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KEY POINTS

� The lung and liver are the most common sites of metastasis in sarcoma.

� First-line treatment of metastatic sarcoma is chemotherapy. In appropriate patients, sar-
coma metastasectomy may be considered and may prolong survival in those with good
performance status, longer disease-free interval between resection of primary tumor
and appearance of metastatic disease, and oligometastasis, and when complete resec-
tion can be achieved.

� There is an extensive body of retrospective data on the surgical management of pulmo-
nary sarcoma metastases. There are sparse retrospective data on the surgical manage-
ment of hepatic sarcoma metastases and there is no consensus on the role of surgery.

� Additional local treatment modalities include radiation therapy and ablative techniques.

� Patients with soft tissue and bone sarcomas should be referred to specialty sarcoma cen-
ters and treatment decisions made in conjunction with a multidisciplinary team of medical,
radiation, and surgical oncologists who specialize in the care of such patients.
INTRODUCTION

Sarcomas, including soft tissue sarcomas (STSs) and bone sarcomas, are rare can-
cers of mesenchymal cell origin that include more than 50 histologic subtypes and
many more molecularly distinct entities.1–3 After gastrointestinal stromal tumors
(GISTs), (the management and survival outcomes of which have improved greatly
following the introduction of targeted tyrosine kinase inhibitor [TKI] therapies), the
next most common subtypes of STS are liposarcoma and leiomyosarcoma. The
annual incidence of STS ranges from 2.4 to 3.6 new cases per 100,000 in
population-based studies.4 The American Cancer Society estimates that 12,310
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new cases of STS will be diagnosed and 4990 patients will die in 2016 in the United
States alone.5 Despite treatment, approximately 50% of patients with STS are diag-
nosed with or develop distant metastatic STS (mSTS), reducing their 5-year overall
survival (OS) to less than 10% and their median OS to approximately 8 to
15 months.2,6

For primary resectable STS, surgery is the mainstay of treatment. However, for pa-
tients with mSTS, systemic therapy with conventional chemotherapy remains the pri-
mary treatment modality. Increased OS has been achieved in some patients who
receive multimodality therapy, including surgery, for their metastatic disease. Thus,
patients with mSTS should be evaluated and managed by a multidisciplinary team
of medical, radiation, surgical, thoracic, and orthopedic oncologists specializing in
the treatment of STS.
This article provides an overview of the multimodality therapies for metastatic sar-

coma, including chemotherapy, radiation therapy, and ablative techniques, with an
emphasis on surgical metastasectomy for mSTS.

DIAGNOSIS AND PATTERN OF METASTATIC SOFT TISSUE SARCOMA

The probability of distant metastases from STS depends on primary tumor grade, size,
depth of location, and whether it is recurrent disease or not. High-grade STS tends to
metastasize more frequently than low-grade tumors and earlier in the clinical course.2

The lungs and liver are by far the most common sites of distant mSTS, with primary
STS site influencing the pattern of metastasis.7 Jaques and colleagues7 reported that
the proportion of lung/liver as a site of distant spread from a primary extremity sar-
coma is 75:1, in contrast to primary retroperitoneal sarcoma, in which the ratio is
1:1.5, and visceral sarcomas in which the ratio is 1:10.
Leiomyosarcomas tend to show a higher rate of metastasis to the lungs, liver, and

soft tissues. Metastases to bone are more often detected in myxoid round cell and
metastatic dedifferentiated liposarcoma. Lymph node metastases are rare events,
present in only 2.6% to 16% of all patients with STS.6 Clear cell sarcoma, epithelioid
sarcoma, and synovial sarcoma metastasize to lymph nodes in up to 10% of cases.
Soft tissue metastasis usually presents as a late event associated with widely dissem-
inated disease.6 Brain metastases are uncommon in adult STS (1%); however, chil-
dren with Ewing sarcoma or osteosarcoma are more often affected.2

Thus, distant staging of STS should include high-resolution contrast-enhanced
chest computed tomography (CT) for moderate and high-grade tumors to evaluate
for pulmonary metastases, and abdominal CT to evaluate for intra-abdominal metas-
tases. Paraspinal MRI may be necessary in cases of myxoid liposarcoma because of
its tendency to develop extrapulmonary metastases in this area.8 PET imaging may be
considered to identify additional sites of metastasis outside the lung in specific
circumstances.

THE ROLE OF METASTASECTOMY FOR SARCOMA

In select patients with limited metastatic disease, multimodality treatment including
surgical metastasectomy has been shown in some retrospective series to offer longer
median OS after diagnosis of mSTS (33–39 months) and 5-year OS (30%–50%)
compared with historical controls.1,3,4,9–12 However, there are no randomized trials
or prospective data available to establish standards of care for treatment sequencing
in patients with potentially resectable mSTS.13 Most studies evaluating the role of
metastasectomy in patients with mSTS have focused on pulmonary metastasecto-
mies with limited studies on hepatic resection.
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Patient Selection for Metastasectomy

When evaluating patients for potential metastasectomy, several criteria should be met
including3:

1. The presence of a controlled or controllable primary tumor
2. The presence of completely resectable metastatic disease
3. The absence of multivisceral metastatic disease
4. A medically fit surgical candidate

Across studies, the most consistent prognostic factor in patients undergoing pul-
monary metastasectomy is the ability to achieve a complete (R0) resection. In these
patients, median OS is 19 to 33 months compared with 6 to 16 months following
incomplete (R1/R2) resection.3,14–18 In addition, the decision to perform metastasec-
tomy should factor in the disease-free interval (DFI) between resection of primary tu-
mor and appearance of metastatic recurrence. Longer DFI has been shown to be a
positive prognostic factor following metastasectomy for lung resection for metastatic
sarcoma.6,12,13,19 Other studies have identified additional prognostic factors associ-
ated with improved survival in patients undergoing metastasectomy for STS, albeit
inconsistently across studies and institutions. These factors include histologic sub-
type, tumor size, and number of metastatic lesions.3,12,20
Pulmonary Metastasectomy for Sarcoma

Sarcomas show a predilection for metastasis to the lungs. Approximately 20% to 25%
of all patients with STS develop pulmonary metastases, and this is the only site of
recurrence in more than half of patients with both soft tissue and bone sarcomas
who develop distant metastases.2 Most patients with sarcoma pulmonary metastases
are asymptomatic. Typically, patients initially develop a limited number of pulmonary
metastases that are detected during follow-up staging. Most lung metastases are
found within the first 2 years following diagnosis.15,18,21–23

The reported median OS for pulmonary metastatic disease with current multidisci-
plinary treatment of STS is 12 to 14 months.16 For a small subset of patients with
resectable disease and favorable tumor biology, pulmonary metastasectomy has
become accepted standard therapy based on an abundance of retrospective and
nonrandomized studies showing improved survival with complete resection
compared with historical controls without resection (Table 1).16 In an important land-
mark publication from the International Registry of Lung Metastasectomy, Pastorino
and colleagues24 reported a wide difference in 5-year survival among 5206 patients
from Europe and North America following pulmonary metastasectomy depending
on the type of cancer: 68% for germ cell, 37% for epithelial cancer, 31% for sarcoma,
and 21% for melanoma. In more recent studies, 5-year OS following pulmonary meta-
stasectomy for sarcoma have been reported to be as high as 50% (typically
w30%).15–17,25,26

Although pulmonary metastasectomy is now routinely considered for patients with
STS, it is important to remember that the published evidence to support this practice
consists almost entirely of retrospective studies,10–12,14,15,17,18,22–24,27–46 which are
inevitably subject to biases, including selection bias. Longer OS rates observed
among patient cohorts undergoing pulmonary metastasectomy may be a reflection
of patient selection bias rather than a true survival benefit afforded by resec-
tion.16,21,47–49 Because only 2% to 3% of patients with pulmonary metastases ulti-
mately undergo metastasectomy,49 those selected for resection are likely to have
more favorable features (including solitary or low number of metastases and long



Table 1
Results of sarcoma pulmonary metastasectomy series

Reference Institution
Patients Undergoing
Metastasectomy (N) 5-y OS (%) Median OS

Factors Associated with
Longer Survival

Soft Tissue Sarcoma: Mixed Histologies

Van Geel et al,46 1996 Multi-institutional 255 38 NR DFI >2.5 y, complete
resection, lower tumor
grade, age <40 y

Pastorino et al,24 1997 Multi-institutional 1917 31 NR DFI >36 mo, fewer
metastases

Billingsley18 1999 Memorial Sloan-Kettering 161 46 (3-y OS) 33 mo DFI >1 y, complete
resection, lower tumor
grade, age <50 y

Weiser et al,11 2000 Memorial Sloan-Kettering 86 (all underwent multiple
pulmonary
metastasectomies)

36 42.8 mo DFI >1 y, complete
resection, �2 nodules

Canter et al,30 2007 Memorial Sloan-Kettering 138 29 (DSS) 30 mo DFI >1 y, complete resection

Rehders et al,14 2007 Hamburg, Germany 61 25 33 mo —

Smith et al,15 2009 Roswell Park 94 15 16 mo DFI >25 mo, complete
resection

Stephens et al,44 2011 MD Anderson 81 (metastasectomy after
chemotherapy)

32 vs 0a 35.5 vs 17.2 moa DFI <2 y, �2 nodules, no
progression after
neoadjuvant
chemotherapy

Schur et al,43 2014 Vienna, Austria 46 32 45.3 mo —

Dossett et al,39 2015 Moffitt 120 NR 48 mo —

Lin et al,40 2015 UCLA 155 34.8 35.4 mo DFI >1 y, complete resection
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Leiomyosarcoma

Burt et al,35 2011 Brigham and Women’s
Hospital

31 52 69.9 mo DFI >1 y, age <45 y

Lin et al,40 2015 UCLA 26 61 NR Longer DFI

STS/Bone Sarcoma: Mixed Histologies

Burt et al,35 2011 Brigham and Women’s
Hospital

51 32 23.9 mo Longer DFI

Kim et al,12 2011 Massachusetts General
Hospital

97 50 60.2 mo DFI �1 y, complete
resection, unilateral
metastatic disease

Mizuno et al,41 2013 Nagoya, Japan 52 50.9 NR Complete resection, �2
nodules

Osteogenic Sarcoma

Briccoli et al,32 2005 Bologna, Italy 127 38 NR Longer DFI

Garcı́a Franco et al,17

2009
Pamplona, Spain 52 31 36 mo Longer DFI

Lin et al,40 2015 UCLA 21 57 57% —

Abbreviations: DSS, disease-specific survival; NR, not recorded; UCLA, University of California, Los Angeles.
a Nonprogressors versus progressors after neoadjuvant chemotherapy.
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interoperative interval) associated with longer survival regardless of treatment. Thus, it
is difficult to discern how much benefit pulmonary metastasectomy provides.
That the improved survival seen in most reported cohorts of patients undergoing

pulmonary metastasectomy may be caused by underlying favorable tumor biology
and patient selection bias rather than by surgical resection itself is also suggested
by reports from Treasure and colleagues45 and Stephens and colleagues.44 In 2012,
Treasure and colleagues45 performed a systematic review of published reports that
included survival rates following pulmonary metastasectomy for metastatic sarcoma.
Among 1196 patients included in 18 studies, 5-year OS following first pulmonary
metastasectomy for osteogenic sarcoma and STS were 34% and 25%, respectively.
Compared with 5-year OS among all patients with metastatic sarcoma in the Thames
Cancer Registry for 1985 to 1994 and 1995 to 2004 (20% and 25% for bone sarcoma,
13% and 15% for STS), these survival rates were better (P values not reported). How-
ever, the investigators commented that, “Given that pulmonary metastasectomy is
used in a highly selected favorable minority, this suggests that the benefit from meta-
stasectomy cannot be large. Although it is a standard component of sarcoma care, the
evidence for benefit is weak.”45 In 2001, Stephens and colleagues44 examined 81 pa-
tients with bone and soft tissue sarcoma who underwent pulmonary metastasectomy
following neoadjuvant chemotherapy. Patients whose pulmonary metastatic disease
progressed as determined by CT imaging following systemic therapy had markedly
worse median OS (35.5 vs 17.2 months; P>.001) and 5-year survival (0% vs 32%;
P value not reported) following pulmonary metastasectomy. The survival rates among
nonprogressors in this study are comparable with pulmonary metastatic cohorts in
other studies despite patients in this study having a higher average number of pulmo-
nary nodules (progressors 5.1, nonprogressors 5.9; P value not significant). Clearly,
there is a need for randomized trials to determine the true, rather than the perceived,
effect of pulmonary metastasectomy in STS and bone sarcoma.
Pulmonary metastasectomy can be performed either via thoracoscopy or

thoracotomy for unilateral disease. For bilateral pulmonary metastases, bilateral thor-
acoscopy/thoracotomy, median sternotomy, or clamshell thoracotomy can be per-
formed. The main principle of pulmonary metastasectomy is complete resection
and limiting resection to preserve pulmonary function.21

Preoperative planning should include pulmonary function tests (PFTs) and evalua-
tion of the patient’s ability to tolerate an operation. Special consideration should be
given to patients who received chemotherapeutic agents associated with drug-
induced lung disease. Patients should also cease smoking for at least 3 weeks before
surgery to decrease the risk of postoperative pneumonia and other complications.21

Postoperative follow-up for those with metastatic STS to the lungs (as described by
Jaklitsch and colleagues36) includes physical examination and CT scan of the chest
every 4 months for 2 years then every 6 months for 6 years. Postoperative follow-up
for those with metastatic bone sarcoma to the lungs (as described by Briccoli and col-
leagues32) includes physical examination and CT scan of the chest and imaging of pri-
mary tumor site every 3 months for 4 years and then every 6 months for 10 years and
total-body bone scintigraphy every year.33

Outcomes following pulmonary metastasectomy for soft tissue sarcoma
Although there are numerous retrospective series reporting outcomes following pul-
monary metastasectomy for sarcoma,10–12,14,15,17,18,22–24,27–29,31–46 patient cohorts
in these studies are highly heterogenous. These studies not only include patients
with primary tumors of mixed STS histologies and primary tumor sites (extremity,
trunk, visceral, retroperitoneal), but often also include patients with osteogenic
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sarcoma.40,41 These studies inconsistently also include patients with synchronous
pulmonary metastases, those who received chemotherapy, and/or those who under-
went repeated pulmonary resections. Nevertheless, reported 5-year OS rates gener-
ally range from 15% to 43% and median OS range from 30 to 48 months in the
literature.
The most consistently reported prognostic factor for survival following pulmonary

metastasectomy is completeness of resection.12,15,18,23,38,41,42,46 Reported median
survival ranges from 19 to 33 months for patients who underwent complete resection
compared with 6 to 16 months with incomplete resection.15,18,22,24,25 Billingsley and
colleagues18 examined 3149 adult patients with STS treated at Memorial Sloan-
Kettering Cancer Center from July 1982 and February 1997. Of these, 719 patients
either presented with or developed pulmonary metastases. Median OS for all patients
from time of diagnosis of pulmonary metastasis was 15 months. Patients who under-
went complete resection of pulmonary metastatic disease had a median OS of
33 months, those who underwent incomplete resection had a median OS of
16 months, whereas those treated nonoperatively had a median OS of 11 months
(P<.001).18 In a study of 94 patients with mSTS of mixed primary sites, Smith and col-
leagues15 reported median OS for R0 resection was 22 months, 11.5 months for R1
resection, and 9.5 months for R2 resection (P<.0001). Pogrebniak and colleagues38

similarly reported longer median OS in patients undergoing complete resection of pul-
monary metastases compared with those undergoing incomplete resection (25 vs
10 months; P 5 .0007).
Other reported prognostic factors for survival following pulmonary metastasectomy

are DFI between resection of primary tumor and appearance of metastatic dis-
ease,12,15,18,23,24,35,37,39,45,46 number of metastatic pulmonary nodules,11,12,24,39,41,45

tumor grade,11,18,46 tumor size,11,12 and patient age.18,23,46 Kim and colleagues12 re-
ported that DFI greater than or equal to 1 year was associated with improved 5-year
OS compared with DFI less than 1 year (65% vs 21%; P<.0001).
Several investigators have noted improved survival among patients undergoing

pulmonary metastasectomy for leiomyosarcoma.35,40 Burt and colleagues35 in 2011
reported longer median OS for patients undergoing repeated pulmonary metastasec-
tomy for leiomyosarcoma compared with other histologies (69.9 vs 23.9 months;
P 5 .049) and better 5-year OS (52% vs 32%; P 5 .049). More recently, Lin and col-
leagues40 reported that patients with metastatic leiomyosarcoma (n5 26) undergoing
pulmonary metastasectomy experienced longer 5-year OS compared with other his-
tologies (61% vs 37%; P 5 .02).

Outcomes following pulmonary metastasectomy for bone sarcoma
Patients with STS are distinct from those with osteogenic sarcoma. Compared with
STS, patients with osteogenic sarcoma tend to be younger at diagnosis.17,28,29,31–34

Although there are few prospective studies and no randomized trials evaluating pulmo-
nary metastasectomy in patients with osteogenic sarcoma, chemotherapy and pulmo-
nary metastasectomy have transformed metastatic osteosarcoma from a uniformly
fatal condition to one with reasonable expectation of survival, with 5-year OS up to
47% with complete resection of pulmonary metastases.28 Garcı́a-Franco and col-
leagues17 examined 52 patients with pulmonary metastases from bone sarcomas,
all treated with neoadjuvant chemotherapy before pulmonary metastasectomy. Five-
year OS was 31%. In their study of 94 patients with metastatic, Briccoli and col-
leagues32 reported a 5-year OS from first metastasectomy for osteosarcoma of 38%.50

Multiple groups have reported improved survival compared with patients with mSTS
to the lungs.28,40 Lin and colleagues40 reported that patients with osteogenic sarcoma
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(n 5 21) undergoing pulmonary metastasectomy experienced longer 5-year OS
compared with those with STS (53% vs 37%; P 5 .03). Similar to mSTS, longer DFI,
completeness of resection, and number of pulmonary metastases have been shown
to be associated with improved survival following pulmonary metastasectomy for
osteogenic sarcoma metastasis.17,32

As with mSTS, patients who present with synchronous pulmonary metastasis at the
time of the initial sarcoma diagnosis have reported worse OS.29,33 Kager and col-
leagues29 reported outcomes of 202 patients with high-grade osteosarcoma with clin-
ically detectable metastases at initial presentation registered in the neoadjuvant
Cooperative Osteosarcoma Study Group before 1999. The most frequent metastatic
site was the lung (164 patients, 81.2%). Five-year OS was 29%; in the 124 patients
with lung-only metastasis, 5-year OS was 33%.
Long-term pulmonary function has been studied among patients who undergo

recurrent pulmonary metastasectomy for osteogenic sarcoma during childhood.31

Denbo and colleagues31 examined 21 patients who had PFTs after pulmonary meta-
stasectomy for osteosarcoma. Mean age at diagnosis of osteosarcoma was
13.2 years; mean age at PFTs was 34.9 years. Patients who underwent pulmonary
metastasectomy for osteosarcoma as children often had abnormal PFTs on
long-term follow-up but reductions in lung volumes and diffusing capacity for
carbon monoxide were mild except in those who underwent multiple pulmonary
metastasectomies.

Approach to recurrent metastases
Despite aggressive surgical management, recurrence rates are greater than 50%
following pulmonary metastasectomy for STS.2,16,22,51 Some series have shown that
repeated resection of recurrent metastasis can be associated with improved sur-
vival,3,11,12,25,35–38,52 although less invasive approaches may be associated with fewer
morbidities and shorter hospital stay.2,3,25 Jaklitsch and colleagues36 reported that
5-year OS remained greater than 33% for up to 4 procedures. With 5 or more proce-
dures, the ability to maintain control of intrathoracic metastases became very low and
median survival decreased to 8 months. The investigators concluded that repeating
pulmonary metastasectomy may be indicated as long as removal of all clinically
apparent disease is practical.36 More recently, Kim and colleagues12 reported that pa-
tients who underwent multiple pulmonary metastasectomies had longer 5-year OS
compared with those who had undergone a single operation (69% vs 41%;
P 5 .017). To be able to undergo repeated metastasectomy likely identifies a subset
of patients with good physiologic condition and favorable tumor biology.16,48 Whether
repeated pulmonary metastasectomy extends survival is unclear because it is unclear
what the survival of these patients would have been without surgery.

Patients presenting with synchronous metastases
Approximately 10% of patients with STS have synchronous pulmonary metastases at
initial presentation.16,53 It is known that patients with STS and synchronous metasta-
ses at presentation generally have poor prognosis. One study based on the American
Joint Committee on Cancer staging system for sarcoma reported that patients who
presented with metastatic disease (stage IV) had a 6% 5-year disease-specific sur-
vival.53 Several groups have examined whether pulmonary metastasectomy for syn-
chronous metastases offers any benefit.6,53

In 2002, Kane and colleagues6 reported that, among 48 patients with synchronous
metastases, 30 had pulmonary metastases. Thirteen patients underwent pulmonary
metastasectomy with no difference in median OS between those who underwent
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resection and those who did not (16 vs 14 months; P 5 .3). More recently, Ferguson
and colleagues53 examined 112 patients with bone sarcoma and STS who presented
with synchronous metastases. Eighty-eight patients (79%) had pulmonary metastases
at the time of presentation with STS. Of these, 18 patients underwent pulmonary meta-
stasectomy. Median OS was 9 months for all patients with synchronous pulmonary
metastases with no difference in OS between those who underwent pulmonary meta-
stasectomy and those who did not.53 Other investigators have reported pulmonary
metastasis synchronous to the primary tumor to be a significant predictor of worse
survival following pulmonary metastasectomy.39,40,42

Thus, patients with pulmonary metastases at the time of STS diagnosis do not
benefit from metastasectomy. Chemotherapy should be the initial treatment of those
who have short DFI or a large number of metastatic lesions.53 Subsequent surgery
could be considered if the patient benefits from chemotherapy.

Hepatic Resection for Metastatic Sarcoma

Isolated liver metastases of STS are uncommon compared with pulmonary metasta-
ses. Patients with retroperitoneal and intra-abdominal/visceral STS are more likely to
develop liver-only metastatic disease compared with patients with extra-abdominal
primary STS.13,22 Although hepatic resection is increasingly being performed for colo-
rectal and neuroendocrine liver metastases, surgical resection of hepatic metastases
from STS remains controversial and hepatic metastases from STS are most often
treated nonsurgically.13

There is currently no consensus on the role of resection for STS metastases to the
liver and no prospective data available to guide surgical treatment.13,54,55 The avail-
able data regarding resection of hepatic STS metastases are limited to retrospective
series reporting on resection of noncolorectal nonneuroendocrine liver metasta-
ses,20,56–59 case reports,60 and case series reporting specifically on the treatment of
STS liver metastases.7,26,50,61–64 In addition to limitations and biases inherent in retro-
spective studies, the available data also represent heterogeneous patient groups with
mixed primary sarcoma histologies. Such studies often include patients with GIST,
which is inappropriate because these tumors have significantly better outcomes
and different management following the introduction of targeted TKI therapies.54 In
these studies, median OS ranged between 34 and 37 months and 5-year OS ranged
between 20% and 39% for patients undergoing hepatic resection for sarcoma metas-
tases.54,56,61,63,64 Survival outcomes are highly dependent on histologic subtypes,
with leiomyosarcoma associated with worse outcomes and GIST associated with bet-
ter outcomes in the postimatinib era, so hepatic resection may be considered with
careful patient selection andmay prolong survival in those with good performance sta-
tus, longer DFI, oligometastasis, and when all gross hepatic disease is resectable.13,54

As in sarcoma pulmonary metastasis, consistently reported prognostic factors in
patients undergoing hepatic metastasectomy for liver metastases include ability to
achieve a complete (R0) resection and longer DFI between resection of primary tumor
and appearance of metastatic recurrence (Table 2).3,6,7,19,26,57,59,62

Postoperative follow-up (described by Rehders and colleagues50) includes physical
examination and CT scan of the chest/abdomen/pelvis every 3 months for 2 years,
then every 6 months until the end of the fifth postoperative year, then annually.

Outcomes following hepatic resection for metastatic soft tissue sarcoma
There are several large retrospective studies of patients undergoing liver resection for
noncolorectal nonneuroendocrine metastases. In general, these patient cohorts are
highly heterogeneous and the data difficult to apply.56,58 They do show the highly



Table 2
Results of sarcoma hepatic metastasectomy series

Reference Institution
Patients Undergoing
Metastasectomy (N)

Perioperative
Mortality (%) 5-y OS (%)

Median
OS (mo)

Factors Associated with
Longer Survival

Leiomyosarcoma

Chen et al,26 1998 Johns Hopkins 11 0 NR 39 Complete resection

Ercolani et al,57 2005 Bologna, Italy 10 NR 36 44 —

Lang et al,62 2000 Hannover, Germany 26 6 20 NR None found

Yedibela et al,59 2005 Erlangen, Germany 15 NR NR NR Complete resection

Mixed Histologies

Adam et al,56 2006 Multi-institutional 125 (excluding GIST) NR 31 32 —

DeMatteo et al,61 2001 Memorial Sloan-Kettering 56 (34 with GIST) 0 30 39 DFI >2 y, complete resection

Marudanayagam et al,63

2011
Birmingham, UK 36 (5 with GIST) 0 31.8 24 Histologies other than

leiomyosarcoma

Pawlik et al,64 2006 MD Anderson 53 (of 66 patients,
36 with GIST)

0 27 47 No adjuvant therapy

Rehders et al,50 2009 Dusseldorf, Germany 27 (of 45 patients,
6 with GIST)

7 49 44 DFI >2 y, no RFA treatment

Abbreviation: RFA, radiofrequency ablation.
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variable survival outcomes between sarcoma histologies. In a study of 1452 patients
who underwent hepatic resection for noncolorectal nonneuroendocrine liver metasta-
ses, Adam and colleagues56 reported the highest 5-year OS among patients with GIST
(70%, median survival not reached), whereas patients with all other sarcoma histol-
ogies had 5-year OS of 30% (median survival, 32 months; P value not reported).
DeMatteo and colleagues61 examined 331 patients with liver metastases from sar-

coma admitted to Memorial Sloan-Kettering Cancer Center from 1982 to 2000. Fifty-
six patients underwent resection of all gross hepatic disease. Of these, 34 (61%) had
GIST or leiomyosarcoma. The sites of primary tumor in the resected patients were pre-
dominantly intra-abdominal (38 patients, 68%) or retroperitoneal (8 patients, 14%) and
less commonly extremity/trunk (5, 9%) or head/neck (5, 9%). Five-year OS for patients
who underwent R0 surgery was 30% compared with 4% among those who did not un-
dergo complete resection (P<.0001). On multivariate analysis, only DFI from diagnosis
of the primary tumor to the development of liver metastasis greater than 2 years was
associated with longer OS after hepatic resection. Repeated liver resection for recur-
rent tumor was performed in 17 patients.
More recently, Rehders and colleagues50 reported their series of 45 patients with

liver metastases from sarcoma of whom 27 underwent surgery. Again, a significant
proportion of these patients had leiomyosarcoma (30%) or GIST (22%). In this cohort,
median OS was 44 months and 5-year OS was 49%. Longer DFI (>2 years) was asso-
ciated with improved survival. Repeated liver resection for recurrent tumor was per-
formed in 8 patients; median survival in this subset of patients was 76 months.
Both DeMatteo and colleagues61 and Rehders and colleagues50 found that longer

DFI (before development of liver metastatic disease) was associated with improved
survival following hepatic resection for mSTS. However, the investigators of the former
study emphasized that patients who underwent hepatectomy were highly selected
and tended to have favorable characteristics, including longer DFI, fewer liver metas-
tases (1–2), and smaller lesions (<10 cm). The observation that the DFI between resec-
tion of a primary cancer and subsequent tumor recurrence affects survival has been
made across malignancies, including malignant melanoma, breast, and renal carci-
noma, as well as in a large study of 2123 patients with completely resected primary
STS.19 Thus, whether hepatic resection of sarcoma metastatic disease itself provides
a survival benefit is unclear. It may be that patients selected for hepatic resection of
metastatic disease tend to have longer DFI reflecting better/more indolent tumor
biology, which may also result in these patients having metastatic disease that is
more amenable to complete resection.

Outcomes following hepatic resection for metastatic leiomyosarcoma
Leiomyosarcoma is among the most commonly resected metastatic tumors to
the liver, along with colorectal, neuroendocrine, and GIST hepatic metastases. Pa-
tients who undergo hepatic resection for leiomyosarcoma metastasis have worse
survival outcomes compared with patients who undergo hepatic resection for
GIST.26,57,59,62,63 Marudanayagam and colleagues63 reported that, among their se-
ries of 36 patients who underwent hepatic resection for mSTS, factors associated
with poor survival on univariate analysis included positive resection margin of liver
metastasis, tumor grade, and primary leiomyosarcoma; only primary leiomyosar-
coma remained prognostic as a risk factor for poor survival on multivariate analysis
(P 5 .01).
Across studies, incomplete gross resection was associated with worse OS following

liver resection for metastatic leiomyosarcoma. Median OS ranged between 20.5 and
44.4 months and 5-year OS ranged between 13% and 36% for those patients able
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to undergo resection of leiomyosarcoma liver metastases, depending on whether R0
or R1/R2 resection was achieved.7,26,57,59,62

Jaques and colleagues7 reported that, among 981 adult patients with STS admitted
to Memorial Sloan-Kettering Cancer Center between July 1982 and July 1987, 65 pa-
tients had hepatic metastases. The primary sarcoma in most patients was leiomyosar-
coma (n 5 55, 85%); the remainder were angiosarcomas, rhabdomyosarcomas,
liposarcomas, and malignant fibrous histiocytomas. Thirteen patients (20%) had liver
metastases on initial presentation. In the remaining patients, the median time from pri-
mary diagnosis to development of hepatic metastases was 12 months. Hepatic me-
tastases were predominantly seen among patients with primary intra-abdominal
(visceral or retroperitoneal) rather than extremity/trunk sarcomas. Hepatic resection
was performed in 14 patients (22%) with median OS of 30 months in the resected
group (vs 12 months in patients with unresectable disease; P value not significant).
There were no 5-year survivors in this study.
In 1998, Chen and colleagues26 examined outcomes of hepatic resection specif-

ically for metastatic leiomyosarcoma. Of 11 patients in this series, 5 had retroperito-
neal leiomyosarcoma and 6 had visceral primary leiomyosarcoma (3 gastric, 2 small
bowel, 1 uterine/adnexal). Patients underwent hepatic lobectomies/extended lobec-
tomies (n 5 4), segmentectomies/wedge resections (n 5 5), and complex liver resec-
tions (n5 2) with complete resection (R0) achieved in 6 patients. Average disease-free
survival (DFS) was 16 months and median OS was 39 months. Only resection margin
status was associated with OS (P 5 .03). The median survival time for the 6 patients
who underwent R0 resection was not reached at 56-month follow-up; all 5 patients
with incomplete (R1/R2) resection died by 39 months (median 25 months). In this small
series, there was no association between OS and number or size of liver lesions,
extent of hepatic resection, or tumor grade.
Lang and colleagues62 reported their series of 26 patients who underwent a total of

34 liver resections for leiomyosarcoma metastases. Of 23 first hepatic resections, R0
resection was achieved in 15 patients, R1 in 3 patients, and incomplete gross resec-
tion (R2) in 5 patients. Median OS after R0 resection was 32 months compared with
20.5 months after R1/R2 resection (P 5 .31). Five-year OS was 13% for all patients
and 20% after R0 resection.
More recently, Ercolani and colleagues57 and Yedibela and colleagues59 studied the

role of liver resection for noncolorectal metastases and reported outcomes for subsets
of patients with metastatic leiomyosarcoma. Although the heterogeneity of these two
patient cohorts makes interpretation of their data challenging, 5-year OS among pa-
tients who underwent liver resection for metastatic leiomyosarcoma were 36.4%57

and 26%, respectively.59 Yedibela and colleagues59 reported that, among 9 patients
who underwent hepatic resection for leiomyosarcoma metastases, those who under-
went R0 resection experienced longer 5-year OS (42 vs 26 months) and median sur-
vival (41 vs 21 months; P value not reported). Ercolani and colleagues57 reported a
median survival of 44.4 months among 10 patients who underwent hepatic resection
for metastatic leiomyosarcoma.
OTHER TREATMENT MODALITIES FOR METASTATIC SARCOMA
Chemotherapy

The first-line treatment of mSTS is chemotherapy.3,8,16 Doxorubicin and ifosfamide are
the most active drugs and constitute the standard treatment of advanced STS. The
recommended first-line treatment is doxorubicin at a dose of 75 mg/m2. Ifosfamide
is an alternative in patients with contraindication to doxorubicin or as second-line
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treatment after doxorubicin failure. Ifosfamide in monotherapy is used at doses of 5 to
9 g/m2. Doxorubicin and ifosfamide may be used in combination when obtaining an
objective response to improve symptoms or before surgical resection.1,4,8

Second-line therapy for unresectable mSTS is palliative. For most STS, there is no
evidence that a particular drug sequence is superior to another. Some tumor types
may be more sensitive to certain drugs and this may aid in selection of second-line
therapy: high-dose ifosfamide for synovial sarcoma, trabectedin for myxoid liposar-
coma and leiomyosarcoma, or gemcitabine with docetaxel or with dacarbazine
(dimethyl triazeno imidazole carboxamide [DTIC]) in leiomyosarcoma. Symptomatic
patients with good performance status are candidates for clinical trials. For symptom-
atic patients with poor performance status, radiation therapy or supportive care alone
are appropriate options.
Gemcitabine and DTIC alone have limited activity in STS; however, the combination

of gemcitabine (1800 mg/m2 at 10 mg/m2/min) with DTIC (500 mg/m2) every 14 days
seems to provide benefit, particularly in leiomyosarcoma. Gemcitabine in combination
with docetaxel has also been reported in uterine leiomyosarcoma and undifferentiated
pleomorphic sarcoma.8

Trabectedin has been explored in phase I to II trials with modest objective response
rates and higher progression arrest rates in myxoid liposarcoma, synovial sarcoma,
and leiomyosarcoma. In a phase III trial, trabectedin improved disease control
compared with standard second-line DTIC in advanced metastatic liposarcoma and
leiomyosarcoma.8 Trabectedin is now approved in Europe and the United States for
patients with STS after failure on doxorubicin and ifosfamide or in patients unable to
receive these first-line treatments.
Patients previously treated with ifosfamide may be treated with high-dose ifosfa-

mide (>10 g/m2), which has shown activity in synovial sarcoma. Pazopanib, a multitar-
geted TKI, now constitutes a second-line option after first-line failure for nonadipocytic
sarcoma.
Two recent retrospective analyses examined treatment patterns in patients with

metastatic/relapsed STS. The earlier study, from 2012, was a multicenter, multicoun-
try retrospective review,4 whereas the later study, from 2015, was performed in the
United States.1 In the former study, the most common first-line regimens were doxo-
rubicin (34%) or anthracycline plus ifosfamide (30%) with median progression-free
survival (PFS) and OS of 8.3 and 23.5 months from first favorable response to chemo-
therapy.4 In the latter study, the most common first-line regimens were anthracycline
based (44%) or gemcitabine based (28%) with median PFS from initiation of second-
line treatment of 5.4 months and median OS from first diagnosis of mSTS of
39 months.1 Most patients receive multiple lines of chemotherapy with higher likeli-
hood of favorable response to first-line therapy compared with second or later lines
of therapy. Both studies highlight that PFS and OS in patients with metastatic STS
with favorable response to chemotherapy are short and that there remains a signifi-
cant unmet need in the treatment of patients with metastatic STS.1,4
Radiation Therapy

For patients who are not candidates for surgical metastasectomy, radiation therapy
can be used for control of limited metastatic disease.3 Stereotactic body radiation
therapy (SBRT) delivers high doses of radiation with precise localization and limited
exposure of adjacent tissue. Good local control rates have been noted in studies of
SBRT for patients with liver and lung metastases from various primary tumors.65–67

In STS specifically, local control rates for patients with pulmonary metastases have
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been reported to be as high as 80% to 88%.68,69 Further data on long-term toxicity
and outcomes, particularly compared with metastasectomy, are needed.

Ablative Techniques

As thermoablative techniques continue to evolve, these techniques have been
increasingly used as adjuncts in combination with surgical metastasectomy or as pri-
mary therapy in nonsurgical candidates for some disease processes.2,3,16 Thermal
ablative methods include radiofrequency ablation (RFA) and microwave ablation. To
date, there have been no studies to compare thermoablative techniques with surgical
metastasectomy in patients with mSTS.3

Liver ablation
One retrospective study by Pawlik and colleagues64 examined 66 patients who un-
derwent hepatic resection, RFA, or both for mSTS liver lesions. Although most pa-
tients had GIST, patients with leiomyosarcoma and other sarcoma histologies were
included. Compared with patients who underwent surgery alone, those who
received RFA (either alone or combined with surgery) had shorter DFS (P 5 .002)
with no difference in OS. RFA alone was used in patients who were deemed
poor surgical candidates or who had lesions in unfavorable locations, whereas
RFA plus surgery was used in those with large lesions not amenable to surgery
alone.

Lung ablation
For patients with limited pulmonary metastatic disease but whose performance sta-
tus or comorbidities prohibit surgery, minimally invasive procedures such as RFA
may be of benefit. Palussiere and colleagues70 published a series of 100 patients
with mSTS of whom 47 had lung metastasis. Twenty-nine patients (with 47 lesions)
were treated with RFA, and the remainder received chemotherapy. In 4 of 47 lesions
ablated, there was progression on follow-up scans consistent with incomplete
response. DFS was 7 months with 1-year and 3-year survival of 92.2% and 65.2%,
similar to surgical series. Complications of ablation included pneumothorax (68.7%
of cases). Similar results were reported by Nakamura and colleagues,71 with 1-year
and 3-year survival of 88.9% and 59.2% and with pneumothorax occurring in 54%
of procedures, with chest tube drainage required in 9%. In contrast, failure to erad-
icate all pulmonary metastases resulted in significantly worse 1-year and 3-year sur-
vival rates (29.6% and 0%).
SUMMARY

Half of all patients with sarcoma are diagnosed with or develop distant metastases
during their disease course. The presence of distant metastatic disease signifi-
cantly affects patient survival, reducing 5-year OS to less than 10% and median
overall survival to 8 to 15 months. The most common sites of distant metastatic dis-
ease in STS are the lungs and liver. Those with limited metastatic disease may
benefit from surgical metastasectomy or minimally invasive ablative approaches
for disease control. In retrospective series, 5-year survival rates up to 30% to
50% have been reported. Given the absence of randomized controlled trials and
other prospective data and the diversity of STS behavior, treatment decisions
should be made in a specialty sarcoma center and with a multidisciplinary team
of medical, radiation, and surgical oncologists who specialize in the care of such
patients.
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