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Sarcomas are rare (<1% of all malignancies) mesenchymal neoplasms
that arise in bone and soft tissues. These tumors are usually of mesodermal origin, although a few are derived from neuroectoderm, and
they are biologically distinct from the more common epithelial malignancies. Sarcomas affect all age groups; 15% are found in children
<15 years of age, and 40% occur after age 55 years. Sarcomas are one
of the most common solid tumors of childhood and are the fifth most
common cause of cancer deaths in children. Sarcomas may be divided
into two groups, those derived from bone and those derived from soft
tissues.

SOFT TISSUE SARCOMAS

INCIDENCE
Approximately 11,410 new cases of soft tissue sarcomas occurred in
the United States in 2013. The annual age-adjusted incidence is 3 per
100,000 population, but the incidence varies with age. Soft tissue sarcomas constitute 0.7% of all cancers in the general population and 6.5%
of all cancers in children.
EPIDEMIOLOGY
Malignant transformation of a benign soft tissue tumor is extremely
rare, with the exception that malignant peripheral nerve sheath tumors
(neurofibrosarcoma, malignant schwannoma) can arise from neurofibromas in patients with neurofibromatosis. Several etiologic factors
have been implicated in soft tissue sarcomas.
Environmental Factors Trauma or previous injury is rarely involved,
but sarcomas can arise in scar tissue resulting from a prior operation,
burn, fracture, or foreign body implantation. Chemical carcinogens
such as polycyclic hydrocarbons, asbestos, and dioxin may be involved
in the pathogenesis.
Iatrogenic Factors Sarcomas in bone or soft tissues occur in patients
who are treated with radiation therapy. The tumor nearly always arises
in the irradiated field. The risk increases with time.
Viruses Kaposi’s sarcoma (KS) in patients with HIV type 1, classic
KS, and KS in HIV-negative homosexual men is caused by human
herpesvirus (HHV) 8 (Chap. 219). No other sarcomas are associated
with viruses.
Immunologic Factors Congenital or acquired immunodeficiency,
including therapeutic immunosuppression, increases the risk of
sarcoma.
GENETIC CONSIDERATIONS
Li-Fraumeni syndrome is a familial cancer syndrome in which
affected individuals have germline abnormalities of the tumorsuppressor gene p53 and an increased incidence of soft tissue
sarcomas and other malignancies, including breast cancer, osteosarcoma, brain tumor, leukemia, and adrenal carcinoma (Chap. 101e).
Neurofibromatosis 1 (NF-1, peripheral form, von Recklinghausen’s
disease) is characterized by multiple neurofibromas and café-au-lait
spots. Neurofibromas occasionally undergo malignant degeneration to
become malignant peripheral nerve sheath tumors. The gene for NF-1
is located in the pericentromeric region of chromosome 17 and
encodes neurofibromin, a tumor-suppressor protein with guanosine

CLASSIFICATION
Approximately 20 different groups of sarcomas are recognized on
the basis of the pattern of differentiation toward normal tissue. For
example, rhabdomyosarcoma shows evidence of skeletal muscle fibers
with cross-striations; leiomyosarcomas contain interlacing fascicles
of spindle cells resembling smooth muscle; and liposarcomas contain
adipocytes. When precise characterization of the group is not possible,
the tumors are called unclassified sarcomas. All of the primary bone
sarcomas can also arise from soft tissues (e.g., extraskeletal osteosarcoma). The entity malignant fibrous histiocytoma (MFH) includes
many tumors previously classified as fibrosarcomas or as pleomorphic
variants of other sarcomas and is characterized by a mixture of spindle
(fibrous) cells and round (histiocytic) cells arranged in a storiform
pattern with frequent giant cells and areas of pleomorphism. As immunohistochemical suggestion of differentiation, particularly myogenic
differentiation, may be found in a significant fraction of these patients,
many are now characterized as poorly differentiated leiomyosarcomas,
and the terms undifferentiated pleomorphic sarcoma (UPS) and myxofibrosarcoma are replacing MFH and myxoid MFH.
For purposes of treatment, most soft tissue sarcomas can be
considered together. However, some specific tumors have distinct
features. For example, liposarcoma can have a spectrum of behaviors.
Pleomorphic liposarcomas and dedifferentiated liposarcomas behave
like other high-grade sarcomas; in contrast, well-differentiated liposarcomas (better termed atypical lipomatous tumors) lack metastatic
potential, and myxoid liposarcomas metastasize infrequently, but,
when they do, they have a predilection for unusual metastatic sites
containing fat, such as the retroperitoneum, mediastinum, and subcutaneous tissue. Rhabdomyosarcomas, Ewing’s sarcoma, and other
small-cell sarcomas tend to be more aggressive and are more responsive to chemotherapy than other soft tissue sarcomas.
Gastrointestinal stromal cell tumors (GISTs), previously classified as gastrointestinal leiomyosarcomas, are now recognized as a
distinct entity within soft tissue sarcomas. Its cell of origin resembles
the interstitial cell of Cajal, which controls peristalsis. The majority
of malignant GISTs have activating mutations of the c-kit gene that
result in ligand-independent phosphorylation and activation of the
KIT receptor tyrosine kinase, leading to tumorigenesis. Approximately
5–10% of tumors will have a mutation in the platelet-derived growth
factor receptor α (PDGFRA). GISTs that are wild type for both KIT and
PDGFRA mutations may show mutations in SDH B, C, or D and may
be driven by the IGF-I pathway.
DIAGNOSIS
The most common presentation is an asymptomatic mass. Mechanical
symptoms referable to pressure, traction, or entrapment of nerves or
muscles may be present. All new and persistent or growing masses
should be biopsied, either by a cutting needle (core-needle biopsy)
or by a small incision, placed so that it can be encompassed in the
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Soft tissues include muscles, tendons, fat, fibrous tissue, synovial tissue, vessels, and nerves. Approximately 60% of soft tissue sarcomas
arise in the extremities, with the lower extremities involved three times
as often as the upper extremities. Thirty percent arise in the trunk, the
retroperitoneum accounting for 40% of all trunk lesions. The remaining 10% arise in the head and neck.

5′-triphosphate (GTP)ase-activating activity that inhibits Ras function
(Chap. 118). Germline mutation of the Rb-1 locus (chromosome
13q14) in patients with inherited retinoblastoma is associated with the
development of osteosarcoma in those who survive the retinoblastoma
and of soft tissue sarcomas unrelated to radiation therapy. Other soft
tissue tumors, including desmoid tumors, lipomas, leiomyomas, neuroblastomas, and paragangliomas, occasionally show a familial predisposition.
Ninety percent of synovial sarcomas contain a characteristic chromosomal translocation t(X;18)(p11;q11) involving a nuclear transcription factor on chromosome 18 called SYT and two breakpoints on X.
Patients with translocations to the second X breakpoint (SSX2) may
have longer survival than those with translocations involving SSX1.
Insulin-like growth factor (IGF) type II is produced by some sarcomas and may act as an autocrine growth factor and as a motility factor
that promotes metastatic spread. IGF-II stimulates growth through
IGF-I receptors, but its effects on motility are through different receptors. If secreted in large amounts, IGF-II may produce hypoglycemia
(Chaps. 121 and 420).

