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Soft-tissue sarcomas: Overview of management,
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B ABSTRACT

Patients with soft-tissue sarcomas generally present
with a mass that is increasing in size; the presence or
absence of pain is not typically predictive of malignancy.
While magnetic resonance imaging (MRI) can identify a
few soft-tissue lesion types as benign, diagnosis of most
lesions requires a careful biopsy, preferably performed
by or in consultation with the surgeon who would do

an eventual resection. If biopsy confirms a diagnosis

of sarcoma, MRI-guided surgical resection with a wide
margin is the mainstay of treatment. Neoadjuvant radia-
tion therapy and chemotherapy have not been of proven
benefit in well-controlled studies but are frequently used
as adjuncts. Resections with wide margins are generally
associated with a low (< 10%) risk of recurrence.

oft-tissue sarcomas are tumors of the mesenchy-

mal system, and half develop in the extremities.'

Although patients with soft-tissue sarcomas

have been treated with a combination of surgery,
radiation therapy, and chemotherapy, it remains unclear
whether either radiation or chemotherapy improves out-
comes for these patients. Soft-tissue sarcomas are therefore
currently treated with surgical resection when possible,
with or without chemotherapy or radiation.

Even though multimodal therapy for patients with
these tumors is controversial, a multidisciplinary confer-
ence among the many providers who may be involved in
the management these patients—orthopedic, medical, and
radiation oncologists, as well as the referring primary care
physician, plastic and reconstructive surgeons, physical
therapists, and radiologists and pathologists with exper-
tise in these tumors—is helpful.? This article presents an
overview of the management of these patients, with a focus
on the mainstay treatment, surgical resection. The roles of
chemotherapy and radiation therapy for soft-tissue sarco-
mas, while touched upon here, are detailed in the final two
articles in this supplement.

B HISTOLOGIC GRADING AND THERAPY IMPLICATIONS

The prognosis of soft-tissue sarcomas correlates with his-
topathologic grade, and a three-grade system appears to be
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more accurate than a two-grade system.’ In general, low-
grade lesions (grade 1) are unlikely to metastasize and are
therefore less likely to need treatment with chemotherapy
or radiation, as the risks of these therapies would most
likely outweigh any benefit in terms of local control.
Specifically, the risk of radiation involves debilitation
of local wound healing and the chance of dedifferentia-
tion of low-grade lesions to higher-grade lesions with more
metastatic potential. Grade 2 and 3 lesions are usually
considered high-grade and are more likely to be treated
with radiation and chemotherapy. Radiation is frequently
used in patients with high-grade lesions when anticipated
margins or actual margins are less than 1 cm.*¢
Chemotherapy’s lack of proven efficacy for soft-tissue
sarcomas likely stems from poor understanding of the
pathophysiology, molecular biology, and even some aspects
of the natural history of these uncommon and heteroge-
neous tumors. There are more than 50 subtypes of soft-
tissue sarcoma,”® and this heterogeneity has likely con-
tributed to the difficulty of identifying chemotherapeutic
agents that are highly active against these diseases.’

B THE ROLE OF FAMILIAL GENETICS

Developing effective chemotherapeutic strategies may
depend on grouping soft-tissue sarcomas more homoge-
neously. To compare like lesions with like lesions, molecular
analysis and even molecular signatures may be of assistance.
Along these lines, critical mutations and translocations
have been described for several soft-tissue sarcoma subtypes.

Li-Fraumeni syndrome is an autosomal dominant cancer
predisposition syndrome caused by germline mutations (ie,
in every cell) in the p53 gene.!° Patients with Li-Fraumeni
syndrome have an increased risk of developing soft-tissue
sarcomas.h!!

Neurofibromatosis type 1 is caused by germline muta-
tions in the NF1 gene, and malignant peripheral nerve
sheath tumors occur within neurofibromas in neurofibro-
matosis patients and typically have additional mutations in
CDKNZ2A or p53.7 INII loss is seen in all cases of extrarenal
rhabdoid tumors and has been reported in a subset of epithe-
lioid sarcomas (those occurring in proximal/axial regions).”!?
Delineation and greater understanding of these genetic
abnormalities may lead to more effective medical therapy.

B EVALUATION OF SUSPICIOUS SOFT-TISSUE MASSES

Soft-tissue sarcomas occur primarily in adults, and inci-
dence rates rise gradually with age.! About half of these
tumors develop in the extremities (primarily the lower
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extremities), with the remainder occurring in the retro-
peritoneum, the trunk, and other less common sites.!

Figure 1 presents in flow chart form our general approach
to the evaluation and management of patients with a soft-
tissue mass suspicious for sarcoma—an approach detailed
in the text below.

History and physical examination

Patients with soft-tissue sarcomas present with a mass that
generally is increasing in size. The location and depth
of the mass can be assessed on physical examination. In
general, the deeper the mass, the more likely it is to be a
sarcoma.” Unlike bone sarcomas, soft-tissue sarcomas fre-
quently are not associated with pain, so lack of pain does
not make a mass more likely to be benign. In general, the
only way to be sure that a mass is not malignant is to biopsy
it. However, there are certain symptoms and signs that
make a benign diagnosis much more likely. For example,
very soft superficial masses that have not changed in size
in years tend to be benign lipomas, and discolored lesions
that go away with elevation of the affected body part tend
to be hemangiomas.
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Magnetic resonance imaging

Magnetic resonance imaging (MRI) is the primary imag-
ing method for soft-tissue sarcomas. The benignity of a
lesion such as a lipoma or hemangioma may be able to be
determined with high certainty on MRI, in which case we
call the imaging of the lesion “determinate.” Such lesions
with determinate imaging (often referred to as “determi-
nate lesions”) usually do not require a biopsy. However, the
nature and identity of most lesions cannot be determined
by MRI; although the MRI is still useful to help plan the
biopsy in these cases, these lesions are termed “indetermi-
nate” by MRI and should usually be biopsied.

Lesions that can be deemed determinate and usually be
diagnosed as benign based on MRI findings include lipomas,
hemangiomas, granuloma annulare, and ganglion cysts.
However, most other soft-tissue lesions are indeterminate
on MRI and, except in rare circumstances, require a biopsy
to determine what they are and how they should be treated.

H BIOPSY

The primary biopsy procedures for soft-tissue sarcomas
are needle or open biopsy techniques and, in general, are
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FIGURE 2. (A) Transverse incision for a biopsy of a soft-tissue sarcoma and (B) the subsequent resection of the biopsy tract required as a result of

C

this transverse incision. Contrast this with the minimal additional soft-tissue resection that will be required with a properly performed needle biopsy (C).

similar to those for bone sarcomas, as reviewed in the pre-
vious article in this supplement. Regardless of the biopsy
technique, hemostasis must be meticulous and patients are
generally advised to not use the affected limb for at least
several days after the biopsy to reduce the risk of a cancer
cell-laden hematoma. It is preferable for the biopsy to be
performed by or in consultation with the surgeon who will
do the resection, if required.

Avoid transverse incisions

Transverse incisions require that substantially more tissue
be resected with removal of the biopsy tract (Figure 2, A
and B) and should therefore be avoided. In general, small
longitudinal incisions with no drains should be used if
open biopsies are performed, and we prefer needle biopsies
because much less tissue must be taken with the biopsy
tract (Figure 2C).

Lymph node biopsies

Lymph node biopsies are not generally indicated in
patients with soft-tissue sarcoma. However, lymph node
assessment and management should be considered in cases
of clear cell sarcoma, epithelioid sarcoma, angiosarcoma,
and embryonal/alveolar rhabdomyosarcoma, each of which
has a greater than 10% incidence of lymph node metasta-
sis.'* In this subset of soft-tissue sarcomas, a 5-year survival
rate of 46% has been reported with therapeutic lymphad-
enectomy with curative intent versus nearly 0% with no
lymphadenectomy or noncurative lymphadenectomy.!*
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Our approach in these sarcomas that go to the lymph
nodes with increased relative frequency has been to first resect
the sarcoma and then, after the margin is determined to be
negative on the permanent pathology report, to schedule a
nuclear medicine radiotracer study to analyze the drainage of
the surgical bed. With this information we take the patient
to the operating room and assess the location of the sentinel
node (ie, node with the highest level of activity) through the
skin using a radioactive counter with a sterile probe. We then
make an incision in this area and find the lymph node. Upon
removal of the “hot” lymph node, we reassess the radioactiv-
ity of the resected node and its node bed to be sure that we
have the sentinel node. If this node or any node in the dissec-
tion has tumor in it, we do a therapeutic lymphadenectomy
to remove all the lymph nodes in the area. For example, in
the lower leg the lymphatic drainage is to the popliteal area,
the inguinal area, or both. In the lower arm the lymphatic
drainage is to the epitrochlear area and the axilla.

M RESECTION

The resection surgery involves careful preoperative plan-
ning, almost always with an MRI and subsequent review by
musculoskeletal tumor radiologists. In the operating room,
general anesthesia is preferred to avoid ineffective blocks or
overly effective blocks, which prevent neurologic examina-
tion immediately after the operation. If the functional loss
is not too great, resection of the entire muscle or muscles
involved is performed. If neurovascular structures are not
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encased (ie, not more than 50% surrounded in the case of
arteries or motor nerves), then these structures are spared. If
arteries are encased, the vessels are bypassed and the encased
structure is left with the resection specimen. If the tumor is
adjacent to but not encasing the neurovascular structures,
the best course is to discuss with the radiation oncology
team whether they prefer preoperative or postoperative
radiation therapy. In general, for a high-grade lesion with
adjacent neurovascular structues and no plane between the
tumor and these structures, we ask our radiation oncologist
colleagues to see the patient and discuss preoperative or
perioperative (brachytherapy) radiation therapy. Postop-
eratively, where there is less than a 1-cm margin with no
fascial boundary, we generally recommend radiation.

Margins

In our experience, margins of 1 cm or greater or resections
with a fascial boundary are adequate and will leave patients
with a much lower than 10% risk of recurrence. Others
have postulated that margins that are smaller than this can
have a very low rate of recurrence if perioperative (preop-
erative, intraoperative, or postoperative) radiation is given
(personal communication from Drs. Jeffrey Eckardt and
Dempsey Springfield). However, no well-controlled study
has demonstrated how close the margin can be while still
achieving an acceptable recurrence rate, and such a study
would be very hard to perform given the rarity and hetero-
geneity of soft-tissue sarcomas and the variability in their
assessment and surgical treatment.

Intralesional surgery leads to recurrence
Intralesional surgery will always lead to recurrence if the
lesion is truly a soft-tissue sarcoma, even in spite of radiation
therapy, chemotherapy, or both. Myomectomy and com-
partmental resections are frequently necessary to achieve a
negative margin (normal tissue around the entire resection
specimen). If intralesional surgery has been performed at
an outside institution, we have generally recommended
resection of the tumor bed, and in our experience this has
reduced the recurrence rate after intralesional surgery to
levels near those obtained when we perform the biopsy. In
our experience, intralesional surgery without tumor bed
resection will result in recurrence in nearly every case.

Reconstruction

Postoperative reconstruction of the defect involves closure
of the fascia and skin with minimal tension, if possible.
If there is tension, a vacuum-assisted closure dressing is
placed on the wound and the patient returns for definitive
closure, usually with a muscle flap. If the flap is a straight-
forward rotational flap, such as a medial gastrocnemius, or
if only a split-thickness skin graft is required because there
is healthy muscle in the floor of the open wound, this can
be performed by experienced orthopedic surgeons. If these
straightforward solutions are not possible, consultation
with plastic surgeons is required, and they will cover the
area with a complex rotational flap or, occasionally, with
a free flap. For split-thickness skin grafts, it is prudent to
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make certain that the width of a #15 knife blade can pass
between the blade and the housing of the Padgett derma-
tome and to take the skin from the extremity ipsilateral to
the sarcoma (even with negative margins) to ensure that
skin will not be contaminated with errant sarcoma cells.

Reconstruction following sarcoma resection is discussed
in further detail in the next article in this supplement.

M OUTCOMES AND FOLLOW-UP

The recurrence rate for soft-tissue sarcomas resected at
Cleveland Clinic over the past 15 years has been less than
10%. This rate is comparable to the rates at other institu-
tions that perform a high volume of sarcoma resections,
but at institutions without a group dedicated to these
procedures or without substantial experience in them, the
recurrence rate is much higher, particularly with positive
margins.'®

Cure for soft-tissue sarcomas depends on being disease-
free not only locally but also systemically. Most metastases
from soft-tissue sarcomas are to the lung and, less com-
monly (as noted above), the lymph nodes. We assess local
recurrence and metastatic disease at 3-month intervals for
the first 2 years. Among patients who are disease-free at
2 years after the definitive surgery, the cure rate is 80%
to 85%. After 2 years, we assess patients for presence of
disease at 6-month intervals for the next 3 years and at
yearly intervals thereafter.

Patients who have a recurrence are at increased risk for
metastatic disease, and it is often very hard to achieve local
control, as these patients frequently have had tumor con-
tamination of the wound. At that point, unless the entire
wound is excised or an amputation is performed, recur-
rences will continue. A nomogram has been validated for
evaluating 10-year soft-tissue sarcoma—specific survival'®
and is freely available at www.nomograms.org.

B FUTURE DIRECTIONS

Future research challenges in this area include breaking
down soft-tissue sarcoma subgroups more homogeneously,
possibly with genetic markers, to better determine which
lesions might benefit from chemotherapy. The goal of
improved subtyping is to decrease the metastatic rate of
soft-tissue sarcomas in much the same manner that directed
chemotherapy has improved the metastasis and cure rates
for patients with Ewing sarcoma and osteosarcoma.
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