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Background and Importance: Chondrosarcoma is a rare malignant cartilage forming tumor,
usually arising from long bones and rarely observed in the cranium. In the cranium, it commonly
arises from the skull base with the skull vault being a highly unusual site.
Case Presentation: We present the case of a 30-year female presenting with complaints of
headache for 6 months. The patient was found to have large chondrosarcoma in the right
frontoparietal region, which is an extremely rare location. The final diagnosis was based on
histological examination, suggestive of well-differentiated chondrosarcoma [the World Health
Organization (WHO); grade I].
Conclusion: Cranial vault chondrosarcoma is an uncommon histological diagnosis with surgery as
the primary treatment option; however, adjuvant radiotherapy plays a definitive role, especially in
aggressive or incomplete removed cases.
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Highlights
• Chondrosarcoma is a malignant cartilaginous tumor, rarely seen in the cranium mostly in the skull base.
• The Chondrosarcoma of the skull vault is a rare entity.
• Radiological findings are suggestive but definitive diagnosis is based on histological analysis.
• Surgery is the mainstay of treatment followed by adjuvant radiotherapy to reduce recurrences.
• Prognosis is based on histological type and grade, the extent of tumor removal, using the post-operative adjuvant
radiation therapy, and history of previous treatment.

Plain Language Summary
Chondrosarcoma is a malignant cartilage-forming tumor seen usually in long bones and rarely in the cranium with
the skull base being its preferred location. We are reporting a case of a 30-year female patient who presented to us
with a headache of 6-month duration who was found to have a large tumor in the right frontal region of the calvarium. She underwent surgery and gross total tumor excision was done and histology showed chondrosarcoma (WHO
Grade 1). She was referred to radiotherapy despite complete resection to reduce the risk of recurrence.

C

1. Background and Importance

hondrosarcomas are cartilage, producing
slow-growing malignant tumors. They primarily affect the long bones of extremities
and pelvis, generally sparing the cranium.
Primary chondrosarcoma comprises 0.16% of intracranial neoplasm [1]. The skull base is the most common
intracranial location with the petrous bone and sphenoid bone being the most common sites of origin [2],
although the cranial vault is less commonly affected.
Chondrosarcoma arises from residual embryonic chondrogenic cells residing along synchondrosis or mesenchymal stem cells abnormally localized into the cranial
vault bones during intramembranous ossification [3-5].
Chondrosarcomas are classified according to histopathology into conventional (producing hyaline, or myxoid cartilage, or both), dedifferentiated, clear cell, and
mesenchymal type [6] with conventional subtype having a better prognosis. The World Health Organization
(WHO) has categorized chondrosarcoma into 3 grades.
It also has prognostic significance, as follows: grade I:
well-differentiated, grade II: moderately differentiated,
and grade III: poorly differentiated.
However, a malignant tumor, chondrosarcoma, has a
slow growth rate and metastasizes late in the course of
the disease. It presents with the symptoms of invasion
and mass effect on adjacent neural structures; thus,
headache and diplopia are the most common present-
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ing symptoms. Radiological studies facilitated the diagnosis of intracranial chondrosarcoma; however, due to
the lack of diagnostic criteria and the rarity of the lesion,
pre-operative diagnosis is a rarity. Therefore, pathological diagnosis forms the gold standard. Radical excision of
the lesion with the maximal possible preservation of adjacent vital neural structures with post-operative radiation therapy for the residual is the standard of care [7-9].

2. Case Presentation
A 30-year old female patient presented to our neurosurgery department with the complaint of a 6-month
headache which had increased in intensity in the last
month. There was no significant history of head trauma
or family history of malignancy. There was no history
of pain or swelling in any part of the patient’s body. On
neurological examination, the patient was conscious
and oriented without the signs of focal neurological
deficits (e.g. motor weakness, visual deficits, or abnormalities of higher mental function) or the presence of
pathological reflexes, like the Babinski sign. There was
no visible or palpable swelling or lumps evident on examination. Brain Magnetic Resonance Imaging (MRI)
was suggestive of well-defined extra-axial (as evidenced
by the presence of CSF cleft around the lesion with vascular flow voids and the buckling of surrounding brain
tissue) heterogenous intensity lesion in the right frontoparietal lobe, i.e., reflected mild hyperintensity with
hyperintense center and peripheral flow voids on T2W
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Figure 1. MRI brain, suggestive of well-defined extra-axial heterogenous intensity lesion in right frontoparietal lobe presenting mild hyperintensity with hyperintense center and peripheral flow voids on T2W sequence (arrow showing changes in the intensity of surrounding
bone; arrowhead illustrating continuity between the lesion and the bone demonstrating the same attenuation).

sequence (Figure 1). Moreover, T1W images showed
a hypointense lesion, demonstrating diffusion restriction on diffusion-weighted imaging. The lesion showed
minimal contrast enhancement with no sign of dural
enhancement or dural tail. The patient underwent left
frontoparietal craniotomy and intraoperatively; the
mass was greyish white, stony-hard, avascular, and attached to overlying bone. The gross total excision of
the lesion was performed along with the involved bone.
Post-operatively, the reported patient was neurologically intact and the post-operative imaging confirmed
the total excision of the intracranial mass lesion. The
patient had an uneventful hospital stay and was discharged on the seventh post-operative day without
neurological deficits.
On histopathological examination, the tumor indicated
increased cellularity with abundant blue-gray cartilaginous matrix and the lobules of cartilage (Figure 2). The
chondrocytes were atypical, varying in size and shape,
and contained enlarged hyperchromatic nuclei, suggestive of well-differentiated chondrosarcoma (the WHO,
grade I). The studied patient was subsequently referred
for post-operative radiotherapy; the patient was symptom-free and recurrence-free at the 10-month followup examination.

3. Discussion
Chondrosarcoma is the second most common primary malignant cartilage, forming the tumor of bone. It
mainly presents in the fourth to fifth decades (classical
type) of life; however, more malignant variants present
at earlier ages. Males are affected twice as commonly
as females. Even though the majority of intracranial CSA
(Chondrosarcoma) arise de novo; however, they can also
be observed in association with Ollier’s disease, Maffucci syndrome, Paget’s disease, and osteochondroma.
It mainly affects the axial skeleton, especially the pelvis, shoulders, and ribs. Intracranial chondrosarcoma,
first reported by Mott in 1899 [10] is not a common occurrence with the skull base being the most frequently
affected intracranial site and no gender inequality.
Chondrosarcoma arising from the cranial vault is an
even rarer entity [1]. In a systematic review published
by Bloch et al. in 2009, clivus (32%) was found to be the
most common site of origin, followed by the temporooccipital junction [11] in this regard (27%). However,
Corten et al. reported petrous bone (37%) to be the
most common site, followed by occipital-clival (23%),
and sphenoid bone (20%). Other uncommon locations
have also been reported, such as brain parenchyma and
choroid plexus [12].
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Figure 2. Histopathological examination, reflecting the tumor with increased cellularity, abundant blue-gray cartilaginous matrix, and the
lobules of cartilage

Intracranial CSA has been divided into 3 types according
to histopathology; well-differentiated or classical type;
myxoid type, and mesenchymal type. Korten reported
the classical variety (62%) to be the commonest; however, myxoid and mesenchymal variants formed 8% and
30% of the distribution. Mesenchymal subtype forms
the majority of lesions arising above the skull base4 and
a predilection for young patients, aged 10-30 years.
Multiple theories have been proposed to explain the
origin of cartilage-based lesions within the skull. Although the bones of the cranial vault develop predominantly by intramembranous ossification, endochondral
ossification is also responsible for the development of
several sites in the mature skull, including a large part of
the petrous portion of the temporal bone, the areas of
the petro-occipital, the spheno-occipital, and the spheno-petrosal synchondrosis. Intracranial chondrosarcomas might develop from the chondrocytes within the
rest of the endochondral cartilage that may be present
in these areas. The theory by Lee et al. postulates that
meninges may contain multipotent mesenchymal cells
that can give rise to cartilage forming tumors [13]; however, Alpers believed the meningeal fibroblasts to be the
culprit cells. Most CSA is located in the skull base; thus,
they are believed to arise from cartilage forming the
synchondroses in the bones of the skull base [14, 15].
Computed Tomography (CT) scan in intracranial CSA
usually indicates the presence of isodense to hyperdense mass, reflecting heterogeneous enhancement
and calcification [16]. On MRI, CSA appears to be T1
hypointense; however, it demonstrates a high signal on
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T2 weighted images. Most classical and some mesenchymal variety CSA present decreased vascularity; however, intense contrast enhancement has been reported
in both low grade and mesenchymal varieties [17, 18].
Radical tumor excision is the standard of care for intracranial CSA; however, surgery alone has been associated with a recurrence rate as high as 44% over 5 years,
which can be brought down by the addition of postoperative radiation therapy. Blotch et al. demonstrated
the benefit of adjuvant post-operative radiation therapy
which reduced the 5-year mortality to 4%, compared to
26% in the group treated by surgery alone. The use of
adjuvant radiation therapy has also been recommended by other studies [19, 20]. Adjuvant radiation therapy
has been recommended by some scholars, even after
radical tumor resection [21].
Numerous studies have highlighted the survival benefit of adjuvant radiotherapy; however, there is no
grade I recommendation for the same. Some authors
have speculated that low-grade CSA undergoing complete surgical resection presents good survival without
the addition of postoperative adjuvant radiation [19].
Rosenberg examined 200 patients of the skull base CSA,
treated in a single institution with a combination of surgery and fractionated proton beam radiation. Accordingly, they reported 99% of 5-year as well as 10-year disease-specific survival rates. However, other large series
failed to achieve similar levels of success with Bloch et
al. reporting an 89% overall survival rate in their series
with average survival rates of 53.7 months [13]. In this
case, the tumor was located at the left frontoparietal
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region, and the total surgical excision of the tumor was
achieved; subsequently, the patient was referred for radiotherapy with a favorable overall prognosis.

Ethical Considerations

The prognosis of extracranial CSA is worse than their
cranial counterparts with survival rates approaching
as low as 41% [22]. Numerous studies have found the
overall 5-year survival rates to be 85%-100% [23, 24].
Blotch, in his case series study, found an average survival of 53.7 months in intracranial CSA cases.

There were no ethical considerations to be considered
in this research.

The prognosis of intracranial CSA is determined by
several factors, including histological type and grade,
the extent of tumor removal, the use of postoperative
adjuvant radiation therapy, and a history of previous
treatment. The mesenchymal type has the most dismal
outcome with 5-year mortality as high as 54%, while
the classical subtype presented a 6% 5-year mortality
[19]. The 5-year survival for chondrosarcoma grades I,
II, and III have been reported to be 95%, 90%, and 75%
respectively by Blotch and associates [11]. Evans et al.
have similarly reported a 5-year survival rate of chondrosarcomas grades I, II, to be 90% and 81%; however,
for grade III tumors, it decreased to 43%, compared to
75% in the aforementioned study [25].
The literature on the effect of previous treatment modalities concerning the prognosis of CSA provided heterogeneous results. Tzortzidis et al. reported decreased
tumor-free survival in patients requiring multiple surgeries [26]. However, Oghalai and Blotch et al. found no
significant correlation between mortality and a history
of previous treatments for CSA.

4. Conclusion
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Intracranial chondrosarcoma, especially those arising
from the cranial vault is a rare malignant cartilage-producing tumor. The preoperative diagnosis of intracranial
chondrosarcoma can be challenging. This is because of
its rare occurrence and similarity in clinical and radiological presentation with other intracranial pathologies,
like meningioma. Thus, histopathology forms the mainstay of diagnosis and provides valuable prognostic information. It suggests high rates of local recurrence after
surgical excision alone; as a result, radiotherapy is an essential adjunctive treatment, increasing the recurrencefree disease interval and overall survival rates.
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