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Objective: This is a narrative review on the state of the art of multidisciplinary treatment of metastatic
sarcomas. We aim to report and analyze indications to chemo-radio and surgical treatment currently
suggested by the results of principal studies reported in the literature.

Background: Pulmonary metastases are a sign of advanced disease and are always a challenge in the
management of oncologic patients. The mainstay of treatment is the surgical resection of all metastatic
nodules which offers a potentially curative option and a significant survival advantage. In the setting of
metastatic sarcoma, lung involvement is frequent, and the disease tends to recur with a significantly higher
pattern than in any other tumor type. Multiple or even extended operations are often necessary. Alongside
the operative approach, medical therapy has been reported with variable results. Currently, single-agent
chemotherapy or combinations are reserved for patients with chemosensitive histology or patients considered
for multimodality therapy. The role of immunotherapy, instead, despite promising results, is still under
investigation. Radiotherapy has been boosted in recent years, with the spread of Stereotactic Body Radiation
Therapy which overwhelmed the traditional sarcomas’ radioresistance.

Methods: A narrative review was conducted resulting from an analysis of the literature limited to peer-
reviewed studies on PubMed databases through May 31st, 2021. Original articles, reviews, meta-analysis,
and case series were considered in which the main topic was pulmonary metastasectomy (PM), pulmonary
sarcoma metastases, and metastatic sarcoma treatments. Studies were analyzed and synthetized highlighting
their clinical relevance.

Conclusions: Metastatic sarcoma is a complex and challenging disease to treat with gratifying results.
PM is the cornerstone of treatment. Nevertheless, surgical resection is not enough, given the extreme
variability of tumor types and the consequent biological behaviors. Tailored chemotherapy and radiotherapy
protocols must be applied together with surgery because all modalities lack effectiveness when used alone. A
multidisciplinary approach involving oncologists, radiotherapists, and surgeons is mandatory to better assess
the timeline and the sequence in which every treatment gains better results, thus offering significant benefits

for every patient.
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Introduction

Lung metastases are the principal cause of mortality in patients
with primary bone (BS) and soft-tissue sarcoma (STS) and are
accountable for worsening the prognosis in the presence of
unresectable disease, giving a median survival of less than one
year (1). Pulmonary metastases can be discovered in at least
20% of patients diagnosed with STS and 40% with a BS (2).

Indeed, the presence of metastatic disease at onset is
very frequent. Besides, many studies, analyzing the effects
of chemotherapy as first-line treatment of lung metastases
from sarcoma, have reported limited or even no survival
benefit (3). For patients with STS, the response rate to
common chemotherapy is roughly reported at 25%, with a
median OS of about 12 months (4).

Although pulmonary localizations are the expression of
advanced disease, surgical resection has been proven as a
fundamental treatment and a potentially curative option
for those with resectable lung metastases, since when the
International Registry of Lung Metastases IRLM), in 1997,
asserted that pulmonary metastasectomy (PM) is associated with
improved outcomes (5). Improved survival has been further
observed in several studies between patients who underwent
metastasectomy compared with those who did not: the 5-year
overall survival (OS) rate was reported of 17% among patients
who underwent non-surgical treatment, whereas 3- and 5-year
OS rates were 28-35% and 21-38%, respectively, following
resection of lung metastases (6). In a more recent retrospective
study, Shimizu and colleagues demonstrated a 3- and 5-year OS
of 62 and 53 %, with none of the patients in the non-surgical
category who survived at 3 years (7).

There remains, however, the debate concerning which
patients might gain most from surgery or what treatment
has the best outcomes. Given the lack of strong literature
evidence, and the various results reported for chemotherapy,
radiotherapy, and surgical treatment, the management
of patients with metastatic sarcoma should require a
multidisciplinary approach with the collaboration of
medical oncologists, radiotherapists, and thoracic surgeons,
to build a tailored plan for each patient. We present the
following article following the Narrative Review reporting
checklist (available at https://asj.amegroups.com/article/
view/10.21037/asj-21-68/rc).

Methods

We conducted a literature search on PubMed databases
through May 31st, 2021, with the following keywords: PM,
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lung metastases, pulmonary sarcoma metastases, metastatic
sarcoma treatment.

We retrieved articles concerning the management of
lung metastasis from soft tissue and BS, aiming to clarify its
current treatments options and indications.

The references of all analyzed articles were screened for
relevant papers not found in the initial search.

Indications and results of chemotherapy and radiotherapy
were obtained from most recent systematic reviews and meta-
analysis. Studies with the best contributions for outcomes and
prognostic factors of surgical PM, comprehending single and
multiple-center experience and retrospective studies, were
considered from an historical perspective to most modern
evidence and reported in a narrative form.

Oncological background
Histology

Sarcomas are a variety of malignancies of mesenchymal
origin consisting of nearly a hundred different histologic
subtypes (8). They are commonly divided into the
wide categories of soft-tissue and primary BS, with
undifferentiated pleomorphic sarcoma and primary BS
that are those who most easily metastasize to the lung (1,9).

Survival varies widely following the many different
histologic subtypes. In a recent review, the 5-year OS rate
for osteosarcoma is reported to be 34% compared to 25%
for STS (10).

The most common histology among STS is the
undifferentiated pleomorphic sarcoma (25%), followed by
leiomyosarcoma (LMS) (18%), synovial sarcoma (10%),
and liposarcoma (10%) (11). Neither of these subtypes
represents an independent prognostic factor for survival per
se, although, in some studies, patients with LMS metastases
showed a favorable outcome compared to other histologies
(12,13). LMS, specifically, seems to exhibit less aggressive
tumor biology, which induces a significant OS advantage
after PM (median survival 69.9 versus 23.9 months for other
sarcoma subtypes); in addition, it tends to present with fewer
pulmonary lesions and fewer lobes involvement than patients
with non-LMS (14). Billingsley and colleagues also noted that
patients with pulmonary metastases of malignant peripheral
nerve sheath tumors and liposarcoma had a worse survival (1).

Disease-free interval (DFI)

The DFI, defined as the time between the treatment of
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primary tumor and the diagnosis of lung metastases, is
directly associated with survival and a well-established
prognostic factor. The IRLM agreed that a DFT of less than
36 months is correlated with poor survival (5). Furthermore,
its efficacy in predicting survival after resection of lung
metastases from sarcoma has been repeatedly confirmed with
different cut-offs ranging from 11 to 34 months (11-13,15),
probably reflecting different criteria of patient selection.
Besides, synchronous metastases, which are visible
on initial staging imaging of the primary tumor and, by
definition, have no DFI, are reported in a percentage around
32% of patients and should not be considered an absolute
contraindication for PM (16). In a recent multivariate
analysis, synchronous and metachronous metastases
groups exhibit different baseline characteristics, but both
showed comparable survival. Median DFI for patients with
metachronous metastases is 27.7 months (16,17).

Number of metastatic foci

The number of metastatic nodules, accepted as a measure
of tumor burden, is frequently used in patient selection
for surgery. However, there is no general agreement about
the maximum number of pulmonary metastases that limit
surgical resection. Several surgical series have been shown
the importance of number, size, or bilateral vs. unilateral
disease as a prognostic indicator (12,18), but others did not
demonstrate a significant difference in survival between
patients with more or less than 4 lesions (11,19).

Nevertheless, effects on survival are uniformly reduced
whenever complete resection is achieved (20).

Completeness of resection

Radical resection is considered the main goal of surgical
treatment and has proved to be the most significant
predictor of long-term survival following PM. In particular,
incompleteness is a worse prognostic factor than DFI and
multiple metastases combined, leading the median survival
to 14 months instead of 24 months in the IRLM (5).
Interestingly, Billingsley et al. reported that patients with
incompletely resected disease had only a marginal statistical
survival difference compared with subjects treated with non-
surgical treatments such as chemotherapy or radiotherapy
alone (16.4 vs. 33.5 months for a complete resection) (1).
However, even when radical resection is achieved, in the
majority of cases, the disease will eventually recur. A recent
study at Rizzoli Orthopedic Hospital shows that 76.2% of
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patients had recurrent lung metastases after initial PM and
that the risk is correlated with a DFI less than 1 year (21,22).

The role of repeated metastasectomy will be discussed
below.

Medical treatments
Chemotherapy

There is no standard chemotherapy strategy for the
treatment of metastatic sarcoma. The results of initial
clinical trials were often “confounded” by grouping results
from biologically different subtypes, which are characterized
by different degrees of chemosensitivity (23).

In recent times, a histology-tailored approach has led to
improved clinical outcomes in patients with more aggressive
histology, such as Ewing sarcoma and osteosarcoma (24).

Currently, single-agent anthracycline-based therapy is
considered the standard first-line therapy in advanced STS,
associated with improved OS; a multi-agent combination
of doxorubicin and ifosfamide is reserved for patients with
adequately chemosensitive histology, and patients who are
being considered for multimodality therapy and surgical
resection. Promising results were also demonstrated with
newer cytotoxic agents, including eribulin, trabectedin, and
aldoxorubicin (25,26).

Standard chemotherapy for osteosarcoma metastatic at
initial diagnosis is based on the MAP regimen (high-dose
methotrexate, doxorubicin, and cisplatin, with the possible
addition of ifosfamide or etoposide for recurrent cancer),
raising the response rate of 15% for single-agent to nearly
40% (27,28). To date, the best 5-year survival rate reported
in the literature for patients with osteosarcoma metastatic at
presentation is 47 % (29).

Therapeutic options involving the immune system are
highly attractive and rapidly expanding. In a recent review,
emerged that even the immune microenvironment is highly
variable in STS, the strong immune presence in some
subtypes offers a promise for immunotherapy, and several
ongoing phase I/II trials are assessing the role of anti-PD-
L1 agents (30).

However, as seen with conventional chemotherapy drugs,
tumors utilize multiple pathways to resist immunotherapy,
suggesting that combination approaches will still be needed
to achieve meaningful and durable responses (31).

The effectiveness of conventional chemotherapy in
addition to surgical metastasectomy is still controversial.
Almost all surgical case series are influenced by a selection
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bias, that originates in the fact that chemotherapy is usually
employed in patients with more aggressive diseases. At
Memorial Sloan-Kettering Cancer Center two cohorts of
patients with STS were compared, receiving PM alone or in
combination with perioperative chemotherapy. The results
of this study showed no difference in terms of OS in both
groups (3).

However, despite the questionable benefit on survival,
neoadjuvant chemotherapy seems to offer the convenience
of better assessing tumor response to treatment before
surgical resection, thus serving as a prognostic factor.
Stephens and colleagues showed that patients without
tumor progression while on chemotherapy had a median
survival after metastasectomy of 35.5 months, whereas
progression on chemotherapy is associated with worse
outcomes (17.2 months) (32).

Radiation therapy

Radiotherapy for lung metastases has been substantially
reserved for patients who are excluded from surgery. Except
for Ewing sarcoma, which is exclusively radiosensitive (33),
whole-lung irradiation (WLI) is generally not performed in
metastatic disease (6).

Few studies described the experience of CT-guided
radiofrequency ablation (RFA) of lung metastases, showing
a 3-year survival rate not superior to 65.2% (34,35). More
consistent results come from Stereotactic Body Radiation
Therapy (SBRT); even many sarcoma subtypes have
traditionally been considered radioresistant, the high-
dose, hypofractionated SBRT gains a significant response
in several studies, showing a 5-year OS ranging from
50.0% to 60.5% (36,37). Yu et al. reported an equivalent
4-year progression-free survival rate and post-relapse OS
in the stereotactic radiation group compared to surgery for
metastatic osteosarcoma (38).

Nevertheless, when lung metastases are completely
resected, administering adjuvant radiotherapy still lacks
undeniable benefits and is occasionally reserved in patients
with positive margin resection or for residual gross disease (39).

Surgical management

Preconditions to metastasectomy, to undergo potentially
curative surgery, are essentially associated with patient and
disease status: the patient should tolerate lung resections;
primary cancer must be either controlled or controllable
with no evidence of active disease; complete resection
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must be achievable; the absence of extra-thoracic disease,
however, this should not be an absolute contraindication if
they are also suitable for resection or are already resected
successfully; and, finally, there should be no better-proved
treatment option to treat metastasis (40,41).

Planning a PM for metastatic sarcoma requires careful
analysis of each case individually. The decision to proceed
with surgery must consider the relative risks and benefits
of all other therapeutic options and should be discussed in
a multidisciplinary meeting between surgeons, oncologists,
and radiotherapists.

Timing of surgery

The timing of surgery is one of the key points in the
management of metastatic sarcoma disease. Indeed, there’s
not a uniform consensus between surgeons who take an
aggressive attitude and others who allow for a diagnostic
interval between diagnosis and resection. The first approach
is mainly based on technical considerations and the risk that
growing nodules would determine more extensive resections
or threaten completeness, the latter on the evidence that
metastases behavior could yield a clue of disease course,
especially under chemotherapy (6).

Available data indicate that both early or delayed surgery,
do not have advantages. Except for patients with few lesions
or long DFI, in which preemptive operations are more
clearly indicated (42).

In general, the timing of metastasectomy should
depend on patients’-tailored multidisciplinary discussion,
and postponing surgery seems justified if the indication
for resection is questionable due to a high risk of early
recurrence.

Technique

"Traditionally, bimanual palpation, during lung metastasectomy;,
has been considered the most appropriate approach to achieve
complete resection of all metastatic lesions, including small
nodules not identified on preoperative imaging (43).

Median sternotomy & clamshell thoracotomy

They have the advantage to allow contemporaneous access
to both pleural cavities. Sternotomy, however, limits
the exposure of the posterior hila and lower lobes. Such
extensive surgical incisions, which were frequent in the early
with the rationale of exploring both lungs, are nowadays,
less and less used, in favor of more conservative approaches
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that have shown comparable oncological results (44).

Posterolateral or muscle-sparing lateral thoracotomy

A traditional unilateral thoracotomy provides excellent
visualization and allows the surgeon to examine the entire
parenchyma and pleural surface. Some authors initially
expressed controversy about performing only unilateral
thoracotomy, even in the presence of unilateral disease by
imaging, giving that occult contralateral nodules could
affect survival. Younes and colleagues, though, found
that delaying contralateral thoracotomy until disease
became radiologically apparent did not affect OS (45).
The sequential thoracotomy, planned at least one month
after the first operation, offers an acceptable option in the
management of bilateral metastatic disease at onset and is
nowadays quite popular (46).

Video-assisted thoracoscopic surgery (VATS)
VATS techniques have progressively gained a leading role
in the management of many thoracic conditions. Some of
the initial controversies consisted in its apparent limited
ability to identify small lung lesions through minimally
invasive incisions, thus the possible applications for PM (47).
Eckardt and colleagues performed a prospective evaluation
of thoracoscopic versus open metastasectomy, identifying
by thoracoscopy only 87% of the nodules who were seen on
preoperative CT scan. In contrast, with thoracotomy more
additional nodules were discovered, 33% of which were
metastatic lesions (48). However, should be noted that some
authors including Cerfolio, identified by bimanual palpation
nodules that were not detected by preoperative CT scan,
but in little less than half of the patients, those missed
lesions were malignant, resulting in the resection of about
20% more benign nodules with an open approach (49).
Similar supportive results were reported by Gossot and
colleagues. The authors compared patients undergoing wedge
resections by VATS and thoracotomy, for the treatment
of sarcoma lung metastases. The analysis found similar
overall survival and disease-free survival between the VATS
and thoracotomy groups and underlined the well-known
advantages of the minimally invasive approach, such as
postoperative complications, pain, length of hospital stay, and
providing patient’s quick surgical recovery and good quality of
life, avoiding potential delay in adjuvant therapy (50).

Extent of resection

Negative margins and preservation of uninvolved
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pulmonary parenchyma is the goal of PM.

Erhunmwunsee and colleagues raised the argument that
missing subclinical nodules result in inferior outcomes (43).
Despite the lack of evidence that small indolent nodules
have an impact on survival, surgeons should always strive
for RO resection because of the unpredictable biological
behavior of the tumor.

If an RO resection is achieved, performing an anatomic
resection, such as segmentectomy or lobectomy, does not
provide an additional benefit (51). However, for lesions that
are technically challenging to remove by reason of location,
segmentectomy may offer an advantage for achieving a
complete resection while sparing lung parenchyma and
maintaining adequate lung function (52).

In general, given the tendency of metastatic sarcoma
to recur and, thus, the need for additional pulmonary
resections, parenchyma-sparing approaches to preserve
pulmonary function are critically important. Hence, non-
anatomic wedge resections with stapler instruments are the
most common intervention, especially in the presence of
few nodules that can be safely approached by VATS (53).

When several foci must be targeted, multiple stapled
wedge resections can lead to significant parenchymal
distortion. Consequently, in our experience, the so-called
“precision resection” is an alternative that is commonly
considered. Nodules are removed opening the lung
parenchyma through electrocautery and the residual
defects are closed, after adequate hemostasis, by single or
bidirectional locked suture of 3/0 of polypropylene with or
without a combination of absorbable monofilament suture
(Maxon ™) for the deeper layer.

With this technique, as is shown in Figure 1, dozens of
small metastatic nodules could be resected preventing a
drastic distortion of the parenchyma that will eventually
compromise the entire lung function. A video of a precision
resection is available online (Video 1).

Extended resection & lymph node dissection

In selected patients, metastatic sarcoma may require lung
resection with en bloc chest wall, pericardial, or diaphragm
resection. These patients seem to have a significantly
shorter median overall survival than those undergoing only
lung nodules metastasectomy (54). However, when assessed
to multivariate analysis, this difference loses significance,
probably due to an association with incomplete resection.
Therefore, extended surgery may be potentially curative
when negative margins are achieved (39).

AME Surg 7 2022;2:38 | https://dx.doi.org/10.21037/asj-21-68



Page 6 of 10

Figure 1 Twenty-two suspects metastatic nodules of the right
lung [two in the upper (RUL), three in the middle (RML), and
17 in the lower lobe (RLL)] were excised with precision resection
using electrocautery and arranged on an assistant table for better

visualization.

Video 1 An excision of subcentimetric pulmonary nodule is
performed with the precision resection technique. The lesion
is identified through manual palpation and lung parenchyma is
opened with a monopolar electric scalpel. After the removal, the
area is cauterized, and the defect is finally closed with a deeper
absorbable running suture of Maxon™ 3/0 and a superficial suture

of polypropylene.

Extensive vascular resection and reconstruction, sleeve
pulmonary resection, or pneumonectomy are feasible and
justified in selected cases (long DFI, large tumor but eligible
for complete excision) and were found to have admissible
30-day morbidity and mortality (38% wvs. 0%, respectively)
and a S-year survival ranging from 19% to 52% (55,56).
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Tumors with mediastinal invasion into the heart and great
vessels have also been reported to have favorable outcomes,
unexpectedly superior to those accomplished with extended
resections for primary lung cancer (57).

The need for routine lymphadenectomy during PM is
still debatable, as the significance of nodal involvement is
unclear and lymph node involvement is rare in sarcoma (58).
Nodal metastases have been found in no more than 20%
of patients with sarcoma intraoperatively, but some authors
report that N1 disease is a prognostic indicator of impaired
median survival (47.0 months for NO and 18.3 months for
N1) (59,60). To date, lymphadenectomy is not routinely
recommended during resection of pulmonary metastases
from sarcoma (61).

Recurrence and repeated metastasectomy

The pulmonary recurrence rate after a successful
metastasectomy ranges between 30.6% to 69% for any
malignancies, regardless of the surgical approach (44).
Sarcomas, in particular, have a peculiar intrathoracic
pattern of relapse accounting for 66% of all recurrences,
remarkably different from that of other tumors that recur
mainly distant, and the proportion of relapsing patients who
undergo a second PM is significantly higher in sarcomas
than in any other tumor type (53% vs. 28%) (5).

Repeated PMs are justified based on the evidence that
improved long-term survival has been obtained in patients
with STS, with the mandatory condition that a complete
resection must be achieved. The 5-year overall survival
following repeated resection is typically between 36%
and 57% (20,62,63). Jaklitsch and colleagues also found
that there is no limit to the number of metastasectomies a
patient can undergo, indeed the 5-year OS remained greater
than 33% for up to 4 procedures but tends to lower with
5 or more (64).

Conclusions

Pulmonary metastases are signs of advanced disease and
always represent a challenge in the management of solid
cancers. STS and BS exhibit a strong tendency to produce
lung lesions that impair overall survival. Moreover,
lung metastases could easily recur over time showing an
inadequate response to systemic treatments.

PM is now widely accepted as the most effective therapy,
even in the presence of multiple, bilateral lesions, and in
relapse. Indeed, it is accepted despite the lack of prospective
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randomized controlled trials proving its efficacy and is
based on many retrospective studies that showed a survival
benefit for patients undergoing PM compared to patients
undergoing non-surgical therapy. Due to the retrospective
nature of these studies, they all suffer from inherent
selection bias, but lots of surgical case series pointed out
that the main reasons not to undergo surgery are usually
related to a more extended disease or severe functional
limitations and comorbidities.

This evidence is strengthened by the fact that, nowadays,
medical treatments such as chemo- and radiotherapy, still
lack effectiveness in the control of metastatic disease when
used alone.

Advances have been made in many fields: novel
chemotherapy agents and immunotherapy offers a promise
in the control of systemic dissemination; Stereotactic
Body Radiation Therapy gains a significant response in
several studies; improvements in preoperative imaging
have led to better identification and surveillance of lung
metastases; and, finally, the spread of minimally invasive
thoracic surgery techniques have offered the chance of most
tolerable operations for the patients in terms of recovery
and quality of life.

"This narrative review had the goal of summarizing most
of the current knowledge in the management of metastatic
sarcomas, also by showing the inconsistency between
different studies on the same aspect, such as medical
treatment protocols, surgery indications or management
of recurrences. To clarify this topic, avoiding selection
bias and aiming to clinical relevance, larger randomized
prospective, and possibly multicentric, studies are
advocated.

Important results have been obtained through the
years and more are expected in the future, but we believe
that the treatment of this complex disease should always
require a multidisciplinary approach involving oncologists,
radiotherapists, and surgeons that could offer a tailored
therapy for every patient.
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