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Abstract
Intracranial mesenchymal chondrosarcoma (IMC) is a rare malignancy. We aimed to investigate the e�cacy of
treatment in overall survival (OS) for patients with IMC. Firstly, we retrospectively collected 9 cases from two medical
centers, then screened the publications and enrolled 112 reported cases, and �nally pooled these data together to
analyze candidate prognostic factors for OS. For the treatment-related predictors, we de�ned active intervention if GTR
(gross total resection) and/or radiotherapy (GaoR) was employed and inactive one when neither GTR nor radiotherapy
(NGnR) was used. The 1-year, 3-year and 5-year OS for patients with IMC were 82.6%, 60.3% and 49.4%, respectively.
NGnR was the independent risk factor for OS (HR [hazard ratio] = 4.70, 95% CI [con�dence interval] 1.575 ~ 14.060; p =
0.006). The 1-year, 3-year and 5-year of patients with GaoR were higher than that of patients with NGnR (85.1%, 68.7%
and 57.7% vs. 72.7%, 42.4% and 21.2%). Patients with IMC could obtain survival bene�t from active intervention (GaoR
group). GTR and/or radiotherapy should be recommended whenever feasible. 

1. Introduction
Chondrosarcomas, accounting for 20% ~ 27% of primary malignant osseous tumors, are cartilage-derived
sarcomas[10]. Mesenchymal chondrosarcoma (MC) is a rare variant, considering the fact that only 205 cases could be
retrieved from The Surveillance, Epidemiology, and End Results (SEER) database with almost 40-year duration (from
1973 to 2011)[17]. Intracranial mesenchymal chondrosarcoma (IMC) shows differences compared to conventional
intracranial chondrosarcoma. Generally, IMC affects younger age patients, is more commonly found in non-skull base
location, is with larger tumor volume, and results in shorter overall survival (OS)[8]. Data from the SEER database[9, 17]
and considerable cohort size from a single center [23, 8] improve our understanding of this uncommon tumor. However,
whether patients could bene�t from increasing the extent of surgery or use of radiotherapy remains unknown. To
answer this question, we analyzed 121 cases with IMC by pooling 9 cases from our two medical centers and 112
previously reported cases.

2. Patients And Methods
This study included two clinical centers, General Hospital of the Yangtze River Shipping and Wuhan Union Hospital,
between January 2000 and December 2019. Patients with primary IMCs were enrolled in this study, which were
con�rmed by histopathological examination. Medical records were reviewed to retrieve demographic data and
radiological examinations. These patients were followed up by clinic visits, email, or phone call. The Research Ethics
Committee of both centers approved this study.

Literature review

Cases from publications were also collected to obtain su�cient cohort size for further risk analyses. PubMed was the
main platform to search the potential cases based on the MeSH term "mesenchymal chondrosarcoma". The references
of publications were also carefully reviewed, and corresponding cases would be included when they ful�lled the
following inclusion criteria: 1) with primary intracranial location and 2) reported in English. Cases without surgical
treatment or concurrent with other malignant tumors were excluded. JYC and FCZ scrutinized the resources of each
case to rule out duplicates.

Candidates of risk factors

Candidates of interest included the following: age at diagnosis, sex, tumor location regarding tentorium and skull base,
bone involvement, tumor size, peritumoral edema, ki-67 index, the extent of surgery, postoperative radiotherapy and
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chemotherapy. Tumor size was the maximal diameter of the tumor. Peritumoral edema were assessed in MRI T2WI for
the cases from our two center and cases from prior publications. The extent of surgery was categorized into two
subgroups, gross total resection (GTR) and non-GTR (NGTR). When no residual tumor was achieved, the extent of
surgery was de�ned as GTR; otherwise, NGTR was recorded. Overall survival (OS) was calculated from pathological
diagnosis to the death or the last follow-up.

Statistical analyses

The data analyses and data visualization were done using R software version 3.6.0 (https ://www.r-project.org/).
Continuous variables were �rst tested for normal distribution using a Shapiro-Wilk test. As results showed age (p < 
0.001), tumor size (p = 0.012) and ki-67 index (p < 0.001) were non-normal, these variables were presented as medians
and range. In this case, the Wilcoxon rank-sum test was used to compare the differences. Categorical variables were
expressed as percentages and χ2 tests were used accordingly. The cutoff setting of continuous variables (age, 38
years; tumor size, 5.5 cm; ki-67, 12%) for OS was done by "cupt" function in "survMisc" package. Pertinent risk factors
for OS were �rst evaluated by the Log-rank method, and those with p < 0.10 were sent for multivariate Cox proportional
regression analysis. When p-value < 0.05, the difference is considered signi�cant statistically.

3. Results

3.1 Clinical features
Our two medical centers were able to yield 9 cases with IMC. Meanwhile, as Fig. 1 showed, 112 cases from prior
publications were enrolled. Cases from our two medical centers and cases from publications were pooled to
comprehensively describe and analyze this rare disease, details of which were exhibited in Supplementary Table 1.

Clinical features of the 121 cases with IMC were summarized in Table 1. These patients' median age was 21 years,
with a range from 2 months to 71 years. The proportion of females was slightly higher than that of males (52.1% vs.
46.3%). Infratentorial and supratentorial locations were found in 93 cases and 21 cases, non-skull base and skull base
in 81 cases and 30 cases, free of bone involvement and with bone involvement in 34 cases and 47 cases, respectively.
Tumor size was recorded in 63 cases, the median of which was 6 cm (range 1.7 cm ~ 15 cm). The evaluation of
peritumoral edema was available in 25 cases, and 9 of them showed no edema. Among the 21 cases with the Ki-67
index, the median was 12.6% (range 1% ~70%).

3.4 Treatment details
As our study only included patients that received surgical treatment, surgery was performed in all cases. The extent of
surgery was available in 97 cases, and GTR was achieved in 61 of them. The condition of using postoperative
adjuvant radiotherapy was reported in 105 cases, and 57 patients accepted radiotherapy. The median radiation dose
was 50.2 Gy (30 Gy ~ 70.4 Gy; n = 10). Most patients received conventionally fractionated irradiation, but Gama-knife
therapy[6, 3, 24, 21, 19, 7, 13] and proton beam therapy were also reported[21]. Patients with surgical extent and
radiotherapy information were available in 90 cases, where neither GTR nor radiotherapy (NGnR) was found in 12
cases, GTR without radiotherapy in 30 cases, NGTR with radiotherapy in 20 cases, and GTR plus radiotherapy in 28
cases. The use of chemotherapy was reported in 18 cases, with their regimens varying from monotherapy (e.g.,
cisplatin[25] and doxorubicin[22]) to a combination of multiple agents (e.g., dactinomycin, doxorubicin, ifosfamide,
and vincristine[20]).

3.3 Outcomes of the pooled data

https://www.crd.york.ac.uk/prospero/
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We failed to obtain survival data of 17 (14.0%); for the remaining 104 cases with survival records, the median follow-up
was 24 months (range 3 days to 120 months). Tumor progression, including local recurrence and intra- and/or
extracranial metastases, was documented in 87 cases (Table 1). As a result, 58 cases suffered from tumor
progression, and extracranial metastases were found in 13 cases. For patients with tumor progression, the median
interval from diagnosis to the �rst progression was 10.5 months (range one month ~ 84 months). Consequently, 45
patients died in this pooled cohort: 43 died to disease progression, while the other two cases demised due to other non-
related causes. The 1-year, 3-year and 5-year OS for IMC patients were 82.6%, 60.3% and 49.4%, respectively.

3.4 Risk factor analyses for OS
Log-rank analyses revealed that older age (≥ 38 years; p = 0.061, Fig. 2a), larger tumor size (≥ 5.5 cm; p = 0.003,
Fig. 2b), higher ki-67 index (≥ 12%; p = 0.072, Fig. 2c), and radiotherapy (p = 0.074, Fig. 2e), were potential candidates
risk factors for OS. Candidates, which did not ful�ll the set level (p < 0.10) for multivariate analyses, contained sex (p = 
0.148), location based on tentorium (p = 0.845) or skull base (p = 0.584), bone involvement (p = 0.824), peritumoral
edema (p = 0.450), the extent of surgery (p = 0.29), and the use of chemotherapy (p = 0.383). Interestingly, when the
Kaplan-Meier curves of OS over non-signi�cant potential candidates were carefully checked, a trend of survival bene�t
in the GTR group (Fig. 2d and Supplementary Fig. 1) could be observed. Then, we tried to integrate surgical extent and
radiation into a treatment-related risk factor, which showed more valuable under the context of clinical use. Here, we
de�ned active intervention if GTR and/or radiotherapy (GaoR) was employed and inactive one when neither GTR nor
radiotherapy (NGnR) was used. Encouragingly, GaoR improved OS signi�cantly (p = 0.04, Fig. 2f) in Log-rank analysis.

Since the ki-67 index was missed in most cases (Table 1), the further multivariate Cox analysis excluded this
candidate. Subsequent multivariate analyses (n = 50, Fig. 3a) indicated that only NGnR was the independent risk factor
for OS (HR [hazard ratio] = 4.70, 95% CI [con�dence interval] 1.575 ~ 14.060; p = 0.006). Indeed, the 1-year, 3-year and 5-
year of patients with GaoR were higher than that of patients with NGnR (85.1%, 68.7% and 57.7% vs. 72.7%, 42.4% and
21.2%, Fig. 3b). Notably, the overall comparison of clinical features between NGnR and GaoR groups uncovered that
only the median tumor size of NGnR was signi�cantly higher than GaoR (6.5 cm vs. 5.6 cm; p = 0.035, Table 1).

4. Discussion
For rare tumors like IMC, data from the SEER database and/or major medical centers offer an ideal opportunity to
answer a research question. Unfortunately, convincing evidence to show the e�ciency of treatment strategy in OS
remains unavailable. Here, we tried an alternative method that, we �rstly collected 9 cases from two medical centers,
then screened the publications and enrolled 112 reported cases (Fig. 1), and �nally pooled these data together to
analyze candidate prognostic factors for OS. Consequently, we found that patients with IMC could obtain survival
bene�t from active intervention (GaoR group), which was an independent predictor for OS.

The 5-year and 10-year OS of MC were respectively 74% and 54 from the European Musculoskeletal Oncology Society
study[4], and were respectively 51% and 49% from a USA population-based study, respectively[17]. While Frezza et al.[4]
did not identify primary site and origin signi�cantly affected survival, Schneiderman et al.[17] found cranial location
indicated a better prognosis with an OS of 74% at �ve years and 67% at ten years. A recent study from Beijing Tiantan
hospital, exclusively for IMC, representing the largest cohort size (n = 16) from a single medical center, reported a lower
5-year OS of 56% [23]. Our data showed a further lower 5-year OS of 49.4%. Notably, up to 7 (6.7%) cases[12, 16, 5, 15,
2, 20] died within 1 months, and 4 (3.9%) [12, 16, 5] of them died within 10 days in the pooled cohort.

IMC tended to affected patients in their second and third decades [16, 23, 20]. For patients with MC, younger age was
an independent predictor for survival[17]. A similar tendency was identi�ed in our study, but the OS difference between
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older age (≥ 38 years) and younger age (< 38 years) was not signi�cant. It was still controversial whether tumor
location was a prognostic factor for OS in patients with MC[17, 4]. Evidence was robust that IMC tended to locate in
non-skull base region[8, 14, 18, 25]. Therefore, we carefully reviewed the CT and/or MRI images of available cases and
further classi�ed tumor location according to their relationship with tentorium and skull base. The other two
radiological pro�les, bone involvement and peritumoral edema, were also assessed. But we did not identify their
in�uence in OS. In contrast, larger tumor size signi�cantly predicted a shorter OS and a tendency of longer OS was
observed in low ki-67 patients on log-rank analyses. Further well-controlled studies are needed to con�rm their value in
OS, as none of the above candidates proved to predict outcome in multivariate analyses signi�cantly.

Similar to the study by Wang et al.[23], we were unable to identify the role of the extent of surgery and RT in OS. After
reviewing their Kaplan-Meier curves (Fig. 2), we found that the outcomes for patients with GTR or RT tended to be
better than that of their counterparts. Meanwhile, the value of chemotherapy was unclear on preliminary analysis and
we excluded this parameter for the further establishment of treatment-related risk factors. Surprisingly, treatment
strategy, considering GTR and RT status, affected IMC patients' prognosis. Nonetheless, given the larger tumor size in
NGnR, we could not conclude that NGnR was a risk factor yet. Subsequent multivariate Cox analysis uncovered that
the effect of NGnR in OS was independent of age and tumor size (Fig. 3a).

More speci�cally, the higher OS rate at 1 year, 3 years and 5 years of patients with GaoR were signi�cant (Fig. 3b).
Based on these �ndings, it was safe to advise that active treatment was worth trying for patients with IMC.

5. Limitations
This retrospective study was based on data from numerous centers, and inherent bias existed. Due to the incomplete
information, we could not assess some remarkable parameters, e.g., ki-67 index. Also, we could not draw a conclusion
yet whether additional survival bene�t could be obtained in patients with GTR plus radiotherapy compared to patients
with GTR alone. It matters when a radiologist considers the necessity of radiotherapy to an IMC patient with GTR.
Moreover, studies in patients with MC showed survival bene�t could be achieved when using chemotherapy [11, 1, 4].
By comparison, our study focused on IMC and failed to identify improved OS in patients with chemotherapy. However,
this study was representative and valuable considering the diverse data sources, covering populations from races,
continents and religions. Essentially, we identi�ed treatment affected prognosis and active intervention led to better
outcomes.

6. Conclusion
Patients with IMC could obtain survival bene�t from active intervention (GaoR group). GTR and/or radiotherapy should
be recommended whenever feasible. Our �ndings need to be con�rmed in future studies with multi-center, prospective
and randomized control studies.
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Table 1. Summary of clinical data of 121 cases with IMC

  Overall
(N=121)

NGnR
(N=12)

GaoR
(N=78)

p-
value

  Overall
(N=121)

NGnR
(N=12)

GaoR
(N=78)

p-
value

Age (years)         Tumor size ≥ 5.5 cm      

Mean (SD) 23.4
(14.8)

18.9
(12.4)

24.3
(16.1)

  No 28
(23.1%)

2
(16.7%)

22
(28.2%)

0.131†

Median
[Min, Max]

21.0
[0.167,
71.0]

16.5
[2.00,
48.0]

21.0
[0.167,
71.0]

0.295* Yes 32
(26.4%)

7
(58.3%)

21
(26.9%)

 

Age ≥ 38 years       Missing 61
(50.4%)

61
(50.4%)

3
(25.0%)

 

No 99
(81.8%)

11
(91.7%)

62
(79.5%)

0.595† Edema        

Yes 22
(18.2%)

1
(8.3%)

16
(20.5%)

  No 9 (7.4%) 0 (0%) 9
(11.5%)

0.371†

Female         Yes 16
(13.2%)

3
(25.0%)

9
(11.5%)

 

No 56
(46.3%)

5
(41.7%)

36
(46.2%)

0.923‡ Missing 96
(79.3%)

9
(75.0%)

60
(76.9%)

 

Yes 63
(52.1%)

7
(58.3%)

40
(51.3%)

  Ki-67 (%)        

Missing 2 (1.7%) 0 (0%) 2
(2.6%)

  Mean (SD) 18.3
(18.3)

22.5
(13.2)

17.3
(19.5)

 

Supra-tentorium       Median
[Min, Max]

12.6
[1.00,
70.0]

12.0
[1.00,
70.0]

20.0
[10.0,
40.0]

0.256*

No 93
(76.9%)

10
(83.3%)

63
(80.8%)

0.981† Missing 100
(82.6%)

8
(66.7%)

61
(78.2%)

 

Yes 21
(17.4%)

2
(16.7%)

13
(16.7%)

  Ki67 ≥ 12%        

Missing 7 (5.8%) 0 (0%) 2
(2.6%)

  No 10
(8.3%)

1
(8.3%)

9
(11.5%)

0.736†

Skull base         Yes 11
(9.1%)

3
(25.0%)

8
(10.3%)

 

No 81
(66.9%)

7
(58.3%)

56
(71.8%)

0.407‡ Missing 100
(82.6%)

8
(66.7%)

61
(78.2%)

 

Yes 30
(24.8%)

5
(41.7%)

20
(25.6%)

  Progression        

Missing 10
(8.3%)

0 (0%) 2
(2.6%)

  No 39
(32.2%)

4
(33.3%)

32
(41.0%)

0.889†

Bone involvement       Yes 58
(47.9%)

7
(58.3%)

41
(52.6%)

 

No 34
(28.1%)

3
(25.0%)

25
(32.1%)

0.606† Missing 24
(19.8%)

1
(8.3%)

5
(6.4%)
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Yes 47
(38.8%)

7
(58.3%)

32
(41.0%)

  Death        

Missing 40
(33.1%)

2
(16.7%)

21
(26.9%)

  No 59
(48.8%)

5
(41.7%)

49
(62.8%)

0.234‡

Tumor size (cm)       Yes 45
(37.2%)

7
(58.3%)

27
(34.6%)

 

Mean (SD) 5.90
(2.51)

7.18
(1.69)

5.50
(2.22)

  Missing 17
(14.0%)

0 (0%) 2
(2.6%)

 

Median
[Min, Max]

6.00
[1.70,
15.0]

6.50
[5.00,
10.4]

5.60
[2.00,
11.0]

0.035*          

Missing 63
(52.1%)

3
(25.0%)

37
(47.4%)

           

NGnR, neither GTR nor radiotherapy; GaoR, GTR and/or radiotherapy

* Two-sample Wilcoxon Rank-sum (Mann-Whitney) Test

† Fisher's Exact Test

‡ Chi-square Test

Figures
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Figure 1

The �ow chart described the procedure of case enrollment.

Figure 2

Kaplan-Meier survival curves plotted OS of IMC patients over candidate risk factors, including age (a), tumor size (b),
ki-67 index (c), extent of surgery (d), use of radiotherapy (e), and treatment strategy based on the status of GTR and RT
(f).
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Figure 3

Multivariate Cox analysis revealed that the effect of NGnR in OS was independent of age and tumor size (a). The
higher OS rate at 1 year, 3 years and 5 years of patients with GaoR were signi�cantly higher than patients with RGnR
(b).
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