 Gy [8]. Radiation-induced osteosarcomas 
typically occur at the periphery of the radiation field, and the hy-
pothesis is that the radiation, whilst not strong enough to cause 
cell death, can induce malignant transformation [9].

Radiation-induced sarcomas develop in 1 in 1000 patients who 
survive five years post-radiotherapy. The criteria for defining a 
new tumour as a post-radiation sarcoma include; development of 
the tumour within the previous radiation field and at least three 
years between radiation and tumour development [10]. Our case 
fulfils these criteria, as demonstrated by the planning images in 
Figure 5 and Figure 6 and an interval period of six years. 

Figure 4: Histology showing the high mitotic index of the chondro-
blastic osteosarcoma.

Figure 5: Axial slice of planning CT (2014) fused with MRI showing 
T2 flair abnormality (green), encompassed by CTV (blue) with 5mm 
margin to PTV (red).

Figure 6: Axial and sagittal views of the radiotherapy plan showing beam arrangement and PTV (red) 
encompassed by the 95% isodense line (green).
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Conclusion

This is the fourteenth case of intracranial and dural-based os-
teosarcoma to date. It is a rare cancer occurring secondary to ra-
diotherapy. Pathology is paramount in diagnosing these tumours, 
particularly if there is a history of radiation and imaging is sugges-
tive of a meningioma. A multidisciplinary approach to care was 
adopted in this case involving surgery, chemotherapy and radio-
therapy [6]. 
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