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Introduction

Dahlin and Henderson reported the first case of intracranial
extraskeletal mesenchymal chondrosarcoma (IEMC) in 1962." It
accounts for less than 0.16% of all intracranial tumors and has
origins in the basal synchondroses or different parts of the
meninges along the different dural folds." The most frequent
sites of origin in the central nervous system are often the
meninges of the brain and spinal cord. The ideal course of
treatment for IEMC is unknown at the moment, and there is
scant information in the published literature concerning the
procedure. With our case and previous literature review, we
want to enlighten the reader about the usual clinical presenta-
tion, natural course of disease, and definitive treatment protocol
for these patients. In pediatric patients, this aggressive intracra-
nial tumor should be considered a differential diagnosis.

Case Report

An 11-year-old boy was apparently well in 2015, when he
developed headaches in the frontal region, nausea, vomiting,
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Intracranial extraskeletal mesenchymal chondrosarcoma, which is characterized by
undifferentiated mesenchymal cells in the presence of occasional pockets of mature
hyaline cartilage, is rare in our clinical practice and commonly seen in young adults. In
the pediatric population, only a few cases have been reported. In this article, we
describe a case of primary recurrent intracranial mesenchymal chondrosarcoma in an
11-year-old boy well treated by surgery, radiation, and chemotherapy. We also
reviewed all previously published reports on pediatric patients on the basis of their
manifestations and management.

a projectile nature, and abnormal body movements of all four
limbs. His parents also complained about him using inap-
propriate words and losing social inhibition. Other systemic
examinations were unremarkable. A giant, heterogeneously
hyperintense mass of 5.6 x 5 x 4.6 cm occupied the left basi-
frontal region, extending into the suprasellar region, abut-
ting the pituitary gland, involving the frontal lobe and frontal
horn of the ventricle, and infiltrating the corpus callosum,
inferiorly reaching up to the body of the sphenoid body,
laterally into the parasellar region, and up to the medial
temporal lobe. Its expansion caused a mass effect and a
midline shift of up to 10 mm. The patient underwent frontal
craniotomy, and subtotal resection (STR) of the tumor was
done.

The mass, which was reddish-brown and firm in consis-
tency, had a gritty sensation during surgery and was enucle-
ated partially without any postoperative complications. A
pathologic examination revealed the mesenchymal chon-
drosarcoma. Until September 2016, the patient received
adjuvant radiotherapy (RT; 54Gy in 30 fractinations), fol-
lowed by six cycles of adjuvant chemotherapy (vincristine,
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doxorubicin, and cyclophosphamide, or VAC). Following that,
the patient was subjected to regular follow-up. In Octo-
ber 2021, there was a resurgence of the initial symptoms.
The patient presented to the department of neurosurgery in
the outside center with a complaint of multiple seizure
episodes, progressive in intensity and frequency, not well
controlled on antiepileptics, and associated with behavioral
changes, but other neurological examination was within
normal limits.

Magnetic resonance imaging (MRI) of the brain revealed
regrowth of the previous tumor, a 3.9 x4 x 4.1 cm, well-
defined round lesion in the left frontal lobe, extending to
involve the left hypothalamus, basal ganglia, optic chiasma,
and left optic nerve completely encased, and left superior
temporal lobe. With tumor infiltration, the orbital fissure has
widened at the orbital apex, and he was seen at our institu-
tion for a second opinion and further management. He
underwent a second surgery and had the tumor subtotally
resected. Histopathological examination of the specimen
shows spindle-shaped cells without any cartilaginous tissue
(hematoxylin and eosin, 10x and 40 x ). Immunohistochem-
ical studies showed positivity for S-100 (=Fig. 1) and
vimentin (=Fig. 2), which were always present, focally
positive for GFAP and negative for synaptophysin, neurofila-
ment, cytokeratin, SMA, caldesmon, EMA, ERG, MUC4, and
NeuN with ki67 of 1%.

The morphology and immunophenotype of the tumor
were almost unchanged over the 6-year period. The absence
of necrosis and decreased mitotic activity were noted in
the second histopathological specimen. Postoperative MRI of
the brain showed no evidence of residual disease. Previous
histopathology was also reviewed. Both histologies showed a
low-grade mesenchymal tumor with an area of necrosis. A
chest computed tomography (CT) scan is suggestive of
multiple lung metastases. For systemic control, we start
the patient on a multiple receptor tyrosine kinase inhibitor,
pazopanib 400 mg daily. Due to a symptomatic intracranial
lesion, he was planned for reirradiation at the dose of 36 Gy
in 20 fractions, to restrict the cumulative dose of the optic

Fig. 1 Immunohistochemical examination shows diffuse positivity of
marker S-100, which is always positive in intracranial
chondrosarcoma.

apparatus. The patient completed reirradiation with oral
pazopanib 400 mg daily on June 20, 2022. After that, the
patient is on regular monthly follow-up and oral pazopanib
600 mg daily. At present, he is doing well with good symp-
tomatic improvement. His response assessment scan is
planned for the last week of November 2022.

Discussion

Background

The term “mesenchymal chondrosarcoma” was coined by
Lightenstein and Bernstein in 1959 based on the histopatho-
logical findings they observed in a special type of unusual
chondroid tumor that originated from bone. In 1962, Dahlin
and Henderson reported an intracranial tumor in a 44-year-
old female patient, which is known to be the first case of
IEMC."2 However, until now, most commonly reported
tumors had an origin from the base of the skull, with very
few reports of intracranial extraskeletal chondrosarcomas in
pediatric patients.> Mesenchymal chondrosarcoma is a vari-
able-grade malignant tumor of the brain with a high pro-
pensity for locoregional recurrence and occasional
metastasis, commonly in adult patients. Only one case other
than ours with distant metastasis was reported in previous
literature about pediatric patients.

Radiological Findings

Following a clinical examination, radiological investigation,
such as a CTscan, MRI, or angiography, is required to evaluate
any vascular intracranial lesion. Because of the rarity of this
tumor, other differential diagnoses should be ruled out
radiologically before diagnosis and are also important for
surgical decision-making by evaluating the possible neuro-
vascular involvement and the extent and involvement of the
mass in a diagnostic MRI. Dural base lesions such as menin-
gioma or low-grade gliomas such as oligodendroglioma,
astrocytoma, and hemangiopericytoma should be the pre-
operative differential diagnosis. Plain skull X-rays, though
rarely utilized, show signs of raised intracranial pressure
such as a “beaten copper” appearance, stippled calcification,
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Fig. 2 Immunohistochemistry of highly cellular tumor showing
positivity of vimentine.
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or destructive changes.* Because of its high vascularity, MRI
is the imaging modality of choice for IEMC. A well-defined
lobulated brain lesion with T1-contrast hyperintensity, iso-
intensity, or homogenous hyperintensity of the T2-weighted
image is the characteristic MRI finding in IEMC.”

Consequently, for the same reason, especially for larger
lesions, angiography in the preoperative setting allows pro-
phylactic embolization to reduce blood loss during resection.
After the initial treatment, metastasis to extracranial sites was
very rare in pediatric patients. A spinal metastasis was
reported after a long dormant period, but our case had multi-
ple lung metastases.”"® That is why, as metastatic work-up in
the form of a CT scan of the thorax is mandatory in primary
IEMC, and to rule out the primary from the other site, a whole-
body positron emission tomography (PET)-CT scan or bone
scan with contrast-enhanced CT of the thorax and abdomen
should be considered mandatory investigations.

Tumor Characteristics and Presentation

The most common presentation of IEMC is due to raised
intracranial pressure or direct compressive impact on sur-
rounding structures. Intraoperative findings of these tumors
are seen as smooth tumors, with a color ranging from grey to
red, depending on the grade. During tumor resection, they
are firm to hard to the touch with a gritty sensation.®® % The
histological features are not consistent. IEMCs typically have
the appearance of a small round cell cluster or sheet with or
without hyaline cartilage islands.® Due to the absence of this
characteristic cartilaginous part in histopathology, the diag-
nosis of IEMC has become very challenging. In a case like
ours, where the typical histological pattern is absent, other
common differential diagnoses should be ruled out first. In
the pediatric age group, parenchymal lesions such as supra-
tentorial primitive neuroectodermal tumor, high-grade non-
Hodgkin’s lymphoma, malignant hemangiopericytoma, or
lesions originating from the base of the skull, such as
chondrosarcoma at the skull base, embryonal rhabdomyo-
sarcoma, or small cell osteosarcoma, should be the other
differentials.'’~"> That is why, IHC is important to distin-
guish between those diagnoses, but no proper Immunohis-
tochemistry (IHC) patterns have been identified till now,
which is characteristic of IEMC. However, it is almost always
positive for vimentin and S-100 and negative for synapto-
physin, chromogranin, and EMA, but occasionally positive for
GFAP (25% of the time).

Origin of the Tumor

Intracranial chondrosarcoma can be divided into classic,
mesenchymal, and myxoid variants. The difference lies in
the findings in histopathology, presentation, and outcome.
Due to its rarity, the origin of intracranial mesenchymal
chondrosarcoma is still not clear. In different studies, multi-
ple hypotheses were proposed. The primary origin of the
tumor is thought to be from either the meningeal layers or
intraparenchymal. It can also be from the embryonic carti-
laginous rest cells in the cranial bones and dura, as there
were reported cases in pediatric patients, or premesenchy-
mal chondroprogenitor cells, meningeal fibroblasts, or mes-
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enchymal cells in the dura or arachnoid. Among them, dural-
based lesions were more abundant (66%) than parenchymal
(37%) lesions in the pediatric group of patients.*'® Previous
reports have usually shown that dural-based lesions have
better survival rates than parenchymal lesions. In this series,
dural-based lesions had a mean overall survival of 53.8
months, compared with 28 months for parenchymal lesions,
and there was a trend toward improved survival in patients
with tumors having dural attachment.

Location

Eighty percent of these tumors are supratentorial in location,
and the origin is dural-based. In our review, we found that
this was also true for the pediatric group of patients. Almost
86% (n=18) of the tumors are supratentorial in location,
with the most common site being the frontal region. In our
case, the tumor is supratentorial- and parenchymal-based.
Chondrosarcomas that arise at the skull base should be
differentiated from intracranial mesenchymal chondrosar-
comas, as the origin of skull base tumors is cartilaginous
synchondroses that are usually located in the parasellar
region, the cerebellopontine angle, cavernous sinuses, larger
skull foramens, and the petrous part of the thoracic bone
region. In our series, very few reported cases (n=23) have
origins in other locations in the brain; thus, survival differ-
ences in different locations cannot be determined.

Role of Surgery

All the cases in the literature review have been treated
primarily with surgery (=Table 1), including our reported
case that underwent more than one resection despite lacking
any consensus about the treatment strategy.”'1 8 The major-
ity of these tumors have been described as highly vascular
lesions. Despite this, radical removal of these lesions is the
mainstay of management, regardless of their anatomic loca-
tion. When treated surgically, maximum safe resection is the
goal. Gross total resection (GTR) is the most desirable for any
intracranial tumor, and it is not different for IEMC. According
to our review, 57% of patients had GTR and had a higher
survival rate (mean overall survival =49 months) than STR,
which had a lower survival rate (mean overall survival =39
months). This could be a poor prognostic factor that is related
to an inability to get a GTR to prevent tumor spread and
recurrence.’ %19

Role of Radiotherapy

Adjuvant RT should be an appropriate therapeutic option as
this is a locally aggressive tumor with a high rate of local
recurrence. In the literature review, there was no overall
survival difference between adjuvant RT and non-RT
patients. However, there is a significant improvement in
overall survival with adjuvant RT after STR (STR + adjuvant
RT, n=5, mean OS = 54.4 months vs STR without RT, n=4,
mean OS = 20 months). Thus, postoperative adjuvant RT is a
preferred treatment for the tumor that could not be
completely resected. Some authors also consider adjuvant
RT if the diffuse or infiltrative nature of the tumor is
described by the neurosurgeon even after GTR.? Also, other
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chondrosarcomas, even those that originated at the base of
the skull, are treated with surgery followed by adjuvant RT
with or without adjuvant chemotherapy.s'28 In regard to
unresectable IEMC and those with residual disease in previ-
ously published cases, the authors mentioned that RTwith or
without concurrent chemotherapy is the best treatment
option for these patients. As a result, adjuvant RT should
be considered in all patients and made mandatory in those
with inadequate surgery.

Role of Chemotherapy

Mesenchymal chondrosarcoma of other sites is typically a
high-grade tumor, and multiagent chemotherapy in the form
of neoadjuvant and adjuvant therapy, as with Ewing’s sarco-
ma, is the mainstay of treatment. The benefits of chemother-
apy in intracranial mesenchymal chondrosarcoma are still
unclear, as these tumors have no current reliable evidence for
its effectiveness, and a very limited number of patients
received chemotherapy in an adjuvant setting, which failed
to show any survival benefit. Chemotherapy is being studied;
more data are needed to prove any benefit, but chemothera-
py has been recommended in previous published cases.?%->
However, in a metastatic setting, chemotherapy should be a
part of treatment. Nevertheless, as the mesenchymal chon-
drosarcoma of the extracranial region is treated as Ewing’s
sarcoma, multiagent chemotherapy (vincristine, cyclophos-
phamide, doxorubicin, actinomycin-D, ifosfamide, and eto-
poside in different combinations) can be considered in
adjuvant settings as well, especially in high-grade tumors
or tumors with incomplete surgical resection.

Survival and Prognostic Factors

If we consider all subsites in the body, mesenchymal chon-
drosarcoma has a 5- and 10-year survival rate of 55 and 27%.°
In pediatric patients, the 2-year overall survival rate is 48% in
our review. Our review’s 5- and 10-year overall survival rates
of 33 and 10%, respectively, are slightly lower than those of
conventional mesenchymal chondrosarcoma, indicating the
tumor’s most malignant nature, which is locally aggressive
with a high rate of recurrence.® After discussing all those
mentioned factors, we propose that the underlying factors
that influence the prognosis of the tumor and overall survival
include grade, location (supratentorial or infratentorial),
origin of the tumor (dural or parenchymal), type of surgical
resection (GTR or STR), and use of postoperative adjuvant RT
or chemotherapy.

Review of Previous Published Cases

From our data sources, 20 cases have been reported in the
literature before our patient. The ages ranged from 2 months
to 12 years, with 8.5 years being the average (median age: 11
years). In our discussion, we only restrict ourselves to
previously published pediatric cases with an age group of
12 or less patients and their clinical and available manage-
ment details. In the pediatric group of patients, there is a
slight male preponderance with a male-to-female ratio of
1.6:1. The size of the tumor ranges from 3 to 11cm at its
largest diameter. We found the origin of the tumor was also

A Pediatric Intracranial Chondrosarcoma Sikdar et al.

divided on the basis of dural or parenchymal. In our case
report, the patient had a tumor of parenchymal origin
without any dural attachment. In previously reviewed stud-
ies, dural and parenchymal tumors had a ratio of 3:2 (dural:
n=14; parenchymal: n=7). Among all the patients, more
than half underwent GTR (n=12, 57%) compared with STR
(n=9, 42%). Of the 21 (n=9; 42% of total) patients that
received RT postsurgery with a dose of 44 to 60 Gy, only 4
(19%) had chemotherapy as an adjuvant setting, and chemo-
therapy details for 1 patient are available. Nine patients had
local recurrences at the same site of origin. Only one patient
had a distant recurrence to the spinal cord and was treated
with palliative RT. The median overall survival for the entire
set of reported cases where follow-up was provided was
20 months. Patients with GTR had a slightly better median
survival than patients with STR. Patients with or without a RT
group have no difference in overall survival.

Conclusion

IEMC in the pediatric population is an extremely rare and
variable-grade neoplasm with a very high tendency to local
failure and distant metastasis. Due to the lack of specific
radiological and histopathological findings, it is a challenge
to differentiate it from other common tumors. The treat-
ment options are GTR followed by close postoperative
follow-up with or without adjuvant treatment, or STR
with adjuvant RT with or without adjuvant chemotherapy.
RT may be considered to reduce the risk of local recurrence,
and chemotherapy may be useful for systemic control. As
these tumors are highly aggressive with the potential for
local and distant failure, the patient should be kept under
regular follow-up.
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