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Introduction

Chondrosarcoma, the secondmost commonprimarymalignan-
cy of bone, is well known to arise from extraskeletal sites also.
Central nervous system involvement manifesting as skull base
chondrosarcomas and extraosseus (nonskull-based or dural-
based) chondrosarcomas has been described.1,2 Extraosseus
chondrosarcomas, although rare, have been reported to arise
frommultiple sites including brain parenchyma, falx and para-
sagittal region, posterior fossa, cerebellum, pineal region, and

ventricles.2 Falcine chondrosarcomas are uncommon lesions,
with only 19 cases reported in the literature till date.3 Among
intracranial chondrosarcomas, myxoid type is the least fre-
quently reported. Only 17 cases of primary extraskeletal intra-
cranial myxoid chondrosarcomas have been reported till date
among which only 2 were falcine.4,5 We describe another
example of this tumor and illustrate the surgical details along
withmorphological featuresandreviewof literature.Our report
adds observational data to the literature, and this uncommon
entity should be borne in mind, even in the falcine location.

Keywords

► chondrosarcoma
► dural based
► extraskeletal
► falcine
► intracranial
► myxoid

Abstract Intracranial chondrosarcomas are rare malignant lesions. Both skull base and dural-
based extraosseous chondrosarcomas have been reported to occur intracranially.
Dural-based chondrosarcomas arising from the falx cerebri are rare lesions with only
19 cases reported till date. Although conventional, mesenchymal, and myxoid variants
of chondrosarcomas have been reported intracranially, myxoid variant are the rarest
with only 17 cases reported till date, amongwhich only 2 were falcine.We are reporting
the third case of falcine myxoid chondrosarcoma in a 32-year-old man who presented
with seizures and subtle lower limb weakness. Radiological findings were suggestive of
an atypical meningioma in the falcine region. Macroscopically total resection of the
tumor was done. Histopathological examination confirmed myxoid chondrosarcoma,
grade 1. Postoperative period was uneventful, and the patient remains asymptomatic
34 months after the surgery without the application of any adjuvant therapy. Falcine
myxoid chondrosarcomas are extremely rare lesions with variable aggressiveness as
suggested by the three cases reported till now including the present case.
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Case Report

History and Examination
A 32-year-old male without any known comorbidities pre-
sented with history of a single episode of generalized tonic-
clonic seizures. Therewas no history of similar episode in the
past or any history of trauma, fever, headache, nausea,
vomiting, and limb weakness.

On clinical examination, patient was conscious, oriented
to time, place, and person; Mini-mental state examination
(MMSE) scorewas 30/30; and had no other focal neurological
deficits except for subtle ankle dorsiflexion and plantar
flexion weakness on the left side manifested as difficulty
in walking on toes and heels.

Plantar was equivocal on left side. On admission, patientwas
started on antiepileptic medications, and baseline investiga-
tions were done which turned out to be within normal limits.

Contrast-enhanced magnetic resonance imaging (MRI) of
the brain was done which showed well-defined extra-axial
lesion of size 5.5�4.8 cm attached to the right side of falx
cerebri with compression of underlying brain parenchyma,
features consistent with an atypicalmeningioma. No gliosis or
parenchymal edema was noted. The lesion was closely abut-
ting superior sagittal sinuswithout infiltration or thrombosis.
The lesion was hypointense on T1-weighted imaging and
brightly hyperintense on T2-weighted imaging with mild
contrast enhancement (►Fig. 1A–E). There was mild inferior
displacement of right lateral ventricle with midline shift of
8mm toward left side. There was no diffusion restriction or
susceptibility-weighted imaging blooming.Minimal transten-
torial herniation was seen on right side without compression
of midbrain. MR angiogram of the brain was normal.

Management
Right frontoparietal craniotomy and macroscopically total
excision of the tumor were done. Intraoperatively, the tumor

was firm, moderately vascular with calcification. The tumor
was adhered to the falx. However, there was a good plane of
cleavage with adjacent brain parenchyma. Histopathological
examination showed myxoid chondrosarcoma, grade 1. Mi-
croscopy showed a tumor composed predominantly of
lobules of fibrocartilaginous tissue with extensive myxoid
changes (►Fig. 2A). Within these cartilaginous islands, uni-
form cells with eosinophilic to vacuolated cytoplasm were
scattered (►Fig. 2B). These cells demonstrated low to inter-
mediate grade nuclear atypia (►Fig. 2C). Few randomly
distributed thin-walled blood vessels were seen. The mitotic
activity was low, and no areas of necrosis were evident. The
tumor cells were diffusely and strongly immunoreactive for
S-100 (►Fig. 2D) and negative for cytokeratin.

Postoperative Course and Follow-up
Postoperative period was uneventful, and the patient was
discharged on postoperative day 9 without any neurological
deficits. Follow-up MRI of the brain at 1 year showed no
residual lesion (►Fig. 1F–H). In view of the histopathological
diagnosis of myxoid chondrosarcoma, computed tomogra-
phy (CT) of the chest and bone scan were done as part of
metastatic work-upwhichwere normal. Adjuvant treatment
in the form of radiotherapy or chemotherapy was deferred
due to two reasons. At first, this patient underwent macro-
scopically complete removal of the tumor, follow-up MRI of
the brain showed no residual lesion, and the patient was
clinically asymptomatic for any progressive disease. Second,
the meagre number of reported cases of myxoid chondro-
sarcoma and the incongruity in the management of these
cases makes a generalization regarding need for adjuvant
treatment difficult. The patient remains asymptomatic after
34 months and is on regular follow-up. Further follow-up of
the patient is planned with routine follow-up neurological
examinations and a contrast-enhanced MRI after 1 year or
earlier if symptomatic.

Fig. 1 Pre-op T2-weighted FLAIR axial (A), pre-op T2-weighted axial (B), pre-op gadolinium-enhanced T1-weighted coronal (C), pre-op
gadolinium-enhanced T1-weighted sagittal (D), pre-op T2-weighted coronal (E), 1-year post-op gadolinium-enhanced T1-weighted axial (F), 1-
year post-op gadolinium-enhanced T1-weighted coronal (G), and 1-year post-op T2-weighted coronal (H) MRI. FLAIR, fluid-attenuated inversion
recovery; MRI, magnetic resonance imaging; post-op, postoperative; pre-op, preoperative.
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Discussion

Primary intracranial chondrosarcoma is an extremely rare
malignant tumor of the central nervous system, which
accounts for less than 0.15% of all primary intracranial
tumors and 6% of skull base tumors.6 Seventy-five percent
of intracranial chondrosarcomas arise from the skull base,
predominantly along the clivus, sellar and parasellar region,
petrous temporal bone, petro-occipital, spheno-occipital,
and sphenopetrosal synchondroses.1,7 The rarer nonskull-
based chondrosarcomas arise predominantly from the men-
ingeal layers along the falcine and parasagittal region,
cerebral and cerebellar parenchyma, ventricle, and choroid
plexus.

On histology, chondrosarcomas are classified into the
conventional, dedifferentiated, clear cell, and mesenchymal
types. Conventional chondrosarcomas are further subclassi-
fied into hyaline, myxoid, and mixed types depending on the
cytoarchitecture. Clear cell or dedifferentiated types have not
been reported intracranially, making conventional or classic,
mesenchymal, and myxoid types the primary types of chon-
drosarcoma seen intracranially. Reviewing the literature
reveals that conventional chondrosarcomas are associated
with the best prognosis, mesenchymal chondrosarcomas the
worst, whereas myxoid type has an intermediate prognosis,
among the chondrosarcomas.5,8

TheWorldHealth Organization histological grading system
of chondrosarcomas, which consists of three categories: grade
I (well differentiated), grade II (moderately differentiated), and
grade III (poorly differentiated) is primarily helpful in deter-
mining the prognosis. Grades I and II chondrosarcomas have
good prognosis, whereas grade III chondrosarcomas are asso-
ciated with a high recurrence rate and metastasis.6

The proposed hypotheses regarding the origin of chon-
drosarcomas include (1) embryonal chondrocyte cell rests,
(2) primitive pleuripotent mesenchymal cells, and (3) meta-
plastic mature fibroblasts. The origin of skull base chondro-
sarcomas has been postulated to be from the embryonal
cartilage cell nests within the endochondral ossification sites
of the skull base. The origin of nonskull base or dural
chondrosarcomas can be attributed to be the metaplastic
fibroblasts and pleuripotent mesenchymal cells located
along the meninges and choroid plexus, and the leptome-
ningeal sheath of perforating vessels.

Conventional, mesenchymal, andmyxoid types have been
reported among both skull base and nonskull base chondro-
sarcomas. The most common histological type reported in
the skull base is the conventional type,1 whereas mesenchy-
mal chondrosarcoma is the most common type (nearly 62%)
reported in nonskull base locations.9

Skull base chondrosarcomas have a strong tendency for local
recurrence due to the difficulty in complete resection. However,
no recurrences have been reported to date in dural-based classi-
cal chondrosarcomas.10However, about50%of themesenchymal
and nearly all the myxoid variants showed recurrence.1

Ina reviewof literaturedonebyOmezineetal3 in2018,only
19 casesof falcine chondrosarcomahavebeen reported among
which 11 (57.9%) were low-grade chondrosarcoma, 6 cases
(31.6%) weremesenchymal, and 2 (10.5%) were of the myxoid
type. A review of literature by Qin et al11 in 2017 reported 13
cases of primary extraskeletal myxoid chondrosarcomas. We
identified four more nonskull-based myxoid chondrosarco-
mas in the literature and encountered the third case of falcine
myxoid chondrosarcoma at our institute (►Table 1). Radiolog-
ically, conventional, mesenchymal, and myxoid chondrosar-
comas have similar characteristics, making histopathological

Fig. 2 Photomicrograph of pathologic specimen—(A) Microscopy shows tumor composed of predominantly of lobules of fibrocartilaginous
tissue with extensive myxoid changes (H&E stain, �100). (B) Scattered uniform cells with eosinophilic to vacuolated cytoplasm within the
cartilaginous islands (H&E stain, �400). (C) Cells demonstrating low to intermediate grade nuclear atypia (H&E stain, �400). (D) IHC staining:
tumor cells found diffusely and strongly immunoreactive for S-100 (�400). H&E, hematoxylin and eosin; IHC, immunohistochemistry.
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examination the key to diagnose the particular type of chon-
drosarcoma. On CT scans, falcine chondrosarcomas appear as
iso- or hyperdense masses with variable enhancement pat-
terns.10 Lesser amount of calcification is seen in falcine chon-
drosarcomas compared with skull base lesions. These tumors
are hypointense onT1-weightedMRI and hyperintense onT2-
weightedMRI.10 Cartilaginous component in the tumor tissue
appears hypointense on T1-weighted MRI. A honeycomb
pattern of variable contrast enhancement has been described,
whereasdural tail sign is rarely present. Onangiography, these
lesions are relatively avascular. Peritumoral edema isminimal.
Intracranial chondrosarcomas of the myxoid type are com-
posedofchondroblast-like cells inanabundantmyxoidmatrix.
On immunohistochemistry, they express vimentin (89%), epi-
thelial membrane antigen (28%), and synaptophysin S-100
(17%) and no immunoreactivity for cytokeratin.11

Intracranial myxoid chondrosarcoma arising from the falx
was first reported by Salcman et al5 in 1992. The patient was
a 28-year-old, 30 weeks pregnant woman who presented
with hemiparesis, slowed speech, and severe headache. They
operated the patient and the tumor recurred 10months after
the surgery. They reoperated the patient, and also implanted
multiple radioactive I125 seeds into the tumor cavity, and the
patient became asymptomatic since then. The second case of
falcine myxoid chondrosarcoma was reported by Akakin
et al4 in a 35-year-old woman who presented with hemi-
paresis of 1 week duration. The authors performed en bloc
resection of the tumor. Two months postoperatively, the
patient had recurrence which was reoperated. months after
the first surgery, again there was recurrence which was
managed with Gamma Knife radiosurgery (GKRS). One
more recurrence was observed after 9 months of the initial
surgery which was managed with surgery and GKRS. The
authors observed thatmyxoid chondrosarcomamay bemore
aggressive in the falcine location but is difficult to generalize
in view of the rarity of the tumor.

In the present case, our patient was a 32-year-old man
presented with seizures and subtle lower limb weakness.
Macroscopically total resection was done. The patient is
asymptomatic even after 34 months of surgery. Various
investigators have noted that pathological type, previous
treatment (surgery or radiotherapy), extent of tumor resec-
tion, use of adjuvant postoperative radiotherapy as determi-
nants of prognosis in chondrosarcomas in general.6Although
meticulous surgical resection followed by postoperative
radiotherapy has been reported to provide the best long-
term outcomes in intracranial chondrosarcomas, the paucity
of literature regarding myxoid chondrosarcomas make the
role of adjuvant therapy questionable in nonskull-based
myxoid chondrosarcomas.

Conclusion

Primary intracranial myxoid chondrosarcomas are very rare
malignant tumors. We are reporting the third case of falcine
myxoid chondrosarcoma which appears to have an excellent
prognosis when compared with the previous two reported

cases. Radiologically falcine chondrosarcomasmimicmenin-
giomas; as also the characterization as classic, mesenchymal,
or myxoid type depends on histopathology. Maximal safe
surgical resection is the mainstay of treatment. The role of
adjuvant therapy in nonskull-based chondrosarcoma needs
further investigation. This case report is limited by the short
follow-up period.
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