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ABSTRACT
The rate of distant metastasis from soft tissue sarcoma (STS) primaries ranges from 25-30%. The most common
site of distant spread is hematogenously to the lung, however other sites of metastasis may occur, particularly in
the liver and bone. Although systemic therapy has long been the foundation of treatment in patients, particularly
with widespread disease, localized treatments of metastatic deposits have been increasingly used and shown to be
safe and effective in the control of disease. Moreover, a combination of local and systemic therapy has been
shown to improve survival. As the technical advancements in local therapy evolve, it is imperative that patients
with metastatic STS are presented in a multidisciplinary setting to ensure that all disease aspects are evaluated and
determination of the most effective therapies may be presented to each individual.
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INTRODUCTION
Soft tissue sarcomas (STS) are a rare malignancy that
has unpredictable clinical and pathologic behaviors. In
2014, there were approximately 12,000 new cases of
STS in the United States, with an estimated 4000
deaths. Despite excellent rates of local control with
surgery, radiation and chemotherapy, metastasis
develops in approximately 25-30% of patients (1-5).
STS metastasis most commonly spreads to the lungs,
however, other areas of distant disease, such as soft
tissue, bone, and visceral organs have also been
identified (6). The metastatic potential for primary STS
may be a result of various factors, and identifying these
factors that influence metastatic survival is crucial if

sarcoma specialists are to be able to discuss treatment
options and prognosis with their patients.
The mainstay of therapy for disseminated metastatic
STS is chemotherapy. However, in patients with
limited disease burden, improved survival has been
demonstrated in patients that are amenable to
multimodality therapy (7). As such, there has been an
evolution in this patient population toward the
utilization of less invasive treatment modalities such as
radiation and percutaneous ablative techniques to treat
metastatic lesions (8-12).
The purpose of this review article is to highlight
localized therapies including novel techniques in the
management of STS metastasis, as well as to review the

*

Corresponding author: Meena Bedi, MD, Department of Radiation Oncology, Medical College of Wisconsin, 8701
Watertown Plank Rd, Milwaukee, WI 53045, United States; Tel: (414) 805-4496; Fax: (414) 805-4405; Email:
mbedi@mcw.edu
Citation: Bedi M, et al. Localized Management of Soft Tissue Sarcoma Metastasis: A Review of a Multidisciplinary
Approach. Cancer Research Frontiers. 2015 Apr; 1(2): 162-171. doi: 10.17980/2015.162
Copyright: @ 2015 Bedi M, et al. This is an open-access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original
author and source are credited.
Competing Interests: The authors declare that they have no competing interests.
Received January 1, 2015; Revised April 17, 2015; Accepted April 29, 2015.

- 162 -

Cancer Research Frontiers. 2015 Apr; 1(2): 162-171. doi: 10.17980/2015.162
importance of multimodality therapy in patients with
this disease.

METHODS
A search of the published literature was conducted for
patients with metastasis from STS. The literature
search was conducted by using the national library of
medicine search engine, PubMed and MEDLINE. For
each of the STS, the search terms “metastasis”, “liver”,
"lung", "bone" and “lymph node” were combined with
the “soft tissue sarcoma”, “malignant fibrous tumor”,
“undifferentiated
pleomorphic
sarcoma”,
“fibrosarcoma,” “liposarcoma”, "leiomyosarcoma",
“rhabdomyosarcoma” and “malignant peripheral nerve
sheath tumor”. Pertinent articles describing case reports
including multiple cases or clinical studies were
selected and references from these articles were also
inspected for other relevant articles. Each of the chosen
articles were examined and reported in this review.
Only publications in English, peer-reviewed journals
were included.
Following a thorough investigation, 1,461 manuscripts
were identified by the above methods. After excluding
duplicate articles, case reports with one subject, and
treatment modalities that only investigated systemic
therapy, a total of 166 articles that assessed localized
therapies for metastatic STS were reviewed
meticulously prior to determining which studies would
be appropriate for this review. There were a limited
number of publications in which specific localized
therapies for various subtypes of STS were evaluated.
The pertinence of these studies for this manuscript was
assessed upon comprehensive review.

RESULTS
Metastectomy
Systemic therapy may not always be efficacious or well
tolerated, thus surgery, particularly in the setting of
oligometastatic disease, plays a large role in
management of selected patients. Prolonged survival
has been demonstrated in patients that are amenable to
resection (13-17). Several studies have shown that
those that undergo complete resection of their
pulmonary metastases can have 3 year survival rates of
up to 30 to 46% (5, 13, 18-21).
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Historically, patients who have had lung-only
metastatic disease have had metastatic survival rates
between 11 to 38 months (5, 7, 13, 20-27) (Table 1).
Canter et. al, showed that the median post-metastasis
disease-specific survival rates in patients with
pulmonary-only metastases were lower for those that
were administered chemotherapy compared to those
that were treated with surgery alone, 24 vs 33 months
(25). Moreover, studies have demonstrated that patients
with limited burden pulmonary disease (≤5 pulmonary
metastases) have higher median metastatic survival of
up to 55 months (7).
Perhaps the largest series on metastectomy for STS was
from the EORTC where 255 patients with bone or STS
pulmonary metastasis underwent resection of their
disease. The 2 and 3-year post-metastectomy survival
rates were 54% and 45%, respectively. Improved
outcomes were associated with disease-free intervals of
≥2.5 years, R0 resection, age <40 and low or
intermediate grade disease (14). Other factors that
predict for improved overall survival vary between
studies. Small tumor size, low grade tumors, increased
disease-free interval, and age have all been shown to
improve metastatic survival (5, 14, 19, 22, 28).
In contrast to the abundant data on metastectomy for
pulmonary metastasis in STS, resection for nonpulmonary metastasis is sparse. Hepatic metastasis
often times is a result of intra-abdominal or
retroperitoneal STS. Resection of hepatic metastasis
from STS primaries has also been shown to be feasible
and effective (Table 1) (29-32). DeMatteo, et al.
evaluated 331 patients with STS metastasis to the liver,
of which 56 underwent complete resection of their
hepatic disease. The survival of patients who
underwent complete resection was significantly
improved compared to those that did not. The 3 and 5year survival for patients who underwent metastectomy
was 50% and 30%, respectively, compared to 13% and
4%, respectively in the 275 patients that did not
undergo surgery (p=0.001). The median survival in the
hepatic resection group was 39 months versus 12
months in the non-resected cohort. Patients who had
gross residual disease, however, still had a poor
outcome with a median survival of only 8 months (29).
Although regional nodal involvement is considered
stage III disease, the presence of nodal disease is a poor
prognostic indicator and warrants aggressive
management. Lymphadenectomy yields improved
outcomes in patients with localized disease (33-35).
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Fong et al. identified 46 patients with nodal metastasis
from STS. Thirty-one patients had lymphadenectomies
with curative intent, whereas the 15 had less curative
interventions (i.e biopsy) for their nodal disease.
Patients who underwent curative lymph node
dissection had an improved median survival of 16.3
months versus 4.3 months in those that do not undergo
resection (p=0.003) (34).
The European Society for Medical Oncology/European
Sarcoma Network Working Group has established
parameters for management of patients who present
with advanced disease. Surgery, with or without the
consideration for chemotherapy (based on patient and
disease factors) should be recommended in patients
with metachronous lung-only lesions, with a diseasefree interval of ≥ 1 year. In patients with synchronous
lung-only metastasis, chemotherapy is recommended,
with surgery reserved in select cases (8).
Certainly, selection of patients who are offered
resection is integral in the overall treatment goals, as
patients who have large volume or rapidly progressive
disease are not typically referred for this localized
therapy. Thus, as outlined in other studies, candidates
for metastectomy and lymphadenectomy should have
resectable disease, be medically fit for operation, have
control of their primary disease, and have low burden
disease outside the intended resection site (8, 18, (35).
Radiation Therapy
Often times, patients are not amenable to surgical
resection due to co-morbidities or preference, and thus
radiation therapy is often provided as a treatment
choice in this setting. Conventional radiation therapy to
the lung for metastatic disease has been shown to
produce inferior rates of local control compared to
surgery.
Stereotactic body radiation therapy (SBRT) is a form
of treatment that delivers conformal and high dose
radiation over a relatively few number of fractions, for
the treatment of limited sized, (typically ≤5 cm),
extracranial tumors. This is accomplished through the
use of multiple beams, such that a small fraction of the
total dose is administered through each beam, thereby
effectively minimizing toxicity through the trajectory
of the beam (8, 36-38).
Hypofractionated SBRT is an emerging method of
treatment for metastatic disease in the lungs. Several
studies have evaluated outcomes and toxicity in
patients who have undergone SBRT for pulmonary
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oligometastasis from various tumor primaries,
including STS (8, 39-41). Lesions were usually central
or peripherally located with crude local control rates
between 67-100% and 2-year survival ranging between
32-87% (36, 39-43).
Dhakal, et al. retrospectively reviewed 52 patients with
pulmonary sarcoma metastases. Fifteen patients were
treated to 74 lesions using SBRT and compared to their
non-SBRT cohort. The preferred treatment regimen
was delivered over 2 weeks to 50 Gy in 5 fractions
using SBRT. The 3-year local control in patients
managed with SBRT was 82%, and the median overall
survival in patients treated with SBRT was 2.1 years
versus 0.6 years in those who did not receive SBRT
(41).
SBRT has also been shown to be feasible and effective
in sarcoma metastasis to the spine. Levine et al,
prospectively reviewed 10 patients with 16 spinal
sarcoma metastasis. A median of 30 Gy was delivered
to the 80% isodose line, with a dose range of 20 to 30
Gy. Median survival was 11.1 months and there were
no major complications in this group of patients (44).
SBRT has also been utilized in the treatment of liver
metastasis for various primaries; however, there has
been a paucity of data in solely STS metastasis (45, 46).
Radiofrequency Ablation
Malignant cells are susceptible to extreme
temperatures, which allows for the use of different
techniques to treat metastatic disease. Radiofrequency
ablation (RFA) employs temperatures as low as 41o C
to cause tumor death and has been historically used in
the treatment of unresectable tumors of the lung, liver
and kidney (47, 48). This technique has also been
shown to provide excellent rates of local control and
survival in patients with STS metastasis (9, 12, 49).
Nakamura et al. retrospectively reviewed 20 patients
with 89 pulmonary metastases from sarcomas, all of
which were < 4 cm in size. The median follow-up was
18 months, and the median survival was 12.9 months
and the 3-year survival rate was 29%. The only
prognostic indicator on univariate and multivariate
analyses in this study was the ability to ablate all lung
tumors. Patients with complete ablation of all tumors
had a 1- and 3-year survival rate of 88.9% and 59.2%,
respectively. Pneumothorax was the most common
complication, which occurred in 38% of patients. Thus,
the authors concluded that RFA for pulmonary
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metastases was a safe and beneficial therapeutic option
for appropriate candidates (12).
Due to the lack of efficacious systemic therapy for liver
metastasis, RFA has also been utilized in patients with
hepatic disease from STS primaries (50). Although this
experience is limited, RFA does appear to be well
tolerated and feasible, although local control of hepatic
metastasis is one drawback of RFA in this setting (51).
MD Anderson retrospectively reviewed a cohort of 66
patients who received resection with or without RFA in
metastatic STS with hepatic disease. Resection with
RFA was performed in 18 patients and RFA alone was
done in 13 patients. Patients who underwent RFA or
RFA with resection were more likely to develop local
recurrence compared to those that underwent resection
alone (84.6%, 88.9%, and 57.1%, respectively),
although patterns of recurrence did not differ between
treatment modality. While local control may be a
problem, the ability to repeat the ablative procedures is
one unique advantage of RFA (51).
Cryoablation
Cryoablation is an alternative interventional technique
that exploits the temperature sensitivity of tumors in
STS metastasis. Cryoablation involves the insertion of
dual chamber probe(s) into the target tissue and
exposes tumors to freezing temperatures of
approximately -100°C. Cell death is known to occur
when temperatures are below – 20oC. Multiple probes
can be used to allow for the creation of larger balls of
ice and thus, the treatment of larger lesions (52).
Cell death from cryoablation is due to ice formation
within the cell through immediate freezing of tissue
adjacent to the probe. Gradual cooling away from the
probe causes osmotic variation between the cell and
membrane, leading to cell dehydration and eventual
death (52).
Cryoablation is an approach in the treatment of several
malignancies as well as in the treatment of primary
STS, however there is minimal data in the setting of
STS metastasis. Cryotherapy has been used as an
adjunct with hepatic metastasis in the setting of STS.
Chua et al. assessed 15 patients with STS metastasis to
the liver who underwent resection with or without
cryoablation. Median survival in this population was
103 months and the median disease-free survival was
14 months. The 5 and 10 year survival was 51% and
37%, respectively (53).
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Other Localized Therapies
Chemoembolization
Transcatheter arterial chemoembolization (TACE) is a
minimally invasive procedure performed to restrict a
vascular supply to a tumor through the administration
of embolic particles coated with chemotherapeutic
agents. These particles are selectively placed into a
feeding artery to the tumor and leads to a high drug
concentration and tumor ischemia (54-58).
Chemoembolization of primary and metastatic liver
tumors has shown to be effective and yield a longlasting effect for therapeutic management (55).
Although there has been abundant experience in the
setting of hepatocellular carcinomas and metastatic
colorectal malignancies, the data on unresectable
metastatic STS to the liver is limited.
Rajan et al. evaluated tumor response and survival
outcomes in 16 patients with STS metastasis to the liver
who were treated with chemoembolization with
cisplatin, doxorubicin, mitomycin-C, Ethiodol, and
polyvinyl alcohol. Chemoembolization was performed
1 to 5 times with a mean interval of 2.8 months
followed by imaging 1 month and then every 3 months
after completion of this procedure. Median survival
was 20 months and from the time of
chemoembolization was 13 months. The 2 and 3-year
survival from the time of diagnosis was 54% and 50%,
respectively. The 2 and 3-year survival from the date of
chemoembolization was 50% and 40%, respectively.
Thirteen patients responded to chemoembolization and
of these, 3 became resectable (55).
Isolated Lung Perfusion
Isolated lung perfusion (ILP) is a method for delivering
high dose chemotherapy directly to the pulmonary
system without the systemic adverse events. This
modality of treatment is typically reserved for patients
who are not amenable to surgical resection due to
location, number of metastasis, or multiple comorbidities (59, 60). One of both lungs may be targeted
with this regimen and has been studied in the setting of
phase I trials using doxorubicin, tumor necrosis factor,
and cisplatin. The delivery of chemotherapeutic agents
is by way of the pulmonary vasculature as this system
is where metastatic disease receives their blood supply
and nutrients for continued growth. ILP has been
investigated in both rat models and patients and been
shown to be feasible in terms of drug delivery and
minimizing side effects (59, 60).
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Multimodality Localized Therapy
The integration of aggressive management in patients
with STS may be challenging and various patient
factors including performance status, co-morbidities,
patient preference and tolerance of therapies must be
taken into consideration. Although the implementation
of this approach is made on a case-by-case basis,
evidence exists that aggressive treatment plays an
integral role in improvement of survival (7, 61, 62).
Burt et al. revealed that patients with metastatic
leiomyosarcomas
benefited
from
repeated
metastaectomy with a median survival of 70 months
compared to their non-leiomyosarcoma counterparts
who underwent the same intervention(62).
Bedi et al. retrospectively reviewed patients who
developed metastatic disease in STS primaries. Patients
who underwent multimodality treatment with a
regimen consisting of some combination of
chemotherapy, surgery, radiation, cryotherapy or RFA
had an improved median metastatic survival of 40
months versus 22 months in those patients that
underwent single modality treatment, independent of
performance status. Additionally, when comparing
unimodality, bimodality versus multi-modality (≥3)
therapies, patients who received therapy with three or
more treatment regimens had increased survival (55
months) compared to those that received unimodality
(22 months) and bimodality (26 months) therapies (7).
Thus, aggressive intervention may be appropriate in
certain patient populations with metastatic disease (7,
35, 62).
SUMMARY
There has been an evolution in the management of
metastatic STS. Although traditionally systemic
therapy is administered in this setting, localized
therapies, particularly in patients with limited disease
burden, have been increasingly used and may improve
patient outcomes.
Patients who present or develop with metastasis should
have an extensive staging workup, including imaging
of the chest, abdomen, and pelvis and well as imaging
of the primary tumor. Moreover, all patients should be
presented in a multidisciplinary tumor board in which
input from surgical, medical, and radiation oncologists,
as well as radiologists and interventional radiologists
have been elicited to provide a comprehensive
treatment plan. These recommendations may not only
be based on disease burden, but also patient
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performance status, including comorbidities, tolerance
to therapies, social factors and patient wishes.
Patients with limited metatstatic disease may be
amenable to one or more localized therapies. Typically,
metastectomy is recommended, especially in low
burden, lung only disease. Patients with poor
pulmonary functioning or other issues that may
preclude them from surgery may be offered SBRT or
ablation. Patients with hepatic metastasis may benefit
from chemoembolization or resection depending on the
location and extent of disease.
Establishment of the exact modality of treatment is
based on extensive discussion in a multidisciplinary
setting and these recommendations should be
communicated with each patient to ensure they have a
complete understanding of current and future treatment
options.
Patients with extensive disease may also benefit from
localized therapy, particularly in settings where
patients manifest symptoms and may need palliation
through the use of radiation, ablation or
chemoembolization. In the future, emerging localized
techniques that target more diffuse disease, such as
ILP, may be beneficial in selected patients as well.
CONCLUSION
Although chemotherapy is commonly used in the
setting of metastatic STS, there has been increasing
evidence for the use of localized therapies to treat these
patients. Multimodality management with the addition
of localized treatment may prolong survival and control
of metastatic disease in appropriately selected patients.
Ongoing research and innovative localized procedures
will continue to be developed and allow patients who
cannot or prefer not to undergo systemic treatment
options for disease control. Given the diversity of the
clinical behavior of STS, it is important treatment
decisions are made in a multidisciplinary setting with
surgical, medical, and radiation oncologists,
pathologists and radiologists who specialize in the care
of such patients.
Abbreviations
STS, soft tissue sarcomas; SBRT, stereotactic body
radiation therapy; Gy, Gray; RFA, radiofrequency
ablation; TACE, transarterial chemoembolization; ILP,
isolated lung perfusion; NR, not reported; Yr, year.
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