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Abstract: Brain metastases are rare events in patients with sarcoma and the available information
is relatively limited. We retrospectively reviewed medical records of patients with sarcoma who
developed brain metastases between April 2010 and April 2020 in six centers. Thirty-four adult
patients were included with a median age at brain metastases diagnosis of 55.5 years (range, 18–75).
The primary sarcomas originated either from soft tissue (n = 27) or bone (n = 7) and the most common
subtypes were leiomyosarcoma (n = 8), Ewing sarcoma/peripheral neuroectodermal tumor (PNET)
(n = 7) and osteosarcoma (n = 3). Most primary tumors were of high grade and located mainly in the
extremities (n = 18). The vast majority of patients at the time of brain metastasis diagnosis already
had extracranial metastatic disease (n = 26). The median time from sarcoma diagnosis to cerebral
metastasis diagnosis was 16 months (range, 1–136). Treatment modalities for brain metastatic disease
included whole-brain radiation therapy (WBRT) (n = 22), chemotherapy (n = 17), exclusive palliative
care (n = 5), surgery (n = 9), targeted therapy (n = 6) or stereotactic radiosurgery (n = 2). Most patients
experienced a progression of brain metastases (n = 11). The median overall survival from brain
metastasis diagnosis was 3 months (range, 0–80). OS was significantly influenced by time-to-brain
metastases (p = 0.041), WBRT (p = 0.018), surgery (p = 0.002) and chemotherapy (p = 0.006). In a
multivariate analysis, only the localization of the primary (p = 0.047) and WBRT (p = 0.038) were
associated with survival with statistical significance. Patients with sarcoma brain metastases have a
particularly poor prognosis and an appropriate therapeutic approach is yet to be defined.

Keywords: brain metastases; cerebral metastases; soft tissue sarcoma; bone sarcoma

1. Introduction

The brain is a rare metastatic site in patients with sarcoma and the available informa-
tion is relatively limited. A large retrospective series from Memorial Sloan Kettering Cancer
Center (MSKCC), including 3829 soft tissue sarcoma (STS) patients over a 17-year period,
reported only 40 cases with brain metastases [1], corresponding to an incidence <1%. A
more recent analysis of 5933 high-grade bone and STS patients, based on the Surveillance,
Epidemiology, and End Results (SEER) database, identified brain metastases in 0.7% of pa-
tients [2]. Patients with metastatic sarcomas and those relapsing after a prolonged disease
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control with treatment have a higher incidence of brain metastases [3]. Notwithstanding,
improvement in sarcoma systemic therapy, radiation therapy and global management has
led to an increased incidence of central nervous system (CNS) metastases over time [4].

There are scarce data on the clinical presentation, treatment modalities and outcome
of sarcoma brain metastatic disease, originating until recently from relatively small series
and case reports [1,4–8]. In the last five years, two large retrospective studies have been
presented with more than 100 patients in each one, from MD Anderson Cancer Center
(MDACC) and the French Sarcoma Group, which have shed more light on this rare oc-
currence [9,10]. There is a higher tendency of some histotypes to metastasize in the brain,
such as osteosarcoma [11,12] and alveolar soft part sarcoma (ASPS) [5,7,13]. Different
systemic or local therapies have been described that have not been sufficiently evaluated
and the optimal treatment has yet to be defined [5,12,14–17]. The prognosis is, in general,
dismal, with a rather longer survival reported in patients undergoing surgery [11,12,15].
Patrikidou et al. have developed a sarcoma specific prognostic assessment index including
prognostic factors such as histological subtype, performance status and the number of
brain metastases [18].

We present our experience regarding patients with sarcoma who are diagnosed with
brain metastases. The aim of the study was to summarize its incidence, clinical presentation,
treatment modalities and outcome, as well as to examine prognostic factors associated
with post-brain metastasis survival. Our results indicate that brain metastases can arise
from different sarcoma histotypes and their prognosis is poor, depending mainly on the
localization of the primary tumor and the therapeutic measures employed.

2. Patients and Methods
2.1. Study Design

We performed a retrospective cohort study in six cancer centers within the Hellenic
Group of Sarcoma and Rare Cancers (HGSRC). Data were retrieved from the medical
records of STS and bone sarcoma patients who were diagnosed de novo or developed brain
metastases. The study was approved by the Scientific Committee of the HGSRC, whereas
the institutional review board approval was waived due to its retrospective analysis of
standard routine management. The study was conducted in accordance with the principles
of the Declaration of Helsinki [19].

2.2. Patients Selection and Data Collection

We included patients with STS or bone sarcoma who were diagnosed de novo with brain
metastasis or developed brain metastasis and were managed in the six centers between April
2010 and April 2020. All patients were ≥18 years old at brain metastasis diagnosis and the
initial sarcoma diagnosis was confirmed by a tissue pathological examination.

We analyzed the histopathological, clinical and radiological data, as well as the treat-
ment modalities and survival outcomes. Variables of interest were: histological diagnosis
and grade, size of the primary tumor, age at diagnosis of the primary sarcoma, first metas-
tasis and brain metastases, localization of the primary tumor and brain metastases, number
of brain metastases, presenting symptom, treatments for brain metastases (systemic ther-
apy, surgery and radiation therapy) and survival. Responses to treatment were defined
according to Response Evaluation Criteria in Solid Tumors (RECIST) criteria [20].

Patients’ cases were discussed in the multidisciplinary tumor board and treated
according to the standards of care at the time of their management, based on the following
parameters: number of brain metastases, neurological symptoms, performance status (PS)
of the patient and presence of extracranial disease. In summary, patients with a limited
number of resectable brain metastases, good PS and absence of evolutive extracranial
disease were considered to be suitable for surgical treatment. In cases of patients with
non-resectable brain metastases or were not suitable for surgery, stereotactic radiotherapy
(SRS) was performed. Whole-brain radiation therapy (WBRT) was administered in cases of
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multiple brain metastases, not accessible via surgery or not suitable for STS. Radiotherapy
was also considered in cases of incomplete surgical resection.

2.3. Statistical Analysis

Continuous variables were summarized using descriptive statistics, including median
and range values. Categorical variables were summarized using descriptive statistics,
including counts and percentages.

The Kaplan–Meier method was used for survival analysis and the log-rank test was
used to compare survival curves for the different types of combination therapy. Overall
survival (OS) was defined as the time between the date of brain metastases diagnosis
and death of any cause. Patients who were still alive were censored at the last follow-up
date. Progression-free survival (PFS) was defined as the time between the date of brain
metastases diagnosis and the date of progression or death of any cause, whichever came
first. Patients who were still alive without disease progression were censored at the date
of the last follow-up. Univariate and multivariate predictors of survival were assessed
using the Cox proportional hazards model and a backward selection, by calculating hazard
ratios (HR) with 95% confidence intervals (CI). We examined the following variables:
gender, age at brain metastasis diagnosis, localization of the primary tumor, histotype,
tumor grade, presence of extracranial disease, number of brain metastases, time-to-brain
metastases, WBRT, surgery, SRS, chemotherapy and targeted therapy. Statistical analyses
were computed using SPSS 26 (IBM Corp., Armonk, NY, USA). Significance was defined at
p < 0.05.

The median follow-up of the patients after diagnosis of brain metastases was 3 months
(range, 0–80) and the median follow-up after diagnosis of primary sarcoma was 22 months
(range, 6–180).

3. Results
3.1. Clinicopathological Characteristics

Thirty-four adult patients with sarcoma brain metastases were included, with a male
to female ratio of 16:18. The median age at diagnosis of the primary tumor was 53 years
(range, 15–76) and the median age at brain metastases diagnosis was 55.5 years (range,
18–75). Table 1 summarizes the clinicopathological characteristics of the primary tumors.
Twenty seven cases of STS and 7 cases of bone sarcomas were included. The most common
histotypes were leiomyosarcoma (n = 8, 23.5%, of which one was retroperitoneal and four
were uterine), Ewing sarcoma/PNET (n = 7, 20.6%) and osteosarcoma (n = 3, 8.8%). The
primary tumor was located in the extremities (n = 18, 52.9%) and in the uterus (n = 5, 14.7%),
presenting with a median size of 8 cm (range, 2.7–25) and with grade 3 in 25 cases (73.5%).

Table 1. Characteristics of the primary sarcomas.

Characteristics No. (%)

Sarcoma origin

Soft tissue 27 (79.4)
Bone 7 (20.6)
Localization of the primary

Extremities 18 (52.9)
Trunk 3 (8.8)
Retroperitoneum 1 (2.9)
Uterus 5 (14.7)
Other 7 (20.6)
Histological type

Ewing/PNET 7 (20.6)
Leiomyosarcoma-soft tissue 4 (11.8)
Leiomyosarcoma-uterine 4 (11.8)
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Table 1. Cont.

Characteristics No. (%)

Osteosarcoma 3 (8.8)
Alveolar soft part sarcoma (ASPS) 2 (5.9)
Undifferentiated pleomorphic sarcoma (UPS) 3 (8.8)
Rhabdomyosarcoma 2 (5.9)
Synovial sarcoma 2 (5.9)
Malignant peripheral nerve sheath tumor 2 (5.9)
Other 1 5 (14.7)
Grade

3 25 (73.5)
2 7 (20.6)
Unknown 2 (5.9)
Stage at initial presentation

Localized 9 (26.5)
Metastatic 25 (73.5)

1 Liposarcoma, chondrosarcoma, endometrial stromal sarcoma, phyllodes tumor, glomus tumor.

Nine patients (26.5%) were non-metastatic at presentation and the remaining 25
(73.5%) were stage IV. The vast majority of patients (n = 33, 97.1%) already had extracranial
metastatic disease at brain metastases diagnosis, including 28 (82.4%) with lung metastases,
19 (55.9%) with bone metastases and 7 (20.6%) with liver metastases. Metastases were also
present in other less common localizations (n = 12, 35.3%). Only one patient presented
with de novo brain metastatic disease, concomitantly to lung metastases. Another three
patients were diagnosed with brain metastases at the same time with other metastases
diagnoses and the remaining 30 patients presented with brain metastases over a period
of time following extracranial metastases. The median time to the first metastases was
10 months (range, 0–51) and the median time-to-brain metastases was 15.7 months (range,
0.7–136.4). The patients had received a median number of two prior systemic therapies
before brain metastases diagnosis (range, 0–6). The presenting symptom was a headache
(n = 18, 52.9%), followed by nausea (n = 6, 16.2%), cranial nerve disorder (n = 4, 11.8%),
vertigo (n = 4, 11.8%), seizure (n = 2, 5.9%), hemiplegia (n = 1, 2.9%) or other (n = 2, 5.9%). It
should be noted that some patients presented multiple symptoms. The Eastern Cooperative
Oncology Group (ECOG) scale of Performance Status (PS) at brain metastasis diagnosis
was 0 (n = 3), 1 (n = 9), 2 (n = 12), 3 (n = 6) and 4 (n = 4). Cerebral metastases were classified
as supratentorial in the majority of patients (n = 20, 58.8%). A single brain metastasis was
found in 13 cases (38.2%), 2–4 metastatic lesions in 11 cases (32.4%) and more than 4 in
7 cases (20.6%). Table 2 summarizes the characteristics of CNS metastases.

Table 2. Characteristics of brain metastases.

Characteristic No. (%)

Brain metastases localization

Supratentorial 20 (58.8)
Infratentorial 5 (14.7)
Both supratentorial and infratentorial 5 (14.7)
Meningeal 1 (2.9)
Unknown 3 (8.8)
Number of brain metastases

1 13 (38.2)
2–4 11 (32.4)
>4 7 (20.6)
Unknown 3 (8.8)
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3.2. Treatment Modalities for Brain m3.2. Treatment Modalities for Brain Metastases and Outcome

Treatment modalities after brain metastases diagnosis included WBRT (n = 22),
chemotherapy (n = 17), palliative care (n = 12), surgery (n = 9), targeted therapy (n = 6) or
stereotactic radiosurgery (n = 2). In most patients, more than one therapeutic measure was
employed (Table 3). Among the 17 patients who received chemotherapy, trabectedin was
given to four patients, anthracycline-based regimen to three patients, ifosfamide/etoposide
combination to four patients, vincristine/doxorubicin/cyclophosphamide alternating with
ifosfamide/etoposide to four patients and paclitaxel to one patient, whereas the chemother-
apeutic regimen was not available in the remaining four patients. The regimen was decided
according to the sarcoma histotype. Among the six patients who were treated with targeted
therapy, five received pazopanib, one received cabozantinib, whereas one of the patients
with ASPS received multiple therapies.

Table 3. Treatment modalities for patients with brain metastases.

Therapy No. (%)

Surgery alone 2 (5.9)
Systemic therapy (chemotherapy/targeted therapy) alone 4 (11.8)
Chemotherapy (CTx) 2 (5.9)
Targeted therapy 2 (5.9)
Whole-brain radiation therapy (WBRT) alone 8 (23.6)
Surgery + WBRT 0
Surgery + systemic therapy 1 (2.9)
Surgery + systemic therapy + WBRT 6 (17.6)
WBRT + systemic therapy 8 (23.6)
Stereotactic radiosurgery (+surgery, WBRT, CTx)
Exclusive palliative therapy

2 (5.9)
5 (14.7)

All patients who underwent surgery for brain metastases had extracranial disease;
the metastatic site was the lung in six patients, the liver in two patients, and the bone in
five patients, whereas metastases were present in multiple sites in two patients. Five out
of nine patients who were operated had a solitary brain metastasis, three patients had
2–4 brain lesions and the information was not available in one patient. Only two patients
were managed solely with surgery (one patient with alveolar rhabdomyosarcoma and one
patient with undifferentiated sarcoma). Resection of the brain metastases was followed by
WBRT in six patients, SRS in two patients, chemotherapy in seven and targeted therapy in
four patients.

Despite these treatments, most patients experienced progression of brain metastases.
In regard to CNS disease, complete response (CR) was noted in one patient, partial response
(PR) in two patients, stable disease (SD) in seven patients and progressive disease (PD) in
11 patients. In the remaining 13 patients, the outcome was not evaluable because they were:
(i) dead because of toxicity complications (n = 3), (ii) lost to follow-up (n = 4), (iii) dead
because of extracranial PD (n = 3), (iv) dead because of a non-related cause (n = 1) or
(v) dead with no further information (n = 2). One patient with two brain metastases from
an undifferentiated sarcoma achieved a CR in CNS by surgery. The two partial responders
in CNS underwent both surgery and WBRT, as well as systemic therapy (chemotherapy
and targeted therapy), therefore we cannot draw any unequivocal conclusion on the
efficacy of each treatment modality separately. The histotypes of these patients were
leiomyosarcoma and ASPS (Figure 1). Among the seven patients with SD in CNS, three
underwent WBRT and chemotherapy (doxorubicin, ifosfamide/etoposide and paclitaxel
for one leiomyosarcoma, one Ewing sarcoma and one glomus tumor, respectively), one
underwent surgery, one received WBRT, one received SRS and targeted therapy (pazopanib)
and another one received exclusive palliative care. Among the nine operated patients, CR
was noted in one patient, PR in two, SD in one and PD in four patients, while the outcome
was unknown in one patient.
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Figure 1. Axial T1-post IV contrast (a) and sagittal T2-weighted (b) MRI images of a 21-year old
female with alveolar soft part sarcoma at the diagnosis of two large brain metastases with meningeal
involvement and known skull bone metastases. The patient was treated with whole-brain radiother-
apy (WBRT) and several different systemic therapies. Axial T1 (c) and sagittal T2-weighted (d) MRI
images performed 2 years after WBRT, showing a very good response to treatments.

3.3. Survival and Prognostic Factors

At the time of the analysis, only three patients were still alive (one disease-free, one
with intracranial PD and one with extracranial PD). Twenty patients died of their sarcoma,
three patients died from treatment complications, one patient died from another reason
and six patients were lost to follow-up. The toxic complications that led to death included
neutropenic fever following chemotherapy, liver failure following targeted therapy in the
context of advanced liver disease and cerebral hemorrhage after WBRT.

The median overall survival from brain metastasis diagnosis was 3 months (range,
0–80), as depicted in Figure 2. Six patients survived more than 1 year from brain metastasis
diagnosis and three patients more than 3 years (long survivors).

The long survivors included two grade 2 leiomyosarcomas and one ASPS. The time-
to-brain metastasis was particularly long: 42.9, 72.3 and 136.4 months. The number of
brain metastases was one in two cases and two in one case. All of them had extracra-
nial metastases as well and underwent surgery, post-operative WBRT and chemotherapy
(trabectedin in two cases, regimen not available in the other one). In addition, two long
survivors received targeted therapy as further line treatment.

On univariate analysis, OS was significantly influenced by time-to-brain metastases
(p = 0.041), WBRT (p = 0.018), surgery (p = 0.002) and chemotherapy (p = 0.006). The
significant differences in OS based on therapeutic measures are shown in Figure 3. The
above parameters were also examined on multivariate analysis; only localization of the
primary (p = 0.047) and WBRT (p = 0.038) were associated with survival. In addition, we
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assessed the effect of the different treatment combinations (WBRT + chemotherapy, WBRT
+ surgery + chemotherapy, WBRT + surgery and chemotherapy + surgery) on OS. Figure 4
shows the corresponding survival curves; all differences in OS were statistically significant.
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4. Discussion

Brain imaging is not routinely included in the work-up of sarcoma patients, but only
upon neurological symptoms or in certain histotypes. In the large French series, leiomyosar-
coma was the most frequent subtype (18.7%), followed by Ewing sarcoma/PNET, liposar-
coma, ASPS, osteosarcoma, rhabdomyosarcoma and angiosarcoma [10]. Undifferentiated
sarcoma, ASPS, Ewing sarcoma and leiomyosarcoma were pointed out as the most common
histotypes in the other large retrospective series from MD Anderson [9]. According to the
SEER analysis, the most common subtypes were unspecified sarcoma, leiomyosarcoma,
angiosarcoma, spindle cell sarcoma and osteosarcoma, in order of decreasing frequency [2].
A similar histological composition was found by two single-institution studies in Italy and
Germany [12,13]. Pediatric series comprise similar histotypes, with a higher frequency
of rhabdomyosarcoma [21]. ASPS has been reported to have a predisposition towards
brain metastases with estimates of approximately 25% at presentation, typically occur-
ring in young patients [14,22,23]. Osteosarcoma has also been reported to metastasize
to the brain [11,17,24–26], presenting usually with intralesional calcifications [27]. In our
study, the most common histotypes were in agreement with the previous results. Fur-
thermore, we also found some cases of rare sarcoma subtypes, including glomus tumor,
endometrial stromal sarcoma and phyllodes tumor, for which there are case reports of
brain metastases [28–30].

Most primary tumors in our study were of a high grade, with a median diameter of
8 cm, highlighting the higher prevalence of brain metastases from sarcomas with high-risk
features in general. This observation has also been pointed out by other analyses. In the
MSKCC series, 39 out of 40 primary sarcomas were of a high grade, 38 were deep located
and a large proportion of them (n = 14) had a diameter of >10 cm [1]. The majority of
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primary tumors in the French study also presented as grade 3 with a median tumor size of
9 cm, whereas tumor grade was significantly associated with prognosis [10]. The lack of
a statistically significant prognostic association of tumor grade in our study is likely due
to the small number of patients. The prognostic value of tumor grade in sarcomas, with
regard to metastatic potential and mortality, has already been established [31].

The median age at diagnosis of the primary tumor and brain metastasis was 53 and
55.5 years, respectively, in accordance with the SEER analysis [2]. Patients were diagnosed
at a slightly younger age in the French retrospective series [10]. In two series from MD
Anderson, the median age at brain metastases diagnosis was 34.8 and 41 years, due
to the inclusion of children [9,16]. A significantly younger brain metastases diagnosis
age (23 years) was reported in a study of ASPS cases exclusively [7], as expected for
this histotype affecting younger adults. We found a median time-to-brain metastasis of
approximately 16 months, in line with previous findings. In the other series, this interval
varies between 14 months and 2.2 years [4,9,10].

We did not find any remarkable predilection to any one of the sexes, with a sex
ratio close to one. There is a number of studies that reported a slight male preponder-
ance [1,2,5,9,10,12,13,16]. The low number of cases in most series does not allow drawing
conclusions. In the French study, which is the largest study to date, males represented
56.5% of the population, similarly to the study from MD Anderson.

Brain metastases were classified as supratentorial in the majority of patients in our
study, similarly to metastases from other cancers [32]. In the large study from MD Anderson,
most cases presented with solitary parenchymal lesions, 40% of which were frontal [9].
In another single-institution neurosurgical series, all patients (n = 35) had supratentorial
lesions [12]. Meningeal metastases appear far less frequently, constituting 3–23% of sarcoma
brain metastases in the different series [1,10].

Thirty-eight percent of our patients had a solitary CNS metastasis. The number of
cerebral metastases were recently found to be predictive for overall survival, in an attempt
to develop a prognostic index dedicated to sarcoma brain metastases [18]; our analysis,
though, did not reveal any statistically significant association of the number of metastatic
foci with OS.

Synchronous metastases outside the CNS (lung, bone, liver) were noted in the vast
majority of our patients (n = 33, 97.1%). This is a constant finding in almost all stud-
ies [2,4–7,9,10,12,16], suggesting that brain metastasis is a rather late event in the natural
history of sarcoma. Gercovich et al. also noticed the occurrence of sarcoma brain metastases
after a long period of disease control with first-line chemotherapy [3]. In most studies,
lung metastases were already present in a large proportion of patients [1,2,4,5,7,9,10,12,15].
In the study based on the SEER database, 59% of patients with brain metastases also had
lung metastases [2]. In a small study of ASPS patients, all of them developed brain metas-
tases after lung metastases [7]. However, brain metastases can be detected at presentation
of some sarcoma patients. In the MSKCC series, brain metastases were presented syn-
chronously with the sarcoma diagnosis in 21 out of 40 patients [1] without any information
regarding whether brain imaging was performed, even in asymptomatic patients. Niazi
et al. reported a case of hemorrhagic cerebellar metastasis as the initial manifestation of an
osteosarcoma of the lower extremity [33].

We were not able to analyze the influence of brain metastases on the prognosis—when
there was an absence of extracranial disease—because of the high prevalence of patients
with extracranial metastases. In an MD Anderson neurosurgical series, concurrent lung
metastases had no effect on survival [15], whereas in another study, long-term survival
was only observed in three out of six patients with isolated cerebral metastases versus
no patients with additional metastatic sites [13]. Resection of brain metastases should
not be precluded by the existence of lung metastases, as it has been demonstrated for
osteosarcoma [11]. Almost half of operated patients for sarcoma brain metastases in
MSKCC also underwent lung metastasectomy without any effect on survival [6].
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The efficacy of each treatment modality cannot be properly evaluated because most of
the patients received more than one therapy for brain metastases and because of the limited
number of patients. In addition, systemic therapy for sarcomas has evolved during the
20-year study period. In total, 10 out of our 21 evaluable patients gained a clinical benefit of
the different treatments, if we consider patients who experienced CR (n = 1), PR (n = 2) and
SD (n = 7). It should be noted that the two partial responders in CNS received multimodal
therapy, consisting of surgery plus WBRT, followed by chemotherapy (trabectedin for
the LMS patient and the drug not available for the ASPS patient) and targeted therapy
(pazopanib for the LMS patient and four different agents for the ASPS patient). In the large
French study, BM were controlled in 46% of patients (12.6% PR and 7.3% CR), whereas
27% of patients who were treated with chemotherapy experienced disease control in the
CNS [10]. A resolution of sarcoma brain metastases with chemotherapy has occasionally
been described [34]. Furthermore, an improvement on the majority of patients’ performance
status (PS) by surgery was demonstrated in a neurosurgical series of 62 patients [16].

Post-brain metastasis survival was poor in our series, with a median OS of approx-
imately 3 months, in accordance with previous findings in which the median OS varies
between 1.7 and 8 months [1,2,4,5,9,10,13]. Neurosurgical series generally report prolonged
survival approaching 1 year [12,15]. These results should be interpreted with caution given
the selection bias, which is rather significant. Aggressive treatment with surgery was
offered to patients with a good performance status; the treatment decision was also based
on disease severity.

Although WBRT, surgery, chemotherapy and time-to-brain metastases were identified
as prognostic factors for OS on univariate analysis, only WBRT was confirmed on multi-
variate analysis. This is probably due to the small number of patients. Patrikidou et al.
reported an association of PS, number of brain metastases and histology with survival [18].
Again, the modest sample size in general and per histotype and the heterogeneity of sarco-
mas included in our cohort probably precluded us from showing a statistically significant
prognostic association of these factors. ASPS histology has been constantly associated with
a good prognosis, irrespective of treatment modality [5,12,16]. In line with this observation,
one of the two ASPS patients in our cohort survived for more than 3 years and received all
different therapies. Some studies have shown a survival benefit from specific treatments
against brain metastases, such as surgery, chemotherapy and radiation therapy [5,10]. In
the study of MSKCC, the median OS in patients who underwent surgical removal of their
brain metastases was 9.6 versus 2.7 months in non-operated patients [1]. However, a
significantly prolonged survival was found in several analyses with treatment combina-
tions (surgery combined with chemotherapy or radiation therapy) [4,9,17]. We also found
prolonged survival with treatment combinations, including surgery plus radiation therapy
and/or systemic therapy, as was the case for our long survivors.

5. Conclusions

We report a cohort of adult sarcoma patients with brain metastases conducted from
HGSRC. Sarcomatous brain metastases are a rare event, which has not been well inves-
tigated, with limited information being available regarding factors predictive of their
development. Most data originate from retrospective series and limited population-based
analyses. The relatively small number of patients in these studies, including our series,
should be assessed in the context of the rarity of the disease. Although brain metastases are
more frequent in high-grade tumors located in the extremities and in certain histologies, it
can arise from almost all sarcoma histotypes and vigilance is warranted upon neurological
symptoms. In most cases, when sarcomas manifest in the CNS, lung or other metastases are
already present. In contrast to brain metastases from other primary tumors, there is very
limited evidence to guide treatment decisions. We showed that WBRT confers a survival
benefit to patients. Previous studies have reported that local treatments of brain metastases,
including surgery and radiation therapy, prolong survival. Typically, patients with sarcoma
brain metastases have a particularly poor prognosis and the appropriate therapeutic ap-
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proach is yet to be defined. We identified some long survivors who underwent multimodal
therapy. Further research is required to evaluate the role of each therapeutic measure, as
well as their sequence. Given that large prospective trials are unlikely to be performed,
collaborative efforts are needed.
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6. Wroński, M.; Arbit, E.; Burt, M.; Perino, G.; Galicich, J.H.; Brennan, M.F. Resection of Brain Metastases from Sarcoma. Ann. Surg.
Oncol. 1995, 2, 392–399. [CrossRef]

7. Malouf, G.G.; Beinse, G.; Adam, J.; Mir, O.; Chamseddine, A.N.; Terrier, P.; Honore, C.; Spano, J.-P.; Italiano, A.; Kurtz, J.-E.; et al.
Brain Metastases and Place of Antiangiogenic Therapies in Alveolar Soft Part Sarcoma: A Retrospective Analysis of the French
Sarcoma Group. Oncologist 2019, 24, 980–988. [CrossRef]

8. Rubino, F.; Eichberg, D.G.; Shah, A.H.; Luther, E.M.; Lu, V.M.; Saad, A.G.; Kahn, D.; Komotar, R.J.; Ivan, M.E. When “Peripheral”
Becomes “Central”: Primary and Secondary Malignant Intracerebral Nerve Sheath Tumor: A Case Report and a Systematic
Review. Neurosurgery 2021, 88, 1074–1087. [CrossRef]

9. Al Sannaa, G.; Watson, K.L.; Olar, A.; Wang, W.-L.; Fuller, G.N.; McCutcheon, I.; Torres, K.E.; Lazar, A.J. Sarcoma Brain Metastases:
28 Years of Experience at a Single Institution. Ann. Surg. Oncol. 2016, 23, 962–967. [CrossRef]

10. Chaigneau, L.; Patrikidou, A.; Ray-Coquard, I.; Valentin, T.; Linassier, C.; Bay, J.O.; Moureau Zabotto, L.; Bompas, E.; Piperno-
Neumann, S.; Penel, N.; et al. Brain Metastases from Adult Sarcoma: Prognostic Factors and Impact of Treatment. A Retrospective
Analysis from the French Sarcoma Group (GSF/GETO). Oncologist 2018, 23, 948–955. [CrossRef]

11. Bielack, S.S.; Kempf-Bielack, B.; Branscheid, D.; Carrle, D.; Friedel, G.; Helmke, K.; Kevric, M.; Jundt, G.; Kühne, T.; Maas, R.; et al.
Second and Subsequent Recurrences of Osteosarcoma: Presentation, Treatment, and Outcomes of 249 Consecutive Cooperative
Osteosarcoma Study Group Patients. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2009, 27, 557–565. [CrossRef]

12. Salvati, M.; D’Elia, A.; Frati, A.; Santoro, A. Sarcoma Metastatic to the Brain: A Series of 35 Cases and Considerations from 27
Years of Experience. J. Neurooncol. 2010, 98, 373–377. [CrossRef]

13. Hoiczyk, M.; Herbrik, M.; Grabellus, F.; Podleska, L.; Pöttgen, C.; Schwindenhammer, B.; Bekas, V.; Schuler, M.H.; Bauer, S. Brain
Metastases in Sarcoma Patients: Incidence and Outcome. J. Clin. Oncol. 2014, 32, 10591. [CrossRef]

14. Shweikeh, F.; Bukavina, L.; Saeed, K.; Sarkis, R.; Suneja, A.; Sweiss, F.; Drazin, D. Brain Metastasis in Bone and Soft Tissue
Cancers: A Review of Incidence, Interventions, and Outcomes. Sarcoma 2014, 2014, 475175. [CrossRef]

http://doi.org/10.1002/cncr.10554
http://doi.org/10.1177/20363613211026151
http://doi.org/10.1002/1097-0142(197511)36:5&lt;1843::AID-CNCR2820360541&gt;3.0.CO;2-V
http://doi.org/10.1111/ajco.12111
http://doi.org/10.1002/jso.22011
http://doi.org/10.1007/BF02306371
http://doi.org/10.1634/theoncologist.2018-0074
http://doi.org/10.1093/neuros/nyab043
http://doi.org/10.1245/s10434-016-5559-7
http://doi.org/10.1634/theoncologist.2017-0136
http://doi.org/10.1200/JCO.2008.16.2305
http://doi.org/10.1007/s11060-009-0085-0
http://doi.org/10.1200/jco.2014.32.15_suppl.10591
http://doi.org/10.1155/2014/475175


J. Clin. Med. 2021, 10, 5978 12 of 12

15. Bindal, R.K.; Sawaya, R.E.; Leavens, M.E.; Taylor, S.H.; Guinee, V.F. Sarcoma Metastatic to the Brain: Results of Surgical Treatment.
Neurosurgery 1994, 35, 185–191. [CrossRef]

16. Fox, B.D.; Patel, A.; Suki, D.; Rao, G. Surgical Management of Metastatic Sarcoma to the Brain. J. Neurosurg. 2009, 110, 181–186.
[CrossRef]

17. Zhu, Y.; Fan, G.; Cao, L.; Zhu, H.; Wu, S.; Zhao, J.; Zhou, G. Survival Outcomes of Patients with Brain Metastasis of Osteosarcoma
Can Be Improved by Aggressive Multi-Disciplinary Interventions Including Chemotherapy. Br. J. Neurosurg. 2021, 1–6. [CrossRef]

18. Patrikidou, A.; Chaigneau, L.; Isambert, N.; Kitikidou, K.; Shanley, R.; Ray-Coquard, I.; Valentin, T.; Malivoir, B.; Laigre, M.; Bay,
J.-O.; et al. Development of a Disease-Specific Graded Prognostic Assessment Index for the Management of Sarcoma Patients
with Brain Metastases (Sarcoma-GPA). BMC Cancer 2020, 20, 117. [CrossRef]

19. World Medical Association. World Medical Association Declaration of Helsinki: Ethical Principles for Medical Research Involving
Human Subjects. JAMA 2013, 310, 2191–2194. [CrossRef]

20. Eisenhauer, E.A.; Therasse, P.; Bogaerts, J.; Schwartz, L.H.; Sargent, D.; Ford, R.; Dancey, J.; Arbuck, S.; Gwyther, S.; Mooney, M.;
et al. New Response Evaluation Criteria in Solid Tumours: Revised RECIST Guideline (Version 1.1). Eur. J. Cancer Oxf. Engl. 2009,
45, 228–247. [CrossRef]
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