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Abstract: Background: Parasellar chondrosarcomas are extremely rare. This study describes the
characteristics of parasellar chondrosarcoma and analyzes the risk factors and prognosis based on the
resection degree. Methods: Fifteen patients with pathologically diagnosed parasellar chondrosarcoma
were retrospectively analyzed for the clinical data, surgical methods, and prognosis to identify
relationships between the surgical resection degree, tumor recurrence, and imaging characteristics.
Results: Twelve patients had eye dysfunction and ptosis. Differentiation from other parasellar
tumors by imaging is difficult. The preoperative Karnofsky Performance Scale (KPS) score positively
correlated with the tumor resection degree (p = 0.026) and negatively correlated with the maximum
tumor diameter (p = 0.001). Tumor recurrence negatively correlated with the resection degree
(p = 0.009). The postoperative KPS score positively correlated with the preoperative KPS score
(p <0.001) and tumor resection degree (p = 0.026), and negatively correlated with the maximum tumor
diameter (p = 0.016) and age (p = 0.047). An improved KPS score positively correlated with the tumor
resection degree (p = 0.039). Patients who underwent total resection of the chondrosarcoma had
longer progression-free survival than those who underwent partial resection (p = 0.0322). Conclusion:
Parasellar chondrosarcomas are difficult to resect completely. Preoperative KPS score is an important
factor for the degree of resection. KPS score, age, maximum tumor diameter, and resection degree
may be important prognostic factors.

Keywords: parasellar chondrosarcoma; clinical features; imaging features; pathology; prognosis

1. Introduction

Chondrosarcoma of the skull base is a rare brain tumor with low metastatic
potential [1], accounting for only 1.5% of all intracranial tumors [2]. It is considered
to be cartilage residue caused by the incomplete ossification of the cartilaginous skull [3].
Because of the special anatomical location, chondrosarcoma of the skull base often invades
the petroclival area, parasellar area, and jugular foramen area; causing the erosion of im-
portant arteries and cranial nerves [4-8]; and penetrating the dura mater to compress the
brain stem [8]. Therefore, achieving complete removal by surgery is very challenging [8,9].

Only 10% of the sellar and parasellar tumors originate from the non-pituitary
region [10], which is an anatomically complex region bordering the sella turcica. Their
impact on important anatomical structures can cause extensive clinical manifestations [11].
Parasellar chondrosarcoma is extremely rare, and patients often complain of dizziness and
diplopia due to the compression of cranial nerves and intracranial vessels [4,9,12-21]. Volpe
et al. found that ocular symptoms such as diplopia or visual impairment are the initial
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symptoms of skull base chondrosarcoma and chordoma, and the incidence of these symp-
toms in these two diseases is very similar [22]. Chordoma originates from the residues of
the notochord and can also invade the parasellar region [23], cranial base chondrosarcoma
and chordoma usually show low signal intensity on T1-weighted magnetic resonance imag-
ing (MRI) and high signal intensity on T2-weighted MRI, while there is no obvious imaging
difference on contrast-enhanced T1-weighted MRI [24]. As such, chordoma is frequently
misdiagnosed as chordoma because of the molecular and imaging similarities [25]. As
with chondrosarcoma of the skull base, parasellar chondrosarcoma has four different types:
conventional, mesenchymal, clear cell, and differentiated [2]. The World Health Organi-
zation (WHO) classifies these tumors as grade 1 (high differentiation), grade 2 (medium
differentiation), or grade 3 (low differentiation) [26]. The pathological results are very
important when differentiating between parasellar chondrosarcoma and chordoma [27].
For example, the analysis of the expression of the Brachyury gene shows that a transcription
factor is highly expressed in chordoma [28,29], while chondrosarcoma does not respond
to keratin and epileptelial membrane antigen, S-100. In addition, epileptelial membrane
antigens (EMA) are positive [24], which are often used to distinguish between parasellar
chondrosarcoma and chordoma.

The invasiveness of skull base chondrosarcoma greatly increases the difficulty of
surgical resection. Based on maximum tumor resection, adjuvant radiotherapy is often
used to control residual tumors [7]. Although proton therapy protects key parts at a higher
therapeutic dose [7], patients with parasellar chondrosarcoma are at a higher risk of vision
loss after treatment [25]. In addition, because of the special location of the parasellar
chondrosarcoma, the tumor often wraps around the internal carotid artery and invades
the nerves passing through the cavernous sinus [4-8]. Therefore, the surgical strategy
for parasellar chondrosarcoma should involve removing the tumor to alleviate the space-
occupying effect and protect the nerves and blood vessels during the operation.

Information regarding parasellar chondrosarcoma is sparse. Therefore, we described
15 cases of parasellar chondrosarcoma and analyzed the risk factors and prognosis based
on the resection degree.

2. Materials and Methods
2.1. Patient Population

Inpatients diagnosed with parasellar chondrosarcoma at the Sanbo Brain Hospital
of Capital Medical University, Beijing, China between 2013 and 2022 were selected. The
inclusion criteria were: (1) first-onset patients; (2) imaging-confirmed lesions located in
parasellar region; and (3) histopathology-confirmed parasellar chondrosarcoma. Those
with chondrosarcoma located in the intracranial position outside the parasellar region,
recurrent chondrosarcoma, metastatic brain chondrosarcoma, or other brain tumors or
diseases were excluded. Finally, 15 patients with parasellar chondrosarcoma were included
in the analyses (Figure 1). Patients were divided into children’s cases (<14 years old),
adolescent and young adult cases (1440 years old), adult cases (4065 years old), and
elderly cases (>65 years) [30]. Patients who died were followed up to the date of death, and
those who survived were followed up to 2 June 2022.
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Figure 1. Flow chart of inclusion patients.

2.2. Radiological Profiles

All patients underwent preoperative MRI, computed tomography (CT), and CT an-
giography (CTA) (Table 1). Preoperative MRI sequences included T1 and enhanced T1-
weighted, T2 and enhanced T2-weighted, and fluid-attenuated inversion recovery (FLAIR)
and enhanced FLAIR imaging. The tumor location and size were evaluated by MRI, while
bone destruction, osteogenesis, and calcification were assessed by CT. In addition, the
relationships between the tumor and important cerebral vessels were evaluated by CTA.
All radiologic data (pre- and postoperative) were retrospectively examined by a neuroradi-
ologist who was blinded to the histological examination results, surgical procedures, and
clinical conditions; the tumor size, tumor location, relationship with large vessels, resection
degree, and recurrence were assessed. Total resection was defined as 100% removal of
the tumor, near-total resection as >90% removal (excluding 100%), and partial resection
as <90% removal based on the intraoperative findings and postoperative MRIs [31]. The
volume of the tumor was measured by “miplatform ZFP viewer” software.

2.3. Histopathological Examinations

Histopathological examinations were performed according to the WHO classification
of chondrosarcoma [26]: central atypical chondrosarcoma, secondary peripheral atyp-
ical chondrosarcoma, central chondrosarcoma, secondary peripheral chondrosarcoma,
periosteal chondrosarcoma, clear cell chondrosarcoma, mesenchymal chondrosarcoma, and
dedifferentiated chondrosarcoma.

2.3.1. Central Atypical Cartilaginous Tumor/Chondrosarcoma, Grade 1 (ACT/CS1)

Yellowish-white chalky areas of calcification are often present in tissue fragments; in
specimens, the tumor is usually sharply demarcated and may demonstrate the erosion of
the surrounding cortex; soft tissue extension is usually not seen in central ACT/CS1 [26].
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The cellularity in central ACT/CS1 is low; the nuclei can be small and condensed
(lymphocyte-like) and generally uniform in size; binucleation is frequently seen, while
mitoses are absent. The surrounding matrix is predominantly hyaline, sometimes with
more mucoid or myxoid changes [26]. Necrosis may be present. Areas of a pre-existing
enchondroma with extensive calcifications may be recognized in central ACT/CS1 [26].

2.3.2. Central Chondrosarcoma, Grade 2 and 3

Cystic changes can be seen in resection specimens, as well as areas of myxoid material.
Calcification can be visible as yellowish-white chalky areas. Erosion and destruction of the
cortex with soft tissue extension are frequently present [26].

The cellularity is higher than in ACT/CS1, and mitoses are present, the nuclei can still
be small and condensed; more often, the nuclei vary in size, with open chromatin and a
visible nucleolus; nuclear atypia can be present but is usually not severe; binucleation can
be seen, and necrosis can be present [26]. In grade 3 chondrosarcomas, mitoses are more
easily found, and the cells at the periphery of the mostly myxoid, highly cellular tumor
lobules are spindled and less differentiated [26].

2.3.3. Immunohistochemistry

Paraffin sections were dewaxed, and gradient alcohol was added to water. Distilled
water was then rinsed for 2 min x 3 times, after which slices were placed into the pressure
cooker with antigen repair solution, heated in the electromagnetic furnace, and counted
2 min and 30 s after the safety valve was injected. Samples were cooled at room temperature
after the safety valve was deflated and rinsed in PBS (Beijing Zhongshan Jingiao, Beijing,
China) for 2 min x 3 times. Then, sections were stained with normal goat serum blocked
for 2 h and then incubated with the following primary antibodies: anti-S100 beta antibody
[EP1576Y]—Astrocyte Marker (1:200, ab52642, Abcam, Cambridge, UK); D2-40 (1:100,
Beijing Zhongshan Jingiao, Beijing, China); anti-Brachyury/Bry antibody [EPR18113]
(1:8000, ab209665, Abcam, Cambridge, UK); CK (1:100, Beijing Zhongshan Jingiao, Beijing,
China); anti-p53 antibody [E26] (1:100, ab32389, Abcam, Cambridge, UK); anti-Ki67 anti-
body [SP6] (1:200, ab16667, Abcam, Cambridge, UK); IDH1 r132h (1:50 dianova, Hamburg,
Germany) at 4 °C overnight. Consequently, slices were rinsed PBS for 2 min x 3 times and
incubated with an appropriate proportion of diluted secondary antibody (anti rabbit IgG
H & L, Abcam, Cambridge, MA, USA) at 37 °C for 20 min. Finally, samples were rinsed
with PBS 2 min X 3 times; the nuclei were counterstained with hematoxylin for 1 min
and then trod with 1% hydrochloric acid alcohol for several seconds, exposed to gra-
dient alcohol dehydration, sealed with neutral gum, and observed under a microscope
(Leica dm3000, Mannheim, Germany).

All patients with parasellar chondrosarcoma were treated with a routine surgical
resection to obtain pathological tissues for histological examination. All pathological data
were retrospectively examined by a neurologist who was blinded to the surgical procedure,
imaging data, and clinical conditions.

2.4. Karnofsky Performance Scale

The preoperative Karnofsky Performance Scale (KPS) score can roughly evaluate the
quality of life of tumor patients before and after surgery [32]. The higher the score, the
better the quality of life and prognosis.

2.5. Statistical Analyses

SPSS 22.0 software (SPSS Inc., Chicago, IL, USA) was used for the statistical analysis.
Kaplan-Meier curves were used to calculate overall survival (OS) and progression-free
survival (PFS). The K-S test was used for the normality test, and a Spearman rank correlation
analysis was used for the correlation analysis. A p-value < 0.05 was considered to be
statistically significant.
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3. Results
3.1. Patient Demographics

Among the 15 patients who were included in the study, 12 patients were WHO grade
1 and 3 were grade 2. The median age was 34 years (range 14-69), and the male-to-female
ratio was 7:8 (Table 1). There were one child case (<14 years old), 8 adolescent and
young adult cases (1440 years old), 5 adult cases (40-65 years old), and 1 elderly patient
(>65 years) included (Table 1). The primary clinical manifestations of hospitalized patients
were eye function and movement disorders (12 patients, 80%), dizziness (3 patients, 20%),
and encephalagia (8 patients, 53.33%; Table 1).

Table 1. Summary of preoperative clinical and radiological features in 15 patients.

Characteristic Value

Sex
Male
Female

[o BN

Age group (years)

Children (<14)
Adolescents and young adults (15-39)
Adults (40-64)

Elderly (>65)

= Ul 00

Clinical manifestation
Impaired eye function and movement 12
Dizzy and encephalagia 8

Tumor location
Parasellar 13
Parasellar and intrasellar invasion 1
Parasellar and clivus eroded 1

Important vessels
Not involved
Internal carotid artery
Middle cerebral artery
Internal carotid artery and middle cerebral artery
Internal carotid artery and posterior cerebral artery
Internal carotid artery, middle cerebral artery, and posterior cerebral artery
Internal carotid artery, vertebral artery, and basilar artery

—= N === s Ol

Tumor size
Maximum diameter of tumor (mm) 40+ 13

Bone changes
Bone destruction
Bone osteogenesis

NN

Calcification
Yes/No 15/0

Important vascular invasion
Yes/No 10/5

3.2. Radiological Profiles

All 15 chondrosarcoma cases were located in the parasellar (Table 1). The maximum
diameter was 40 £ 13 mm. The CT examinations showed a slightly high or mixed density
shadow and a patchy calcification shadow in the tumor. Furthermore, the CT examination
identified bone destruction in seven cases (Figure 2B,C,K,L and Table 1) and two cases of
osteogenesis (Figure 2A). A Tl-weighted brain MRI showed a mixed signal dominated by
low signal intensity (Figure 2D and Supplementary Table S1), while the T2-weighted MRI
showed a mixed signal dominated by high signal intensity (Figure 2E,G,H and Supplemen-
tary Table S1), and these imaging characteristics were similar to those of chondrosarcoma
located in other parts of the body. A contrast-enhanced MRI revealed the obvious enhance-
ment of the tumor (Figure 2F), and CTA and imaging reconstruction demonstrated that
the tumor surrounded important large arteries (Figure 2C,1,] and Table 1). For example,
the tumor surrounded the internal carotid artery in four cases; the middle cerebral artery
in one case; the internal carotid and middle cerebral arteries in one case (Figure 2C); the
internal carotid and posterior cerebral arteries in one case; the internal carotid, middle
cerebral, and posterior cerebral arteries in two cases; and the internal carotid, vertebral,
and basilar arteries in one case. However, in five cases, the tumor did not surround any
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large vessels. After the operation, CT images showed a low density shadow in the tumor
area (Figure 2M), and the tumor sites in the T1 and T2-weighted MRI results were excised

(Figure 2N,O,P).

Figure 2. The preoperative, intraoperative, and postoperative images of right parasellar chondrosar-
coma were displayed. (A): Preoperative CT scan showed mixed density shadow near the right
parasellar, the position indicated by the red arrow in (A) is the bone composition in the tumor;
(B,C): preoperative CT bone window (B) and CTA imaging reconstruction (C) showed that the
bone destruction (indicated by the green arrow) and osteogenesis (indicated by the purple arrow)
can be seen before operation, while important arteries were compressed by the tumor (indicated
by the blue arrow); (D-H): the main body of tumor showed long T1 on T1-weighted image MRI
before operation in (D), the position indicated by the yellow arrow in (G,H) showed tumor sur-
rounded extracranial, preoperative T2-weighted image MRI showed that the tumor was long T2 in
(E,G,H,F): MRI enhancement showed that the tumor was significantly enhanced; (I-L): MRI 3D recon-
struction, the position indicated by the blue arrow in (LJ) showed internal carotid artery surrounded
by tumor, the position indicated by the green arrow in K and L showed tumor surrounded extracranial;
(M): after operation, CT plain scan showed low density shadow near the right parasellar, which was
normal after operation; (N-P): right parasellar tumor was excised on T1 and T2 MRI after operation.
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3.3. Surgical Resection

Fifteen patients with chondrosarcoma underwent surgical resection. In three cases
(near-total resection), an endoscopic transsphenoidal approach was used. A frontotemporal
craniotomy was performed in 10 cases, of which 6 cases were treated with total resection,
1 case was treated with near total resection, and 3 cases were treated with partial resection.
The frontotemporal zygomatic arch approach was used in two cases; partial resection was
performed in one case, while near total resection was performed in another. Six cases
underwent total resection (Figure 2M-P and Figure 3A,B), which was not an option for
five near-total resection cases and four partial resection cases as the tumor was close to
important structures (Table 2).

Figure 3. Surgical resection of parasellar chondrosarcoma. (A) Tumor exposure; (B) intraoperative
condition; (C) total tumor resection. After the tumor was exposed, it was found that the tumor
was located in the cavernous sinus (A), and local calcification could be seen inside the tumor. The
yellow arrow shows the calcified part (B). After the tumor was removed, the green arrow shows
that the gel sponge was filled into the cavernous sinus for full hemostasis, and the lateral wall of the
cavernous sinus was sutured to prevent the gel sponge from falling into the cavernous sinus due to
the cerebrospinal fluid been surrounded (C).

The tumor resection degree was positively correlated with the preoperative KPS score
(p = 0.026), but not with important vessel wrapping (p = 0.705) or the maximum tumor
diameter (p = 0.803; Table 3). However, the preoperative KPS score negatively correlated
with the maximum tumor diameter (p = 0.001).

3.4. Histopathology

Macroscopically, most tumors were grayish-white, hard, and tough. Furthermore,
they had a general blood supply, a honeycomb-like appearance, and had clear boundaries
(Figure 3A—C). A few tumors were grayish-red and slightly soft. Microscopically, at 10x
magnification, the tumor (WHO grade 1) was lobulated, partially differentiated, and mature,
partially immature, and a lacuna structure could be seen in the mature area (Figure 4A).
Pathologically, nine cases were isocitrate dehydrogenase 1 (IDH1)-negative (Figure 4H),
and six did not detect IDH1 mutation. However, all cases were 5100 (Figure 4B) and
D2-40 (Figure 4C) positive, and brachyury (Figure 4D), P53 (Figure 4E), and CK (Figure 4F)
negative, with low Ki-67 expression (<5%) (Figure 4G).
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Table 2. Surgical information of 15 patients with parasellar chondrosarcoma.
. Excision Adjuvant WHO Degree of Postoperative Preoperative Postoperative
Case Operative Approach Degree Therapy Grade Differentiation IDH1 Complications KPS KPS
1 Fror}totemp oral Partial excision None 1 Highly differentiated Negative Recrudescence 60 65
zygomatic arch approach
2 Frontotemporal approach ~ Total excision GKS 1 Highly differentiated Negative Epl&igatzfcflfiltlisslon’ 50 60
3 Frontotemporal approach ~ Total excision None 1 Highly differentiated Not measured None 85 95
4 Fror}totemporal Subtqtal None 1 Highly differentiated Not measured Epidural ?ff.u.smn, 50 70
zygomatic arch approach resection Mastoiditis
5 Frontotemporal approach ~ Total excision None 1 Highly differentiated Not measured None 80 85
6 Neuroendoscope (EEA) igzzztjrll None 1 Highly differentiated Negative None 50 65
Subtotal . . . . .
7 Frontotemporal approach resection None 1 Highly differentiated Negative Arachnoid cyst 90 100
Subtotal . . . . g
8 Neuroendoscope (EEA) resection None 2 Highly differentiated Negative Mastoiditis 85 90
9 Frontot 1 h  Total excision None 1 Highly differentiated Negative Epidural 95 100
rontotemporal approac o ghly gativ hemorrhage
Cerebral infarction,
10 Frontotemporal approach ~ Total excision None 2 Highly differentiated Negative Epidural 80 95
hematocele
11 Frontotemporal approach ~ Partial excision RT 1 Highly differentiated Not measured Cerebral infarction 60 65
12 Frontotemporal approach ~ Total excision RT 2 Highly differentiated Negative None 75 85
13 Neuroendoscope (EEA) igzzzt;li None 1 Highly differentiated Negative Mastoiditis 65 70
14 Frontotemporal approach  Partial excision None 1 Highly differentiated Not measured Cerebral infarction 60 65
15 Frontotemporal approach ~ Partial excision RT 1 Highly differentiated Not measured Subarachnoid 60 65
hemorrhage

WHO grade: World Health Organization grade; IDHI: Isocitrate Dehydrogenase 1; GKS: gamma knife surgery; RT: Radiotherapy; KPS: Karnofsky Performance Scale.
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Table 3. The risk factors correlated with resection degree were determined by Spearman
correlation analysis.

Characteristic R Value p Value
Total excision
Preoperative KPS 0.571 0.026
Important vascular surrounded by tumor —0.107 0.705
Tumor maximum diameter —0.070 0.803
Preoperative KPS
Tumor maximum diameter —0.745 0.001
Ages —0.435 0.105
Important vascular surrounded by tumor —0.382 0.160
WHO grade 0.313 0.256

Preoperative KPS: preoperative Karnofsky Performance Score; WHO grade: World Health Organization grade.

3.5. Prognosis and Adjuvant Therapy

No deaths occurred during the follow-up period (December 2013 to June 2022), and all
patients had a better postoperative score compared to the preoperative KPS score (Table 2).
In addition, only two patients relapsed 4-8 years after the operation.

Multivariable correlation analysis results are shown in Table 4. Tumor relapse was
negatively correlated with the tumor resection degree (p = 0.009) but did not correlate
with the postoperative KPS score (p = 0.173), maximum tumor diameter (p = 0.322), WHO
grade (p = 0.484), important vascular surrounded by tumor (p = 0.622), and age (p = 0.628).
Furthermore, the postoperative KPS score positively correlated with the preoperative KPS
score and tumor resection degree (p < 0.001 and p = 0.026, respectively) and negatively
correlated with the maximum tumor diameter and age (p = 0.016 and p = 0.047, respectively).
The KPS growth value was obtained by subtracting the preoperative KPS score from the
postoperative KPS score, thus eliminating individual differences. A correlation analysis
was between specific growth value and tumor resection degree. KPS growth was positively
correlated with the tumor resection degree (p = 0.039), but not with the maximum tumor
diameter (p = 0.194), WHO grade (p = 0.496), age (p = 0.771), and important vascular
surrounded by tumor (p = 0.949).

The Kaplan—-Meier survival analysis demonstrated that patients with total chondrosar-
coma resection had longer progression-free survival than patients with partial resection
(p = 0.0322; Figure 5). Three patients received 15 rounds of radiotherapy six months after the
operation every other day for one month. Two patients had residual tumors, and one had a
malignant tendency because the tumor was WHO grade 2, so radiotherapy was performed.
Among them, the radiation treatment volume of patients 11 and 15 were 6800 rads, and the
radiation treatment volume of patient 12 was 6600 rads. One patient made his own decision
and received 4 gamma knife treatments due to his radical treatment viewpoint, and one
patient was about to receive cellular immunotherapy. The remaining patients did not
require adjuvant therapies (e.g., radiotherapy or chemotherapy; Table 3). However, some
postoperative complications were observed, including tumor recurrence (13.33%), cerebral
infarction (20%), epidural effusion (13.33%), mastoiditis (26.67%), epidural hemorrhage
(13.33%), subarachnoid hemorrhage (6.67%), and arachnoid cysts (6.67%).
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Figure 4. Pathological results at 10x magnification of parasellar chondrosarcoma. (A): The tumor
is lobulated, partially differentiated, and mature, partially immature, and lacuna structure can be
seen in the mature area; (B): 5-100 positive, the cytoplasm and nucleus were positive in immunohis-
tochemistry; (C): D2-40 positive, a specific indicator of chondrosarcoma; (D): Brachyury negative,
an important molecular marker for differentiating chondrosarcoma and chordoma. Brachyury is
positive in chondrosarcoma and negative in chordoma; (E): P53 negative, a tumor suppressor gene;
(F): CK negative, it is positive in chordoma and negative in chondrosarcoma, which is an important
molecular indicator to distinguish chondrosarcoma from chordoma; (G): Ki-67 low expression, the
proliferation of representative cells is inactive; (H): IDH-1 negative.
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Table 4. Spearman correlation analysis of prognosis and KPS related factors.

Characteristic R Value p Value
Recurrence

Total excision —0.650 0.009

Postoperative KPS —0.371 0.173

Maximum meridian of tumor —0.274 0.322

WHO grade —0.196 0.484

Important vascular surrounded by tumor —0.139 0.622

Ages 0.136 0.628

Postoperative KPS

Preoperative KPS 0.903 <0.001

Maximum meridian of tumor —0.609 0.016

Total excision 0.571 0.026

Ages —0.520 0.047

WHO grade 0.355 0.194

Important vascular surrounded by tumor —0.335 0.223

KPS growth

Total excision 0.536 0.039

Maximum meridian of tumor 0.355 0.194

WHO grade 0.191 0.496

Ages —0.082 0.771

Important vascular surrounded by tumor —0.018 0.949

Postoperative KPS: Postoperative Karnofsky Performance Score; WHO grade: World Health Organization grade;
KPS growth: Karnofsky Performance Score growth.

Resection degree

S 1004
e
: -
» ]
O -
[J) -
£ ]
5 @
7 ]
g -
5 ] -e- Total excision
g_ 1 = Partial excision P=0.0322
0 1 1 1 1
0 20 40 60 80

Month since surgery

Figure 5. Kaplan-Meier survival analysis of 15 patients, the score on the y-axis refers to the non-
recurrence rate of the patient. Patients with total resection of chondrosarcoma had longer progression-
free survival than patients with partial resection (p = 0.0322).

4. Discussion

Chondrosarcoma is a slow-growing and extremely rare intracranial tumor. Due
to its unique anatomical structure, the parasellar tumor easily invades the sellar and
cavernous sinuses, large vessels, and cavernous sinus nerves [4-8]. Thus, its treatment
is challenging [33]. Due to the high similarity in morphology and imaging between
chondrosarcoma and chordoma in the midline region of the skull base, diagnosis is also
difficult [34]. It has been reported that 37% of the cases (74 of 200 cases) were misdiagnosed
with chordoma before operation and pathologically confirmed as chondrosarcoma after
operation [34]. Chordomas arise from the remnants of notochord, which can also be present
in the parasellar region, but they are midline and usually lack calcification [34]. Parasellar
chondrosarcoma and chordoma often require further molecular and genetic evaluation for a
definite diagnosis [35]. Both chordoma and chondrosarcoma may be positive for S-100 and
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vimentin [24,26]. However, chordomas are usually immunopositive for epithelial markers
such as cytokeratin and endothelial membrane antigen (EMA), whereas chondrosarcoma
is negative for both markers [24]. “Brachyury” is a new, recently discovered specific
diagnostic marker for chordoma, and a high expression of “Brachyury” was found in
chordoma tissue samples [9,29,36].

This study comprehensively analyzed the clinical data, treatment, and prognosis of 15
patients with WHO grade 1 and 2 parasellar chondrosarcomas and evaluated the risk factors
related to the resection degree and tumor recurrence. We found that most patients with
parasellar chondrosarcoma were middle-aged, and the incidence rate in men and women
was similar. Furthermore, CT examinations identified skull destruction and calcification
around the tumor in most patients, which was consistent with the results of many previous
studies [12-14,17,37,38]. However, bone formation was only observed in the CT images of
a few patients. Jelthi et al. reported a similar phenomenon in patients with limb and pelvis
chondrosarcoma, with active bone absorption and actual bone remodeling [39], similar to
cartilage formation.

Moreover, we analyzed the preoperative characteristics of parasellar chondrosarcoma
and found that the tumors invaded related nerves in the cavernous sinus, inducing eye
movement and dysfunction, diplopia, and ptosis, amongst other symptoms. This clinical
feature was also reported in the relevant research, which mainly showed headache, de-
creased vision, strabismus, diplopia, and movement disorders [4,9,12-21]. Furthermore,
CT and MRI examinations indicated that most patients had large tumors with upper clivus
surrounding the sella. CTA showed that most tumors surrounded important arteries,
including the internal carotid, middle cerebral, posterior cerebral, vertebral, and basilar
arteries. It has also been reported that the cavernous carotid artery [14], the internal
carotid artery [40], and the cavernous carotid artery [14] could be surrounded by parasellar
chondrosarcoma. Generally, intracranial chondrosarcoma is difficult to resect completely
and often requires adjuvant treatment for complete control [41]. Tumors with these pre-
operative characteristics greatly increase the difficulty of total resection of the parasellar
chondrosarcoma.

In this study, three cases were treated using the endoscopic transnasal transsphenoidal
approach, resulting in near-total resection. This surgical approach has certain advantages
for removing tumors invading the inner-sellar area and midline and can remove tumors
with minimal displacement of the surrounding tissues. However, this approach can result in
residual tumors if the tumor deviates from the midline due to visual field defects. Although
some tumors can be removed completely, this approach has been associated with a high
recurrence rate [42].

Ten cases were treated using the transfrontotemporal approach, resulting in six total
resections, one near-total resection, and three partial resections. Furthermore, two cases
were treated using frontotemporal zygomatic arch transection, resulting in one partial
resection and one near-total resection. The transfrontotemporal approach fully exposes the
parasellar visual field, allowing direct observation of the tumor for removal. Therefore,
protecting the surrounding blood vessels and nerves is easy. However, the zygomatic arch
transection is more likely to expose tumors invading the middle-skull base.

We also analyzed risk factors associated with the degree of tumor resection. The resection
degree was positively correlated with the preoperative KPS score. Furthermore, total resection
did not correlate with important vessel wrapping or the maximum tumor diameter.

Pathologically, most tumors were grayish-white, hard, and tough during the operation.
They also had a common blood supply, were honeycomb-like, and had clear boundaries.
However, a few tumors were grayish-red and slightly soft. The focus usually grows in
the bone by infiltration, which eventually breaks through the cortex and invades the sur-
rounding soft tissue [1]. In this study, the postoperative pathological results identified
WHO grades 1 and 2 with highly differentiated parasellar chondrosarcomas with signifi-
cant cellular atypia and deeply stained binuclear cells in the nuclei. Additionally, mitosis
was rarely observed. Furthermore, chondrosarcoma cells invaded the bone, causing bone
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destruction. The pathological results also determined that nine patients were negative
for the IDH1 mutation, and the IDH1 mutation was undetectable in six patients. IDH1/2
mutations are associated with a low recurrence rate and high mortality [43]. Thus, evaluat-
ing these indicators may improve the prognostic accuracy for parasellar chondrosarcomas.
Additionally, all patients were positive for 5100, vimentin, and D2-40, and had low Ki-67
expression. However, chondrosarcoma does not express epithelial markers [44], which is a
characteristic pathological result of chondrosarcoma.

All patients were followed-up, and no deaths were reported. Furthermore, for all
patients, the postoperative KPS score was better than the preoperative KPS score in all
patients. Only two patients relapsed or progressed within four to eight years after the
surgery and underwent a reoperation. Generally, intracranial chondrosarcomas have a good
long-term prognosis [45]. Our correlation analysis indicated that patients who underwent
total chondrosarcoma resection were less likely to relapse than those who underwent partial
resection; they also had longer progression-free survival time. A similar outcome was
also reported in a skull base chondrosarcoma study [46]. In our study, the postoperative
KPS score, maximum tumor diameter, WHO grade, important macrovascular surrounded
by tumor, and age did not correlate with tumor recurrence. Yet, the postoperative KPS
score was positively correlated with the preoperative KPS score and tumor resection degree
and negatively correlated with the maximum tumor diameter and age. Additionally,
improved KPS scores positively correlated with the tumor resection degree but not with
the maximum tumor diameter, WHO grade, age, or the important vascular surrounded
by tumor. Nevertheless, parasellar chondrosarcoma is rare, and more cases should be
analyzed to confirm these correlations.

Although total tumor resection is important for treating parasellar chondrosarcoma,
adjuvant therapy is sometimes required. In this study, three patients received 15 rounds of
radiotherapy six months after the operation every other day for one month, one patient
received four rounds of gamma knife radiotherapy, and one received cellular immunother-
apy. The other patients did not require radiotherapy or chemotherapy. Unfortunately,
chondrosarcoma is not sensitive to chemotherapy, and so far, no drug treatment has been
approved. Nonetheless, several studies have reported a better prognosis in patients after
maximal tumor resection, postoperative radiotherapy, and proton therapy [47-49].

Finally, most patients experienced postoperative complications, including tumor re-
currence, cerebral infarction, epidural effusion, mastoiditis, arachnoid cysts, and atheroscle-
rotic diseases that may result from radiation-induced protease expression [50]. Therefore,
long-term postoperative follow-up is a good management strategy [47].

5. Conclusions

Parasellar chondrosarcomas are extremely rare. Patients with WHO grade 1 or 2
parasellar chondrosarcomas often have neuro-ophthalmological symptoms. In addition,
the complete resection of parasellar chondrosarcomas is challenging. Our data further
suggest that surgical resection can be used to effectively treat the disease. Therefore, as
surgical technologies and lighting systems progress, and neuroendoscopy and craniotomy
tools and techniques improve, so can the prognosis of these patients. Furthermore, we
found that total tumor resection was more complicated if the patient had a low preoperative
KPS score or if the tumor was large. However, a higher resection degree was associated
with a greater increase in the KPS score after surgery, emphasizing the importance of
resecting as much tissue as possible. Moreover, based on the degree of tumor resection,
adjuvant radiotherapy and proton therapy may be suitable to reduce tumor recurrence,
while immunotherapy is another viable postoperative adjuvant therapy option. In addition,
young patients with a high KPS score and small tumors before surgery showed a better
prognosis after total resection. In brief, KPS score, age, maximum tumor diameter, and
resection degree are important prognostic factors in our study and may be confirmed in
future research. Additionally, long-term follow-up is a feasible management strategy to
detect tumor relapse.



Brain Sci. 2022, 12, 1353 14 of 16

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/brainscil2101353/s1, Supplementary Table S1 Preoperative con-
dition of 15 patients with parasellar chondrosarcoma.

Author Contributions: L.Z. and C.W. contributed equally to this work and are considered co-first
authors. L.Z. and C.W. compiled the whole article. S.H. and X.Z. (Xianwei Zeng) are co-corresponding
authors (co-last authors). S.H. and X.Z. (Xianwei Zeng) are the instructors of the whole article. X.Q.
provided imaging analysis. X.Z. (Xufei Zhang) retrospectively examined the pathological data. C.Y.,
N.L, Y.Y, MR, Y.L. and X.E participated in the study related to surgery and follow-up. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The studies involving human participants were reviewed.
This study was conducted in accordance with the guidelines of the declaration of Helsinki and
approved by the Ethics Committee of Sanbo Brain Hospital.

Informed Consent Statement: The patients provided their written informed consent to participate
in this study.

Data Availability Statement: The data presented in this study are available in [“results” part and
Supplementary Materials].

Acknowledgments: Thanks to our colleagues in the Qilu Hospital of Shandong University and the
sixth ward of Sanbo Brain Hospital for their help.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Bloch, O,; Parsa, A.T. Skull base chondrosarcoma: Evidence-based treatment paradigms. Neurosurg. Clin. N. Am. 2013, 24, 89-96.
[CrossRef]

2. Awad, M.; Gogos, A.].; Kaye, A .H. Skull base chondrosarcoma. . Clin. Neurosci. 2016, 24, 1-5. [CrossRef]

3.  Brian, N.; Robert, T.S.; Leslie, S.; Mary, H.; Joseph, R.S. Chondrosarcoma of the skull base. Laryngoscope 2002, 112, 134-139.
[CrossRef]

4. Bloch, O.G,; Jian, BJ,; Yang, I.; Han, S.J.; Aranda, D.; Ahn, B.J.; Parsa, A.T. A systematic review of intracranial chondrosarcoma
and survival. J. Clin. Neurosci. 2009, 16, 1547-1551. [CrossRef]

5. Bloch, O.G; Jian, B.J.; Yang, I.; Han, S.J.; Aranda, D.; Ahn, B.J; Parsa, A.T. Cranial chondrosarcoma and recurrence. Skull Base
2010, 20, 149-156. [CrossRef]

6. Koch, B.B,; Karnell, L.H.; Hoffman, H.T.; Apostolakis, L.W.; Robinson, R.A.; Zhen, W.; Menck, H.R. National cancer database
report on chondrosarcoma of the head and neck. Head Neck 2000, 22, 408-425. [CrossRef]

7. Patel, S.; Nunna, R.S.; Ryoo, ].S.; Ansari, D.; Chaudhry, N.S.; Mehta, A.I. Outcomes and Patterns of Care in Adult Skull Base
Chondrosarcoma Patients in the United States. World Neurosurg. 2021, 150, 71-83. [CrossRef] [PubMed]

8.  Hasegawa, H.; Shin, M.; Kondo, K.; Hanakita, S.; Mukasa, A.; Kin, T.; Saito, N. Role of endoscopic transnasal surgery for skull
base chondrosarcoma: A retrospective analysis of 19 cases at a single institution. J. Neurosurg. 2018, 128, 1438-1447. [CrossRef]

9. Gupta, RK; Gupta, L.; Saran, R.K.; Jagetia, A.; Garg, L. Parasellar Chondrosarcoma in Three Young Patients: A Diagnosis of
Caution. J. Neurosci. Rural Pract. 2017, 8 (Suppl. S1), S130-S132. [CrossRef]

10. Sharma, M.; Madan, M.; Manjari, M.; Kaur, H. Pituitary Chondrosarcoma presenting as a sellar and suprasellar mass with
parasellar extension: An Unusual presentation. Iran. J. Pathol. 2016, 11, 161-166. [PubMed]

11. Manojlovic-Gacic, E.; Rostami, E.; Karavitaki, N.; Casar-Borota, O. Histopathology of Parasellar Neoplasms. Neuroendocrinology
2020, 110, 740-752. [CrossRef] [PubMed]

12.  Kremenevski, N.; Schlaffer, S.M.; Coras, R.; Kinfe, T.M.; Graillon, T.; Buchfelder, M. Skull Base Chordomas and Chondrosarcomas.
Neuroendocrinology 2020, 110, 836-847. [CrossRef]

13. Kim, ].G,; Lee, D.H,; Kim, Y.I; Kim, I.S.; Sung, ]. H.; Yang, S.H. Modified Orbitozygomatic Approach for Resecting a Parasellar
Tumor in a Single Institution. Brain Tumor Res. Treat. 2021, 9, 58-62. [CrossRef]

14. Gooding, V.K. Parasellar chondrosarcoma: Total excision improves prognosis. Br. |. Neurosurg. 1995, 9, 87-92. [CrossRef]

15. Sindou, M.; Daher, A.; Vighetto, A.; Goutelle, A. Chondrosarcome parasellaire: Rapport d'un cas opéré par voie ptériono-
temporale et revue de la littérature [Parasellar chondrosarcoma: Report of a case operated on through a pteriono-temporal
approach and review of the literature]. Neurochirurgie 1989, 35, 186-190.

16. Masuzawa, T.; Nakahara, N.; Saito, K.; Sato, F. Parasellar chondrosarcoma—Case report. Neurol. Med. Chir. 1986, 26, 44—48.
[CrossRef]

17.  Reuter, K.; Weber, A.L. Parasellar chondrosarcoma in a patient with Ollier’s disease. Neuroradiology 1981, 22, 151-154. [CrossRef]


https://www.mdpi.com/article/10.3390/brainsci12101353/s1
https://www.mdpi.com/article/10.3390/brainsci12101353/s1
http://doi.org/10.1016/j.nec.2012.08.002
http://doi.org/10.1016/j.jocn.2015.10.029
http://doi.org/10.1097/00005537-200201000-00023
http://doi.org/10.1016/j.jocn.2009.05.003
http://doi.org/10.1055/s-0029-1246218
http://doi.org/10.1002/1097-0347(200007)22:4&lt;408::AID-HED15&gt;3.0.CO;2-H
http://doi.org/10.1016/j.wneu.2021.03.097
http://www.ncbi.nlm.nih.gov/pubmed/33785427
http://doi.org/10.3171/2017.1.JNS162000
http://doi.org/10.4103/jnrp.jnrp_490_16
http://www.ncbi.nlm.nih.gov/pubmed/27499779
http://doi.org/10.1159/000507084
http://www.ncbi.nlm.nih.gov/pubmed/32155632
http://doi.org/10.1159/000509386
http://doi.org/10.14791/btrt.2021.9.e24
http://doi.org/10.1080/02688699550041827
http://doi.org/10.2176/nmc.26.44
http://doi.org/10.1007/BF00346758

Brain Sci. 2022, 12, 1353 150f 16

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Chiaramonte, C.; Jacquesson, T.; Jouanneau, E. Extra-intradural extracavernous subtemporal approach for chondrosarcomas:
Technical note and case report. Acta Neurochir. 2019, 161, 2349-2352. [CrossRef]

Taptas, ].N. Parasellar chondrosarcoma: Report of a case surgically treated using a pteriono-temporal approach and a review of
the literature. Neurochirurgie 1989, 35, 412.

Tanaka, T.; Tani, S.; Nakahara, S.; Hashimoto, T.; Ushigome, S. Intra-and extracranial chondrosarcoma. No Shinkei Geka 1995, 23,
145-150. [PubMed]

Munro, M.; Costello, F.; Burrowes, D.; Yau, R. Maffucci syndrome and intracranial chondrosarcomas: A case report featuring
spontaneous resolution of sixth nerve palsy. J. Neuroophthalmol. 2015, 35, 41-44. [CrossRef]

Volpe, N.J.; Liebsch, N.J.; Munzenrider, ].E.; Lessell, S. Neuro-ophthalmologic findings in chordoma and chondrosarcoma of the
skull base. Am. J. Ophthalmol. 1993, 115, 97-104. [CrossRef]

Almefty, K.; Pravdenkova, S.; Colli, B.O.; Al-Mefty, O.; Gokden, M. Chordoma and chondrosarcoma: Similar, but quite different,
skull base tumors. Cancer 2007, 110, 2457-2467. [CrossRef]

Van Gompel, ].J.; Janus, J.R. Chordoma and chondrosarcoma. Otolaryngol. Clin. N. Am. 2015, 48, 501-514. [CrossRef] [PubMed]
De Leo, A.N.; Holtzman, A.L.; Ho, M.W.,; Morris, C.G.; Rutenberg, M.S.; Rotondo, R.L.; Bates, J.E.; Indelicato, D.J.; Rao, D.; Asa
Hasan, M.; et al. Vision loss following high-dose proton-based radiotherapy for skull-base chordoma and chondrosarcoma.
Radiother. Oncol. 2021, 158, 125-130. [CrossRef]

WHO Classification of Tumours Editorial Board. Soft Tissue and Bone Tumours, WHO Classification of Tumours, 5th ed.; IARC Press:
Lyon, France, 2020; pp. 321-525.

Li, L.; Wang, K.; Ma, X; Liu, Z.; Wang, S.; Du, J; Tian, K.; Zhou, X.; Wei, W.; Sun, K.; et al. Radiomic analysis of multiparametric
magnetic resonance imaging for differentiating skull base chordoma and chondrosarcoma. Eur. ]. Radiol. 2019, 118, 81-87.
[CrossRef]

Vujovic, S.; Henderson, S.; Presneau, N.; Odell, E.; Jacques, T.S.; Tirabosco, R.; Boshoff, C.; Flanagan, A.M. Brachyury, a crucial
regulator of notochordal development, is a novel biomarker for chordomas. J. Pathol. 2006, 209, 157-165. [CrossRef]

Kano, H.; Niranjan, A.; Lunsford, L.D. Radiosurgery for Chordoma and Chondrosarcoma. Prog. Neurol. Surg. 2019, 34, 207-214.
[CrossRef] [PubMed]

Fukushima, T.; Ogura, K.; Akiyama, T.; Takeshita, K.; Kawai, A. Descriptive epidemiology and outcomes of bone sarcomas in
adolescent and young adult patients in Japan. BMC Musculoskelet. Disord. 2018, 19, 297. [CrossRef]

Cao, L.; Li, C;; Zhang, Y.; Gui, S. Surgical resection of unilateral thalamic tumors in adults: Approaches and outcomes.
BMC Neurol. 2015, 15, 229. [CrossRef] [PubMed]

McNair, K.M.; Zeitlin, D.; Slivka, A.M.; Lequerica, A.H.; Stubblefield, M.D. Translation of Karnofsky Performance Status (KPS)
for use in inpatient cancer rehabilitation. PM R 2021. [CrossRef] [PubMed]

Albano, L.; Losa, M.; Flickinger, J.; Mortini, P.; Minniti, G. Radiotherapy of Parasellar Tumours. Neuroendocrinology 2020, 110,
848-858. [CrossRef] [PubMed]

Rosenberg, A.E.; Nielsen, G.P; Keel, S.B.; Renard, L.G.; Fitzek, M.M.; Munzenrider, J.E.; Liebsch, N.J. Chondrosarcoma of the base
of the skull: A clinicopathologic study of 200 cases with emphasis on its distinction from chordoma. Am. J. Surg. Pathol. 1999, 23,
1370-1378. [CrossRef]

Kitamura, Y.; Sasaki, H.; Yoshida, K. Genetic aberrations and molecular biology of skull base chordoma and chondrosarcoma.
Brain Tumor Pathol. 2017, 34, 78-90. [CrossRef] [PubMed]

Zajac, A.E.; Kope¢, S.; Szostakowski, B.; Spatek, M.].; Fiedorowicz, M.; Bylina, E.; Filipowicz, P.; Szumera-Cieckiewicz, A.;
Tysarowski, A.; Czarnecka, A.M.; et al. Chondrosarcoma-from Molecular Pathology to Novel Therapies. Cancers 2021, 13, 2390.
[CrossRef]

Weber, A.L.; Liebsch, N.J.; Sanchez, R.; Sweriduk, S.T., Jr. Chordomas of the skull base. Radiologic and clinical evaluation.
Neuroimaging Clin. N. Am. 1994, 4, 515-527.

Bourgouin, PM.; Tampieri, D.; Robitaille, Y.; Robert, F.; Bergeron, D.; del Carpio, R.; Melangon, D.; Ethier, R. Low-grade myxoid
chondrosarcoma of the base of the skull: CT, MR, and histopathology. J. Comput. Assist. Tomogr. 1992, 16, 268-273. [CrossRef]
Jelthi, A.; Forest, M.; Tomeno, B.; Abelanet, R. Bone resorption and remodelling in chondrosarcomas of the limbs and pelvis.
Diagnostic value in 84 cases. Ann. Pathol. 1987, 7, 198-208.

Ding, C.; Chen, W,; Liu, F; Xiong, M.; Chen, J. Skull Base Chondrosarcoma Caused by Ollier Disease: A Case Report and
Literature Review. World Neurosurg. 2019, 127, 103-108. [CrossRef]

Metcalfe, C.; Muzaffar, J.; Kulendra, K.; Sanghera, P.; Shaw, S.; Shad, A.; Saravanappa, N.; Paluzzi, A.; Ahmed, S. Chordomas and
chondrosarcomas of the skull base: Treatment and outcome analysis in a consecutive case series of 24 patients. World J. Surg.
Oncol. 2021, 19, 68. [CrossRef]

Ceylan, S.; Emengen, A.; Caklili, M.; Ergen, A.; Yilmaz, E.; Uzuner, A.; Icli, D.; Cabuk, B.; Anik, I. Operative nuances and
surgical limits of the endoscopic approach to clival chordomas and chondrosarcomas: A single-center experience of 72 patients.
Clin. Neurol. Neurosurg. 2021, 208, 106875. [CrossRef]

Vuong, H.G.; Ngo, TN.M.; Dunn, L.F. Prognostic importance of IDH mutations in chondrosarcoma: An individual patient data
meta-analysis. Cancer Med. 2021, 10, 4415-4423. [CrossRef]

Rosenberg, A.E.; Brown, G.A.; Bhan, AK,; Lee, ].M. Chondroid chordoma—A variant of chordoma. A morphologic and
immunohistochemical study. Am. J. Clin. Pathol. 1994, 101, 36—41. [CrossRef] [PubMed]


http://doi.org/10.1007/s00701-019-03989-z
http://www.ncbi.nlm.nih.gov/pubmed/7877735
http://doi.org/10.1097/WNO.0000000000000151
http://doi.org/10.1016/S0002-9394(14)73531-7
http://doi.org/10.1002/cncr.23073
http://doi.org/10.1016/j.otc.2015.02.009
http://www.ncbi.nlm.nih.gov/pubmed/25863568
http://doi.org/10.1016/j.radonc.2021.02.012
http://doi.org/10.1016/j.ejrad.2019.07.006
http://doi.org/10.1002/path.1969
http://doi.org/10.1159/000493066
http://www.ncbi.nlm.nih.gov/pubmed/31096236
http://doi.org/10.1186/s12891-018-2217-1
http://doi.org/10.1186/s12883-015-0487-x
http://www.ncbi.nlm.nih.gov/pubmed/26545867
http://doi.org/10.1002/pmrj.12741
http://www.ncbi.nlm.nih.gov/pubmed/34837660
http://doi.org/10.1159/000506902
http://www.ncbi.nlm.nih.gov/pubmed/32126559
http://doi.org/10.1097/00000478-199911000-00007
http://doi.org/10.1007/s10014-017-0283-y
http://www.ncbi.nlm.nih.gov/pubmed/28432450
http://doi.org/10.3390/cancers13102390
http://doi.org/10.1097/00004728-199203000-00017
http://doi.org/10.1016/j.wneu.2019.03.037
http://doi.org/10.1186/s12957-021-02178-6
http://doi.org/10.1016/j.clineuro.2021.106875
http://doi.org/10.1002/cam4.4019
http://doi.org/10.1093/ajcp/101.1.36
http://www.ncbi.nlm.nih.gov/pubmed/7506477

Brain Sci. 2022, 12, 1353 16 of 16

45.

46.

47.

48.

49.

50.

Samii, A.; Gerganov, V.; Herold, C.; Gharabaghi, A.; Hayashi, N.; Samii, M. Surgical treatment of skull base chondrosarcomas.
Neurosurg. Rev. 2009, 32, 67-75. [CrossRef]

Raza, S.M.; Gidley, PW.; Meis, ].M.; Grosshans, D.R.; Bell, D.; DeMonte, F. Multimodality Treatment of Skull Base Chondrosarco-
mas: The Role of Histology Specific Treatment Protocols. Neurosurgery 2017, 81, 520-530. [CrossRef] [PubMed]

Hasegawa, H.; Vakharia, K.; Graffeo, C.S.; Carlson, M.L.; Pollock, B.E.; Brown, P.D.; Perry, A.; Van Gompel, ].J.; Driscoll,
C.L.W,; Link, M.]. Long-term outcomes of grade I/II skull base chondrosarcoma: An insight into the role of surgery and upfront
radiotherapy. J. Neurooncol. 2021, 153, 273-281. [CrossRef] [PubMed]

Kano, H; Iyer, A.; Lunsford, L.D. Skull base chondrosarcoma radiosurgery: A literature review. Neurosurgery 2014, 61 (Suppl. S1),
155-158. [CrossRef]

Holtzman, A.L.; Rotondo, R.L.; Rutenberg, M.S.; Indelicato, D.].; Mercado, C.E.; Rao, D.; Tavanaiepour, D.; Morris, C.G.; Louis, D.;
Flampouri, S.; et al. Proton therapy for skull-base chondrosarcoma, a single-institution outcomes study. J. Neurooncol. 2019, 142,
557-563. [CrossRef]

Ruff, M.W.; Bhargav, A.G.; English, S.W.; Klaas, ].P. Hyperkinetic transient ischemic attacks preceding deep ganglionic infarction
in a patient with a treated parasellar chondrosarcoma. J. Clin. Neurosci. 2018, 48, 104-105. [CrossRef]


http://doi.org/10.1007/s10143-008-0170-4
http://doi.org/10.1093/neuros/nyx042
http://www.ncbi.nlm.nih.gov/pubmed/28368506
http://doi.org/10.1007/s11060-021-03764-0
http://www.ncbi.nlm.nih.gov/pubmed/33907967
http://doi.org/10.1227/NEU.0000000000000382
http://doi.org/10.1007/s11060-019-03129-8
http://doi.org/10.1016/j.jocn.2017.10.076

	Introduction 
	Materials and Methods 
	Patient Population 
	Radiological Profiles 
	Histopathological Examinations 
	Central Atypical Cartilaginous Tumor/Chondrosarcoma, Grade 1 (ACT/CS1) 
	Central Chondrosarcoma, Grade 2 and 3 
	Immunohistochemistry 

	Karnofsky Performance Scale 
	Statistical Analyses 

	Results 
	Patient Demographics 
	Radiological Profiles 
	Surgical Resection 
	Histopathology 
	Prognosis and Adjuvant Therapy 

	Discussion 
	Conclusions 
	References

