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Abstract
The usual site for distant metastases of sarcoma is lungs, while brain metastasis (BM) occurs much less frequently and usually 
late in the disease progression. Despite the advancement in cancer treatment, the outcome for patients with brain metastasis 
is poor, and their lifespan is short. The frequency of BM in sarcoma seems to be affected by the location and histology of 
the primary tumour. Sarcoma subtypes with a high propensity for brain metastasis are ASPS, leiomyosarcoma and osteo-
sarcoma. There are no clear guidelines for the treatment of sarcoma brain metastasis. However, therapeutic options include 
surgery, radiotherapy and chemotherapy, and are often combined. Targeted therapies are a promising treatment option for 
sarcoma but require investigation in patients with BM. The following review presents the data on sarcoma brain metastasis 
incidence, treatment and prognosis.
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Introduction

Sarcomas are rare tumours with an annual incidence in 
Europe of 4–5/100 000 (Gatta et al. 2017). Recent decades 
have brought better diagnostic possibilities, allowing for 
early detection, more accurate staging, and new treatments 
that increase curability and prolong survival. Sarcomas are 
very heterogeneous group, with over 100 different subtypes 
distinguished in the recent WHO classification, including 
leiomyosarcoma, liposarcoma and undifferentiated pleomor-
phic sarcoma as the most common. Approximately, 30–50% 
of patients with localised sarcoma will eventually relapse or 
develop distant metastases. The median overall survival of 
patients with metastatic disease is around 2 years, but can 
vary depending on histologic subtype (Lavit et al. 2022; Lin 
et al. 2020; Lochner et al. 2020; Sobczuk et al. 2020).

With the advancements in therapies, uncommon brain 
metastases are detected more often (Siontis et al. 2019). 
It is estimated that about 1–8% of sarcoma patients can 
develop brain metastases in the course of the disease, and 
most of them will die within 12 months (Salvati et al. 2010; 
Shweikeh et al. 2014). To date, no clear guidelines for the 
treatment of brain metastases from sarcoma have been estab-
lished. This study aims to provide an update on the current 
state of art on epidemiology, diagnosis and treatment of sar-
coma brain metastases.

Epidemiology and biology of brain 
metastases in sarcoma

The incidence of brain metastases (BM) in cancer patients 
is 10–30% making it a relatively common cancer compli-
cation (Siegel et al. 2014). However, BM from sarcoma 
occurs much less often, with an incidence of about 1–8% 
(Nakamura et al. 2011; Salvati et al. 2010). The usual site 
for sarcoma distant metastases are the lungs, followed by 
the liver and bone. Lung metastases precede BM in about 
51–80% of cases (Ogose et al. 1999; Salvati et al. 2010; 
Yoshida et al. 2000).

The location and histology of the primary tumour seem 
to affect the frequency of BM in sarcoma. According to a 
study by Yoshida et al., BM were found in 7.2% of patients 
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with soft tissue sarcomas (STS) but only in 3.5% of patients 
with bone sarcomas (BS) (Yoshida et al. 2000). However, 
in the paediatric population, where bone sarcomas are more 
common, the incidence of BM was 2.28% for STS and 5.9% 
for bone sarcomas (Postovsky et al. 2003). In smaller stud-
ies concerning single sarcoma subtypes, the incidence occa-
sionally exceeds the abovementioned percentages. Addition-
ally, the proportions differ significantly between different 
subtypes, i.e., for alveolar soft part sarcoma (ASPS), the 
incidence of BM is between 16 and 30% and for Ewing's 
sarcoma, 3.3–40% (Al Sannaa et al. 2016; Chou et al. 2011; 
Malouf et al. 2019; Mendes et al. 1999; Parasuraman et al. 
1999; Paulino et al. 2003; Yoshida et al. 2000).

Sarcomas are a heterogeneous group of more than 50 
different histological types (von Mehren et al. 2020). The 
most commonly occurring ones in the adult population are 
liposarcoma, leiomyosarcoma, and undifferentiated pleo-
morphic sarcoma (Siegel et al. 2014). In adolescents and 
children, osteosarcoma is the most common malignant bone 
tumour, while rhabdomyosarcoma comprises more than 50% 
of paediatric soft tissue sarcomas (Park et al. 2008; Taran 
et al. 2017). The most common subtypes differ between the 
reports regarding the propensity to metastasize to the brain, 
depending on which subtypes were included in the analyses. 
In Gusho et al. study, where 5933 sarcoma patients were 
analyzed, 44 (7.4%) developed BM. Unspecified sarcoma 
(18.2%), leiomyosarcoma (15.9%) and hemangiosarcoma 
(15.9%) were reported to metastasize to the brain most often 
(Gusho et al. 2021). In a different study where 112 sarcoma 
cases with BM were analyzed, the most common subtypes 
were undifferentiated sarcoma (27%), ASPS (16%), and 
osteosarcoma (13%) (Al Sannaa et al. 2016) (see Table 1).

Sarcomas can metastasize to the brain through the 
hematogenous spread, affecting brain parenchyma and 
possibly forming multiple lesions, or through the direct 
extension of the tumour from metastases located in skull 
bones or the meninges ("Erratum: De B, Kinnaman MD, 
Wexler LH, Kramer K, Wolden SL. Central nervous sys-
tem relapse of rhabdomyosarcoma. Pediatr Blood Cancer. 
2017; https:// doi. org/ 10. 1002/ pbc. 26710," 2017; Kebudi 
et al. 2005; Postovsky et al. 2003). A study of patients with 
Ewing's sarcoma found that nine out of 13 patients with 
autopsy-confirmed CNS involvement had evidence of the 
direct expansion of tumour from bone metastases (Kies and 
Kennedy 1978). Parenchymal lesions were only present in 
three patients. Consistently, in another study, 21 out of 23 
rhabdomyosarcoma patients with CNS relapse had evidence 
of leptomeningeal spread, while 2 had only parenchymal 
involvement ("Erratum: De B, Kinnaman MD, Wexler LH, 
Kramer K, Wolden SL. Central nervous system relapse of 
rhabdomyosarcoma. Pediatr Blood Cancer. 2017; https:// doi. 
org/ 10. 1002/ pbc. 26710," 2017). In paediatric patients with 
rhabdomyosarcoma and Ewing's sarcoma, a direct extension 

of the tumour from the skull and meninges was found in half 
of the patients. In contrast, the other half had evidence of 
haematogenous spread (Parasuraman et al. 1999).

There are no clear molecular reasons why CNS metas-
tases of sarcoma are rare (Chua et al. 2016). When they 
do occur, brain metastases coexist with prior metastases to 
other sites, with 80–97.1% of patients already having extrac-
ranial metastatic disease (Kokkali et al. 2021; Ogose et al. 
1999; Patrikidou et al. 2020; Yoshida et al. 2000). Given that 
brain metastases are usually preceded by pulmonary metas-
tases, it has been proposed that the hematogenous spread of 
sarcoma can explain this association (Kebudi et al. 2005).

It has been suggested that an increased incidence of sar-
coma brain metastases may result from successful chemo-
therapy, resulting in longer overall survival of patients with 
sarcoma (España et al. 1980). However, a study of 254 chil-
dren with osteosarcoma treated between 1962 and 1989 did 
not find a statistically significant increase in the incidence of 
CNS metastases after the introduction of multi-agent therapy 
in 1982 (Marina et al. 1993).

A study of 3829 patients with sarcoma demonstrated that 
extremity and trunk soft-tissue sarcomas have a propensity 
for distant metastases (notably pulmonary), while the spread 
of visceral and retroperitoneal sarcomas tends to manifest 
as local recurrences (Espat et al. 2002). This is supported 
by observations from another study that sarcomas located 
in the extremities were the most frequent origin of brain 
metastases, found in 50% of the cases, followed by visceral 
and retroperitoneal (27%), trunk (12%), and head and neck 
(11%) (Al Sannaa et al. 2016).

The distribution of brain metastases of sarcoma follows 
general patterns of brain metastases, where 80% is found 
in the cerebral hemispheres, 15% in the cerebellum, and 
5% in the brainstem. This reflects the blood distribution in 
the CNS (Subramanian et al. 2002). The majority of brain 
metastasis in sarcoma patients is located in the cerebrum. A 
cohort study from the Hellenic Group of Sarcomas and Rare 
Cancers found that 58.8% of patients with sarcoma metasta-
sizing to the brain had supratentorial lesions (Kokkali et al. 
2021). In a study by Salvati et al., the frontal lobe was the 
most frequent location of the lesions, comprising 68.5% of 
the cases, followed by the parietal (17.1%), occipital (8.5%) 
and temporal (8.5%) lobes (Salvati et al. 2010).

Cerebellar metastases of sarcoma are rare. Subtentorial 
lesions were only present in 16.6% of children with sarcoma 
involving the CNS (Postovsky et al. 2003). This aligns with 
another study, where cerebellar metastases developed in 2 
out of 14 patients with sarcoma (Chan et al. 2020). Interest-
ingly, these patients were the only patients in this study to 
survive more than 8 months after brain metastasis diagnosis.

Sarcoma metastases in the brainstem are highly uncom-
mon, and only one such case has been reported in a 59-year-
old patient with uterine leiomyosarcoma (Mawrin et al. 
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2002). However, the incidence rate of brainstem lesions can 
be underestimated.

In most cases, metastatic lesions are solitary. Single 
brain metastasis has been reported in 38.2–70.3% of 
patients (Chou et al. 2011; Kokkali et al. 2021; Ogose 
et al. 1999; Postovsky et al. 2003; Yoshida et al. 2000). 
A more detailed examination of the distribution of brain 
metastases from the Hellenic Group of Sarcomas and Rare 

Cancers cohort study found a single lesion in 38.2%, 2–4 
lesions in 32.4%, and more than four metastases in 20.6% 
of patients (Kokkali et al. 2021). Notably, a group develop-
ing a modified, sarcoma-specific GPA index determined 
that the number of CNS metastases (1, 2–4, or more than 
4) significantly affected the median overall survival, where 
the smaller number of lesions indicated a better prognosis 
(Patrikidou et al. 2020).

Table 1  Sarcoma subtypes most frequently mentioned in terms of BM, percentage of patients developing BM, percentage of all sarcoma patients 
with BM

Sarcoma subtype Percentage of patients develop-
ing BM from sarcoma subtype 
(%)

Percentage of all 
sarcoma patients with 
BM (%)

References

Liposarcoma 1.2–15% 2–12.5% Al Sannaa et al. (2016), Bailey et al. (2001), 
Chaigneau et al. (2018), Chou et al. 
(2011), Espat et al. (2002), Salvati et al. 
(2010), Yoshida et al. (2000)

Leiomyosarcoma 2–20% 7–20% Al Sannaa et al. (2016), Chaigneau et al. 
(2018), Chou et al. (2011), Espat et al. 
(2002), Gonzalez et al. (2021), Gusho 
et al. (2021), Salvati et al. (2010), Tigche-
laar et al. (2022), Tirumani et al. (2014)

Alveolar soft part sarcoma (ASPS) 16–43.4% 8.5–18.2% Al Sannaa et al. (2016), Chou et al. (2011), 
Fox et al. (2009), Gonzalez et al. (2021), 
Malouf et al. (2019), Postovsky et al. 
(2003), Salvati et al. (2010), Sood et al. 
(2014)

Malignant peripheral nerve sheath 
tumours (MPNST)

0.5–6.67% 3–4.6% Acem et al. (2021), Al Sannaa et al. (2016), 
Chaigneau et al. (2018), Chou et al. 
(2011), Gonzalez et al. (2021), Puffer 
et al. (2016), Xu et al. (2021), Yoshida 
et al. (2000)

Angiosarcoma ND 4–13.6% Al Sannaa et al. (2016), Chaigneau et al. 
(2018), Gonzalez et al. (2021)

Undifferentiated pleomorphic sarcoma 2.04–10% 4.6–11% Al Sannaa et al. (2016), Chou et al. (2011), 
Espat et al. (2002), Gonzalez et al. (2021), 
Salvati et al. (2010)

Osteosarcoma 1.9–6.5 13–13.6% Al Sannaa et al. (2016), Bekiesinska-Figa-
towska et al. (2017), Chou et al. (2011), 
Gusho et al. (2021), Paulino et al. (2003), 
Yonemoto et al. (2003), Yoshida et al. 
(2000)

Ewing's sarcoma (ES) 1–40% 8–14% Al Sannaa et al. (2016), Bekiesinska-Figa-
towska et al. (2017), Chou et al. (2011), 
Malouf et al. (2019), Mendes et al. 
(1999), Paulino et al. (2003), Salvati et al. 
(2010), Yoshida et al. (2000)

Rhabdomyosarcoma 2.4–18% 4–10% Al Sannaa et al. (2016), Baram et al. (1988), 
Bekiesinska-Figatowska et al. (2017), 
Espat et al. (2002), Parasuraman et al. 
(1999), Paulino et al. (2003), Salvati et al. 
(2010), Yoshida et al. (2000)

Chondrosarcoma 0–2% 3% Al Sannaa et al. (2016), Bekiesinska-Figa-
towska et al. (2017), Chou et al. (2011), 
Ogose et al. (1999), Yoshida et al. (2000)
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Diagnostics and screening

Diagnosis of brain metastases is usually based on neuroim-
aging, mainly magnetic resonance imaging (MRI) or com-
puted tomography (CT) (Gronchi et al. 2021; von Mehren 
et al. 2018). Most patients (77–100%) display neurological 
symptoms before BM diagnosis (Chua et al. 2016; De et al. 
2018; Marina et al. 1993). Most exhibit more than one 
symptom (Chua et al. 2016). In a study of 114 sarcoma 
patients, all 11 patients diagnosed with brain metastases 
had initial neurological symptoms. No brain lesions were 
detected at autopsy in 40 patients without clinical signs of 
brain metastases (España et al. 1980).

However, the incidence of asymptomatic brain metas-
tases may be higher than reported, as brain imaging is 
typically only performed if neurological symptoms are 
present, indicating the possibility of CNS involvement 
(Postovsky et al. 2003). In 35 cases, 12% of patients had 
no neurological symptoms, and CNS metastases were only 
detected by radiological screening (Salvati et al. 2010). On 
the other hand, neurological symptoms or even abnormali-
ties in brain imaging studies do not always indicate the 
presence of brain metastases. In a study of patients with 
metastatic rhabdomyosarcoma, 7 of 56 (12.5%) patients 
that underwent brain imaging at diagnosis had abnormal 
scans. Four of those seven patients had symptoms sug-
gesting metastases in the head or neck. Parenchymal brain 
metastases were only confirmed in one patient (Spunt et al. 
2001).

Most neurological symptoms patients demonstrate are 
non-specific (De et al. 2018). The most common symptom 
is a headache, present in 39–52.9% of patients (Flannery 
et al. 2010; Kokkali et al. 2021; Mehta and Hendrickson 
1974; Salvati et al. 2010). Chua et al. found that the most 
frequent symptoms that patients presented with were 
headache (43%), seizures (29%), dizziness (29%), nausea 
and vomiting (21%), focal weakness (21%), and change 
in mental status (Chua et al. 2016). Other reported symp-
toms included paraesthesias, back pain, double vision, and 
blurred vision (Mehta and Hendrickson 1974).

Neurological examination may also reveal signs of cer-
ebral spread in patients with sarcoma. Mehta et al. noted 
that papilledema was the most common symptom observed 
in patients with Ewing's sarcoma metastatic to the brain, 
followed by paraparesis, hemiparesis, and vertebral col-
umn tenderness (Mehta and Hendrickson 1974). Salvati 
et al. reported that motor deficits were found in 86% of 
patients and were the most frequent neurological signs 
(Salvati et al. 2010).

Neurological symptoms are more pronounced in chil-
dren. In a study of brain metastases in the paediatric popu-
lation, neurological manifestations were more severe than 

those reported in adult patients, with 60% of children 
experiencing seizures (Kebudi et al. 2005). The onset of 
neurological symptoms was also more sudden. It has been 
suggested that more rapid kinetics of tumour growth in 
childhood neoplasms may explain such differences (Bouf-
fet et al. 1997).

Given the rarity of sarcoma brain metastasis, current 
guidelines do not recommend routine brain imaging for all 
sarcoma patients without neurological signs or symptoms 
that indicate possible CNS involvement  (Bailey et al. 2001). 
Moreover, brain metastases usually occur after the systemic 
spread of sarcoma at the advanced stages of the disease. In a 
study by Yoshida et al., only 18.5% of sarcoma patients with 
brain metastases died due to CNS progression (Bindal et al. 
1994). The remaining patients died from systemic progres-
sion (70.4%) or infections (11.1%). In another study, brain 
metastases were confirmed at autopsy as a cause of death in 
4 out of 11 patients (Parasuraman et al. 1999). Therefore, 
it has been argued that neuroimaging should only be per-
formed when neurological symptoms are present because 
early diagnosis of brain metastases does not increase overall 
survival [34, 40].

However, the high incidence of brain involvement in 
specific histological subtypes of sarcoma, mainly ASPS, 
prompted the researchers to suggest that screening for brain 
metastases should be performed in all patients with those 
sarcomas (Hoiczyk et al. 2014). Others propose that screen-
ing for brain metastases could be utilized in patients with 
systemic spread of osteosarcoma or malignant fibrous histio-
cytoma (Shido and Matsuyama 2017; Shweikeh et al. 2004). 
Yonemoto et al. (2003) and Marina et al. (1993) suggest 
that osteosarcoma patients with active pulmonary metastases 
should undergo routine neuroimaging.

According to NCCN Guidelines for Soft Tissue Sar-
coma guidelines, CNS MRI or CT should be performed in 
patients with ASPS, mainly if pulmonary metastases exist 
[53]. According to ESMO-EURACAN-GENTURIS Clinical 
Practice Guidelines, it can also be considered for patients 
with clear-cell sarcoma and angiosarcoma (Schoffski et al. 
2018).

Treatment

Standard treatment of localized sarcomas is based on sur-
gery, radiotherapy, and sometimes chemotherapy. Multi-
modal therapies are implemented depending on the feasi-
bility of resection, sarcoma advancement, and the patient's 
health status. In the case of oligometastatic disease, the 
goal is to resect solitary metastases, optionally followed 
by chemotherapy. Still, in terms of multiple metastases, the 
preferred therapy is systemic therapy, mainly chemotherapy-
based (Gronchi et al. 2021). Unluckily brain metastases are 
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characterized by high radio- and chemoresistance, making 
the therapy more challenging (Fox et al. 2009). While mul-
timodal therapies for sarcoma result in prolonged survival, 
the prevalence of brain metastasis increases due to poor CNS 
penetration of systemic agents (Siontis et al. 2019). There 
is no standard treatment recommendation for patients with 
sarcoma brain metastases, but an individualized approach is 
recommended depending on the sarcoma subtype.

Surgery

In resectable metastasis, surgery is the primary inter-
vention. Median survival without surgical resection is 
1.2–2.7 months, while after metastasectomy, it increases, 
ranging from 5.4 to 25.8 months (Chou et al. 2011; Espat 
et al. 2002; Salvati et al. 2010; Yoshida et al. 2000). Only 
one study of 14 patients showed no significant difference 
in survival between patients who did and did not undergo 
surgery (Chan et al. 2020).

Individual anatomy, location of BM, and the patient's 
clinical condition may affect the possibility of complete 
resection and, as a result, patient survival. According to 
Bindal et al., a preoperative Karnofsky Performance Score 
(KPS) of < 70 resulted in 6.6 months of survival, while a 
KPS of > 70 resulted in 15.7 months. Moreover, patients 
who underwent complete resection survived 14.0 versus 
6.2 months for incomplete resection (Bindal et al. 1994). 
On the contrary, according to Fox et al., there is no statisti-
cal difference in survival between patients who receive total 
resection and those where only specific lesions were tar-
geted (Fox et al. 2009). A few studies showed that complete 
resection was possible in 85–95% of patients undergoing 
surgery, suggesting BM from sarcoma may have character-
istics facilitating its removal (Deguchi et al. 2020; Fox et al. 
2009; Salvati et al. 2010).

Likely, evidence of lung metastases at the time of crani-
otomy is not a contradiction for surgery and does not sig-
nificantly change patients' survival. The mean survival for 
patients with craniotomy and concurrent lung metastases 
was 8.6–11.8 vs 10.4–10.5 for diseases limited to the brain 
(Bindal et al. 1994; Salvati et al. 1998).

Apart from improving survival, metastasectomy has been 
reported to reduce neurological symptoms in most patients 
(Baram et al. 1988; Ogose et al. 1999; Yoshida et al. 2000). 
Also, according to Deguchi's study, craniotomy improved 
the KPS in 50% of cases, especially those with low preopera-
tive performance (Deguchi et al. 2020).

Radiotherapy

Sarcoma metastasizing to the central nervous system is con-
sidered to be relatively radioresistant (Ahmad et al. 2016; 
Chou et  al. 2011). Nevertheless, radiotherapy has been 

widely used in treating sarcoma BM, both therapeutically 
and palliatively.

Two main methods of radiotherapy are whole-brain radio-
therapy (WBRT) and stereotactic radiation therapy (SRT) 
in one fraction (radiosurgery) or more than one fraction 
(hypofractionated stereotactic radiation therapy). Whole-
brain radiation therapy uses low doses of radiation per frac-
tion to indiscriminately irradiate whole brain tissue, typi-
cally used in cases with multiple intracranial malignancies 
(Kumar et al. 2018). In contrast, SRT is a precise technique 
that utilizes focused radiation to target a limited quantity 
of small lesions, enabling a higher biologically effective 
dose (BED) on the lesion. WBRT is linked to neurological 
adverse effects, such as fatigue, cognitive impairment, and 
memory loss (Kumar et al. 2018). In comparison, the local-
ized impact area of SRT has the benefit of decreased side 
effects, despite utilizing higher doses of radiation (Kumar 
et al. 2018). However, the use of SRT is limited by the num-
ber and size of targets, as treating a higher volume of dis-
ease may increase the risk of radiation necrosis (Kumar et al. 
2018). Although SRT is usually recommended for patients 
with 1–4 lesions, it has been considered an option in patients 
with up to 10 brain metastases (Yamamoto et al. 2014) as 
long as the total volume of the disease remains low (Kumar 
et al. 2018). As a result, patients with a small number of 
brain metastases can be treated with SRT, while WBRT is 
mainly used in patients with disseminated cerebral metas-
tases (Farooqi et al. 2020). It is important to remember that 
SRT does not exclude future WBRT, and vice versa: WBRT 
does not preclude later SRT. In selected cases, it is also pos-
sible to re-treat the previously irradiated lesion.

Stereotactic radiation therapy (SRT)

Sim et al. reported that SRT treatment of brain metastases 
from sarcoma resulted in good local control, 89% after 1 
year (Sim et al. 2020). However, distant control (34%) and 
overall survival (38%) remained poor. Flannery et al. found 
that patients treated with Gamma Knife radiosurgery had 
88% local control for a median interval of 4 months, with 
61% of 1-year OS (Flannery et al. 2010). It has also been 
noted that lesions showing evidence of regression after 
SRT tended to be initially smaller than stable or progressive 
tumours (mean volume 3  cm3 vs 11.2  cm3).

In 2018 Xia et al. explored the ability of local radiation 
and anti-PD-1 blockade to induce an anti-tumour response 
in a preclinical study on mice with osteosarcoma brain 
metastases. The combination treatment produced a more 
robust systemic anti-tumour response than either treatment 
alone and created the prospect of new treatment options 
(Xia et al. 2018). However, the results apply only to an ani-
mal model, and so far, human clinical trials with anti-PD-1 
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pembrolizumab in osteosarcoma showed no clinically signif-
icant antitumor activity (Boye et al. 2021; Tawbi et al. 2017).

Whole‑brain radiotherapy (WBRT)

Whole-brain radiotherapy can be used in cases where sur-
gery and SRT are unsuitable or as a part of multi-modality 
treatment. In the cohort study from the Hellenic Group of 
Sarcomas and Rare Cancers, which evaluated the impact of 
different treatment modalities, whole-brain radiation therapy 
was associated with longer overall survival than no WBRT 
(Kokkali et al. 2021).

Since surgery and SRT are local treatments, their impact 
on the areas outside the treatment field remains limited. 
Therefore, combining these modalities with WBRT may 
result in better outcomes. The addition of WBRT to SRT 
improved intracranial control from 50 to 85% at 1 year 
(Farooqi et al. 2020). On the other hand, another study found 
no statistical difference in the overall survival of patients 
who did and did not receive WBRT after surgery (Wroński 
et al. 1995).

Even if radiation therapy does not significantly prolong 
survival, it may be used as palliative treatment. Symptoms 
were alleviated in six out of 7 patients with Ewing's sar-
coma who received palliative radiotherapy and remained 
symptom-free until death (Mehta and Hendrickson 1974). 
In another study, two out of 5 patients who underwent radio-
therapy showed marked improvement in neurological symp-
toms and died of systemic disease (Ogose et al. 1999).

Systemic therapy

Late presentation of brain metastases during sarcoma pro-
gression and the presence of disseminated disease at the 
time of BM diagnosis underscores the need for systemic 
treatments. In a study by Yoshida et  al., most sarcoma 
patients (70.4%) died from systemic progression, with 
only 18.5% due to direct CNS involvement (Bindal et al. 
1994). Chemotherapy is, therefore, widely used in treating 
sarcoma, including its distant metastases, but its effective-
ness remains limited. Doxorubicin, ifosfamide, gemcitabine, 
and docetaxel are commonly used in patients with sarcoma 
(Chaigneau et al. 2018; Ratan and Patel 2016). They cross 
the blood–brain barrier poorly, restricting their usefulness in 
treating brain metastases (Ahmad et al. 2016). Furthermore, 
CNS involvement is usually the final stage in the progression 
of the disease (Kokkali et al. 2021) and diagnosis of brain 
metastases is preceded by a median number of two lines of 
systemic therapies (Kokkali et al. 2021). Therefore, most 
patients had already been treated with systemic treatment 
by the time of brain metastasis, which further affects the 
efficacy of this line of therapy (Siontis et al. 2019).

Histological subtypes impact the tumour's sensitivity to 
chemotherapy, resulting in some types (e.g. osteosarcoma 
and Ewing's sarcoma) being more chemosensitive while 
others (e.g. clear-cell sarcoma) remain chemoresistant 
(Chaigneau et al. 2018). A study of aggressive multidisci-
plinary treatments for patients with osteosarcoma metasta-
sizing to the brain found that chemotherapy is a favourable 
prognostic factor for longer overall survival, independently 
of surgery and radiotherapy (Zhu et al. 2021). This is in 
line with results from a multicentre study of 246 sarcoma 
patients with CNS metastases, which also demonstrated 
a positive impact of chemotherapy on overall survival 
(Chaigneau et al. 2018). However, there was no evidence of 
chemotherapy influencing survival in a study reviewing the 
data from the Surveillance, Epidemiology, and End Results 
(SEER) database (Gusho et al. 2021).

There is some evidence of survival benefits for patients 
whose locally aggressive treatment was supplemented with 
chemotherapy. In a study of 112 patients, combining chemo-
therapy with surgery improved overall survival significantly, 
compared with combining radiotherapy with surgery or sur-
gery alone (Al Sannaa et al. 2016). This was partially con-
firmed by Zhu et al. (2021), who observed the advantage 
over solely performed metastasectomy but failed to show the 
difference compared to surgery with adjuvant radiotherapy.

In recent years, targeted therapies, including sunitinib and 
pazopanib, have emerged as a promising treatment option for 
soft-tissue sarcomas (Nathenson et al. 2018; Ratan and Patel 
2016; van der Graaf et al. 2012). ASPS has been shown to 
be sensitive to tyrosine kinase inhibitors, such as sunitinib 
or crizotinib (Roulleaux Dugage et al. 2021; Schoffski et al. 
2018). Another study investigating the effects of combined 
axitinib (antiangiogenic tyrosine kinase inhibitor) and pem-
brolizumab (anti-PD1 immune checkpoint inhibitor) treat-
ment in patients with sarcoma found promising activity in 
ASPS patients (Wilky et al. 2019). However, an analysis 
of the French Sarcoma Group showed that among ASPS 
patients treated with antiangiogenic therapies (sunitinib, 
pazopanib, and cediranib), those with brain metastases had 
significantly shorter progression-free survival than those 
without BM, suggesting that patients with ASPS develop-
ing brain metastases have limited benefit from this form of 
treatment (Malouf et al. 2019). A case report regarding a 
37-year-old patient with ASPS treated with pazopanib also 
reported the detection of brain metastases after 35 months 
of treatment, despite achieving a response in the tumour and 
lung metastases (Shido and Matsuyama 2017). Further stud-
ies are needed to investigate the possible benefits of targeted 
therapies in treating sarcoma metastatic to the brain. Cur-
rently, no dedicated studies are investigating targeted drug 
therapies for sarcomas metastasizing to the central nervous 
system (Zhu et al. 2021).
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Moreover, there is some evidence for the activity of 
immunotherapy in selected subgroups of patients. A meta-
analysis of 27 studies showed the potential benefits of 
immune checkpoint inhibitor therapy, with ASPS, UPS and 
Kaposi sarcoma being the most susceptible (Saerens et al. 
2021). A study of 80 patients with soft-tissue and bone sar-
comas treated with pembrolizumab (anti-PD1 antibody) 
reported a response in 40% of patients with UPS, compared 
with 18% of all patients with STS and 5% of patients with 
bone sarcoma (Tawbi et al. 2017). However, the effects of 
these therapies in patients with BM have not yet been inves-
tigated. Additionally, patients with symptomatic BM are 
usually excluded from clinical trials.

Outcomes and prognostic factors

The 5-year survival rate in localized STS and bone sarcoma 
reaches 75–90% and 80%, respectively. However, in the case 
of distant metastases, it decreases markedly to 15–20% in 
STS and 20–60% in bone sarcoma (Howlader et al. N, based 
on November 2019 SEER data submission, posted to the 
SEER web site, April 2020). The median overall survival for 
advanced STS is 8–15 months (Hoiczyk et al. 2014; Italiano 
et al. 2011; Meyer and Seetharam 2019). Brain metastases 
are usually the last stage in the disease progression, and the 
outcome for the patients is poor (Salvati et al. 2010). With 
only the best supportive care, the median survival is between 
1.2 and 2.7 months (Chua et al. 2016; Espat et al. 2002).

Standard prognostic factors, i.e. the GPA index, were 
established to guide the treatment of brain metastases 
from primary tumours such as lung or breast cancer. They 
were developed to be used across multiple histologies and 
molecular tumour subtypes. According to Patrikidou's 
study, the original GPA index is not prognostic for sarcoma 

BM as the differences between median OS calculated for 
specific GPA index levels were not significant enough to 
allow clear discrimination between subgroups. Patrikidou's 
group developed a sarcoma-specific GPA based on the his-
tology, number of brain lesions, and patient's performance 
status, allowing the identification of patients who are more 
likely to benefit from the direct treatment of BM (Table 2) 
(Patrikidou et al. 2020). The final index uses 4-point cut-offs 
for the prognostic group levels (scores 0–1, 1.5–2.0, 2.5–3 
and 3.5–4), with the GPA1 group (score 0–1) having the 
worst prognosis and the GPA4 group (score 3.5–4) having 
the better prognosis. 

The modality of treatment affecting OS is difficult to 
evaluate due to insufficient numbers of patients undergoing 
specific therapies. Many researchers have agreed that the 
overall survival is more prolonged for patients undergoing 
surgery. After metastasectomy, the mean OS varies from 
5.4 to 25.8 months (Chou et al. 2011; Espat et al. 2002; 
Salvati et al. 2010; Yoshida et al. 2000). Chemotherapy is 
usually implemented in the postoperative setting. Therefore, 
the effect of its sole use remains unclear. Two studies have 
identified a survival benefit with the use of chemotherapy 
(Al Sannaa et al. 2016; Chaigneau et al. 2018), while others 
have not (Gusho et al. 2021).

In Salvati et al. study, 31% of BM locally recurred within 
a median of 3.6 months. It was more likely to happen in 
the case of haemorrhagic foci than non-hemorrhagic (38% 
vs 27%, respectively). The time interval to local recurrence 
has also appeared to be shorter in the hemorrhagic lesions 
(Salvati et al. 2010). It was later confirmed by Al Saannaa 
et al.; however, according to their research, local recurrence 
did not affect survival (Al Sannaa et al. 2016).

An important factor affecting the OS seems to be the per-
formance status assessed with KPS or ECOG scale (Bindal 
et al. 1994; Salvati et al. 2010) (Patrikidou et al. 2020). In 

Table 2  Sarcoma Graded Prognostic Assessment (Sarcoma-GPA) index

Score

0 0.5 1 2

Histology adipocytic tumours, includ-
ing liposarcoma and 
myxoid liposarcoma

Smooth muscle tumours, 
skeletal muscle tumours, 
fibroblastic/myofibroblas-
tic tumours, fibrohistio-
cytic tumours, vascular 
tumours, tumours of 
uncertain differentiation 
including intimal sarcoma

Tumours of uncertain 
differentiation, including 
synovial sarcoma, clear 
cell sarcoma, epithelioid 
sarcoma, small round cell 
tumours, undifferentiated 
sarcomas, and also malig-
nant peripheral nerve 
sheath tumour/neurofi-
brosarcoma and phyllodes 
tumour/cystosarcoma of 
the breast

Alveolar soft part 
sarcomas and solitary 
fibrous tumours (SFT)/
hemangiopericytoma

ECOG PS score 3–4 2 0–1 –
Number of CNS metastases  > 4 2–4 1 –
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Salvati's study, the OS for patients undergoing surgery with 
KPS > 60 was 12.8 months versus 5.4 months for those 
with a KPS < 60. On the contrary, according to Deguchi's 
research, neither pre- nor postoperative KPS was a signifi-
cant prognostic factor for OS, even though metastasectomy 
vastly improved postoperative KPS in 50% of the patients 
(Deguchi et al. 2020).

The overall survival by sarcoma histology has been 
reported only for some subtypes, and most of these data 
come from small studies or case reports. The values are 
as follows: 3–18 months in leiomyosarcoma (Dietel et al. 
2021), 1–18 months in angiosarcoma (Zakaria et al. 2015), 
a median of 4 months in osteosarcoma (Zhu et al. 2021), a 
mean of 32.3 months in ASPS (Gonzalez et al. 2021) and 
2.7 months in Ewing sarcoma and rhabdomyosarcoma (Par-
asuraman et al. 1999).

Conclusions

Brain metastases in sarcoma are rare, but some histological 
subtypes, including undifferentiated pleomorphic sarcoma, 
ASPS, leiomyosarcoma and osteosarcoma, have a higher 
propensity to metastasize to the brain. Brain metastases are 
usually preceded by metastases to other sites, most com-
monly the lungs.

The majority of patients report neurological symptoms 
before brain metastasis diagnosis, and it is usually based 
on neuroimaging. Although current guidelines do not rec-
ommend routine brain imaging for most sarcoma patients 
without neurological symptoms, CNS MRI or CT should be 
performed in patients with ASPS and could be considered 
for clear-cell sarcoma and angiosarcoma.

Treatment options include surgery, radiotherapy and 
chemotherapy, with many patients receiving multimodal 
therapies. Surgery is preferable in case of resectable metas-
tases, with some evidence of improved overall survival and 
reduced neurological symptoms. Radiotherapy is widely 
used in the therapeutic and palliative treatment of sarcoma 
BM. Stereotactic radiosurgery has been shown to give good 
local control of brain lesions, while whole-brain radiother-
apy can improve survival when combined with localized 
therapies. Poor blood–brain barrier penetration of chemo-
therapeutic agents used in sarcoma treatment limits their 
effectiveness in treating brain metastases. However, some 
studies found survival benefits of chemotherapy, especially 
combined with metastasectomy. Despite the advances in 
modern cancer treatment, the outcome for sarcoma patients 
with brain metastases remains poor, with most patients suc-
cumbing to the disease in a few months.

The rarity of brain metastases in sarcoma and the lack 
of standard treatment result in various treatment combina-
tions, making evaluating the effect of individual treatment 

modalities difficult. There are few extensive studies of sar-
coma patients with BM, with most data coming from case 
reports, further limiting the possibility of drawing conclu-
sions regarding the survival benefit of each therapy. More 
studies are needed to establish optimal treatment options 
in different histological subtypes of sarcoma metastatic to 
the brain.

Author contributions All authors contributed to the study's conception 
and design. Material preparation, data collection. The first manuscript 
draft was written by WJ, AL and AB. PS and PR revised the first draft, 
and all authors commented on previous versions of the manuscript. All 
authors read and approved the final manuscript.

Declarations 

Conflict of interest Pawel Sobczuk has received travel grants from 
MSD, BMS, Roche, Novartis, and Pierre Fabre; honoraria for lectures 
from Swixx BioPharma, BMS, Gilead and Sandoz; honoraria for Ad-
visory Boards from Sandoz; is a stock owner of Celon Pharma; Non-
financial interests: European Society of Medical Oncology—Officer; 
Polish Society of Clinical Oncology—Member of Board of Directors. 
Piotr Rutkowski has received honoraria for lectures from BMS, Merck, 
MSD, Novartis, Pierre Fabre, Sanofi; honoraria for Advisory Boards 
from Blueprint Medicines, BMS, Merck, MSD, Novartis, Pierre Fabre, 
Sanofi; Institutional funding support from BMS and Pfizer; Non-finan-
cial interests: ASCO—Officer, Polish Society of Surgical Oncology—
Member of Board of Directors, Polish Oncological Society—Presi-
dent. Wiktoria Jędrys, Aleksandra Leśniak and Aneta Borkowska 
declare no conflict of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Acem I, Martin E, van Houdt WJ, van de Sande MAJ, Grünhagen 
DJ, Verhoef C, Monaco C (2021) The association of metastasis 
pattern and management of metastatic disease with oncologi-
cal outcomes in patients with malignant peripheral nerve sheath 
tumors: a multicenter cohort study. Cancers (basel). https:// doi. 
org/ 10. 3390/ cance rs132 05115

Ahmad O, Chan M, Savage P, Watabe K, Lo HW, Qasem S (2016) 
Biology and treatment of metastasis of sarcoma to the brain. Front 
Biosci (elite Ed) 8(2):233–244. https:// doi. org/ 10. 2741/ e764

Al Sannaa G, Watson KL, Olar A, Wang WL, Fuller GN, McCutcheon 
I, Lazar AJ (2016) Sarcoma brain metastases: 28 years of experi-
ence at a single institution. Ann Surg Oncol 23(Suppl 5):962–967. 
https:// doi. org/ 10. 1245/ s10434- 016- 5559-7

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/cancers13205115
https://doi.org/10.3390/cancers13205115
https://doi.org/10.2741/e764
https://doi.org/10.1245/s10434-016-5559-7


18279Journal of Cancer Research and Clinical Oncology (2023) 149:18271–18281 

1 3

Bailey SC, Bailey B, Smith NT, Van Tassel P, Thomas CRJ (2001) 
Brain metastasis from a primary liposarcoma of the digit: case 
report. Am J Clin Oncol 24(1): 81–84. https:// journ als. lww. com/ 
amjcl inica lonco logy/ Fullt ext/ 2001/ 02000/ Brain_ Metas tasis_ 
From_a_ Prima ry_ Lipos arcoma_ of_ the. 15. aspx

Baram TZ, van Tassel P, Jaffe NA (1988) Brain metastases in osteo-
sarcoma: incidence, clinical and neuroradiological findings and 
management options. J Neurooncol 6(1):47–52. https:// doi. org/ 
10. 1007/ BF001 63540

Bekiesinska-Figatowska M, Duczkowska A, Duczkowski M, Brago-
szewska H, Romaniuk-Doroszewska A, Iwanowska B, Raciborska 
A (2017) CNS Metastases from bone and soft tissue sarcomas in 
children, adolescents, and young adults: are they really so rare? 
Biomed Res Int. https:// doi. org/ 10. 1155/ 2017/ 14564 73

Bindal RK, Sawaya RE, Leavens ME, Taylor SH, Guinee VF (1994) 
Sarcoma metastatic to the brain: results of surgical treatment. 
Neurosurgery 35(2):185–190. https:// doi. org/ 10. 1227/ 00006 
123- 19940 8000- 00002. (discussion 190-181)

Bouffet E, Doumi N, Thiesse P, Mottolese C, Jouvet A, Lacroze M, 
Brunat-Mentigny M (1997) Brain metastases in children with 
solid tumors. Cancer 79(2):403–410. https:// doi. org/ 10. 1002/ 
(sici) 1097- 0142(19970 115) 79:2% 3c403:: aid- cncr25% 3e3.0. 
co;2-3

Boye K, Longhi A, Guren T, Lorenz S, Næss S, Pierini M, Palm-
erini E (2021) Pembrolizumab in advanced osteosarcoma: 
results of a single-arm, open-label, phase 2 trial. Cancer Immu-
nol Immunother 70(9):2617–2624. https:// doi. org/ 10. 1007/ 
s00262- 021- 02876-w

Chaigneau L, Patrikidou A, Ray-Coquard I, Valentin T, Linassier C, 
Bay JO, Isambert N (2018) Brain metastases from adult sarcoma: 
prognostic factors and impact of treatment. A retrospective analy-
sis from the French Sarcoma Group (GSF/GETO). Oncologist 
23(8):948–955. https:// doi. org/ 10. 1634/ theon colog ist. 2017- 0136

Chan CM, Lindsay AD, Spiguel AR, Scarborough MT, Gibbs CP 
(2020) Brain metastases from Truncal and extremity bone and soft 
tissue sarcoma: single institution study of oncologic outcomes. 
Rare Tumors 12:2036361320960060. https:// doi. org/ 10. 1177/ 
20363 61320 960060

Chou YS, Liu CY, Chen WM, Chen TH, Chen PC, Wu HT, Yen CC 
(2011) Brain, the last fortress of sarcoma: similar dismal outcome 
but discrepancy of timing of brain metastasis in bone and soft 
tissue sarcoma. J Surg Oncol 104(7):765–770. https:// doi. org/ 10. 
1002/ jso. 22011

Chua C, Raaj J, Pan S, Farid M, Lee JF, Ho ZC, Quek R (2016) Brain 
metastasis in sarcoma: Does metastasectomy or aggressive multi-
disciplinary treatment improve survival outcomes. Asia Pac J Clin 
Oncol 12(1):e16-22. https:// doi. org/ 10. 1111/ ajco. 12111

De B, Kinnaman MD, Wexler LH, Kramer K, Wolden SL (2018) Cen-
tral nervous system relapse of rhabdomyosarcoma. Pediatr Blood 
Cancer. https:// doi. org/ 10. 1002/ pbc. 26710

Deguchi S, Nakasu Y, Sakaida T, Akimoto J, Tanahashi K, Natsume 
A, Narita Y (2020) Surgical outcome and graded prognostic 
assessment of patients with brain metastasis from adult sarcoma: 
multi-institutional retrospective study in Japan. Int J Clin Oncol 
25(11):1995–2005. https:// doi. org/ 10. 1007/ s10147- 020- 01740-8

Dietel E, Nestler U, Nenning H, Eisenlöffel C, Stassart R, Meixens-
berger J (2021) A late systemic and brain metastasis from subcu-
taneous leiomyosarcoma of the right forearm: a case report and 
review of the literature. J Med Case Reports 15(1):14. https:// doi. 
org/ 10. 1186/ s13256- 020- 02625-0

Erratum: De B, Kinnaman MD, Wexler LH, Kramer K, Wolden SL 
(2017) Central nervous system relapse of rhabdomyosarcoma. 
Pediatr Blood Cancer. https:// doi. org/ 10. 1002/ pbc. 26710. (Pedi-
atr Blood Cancer, 64(11). https:// doi. org/ 10. 1002/ pbc. 26766)

España P, Chang P, Wiernik PH (1980) Increased incidence of brain 
metastases in sarcoma patients. Cancer 45(2):377–380. https:// doi. 

org/ 10. 1002/ 1097- 0142(19800 115) 45:2% 3c377:: aid- cncr2 82045 
0231% 3e3.0. co;2-5

Espat NJ, Bilsky M, Lewis JJ, Leung D, Brennan MF (2002) Soft tissue 
sarcoma brain metastases. Prevalence in a cohort of 3829 patients. 
Cancer 94(10):2706–2711. https:// doi. org/ 10. 1002/ cncr. 10554

Farooqi A, Mitra D, Guadagnolo BA, Bishop AJ (2020) The evolv-
ing role of radiation therapy in patients with metastatic soft tis-
sue sarcoma. Curr Oncol Rep 22(8):79. https:// doi. org/ 10. 1007/ 
s11912- 020- 00936-5

Flannery T, Kano H, Niranjan A, Monaco EA 3rd, Flickinger JC, 
Kofler J, Kondziolka D (2010) Gamma knife radiosurgery as a 
therapeutic strategy for intracranial sarcomatous metastases. Int J 
Radiat Oncol Biol Phys 76(2):513–519. https:// doi. org/ 10. 1016/j. 
ijrobp. 2009. 02. 007

Fox BD, Patel A, Suki D, Rao G (2009) Surgical management of meta-
static sarcoma to the brain. J Neurosurg 110(1):181–186. https:// 
doi. org/ 10. 3171/ 2008.4. 17505

Gatta G, Capocaccia R, Botta L, Mallone S, De Angelis R, Ardanaz E, 
Benhamou E (2017) Burden and centralised treatment in Europe 
of rare tumours: results of RARECAREnet—a population-based 
study. Lancet Oncol 18(8):1022–1039. https:// doi. org/ 10. 1016/ 
S1470- 2045(17) 30445-X

Gonzalez MR, Bryce-Alberti M, Leon-Abarca JA, Pretell-Mazzini J 
(2021) Brain metastases in patients with soft-tissue sarcomas: 
management and survival—a SEER Population-Based Cohort 
Study. J Am Acad Orthop Surg Glob Res Rev. https:// doi. org/ 10. 
5435/ JAAOS Global- D- 21- 00219

Gronchi A, Miah AB, Dei Tos AP, Abecassis N, Bajpai J, Bauer S, 
Stacchiotti S, clinicalguidelines@esmo.org, G. E. a. (2021) Soft 
tissue and visceral sarcomas: ESMO-EURACAN-GENTURIS 
Clinical Practice Guidelines for diagnosis, treatment and follow-
up. Ann Oncol 32(11):1348–1365. https:// doi. org/ 10. 1016/j. 
annonc. 2021. 07. 006

Gusho CA, Blank AT, Batus M (2021) Outcomes of brain metastasis 
in high-grade bone and soft tissue sarcoma: An analysis of clin-
icopathological characteristics and survival data. Rare Tumors 
13:20363613211026150. https:// doi. org/ 10. 1177/ 20363 61321 
10261 51

Hoiczyk M, Herbrik M, Grabellus F, Podleska L, Pöttgen C, 
Schwindenhammer B, Bauer S (2014) Brain metastases in sar-
coma patients: Incidence and outcome. J Clin Oncol 32(15_
suppl):10591–10591. https:// doi. org/ 10. 1200/ jco. 2014. 32. 15_ 
suppl. 10591 

Howlader NNA, Krapcho M, Miller D, Brest A, Yu M, Ruhl J, Tatal-
ovich Z, Mariotto A, Lewis DR, Chen HS, Feuer EJ, Cronin KA 
(eds) (2020) (based on November 2019 SEER data submission, 
posted to the SEER web site, April 2020.). SEER Cancer Statistics 
Review, 1975–2017. Natl Cancer Inst. Bethesda, MD., https:// seer. 
cancer. gov/ csr/ 1975_ 2017/. Accessed 1 Jan 2023.

Italiano A, Mathoulin-Pelissier S, Cesne AL, Terrier P, Bonvalot S, 
Collin F, Bui B (2011) Trends in survival for patients with meta-
static soft-tissue sarcoma. Cancer 117(5):1049–1054

Kebudi R, Ayan I, Gorgun O, Agaoglu FY, Vural S, Darendeliler E 
(2005) Brain metastasis in pediatric extracranial solid tumors: 
survey and literature review. J Neurooncol 71(1):43–48. https:// 
doi. org/ 10. 1007/ s11060- 004- 4840-y

Kies MS, Kennedy PS (1978) Central nervous system involvement in 
Ewing’s sarcoma. Ann Intern Med 89(2):226–227. https:// doi. org/ 
10. 7326/ 0003- 4819- 89-2- 226

Kokkali S, Vini L, Stergioula A, Kyriazoglou A, Vassos N, Boukovinas 
I (2021) Brain metastases from adult sarcomas: a retrospective 
cohort study from the Hellenic Group of Sarcomas and Rare Can-
cers (HGSRC). J Clin Med. https:// doi. org/ 10. 3390/ jcm10 245978

Kumar AMS, Miller J, Hoffer SA, Mansur DB, Coffey M, Lo SS, 
Machtay M (2018) Postoperative hypofractionated stereotactic 
brain radiation (HSRT) for resected brain metastases: improved 

https://journals.lww.com/amjclinicaloncology/Fulltext/2001/02000/Brain_Metastasis_From_a_Primary_Liposarcoma_of_the.15.aspx
https://journals.lww.com/amjclinicaloncology/Fulltext/2001/02000/Brain_Metastasis_From_a_Primary_Liposarcoma_of_the.15.aspx
https://journals.lww.com/amjclinicaloncology/Fulltext/2001/02000/Brain_Metastasis_From_a_Primary_Liposarcoma_of_the.15.aspx
https://doi.org/10.1007/BF00163540
https://doi.org/10.1007/BF00163540
https://doi.org/10.1155/2017/1456473
https://doi.org/10.1227/00006123-199408000-00002
https://doi.org/10.1227/00006123-199408000-00002
https://doi.org/10.1002/(sici)1097-0142(19970115)79:2%3c403::aid-cncr25%3e3.0.co;2-3
https://doi.org/10.1002/(sici)1097-0142(19970115)79:2%3c403::aid-cncr25%3e3.0.co;2-3
https://doi.org/10.1002/(sici)1097-0142(19970115)79:2%3c403::aid-cncr25%3e3.0.co;2-3
https://doi.org/10.1007/s00262-021-02876-w
https://doi.org/10.1007/s00262-021-02876-w
https://doi.org/10.1634/theoncologist.2017-0136
https://doi.org/10.1177/2036361320960060
https://doi.org/10.1177/2036361320960060
https://doi.org/10.1002/jso.22011
https://doi.org/10.1002/jso.22011
https://doi.org/10.1111/ajco.12111
https://doi.org/10.1002/pbc.26710
https://doi.org/10.1007/s10147-020-01740-8
https://doi.org/10.1186/s13256-020-02625-0
https://doi.org/10.1186/s13256-020-02625-0
https://doi.org/10.1002/pbc.26710
https://doi.org/10.1002/pbc.26766
https://doi.org/10.1002/1097-0142(19800115)45:2%3c377::aid-cncr2820450231%3e3.0.co;2-5
https://doi.org/10.1002/1097-0142(19800115)45:2%3c377::aid-cncr2820450231%3e3.0.co;2-5
https://doi.org/10.1002/1097-0142(19800115)45:2%3c377::aid-cncr2820450231%3e3.0.co;2-5
https://doi.org/10.1002/cncr.10554
https://doi.org/10.1007/s11912-020-00936-5
https://doi.org/10.1007/s11912-020-00936-5
https://doi.org/10.1016/j.ijrobp.2009.02.007
https://doi.org/10.1016/j.ijrobp.2009.02.007
https://doi.org/10.3171/2008.4.17505
https://doi.org/10.3171/2008.4.17505
https://doi.org/10.1016/S1470-2045(17)30445-X
https://doi.org/10.1016/S1470-2045(17)30445-X
https://doi.org/10.5435/JAAOSGlobal-D-21-00219
https://doi.org/10.5435/JAAOSGlobal-D-21-00219
https://doi.org/10.1016/j.annonc.2021.07.006
https://doi.org/10.1016/j.annonc.2021.07.006
https://doi.org/10.1177/20363613211026151
https://doi.org/10.1177/20363613211026151
https://doi.org/10.1200/jco.2014.32.15_suppl.10591
https://doi.org/10.1200/jco.2014.32.15_suppl.10591
https://seer.cancer.gov/csr/1975_2017/
https://seer.cancer.gov/csr/1975_2017/
https://doi.org/10.1007/s11060-004-4840-y
https://doi.org/10.1007/s11060-004-4840-y
https://doi.org/10.7326/0003-4819-89-2-226
https://doi.org/10.7326/0003-4819-89-2-226
https://doi.org/10.3390/jcm10245978


18280 Journal of Cancer Research and Clinical Oncology (2023) 149:18271–18281

1 3

local control with higher BED(10). J Neurooncol 139(2):449–454. 
https:// doi. org/ 10. 1007/ s11060- 018- 2885-6

Lavit E, Aldea M, Piperno-Neumann S, Firmin N, Italiano A, Isambert 
N, Duffaud F (2022) Treatment of 120 adult osteosarcoma patients 
with metachronous and synchronous metastases: a retrospective 
series of the French Sarcoma Group. Int J Cancer 150(4):645–653. 
https:// doi. org/ 10. 1002/ ijc. 33823

Lin F, Duan J, Lin Y, Wu H, Xu G, Guo X, Zhang C (2020) Survival 
and risk factors in patients with liposarcoma with distant metas-
tasis. Am J Transl Res 12(5):2071–2082

Lochner J, Menge F, Vassos N, Hohenberger P, Kasper B (2020) Prog-
nosis of patients with metastatic soft tissue sarcoma: advances in 
recent years. Oncol Res Treat 43(11):613–619. https:// doi. org/ 
10. 1159/ 00050 9519

Malouf GG, Beinse G, Adam J, Mir O, Chamseddine AN, Terrier P, 
Le Cesne A (2019) Brain metastases and place of antiangiogenic 
therapies in alveolar soft part sarcoma: a retrospective analysis of 
the French Sarcoma Group. Oncologist 24(7):980–988. https:// 
doi. org/ 10. 1634/ theon colog ist. 2018- 0074

Marina NM, Pratt CB, Shema SJ, Brooks T, Rao B, Meyer WH (1993) 
Brain metastases in osteosarcoma. Report of a long-term sur-
vivor and review of the St. Jude Children’s Research Hospital 
experience. Cancer 71(11):3656–3660. https:// doi. org/ 10. 1002/ 
1097- 0142(19930 601) 71: 11% 3c365 6:: aid- cncr2 82071 1130% 
3e3.0. co;2-l

Mawrin C, Kirches E, Dietzmann K, Weis S (2002) Uterine leio-
myosarcoma metastatic to the brain stem. Arch Gynecol Obstet 
266(2):119–121. https:// doi. org/ 10. 1007/ s0040 40100 212

Mehta Y, Hendrickson FR (1974) CNS involvement in Ewing’s sar-
coma. Cancer 33(3):859–862. https:// doi. org/ 10. 1002/ 1097- 
0142(197403) 33:3% 3c859:: aid- cncr2 82033 0335% 3e3.0. co;2-o

Mendes WL, Osorio C, de Camargo B, Machado AB (1999) Iso-
lated CNS involvement in Ewing sarcoma. Med Pediatr Oncol 
32(6):469–470. https:// doi. org/ 10. 1002/ (sici) 1096- 911x(199906) 
32:6% 3c469:: aid- mpo21% 3e3.0. co;2-w

Meyer M, Seetharam M (2019) First-line therapy for metastatic soft 
tissue sarcoma. Curr Treat Options Oncol 20(1):6. https:// doi. org/ 
10. 1007/ s11864- 019- 0606-9

Nakamura T, Matsumine A, Matsubara T, Asamuma K, Niimi R, 
Uchida A, Sudo A (2011) Retrospective analysis of metastatic 
sarcoma patients. Oncol Lett 2(2):315–318. https:// doi. org/ 10. 
3892/ ol. 2011. 238

Nathenson MJ, Conley AP, Sausville E (2018) Immunotherapy: a new 
(and Old) approach to treatment of soft tissue and bone sarco-
mas. Oncologist 23(1):71–83. https:// doi. org/ 10. 1634/ theon colog 
ist. 2016- 0025

Ogose A, Morita T, Hotta T, Kobayashi H, Otsuka H, Hirata Y, Yoshida 
S (1999) Brain metastases in musculoskeletal sarcomas. Jpn J Clin 
Oncol 29(5):245–247. https:// doi. org/ 10. 1093/ jjco/ 29.5. 245

Parasuraman S, Langston J, Rao BN, Poquette CA, Jenkins JJ, Mer-
chant T, Pappo AS (1999) Brain metastases in pediatric Ewing 
sarcoma and rhabdomyosarcoma: the St. Jude Children’s Research 
Hospital experience. J Pediatr Hematol Oncol 21(5):370–377. 
https:// doi. org/ 10. 1097/ 00043 426- 19990 9000- 00007

Park K, van Rijn R, McHugh K (2008) The role of radiology in pae-
diatric soft tissue sarcomas. Cancer Imaging 8:102–115. https:// 
doi. org/ 10. 1102/ 1470- 7330. 2008. 0014

Patrikidou A, Chaigneau L, Isambert N, Kitikidou K, Shanley R, Ray-
Coquard I, Le Cesne A (2020) Development of a disease-specific 
graded prognostic assessment index for the management of sar-
coma patients with brain metastases (Sarcoma-GPA). BMC Can-
cer 20(1):117. https:// doi. org/ 10. 1186/ s12885- 020- 6548-6

Paulino AC, Nguyen TX, Barker JL Jr (2003) Brain metastasis in chil-
dren with sarcoma, neuroblastoma, and Wilms’ tumor. Int J Radiat 
Oncol Biol Phys 57(1):177–183. https:// doi. org/ 10. 1016/ s0360- 
3016(03) 00502-9

Postovsky S, Ash S, Ramu IN, Yaniv Y, Zaizov R, Futerman B, Ben 
Arush MW (2003) Central nervous system involvement in chil-
dren with sarcoma. Oncology 65(2):118–124. https:// doi. org/ 10. 
1159/ 00007 2336

Puffer RC, Graffeo CS, Mallory GW, Jentoft ME, Spinner RJ (2016) 
Brain metastasis from malignant peripheral nerve sheath tumors. 
World Neurosurg 92:580.e581-580.e584. https:// doi. org/ 10. 
1016/j. wneu. 2016. 06. 069

Ratan R, Patel SR (2016) Chemotherapy for soft tissue sarcoma. Can-
cer 122(19):2952–2960. https:// doi. org/ 10. 1002/ cncr. 30191

Roulleaux Dugage M, Nassif EF, Italiano A, Bahleda R (2021) Improv-
ing immunotherapy efficacy in soft-tissue sarcomas: a biomarker 
driven and histotype tailored review. Front Immunol 12:775761. 
https:// doi. org/ 10. 3389/ fimmu. 2021. 775761

Saerens M, Brusselaers N, Rottey S, Decruyenaere A, Creytens D, 
Lapeire L (2021) Immune checkpoint inhibitors in treatment of 
soft-tissue sarcoma: a systematic review and meta-analysis. Eur J 
Cancer 152:165–182. https:// doi. org/ 10. 1016/j. ejca. 2021. 04. 034

Salvati M, Cervoni L, Caruso R, Gagliardi FM, Delfini R (1998) Sar-
coma metastatic to the brain: a series of 15 cases. Surg Neurol 
49(4):441–444. https:// doi. org/ 10. 1016/ s0090- 3019(97) 00034-7

Salvati M, D’Elia A, Frati A, Santoro A (2010) Sarcoma metastatic to 
the brain: a series of 35 cases and considerations from 27 years 
of experience. J Neurooncol 98(3):373–377. https:// doi. org/ 10. 
1007/ s11060- 009- 0085-0

Schoffski P, Wozniak A, Kasper B, Aamdal S, Leahy MG, Rut-
kowski P, Stacchiotti S (2018) Activity and safety of crizotinib 
in patients with alveolar soft part sarcoma with rearrangement 
of TFE3: European Organization for Research and Treatment of 
Cancer (EORTC) phase II trial 90101 “CREATE.” Ann Oncol 
29(3):758–765. https:// doi. org/ 10. 1093/ annonc/ mdx774

Shido Y, Matsuyama Y (2017) Advanced alveolar soft part sarcoma 
treated with pazopanib over three years. Case Rep Oncol Med. 
https:// doi. org/ 10. 1155/ 2017/ 37385 62

Shweikeh F, Bukavina L, Saeed K, Sarkis R, Suneja A, Sweiss F, Dra-
zin D (2014) Brain metastasis in bone and soft tissue cancers: 
a review of incidence, interventions, and outcomes. Sarcoma. 
https:// doi. org/ 10. 1155/ 2014/ 475175

Siegel R, Ma J, Zou Z, Jemal A (2014) Cancer statistics, 2014. CA 
Cancer J Clin 64(1):9–29. https:// doi. org/ 10. 3322/ caac. 21208

Sim AJ, Ahmed KA, Keller A, Figura NB, Oliver DE, Sarangkasiri S, 
Naghavi AO (2020) Outcomes and the role of primary histology 
following LINAC-based stereotactic radiation for sarcoma brain 
metastases. Am J Clin Oncol 43(5):356–361. https:// doi. org/ 10. 
1097/ coc. 00000 00000 000675

Siontis BL, Zhao L, Leja M, McHugh JB, Shango MM, Baker LH, 
Chugh R (2019) Primary cardiac sarcoma: a rare, aggressive 
malignancy with a high propensity for brain metastases. Sarcoma. 
https:// doi. org/ 10. 1155/ 2019/ 19605 93

Sobczuk P, Teterycz P, Czarnecka AM, Świtaj T, Koseła-Paterczyk H, 
Kozak K, Rutkowski P (2020) Systemic treatment for advanced 
and metastatic malignant peripheral nerve sheath tumors—a sar-
coma reference center experience. J Clin Med 9(10):3157. https:// 
doi. org/ 10. 3390/ jcm91 03157

Sood S, Baheti AD, Shinagare AB, Jagannathan JP, Hornick JL, 
Ramaiya NH, Tirumani SH (2014) Imaging features of primary 
and metastatic alveolar soft part sarcoma: single institute experi-
ence in 25 patients. Br J Radiol 87(1036):20130719. https:// doi. 
org/ 10. 1259/ bjr. 20130 719

Spunt SL, Anderson JR, Teot LA, Breneman JC, Meyer WH, Pappo 
AS (2001) Routine brain imaging is unwarranted in asymptomatic 
patients with rhabdomyosarcoma arising outside of the head and 
neck region that is metastatic at diagnosis: a report from the Inter-
group Rhabdomyosarcoma Study Group. Cancer 92(1):121–125. 
https:// doi. org/ 10. 1002/ 1097- 0142(20010 701) 92:1% 3c121:: aid- 
cncr1 299% 3e3.0. co;2-d

https://doi.org/10.1007/s11060-018-2885-6
https://doi.org/10.1002/ijc.33823
https://doi.org/10.1159/000509519
https://doi.org/10.1159/000509519
https://doi.org/10.1634/theoncologist.2018-0074
https://doi.org/10.1634/theoncologist.2018-0074
https://doi.org/10.1002/1097-0142(19930601)71:11%3c3656::aid-cncr2820711130%3e3.0.co;2-l
https://doi.org/10.1002/1097-0142(19930601)71:11%3c3656::aid-cncr2820711130%3e3.0.co;2-l
https://doi.org/10.1002/1097-0142(19930601)71:11%3c3656::aid-cncr2820711130%3e3.0.co;2-l
https://doi.org/10.1007/s004040100212
https://doi.org/10.1002/1097-0142(197403)33:3%3c859::aid-cncr2820330335%3e3.0.co;2-o
https://doi.org/10.1002/1097-0142(197403)33:3%3c859::aid-cncr2820330335%3e3.0.co;2-o
https://doi.org/10.1002/(sici)1096-911x(199906)32:6%3c469::aid-mpo21%3e3.0.co;2-w
https://doi.org/10.1002/(sici)1096-911x(199906)32:6%3c469::aid-mpo21%3e3.0.co;2-w
https://doi.org/10.1007/s11864-019-0606-9
https://doi.org/10.1007/s11864-019-0606-9
https://doi.org/10.3892/ol.2011.238
https://doi.org/10.3892/ol.2011.238
https://doi.org/10.1634/theoncologist.2016-0025
https://doi.org/10.1634/theoncologist.2016-0025
https://doi.org/10.1093/jjco/29.5.245
https://doi.org/10.1097/00043426-199909000-00007
https://doi.org/10.1102/1470-7330.2008.0014
https://doi.org/10.1102/1470-7330.2008.0014
https://doi.org/10.1186/s12885-020-6548-6
https://doi.org/10.1016/s0360-3016(03)00502-9
https://doi.org/10.1016/s0360-3016(03)00502-9
https://doi.org/10.1159/000072336
https://doi.org/10.1159/000072336
https://doi.org/10.1016/j.wneu.2016.06.069
https://doi.org/10.1016/j.wneu.2016.06.069
https://doi.org/10.1002/cncr.30191
https://doi.org/10.3389/fimmu.2021.775761
https://doi.org/10.1016/j.ejca.2021.04.034
https://doi.org/10.1016/s0090-3019(97)00034-7
https://doi.org/10.1007/s11060-009-0085-0
https://doi.org/10.1007/s11060-009-0085-0
https://doi.org/10.1093/annonc/mdx774
https://doi.org/10.1155/2017/3738562
https://doi.org/10.1155/2014/475175
https://doi.org/10.3322/caac.21208
https://doi.org/10.1097/coc.0000000000000675
https://doi.org/10.1097/coc.0000000000000675
https://doi.org/10.1155/2019/1960593
https://doi.org/10.3390/jcm9103157
https://doi.org/10.3390/jcm9103157
https://doi.org/10.1259/bjr.20130719
https://doi.org/10.1259/bjr.20130719
https://doi.org/10.1002/1097-0142(20010701)92:1%3c121::aid-cncr1299%3e3.0.co;2-d
https://doi.org/10.1002/1097-0142(20010701)92:1%3c121::aid-cncr1299%3e3.0.co;2-d


18281Journal of Cancer Research and Clinical Oncology (2023) 149:18271–18281 

1 3

Subramanian A, Harris A, Piggott K, Shieff C, Bradford R (2002) 
Metastasis to and from the central nervous system–the “relatively 
protected site.” Lancet Oncol 3(8):498–507. https:// doi. org/ 10. 
1016/ s1470- 2045(02) 00819-7

Taran SJ, Taran R, Malipatil NB (2017) Pediatric osteosarcoma: an 
updated review. Indian J Med Paediatr Oncol 38(1):33–43. https:// 
doi. org/ 10. 4103/ 0971- 5851. 203513

Tawbi HA, Burgess M, Bolejack V, Van Tine BA, Schuetze SM, Hu J, 
Patel S (2017) Pembrolizumab in advanced soft-tissue sarcoma 
and bone sarcoma (SARC028): a multicentre, two-cohort, single-
arm, open-label, phase 2 trial. Lancet Oncol 18(11):1493–1501. 
https:// doi. org/ 10. 1016/ s1470- 2045(17) 30624-1

Tigchelaar SS, Frey C, Sivaraj D, Segovia NA, Mohler DG, Steffner 
RJ, Avedian RS (2022) Metastatic pattern of truncal and extremity 
leiomyosarcoma: retrospective analysis of predictors, outcomes, 
and detection. J Pers Med 12(3):345

Tirumani SH, Deaver P, Shinagare AB, Tirumani H, Hornick JL, 
George S, Ramaiya NH (2014) Metastatic pattern of uterine leio-
myosarcoma: retrospective analysis of the predictors and outcome 
in 113 patients. J Gynecol Oncol 25(4):306–312. https:// doi. org/ 
10. 3802/ jgo. 2014. 25.4. 306

van der Graaf WT, Blay JY, Chawla SP, Kim DW, Bui-Nguyen B, 
Casali PG, group, P.s. (2012) Pazopanib for metastatic soft-tissue 
sarcoma (PALETTE): a randomised, double-blind, placebo-con-
trolled phase 3 trial. Lancet 379(9829):1879–1886. https:// doi. 
org/ 10. 1016/ S0140- 6736(12) 60651-5

von Mehren M, Randall RL, Benjamin RS, Boles S, Bui MM, Gan-
joo KN, Scavone JL (2018) Soft tissue sarcoma, Version 2.2018, 
NCCN clinical practice guidelines in oncology. J Natl Compr 
Canc Netw 16(5):536–563. https:// doi. org/ 10. 6004/ jnccn. 2018. 
0025

von Mehren M, Kane JM, Bui MM, Choy E, Connelly M, Dry S, 
George GV (2020) NCCN guidelines insights: soft tissue sarcoma, 
version 1.2021. J Natl Compr Canc Netw 18(12):1604–1612. 
https:// doi. org/ 10. 6004/ jnccn. 2020. 0058

Wilky BA, Trucco MM, Subhawong TK, Florou V, Park W, Kwon D, 
Trent JC (2019) Axitinib plus pembrolizumab in patients with 
advanced sarcomas including alveolar soft-part sarcoma: a single-
centre, single-arm, phase 2 trial. Lancet Oncol 20(6):837–848. 
https:// doi. org/ 10. 1016/ S1470- 2045(19) 30153-6

Wroński M, Arbit E, Burt M, Perino G, Galicich JH, Brennan MF 
(1995) Resection of brain metastases from sarcoma. Ann Surg 
Oncol 2(5):392–399. https:// doi. org/ 10. 1007/ bf023 06371

Xia L, Wu H, Qian W (2018) Irradiation enhanced the effects of PD-1 
blockade in brain metastatic osteosarcoma. J Bone Oncol 12:61–
64. https:// doi. org/ 10. 1016/j. jbo. 2018. 05. 002

Xu Y, Xu G, Liu Z, Duan J, Lin Y, Zhu J, Zhang C (2021) Incidence 
and prognosis of distant metastasis in malignant peripheral nerve 
sheath tumors. Acta Neurochir (wien) 163(2):521–529. https:// 
doi. org/ 10. 1007/ s00701- 020- 04647-5

Yamamoto M, Serizawa T, Shuto T, Akabane A, Higuchi Y, Kawagishi 
J, Tsuchiya K (2014) Stereotactic radiosurgery for patients with 
multiple brain metastases (JLGK0901): a multi-institutional pro-
spective observational study. Lancet Oncol 15(4):387–395. https:// 
doi. org/ 10. 1016/ s1470- 2045(14) 70061-0

Yonemoto T, Tatezaki S, Ishii T, Osato K, Takenouchi T (2003) 
Longterm survival after surgical removal of solitary brain metas-
tasis from osteosarcoma. Int J Clin Oncol 8(5):340–342. https:// 
doi. org/ 10. 1007/ s10147- 003- 0341-9

Yoshida S, Morii K, Watanabe M, Saito T (2000) Brain metastasis in 
patients with sarcoma: an analysis of histological subtypes, clini-
cal characteristics, and outcomes. Surg Neurol 54(2):160–164. 
https:// doi. org/ 10. 1016/ s0090- 3019(00) 00293-7

Zakaria Z, Tambirajoo K, Sattar MT, Farrell MA (2015) Rapid clini-
cal course of multiple metastatic cerebral angiosarcoma. Turk 
Neurosurg 25(4):643–648. https:// doi. org/ 10. 5137/ 1019- 5149. 
JTN. 9042- 13.1

Zhu Y, Fan G, Cao L, Zhu H, Wu S, Zhao J, Zhou G (2021) Survival 
outcomes of patients with brain metastasis of osteosarcoma can be 
improved by aggressive multi-disciplinary interventions including 
chemotherapy. Br J Neurosurg. https:// doi. org/ 10. 1080/ 02688 697. 
2021. 19506 24

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/s1470-2045(02)00819-7
https://doi.org/10.1016/s1470-2045(02)00819-7
https://doi.org/10.4103/0971-5851.203513
https://doi.org/10.4103/0971-5851.203513
https://doi.org/10.1016/s1470-2045(17)30624-1
https://doi.org/10.3802/jgo.2014.25.4.306
https://doi.org/10.3802/jgo.2014.25.4.306
https://doi.org/10.1016/S0140-6736(12)60651-5
https://doi.org/10.1016/S0140-6736(12)60651-5
https://doi.org/10.6004/jnccn.2018.0025
https://doi.org/10.6004/jnccn.2018.0025
https://doi.org/10.6004/jnccn.2020.0058
https://doi.org/10.1016/S1470-2045(19)30153-6
https://doi.org/10.1007/bf02306371
https://doi.org/10.1016/j.jbo.2018.05.002
https://doi.org/10.1007/s00701-020-04647-5
https://doi.org/10.1007/s00701-020-04647-5
https://doi.org/10.1016/s1470-2045(14)70061-0
https://doi.org/10.1016/s1470-2045(14)70061-0
https://doi.org/10.1007/s10147-003-0341-9
https://doi.org/10.1007/s10147-003-0341-9
https://doi.org/10.1016/s0090-3019(00)00293-7
https://doi.org/10.5137/1019-5149.JTN.9042-13.1
https://doi.org/10.5137/1019-5149.JTN.9042-13.1
https://doi.org/10.1080/02688697.2021.1950624
https://doi.org/10.1080/02688697.2021.1950624

	Brain metastases of sarcoma: a rare phenomenon in rare tumours
	Abstract
	Introduction
	Epidemiology and biology of brain metastases in sarcoma
	Diagnostics and screening
	Treatment
	Surgery
	Radiotherapy
	Stereotactic radiation therapy (SRT)
	Whole-brain radiotherapy (WBRT)

	Systemic therapy

	Outcomes and prognostic factors
	Conclusions
	References




