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PREFACE

This book has been written to provide a systematic ap-
proach to the radiologic evaluation and diagnosis of soft
tissue tumors and tumor-like masses. We have tried to il-
lustrate the full spectrum of lesions encountered in a clin-
ical practice, emphasizing lesions with a characteristic, or
relatively characteristic, radiologic appearance, while not
neglecting those with a nonspecific appearance. As our
knowledge and experience with the imaging of soft tissue
expands, we truly expect the number of those lesions des-
ignated as nonspecific to continue to decrease.

Following a brief introductory chapter, we present the
results of a retrospective analysis of more than 31,000 soft
tissue tumors that were seen in consultation over 10 years
by the Department of Soft Tissue Pathology, Armed
Forces Institute of Pathology, Washington, DC, to deter-
mine the relative prevalence, age at presentation, sex dis-
tribution, and skeletal distribution of soft tissue tumors,
as well as the relative frequency of those tumors in spe-
cific anatomic locations and age groups. These data were
collected prior to the nomenclature changes incorporated
into the 2013 World Health Organization Classification
of Soft Tissue Tumors; therefore, we have chose to pres-
ent them with the original tumor designations. We have,
however, incorporated the current World Health Organi-
zation nomenclature throughout the text, emphasizing
applicable changes in each chapter.

Tumor population data is followed by an overview of
the imaging evaluation of soft tissue tumors, highlight-
ing advantages and limitations of the various modalities

available. The imaging evaluation of patients following
treatment is also reviewed, as are considerations to be
used in the differentiation of benign from malignant soft
tissue lesions. The chapter concludes with a review of the
criteria required for tumor staging.

The remaining chapters review lipomatous, vascular
and lymphatic, fibrous and fibrohistiocytic, muscle, neu-
rogenic, synovial, extraskeletal osseous and cartilaginous
tumors, and tumors of uncertain differentiation. A new
chapter highlighting superficial masses has been added,
underscoring the expanding use of radiologic imaging in
evaluating these diverse tumor and tumor-like lesions.

The final chapter addressing tumor imaging is a col-
lection of tumor-like masses of soft tissue arising from
a variety of causes. These do not represent a comprehen-
sive review, but rather our experience with lesions that
may clinically present as musculoskeletal tumors. In-
dividual discussions highlight magnetic resonance and
computed tomography imaging appearances. Radiogra-
phy, angiography, scintigraphy, ultrasound, and positron
emission tomography are covered where appropriate.
In addition to imaging appearance, discussions include
a summary of general information, clinical presentation,
pathology, treatment, and prognosis. The text concludes
with a review of compartmental anatomy required for
local tumor staging.

MARK J. KRANSDORF
MARK D. MURPHEY
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Soft tissue sarcomas, unlike benign soft tissue lesions, are
relatively uncommon and are estimated to represent about
1% of all malignant tumors (1-3). Hajdu (1) noted that
in the United States, the incidence of soft tissue sarcomas
is about the same as that of multiple myeloma or carci-
noma of the thyroid. Soft tissue sarcomas are three to four
times as common as primary malignant bone tumors (1).
An analysis of soft tissue sarcomas by Baldursson et al.
(4) in Iceland, between 1955 and 1988, revealed an age-
standardized incidence rate of 2.7 per 100,000 of popula-
tion. Rydholm (5) noted an age-standardized incidence
rate of 1.4 per 100,000 of population in Sweden. The inci-
dence of soft tissue sarcoma increases markedly with age;
the age-specific annual incidence for patients 80 years and
older is 8 per 100,000 (5). It is difficult to estimate the
annual incidence of benign soft tissue tumors, because
many lipomas, hemangiomas, and other benign lesions
do not undergo biopsy; however, the annual clinical inci-
dence of benign soft tissue tumors is estimated at 300 per
100,000 (5).

CLASSIFICATION OF SOFT TISSUE TUMORS

KEY | CONCEPTS R

e Soft tissue tumors are classified histologically on the
basis of the adult tissues that they resemble.

e Poorly differentiated tumors may lack the microscopic
features required for histological classification.

e Immunohistochemistry and genetic analysis may aid in
further classification.

Fundamental Concepts

The soft tissue is derived primarily from mesenchyme and,
by convention, comprises the skeletal muscle, fat, fibrous
tissue, peripheral nervous system, and the serving vascular
structures (6). Soft tissue tumors are generally classified
histologically on the basis of the adult tissues that they
resemble (6,7,8). The designations of lipoma and liposar-
coma, for example, do not indicate that these lesions arise
from fat, but that they “recapitulate to a varying degree

normal fatty tissue” (6). Although this concept works well
for most lesions, it is important to remember that there are
several sarcomas, such as synovial sarcoma or alveolar soft
part sarcoma, with no normal cellular counterpart. Many
sarcomas are poorly differentiated; consequently, they
lack the microscopic features that are required to make
a specific diagnosis. In such cases, immunohistochemical
staining and genetic analysis have aided pathologists in
further classifying tumors. These techniques are well es-
tablished and are used routinely. Despite the pathologist’s
best efforts, a small number of soft tissue sarcomas cannot
be further classified. This group of sarcomas that cannot
be further subclassified previously comprised approxi-
mately 5% to 15% of soft tissue sarcomas (4,9), although
current immunochemical and genetic techniques will
continue to reduce this number.

The histologic classification of soft tissue tumors used
in this text reflects the World Health Organization (WHO)
classification published in 2013 (10). This updated clas-
sification continues the use of a revised categorization
of biologic behavior that allows for two designations of
intermediate malignancy: locally aggressive and rarely
metastasizing (10). The current WHO classification is
summarized in Table 1.1 (10,11) and includes peripheral
nerve sheath tumors, which were previously addressed by
the WHO in a separate publication (12).

Special Stains

Although the diagnosis of soft tissue tumors can fre-
quently be made on the basis of light microscopic fea-
tures, as many as 20% of cases cannot be definitively
classified, even by experienced pathologists (13). Many
soft tissue tumors have microscopic features that overlap.
This includes various spindle cell tumors as well as other
nonsarcomatous lesions such as carcinoma, melanoma,
and lymphoma; therefore, additional methods may be
required to further classify these lesions (13-15).

In addition to standard hematoxylin—eosin-stained
slides, additional staining referred to as histochemical
techniques may be used (13-15). For example, trichrome
stain may be used to distinguish fibrous tissue from mus-
cle tissue (14). Intracytoplasmic glycogen usually seen
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TABLE 1.1

Adipocytic tumors

Benign
Lipoma
Lipomatosis
Lipomatosis of nerve
Lipoblastomallipoblastomatosis
Angiolipoma
Myolipoma
Chondroid lipoma
Extra-renal angiomyolipoma
Extra-adrenal myelolipoma
Spindle cell lipoma/pleomorphic lipoma
Hibernoma

Intermediate (locally aggressive)
Atypical lipomatous tumor/well-
differentiated liposarcoma

Malignant
Dedifferentiated liposarcoma
Myxoid liposarcoma
Pleomorphic liposarcoma
Liposarcoma, not otherwise specified

Fibroblastic/myofibroblastic tumors
Benign
Nodular fascitis
Proliferative fasciitis
Proliferative myositis
Myositis ossificans
Fibro-osseous pseudotumor of digits
Ischemic fasciitis
Elastofibroma
Fibrous hamartoma of infancy
Fibromatosis coli
Juvenile hyaline fibromatosis
Inclusion body fibromatosis
Fibroma of tendon sheath
Desmoplastic fibroblastoma
Mammary-type myofibroblastoma
Calcifying aponeurotic fibroma
Angiomyofibroblastoma
Cellular angiofibroma
Nuchal-type fibroma
Gardner fibroma
Calcifying fibrous tumor

Intermediate (locally aggressive)
Palmar/plantar fibromatosis
Desmoid-type fibromatosis
Lipofibromatosis
Giant cell fibroblastoma

Intermediate (rarely metastasizing)
Dermatofibrosarcoma protuberans
Fibrosarcomatous dermatofibrosar-
coma protuberans
Pigmented dermatofibrosarcoma
protuberans

assification of soft tissue tume

Solitary fibrous tumor

Inflammatory myofibroblastic tumor
Low-grade myofibroblastic sarcoma
Myxoinflammatory fibroblastic sarcoma
Infantile fibrosarcoma

Malignant
Adult fibrosarcoma
Myxofibrosarcoma
Low-grade fibromyxoid sarcoma
Sclerosing epithelioid fibrosarcoma

So-called fibrohistiocytic tumors
Benign
Tenosynovial giant cell tumor
Localized type
Diffuse-type
Malignant
Deep benign fibrous histiocytoma

Intermediate (rarely metastasizing)
Plexiform fibrohistiocytic tumor
Giant cell tumor of soft tissue

Smooth muscle tumors
Benign
Deep leiomyoma

Malignant
Leiomyosarcoma (excluding skin)

Pericytic (perivascular) tumors

Glomus tumor (and variants)

Glomangiomatosis

Malignant glomus tumor
Myopericytoma

Myofibroma

Myofibromatosis
Angioleiomyoma

Skeletal muscle tumors
Benign
Rhabdomyoma
Adult type
Fetal type
Genital type

Malignant
Embryonal rhabdomyosarcoma
(including botroyoid, anaplastic)
Alveolar rhabdomyosarcoma
Pleomorphic rhabdomyosarcoma
Spindle cell/sclerosing
rhabdomyosarcoma

Vascular tumors
Benign
Hemangiomas
Synovial
Venous

Avrteriovenous hemangioma/
malformation

Intramuscular

Epithelioid hemangioma

Angiomatosis

Lymphangioma

Intermediate (locally aggressive)
Kaposiform hemangioendothelioma

Intermediate (rarely metastasizing)
Retiform hemangioendothelioma
Papillary intralymphatic

angioendothelioma
Composite hemangioendothelioma
Pseudomyogenic (epithelioid sarcoma-
like) hemangioendothelioma
Kaposi sarcoma

Malignant
Epithelioid hemangioendothelioma
Angiosarcoma of soft tissue

Chondro-osseous tumors
Soft tissue chondroma
Mesenchymal chondrosarcoma
Extraskeletal osteosarcoma

Gastrointestinal Stromal Tumors

Benign gastrointestinal stromal tumor

Gastrointestinal stromal tumor,
uncertain malignant potential

Benign gastrointestinal stromal
tumor, malignant

Nerve Sheath Tumors
Benign
Schwannoma
Melanotic schwannoma
Neurofibroma
Plexiform neurofibroma
Perineurioma
Malignant perineurioma
Granular cell tumor
Dermal nerve sheath myxoma
Solitary circumscribed neuroma
Extopic meningioma
Benign triton tumor
Hybrid nerve sheath tumor

Malignant

Malignant peripheral nerve sheath
tumor (MPNST)

Epithelioid malignant peripheral nerve
sheath tumor

Malignant triton tumor

Malignant granular cell tumor

Ectomesenchymoma



Tumors of Uncertain Differentiation
Benign
Acral fibromyxoma
Intramuscular myxoma
Juxta-articular myxoma
Deep (“aggressive”) angiomyxoma
Pleomorphic hyalinizing angiectatic
tumor
Ectopic hamartomatous thymoma

Mixed tumor
Myoepithelioma

Malignant

Intermediate (locally aggressive)
Hemosiderotic fibrolipomatous tumor

Intermediate (rarely metastasizing)
Atypical fibroxanthoma
Angiomatoid fibrous histiocytoma

Ossifying fibromyxoid tumor

Myoepithelial carcinoma
Phosphaturic mesenchymal tumor

Synovial sarcoma

Epithelioid sarcoma

Alveolar soft-part sarcoma

Clear cell sarcoma of soft tissue

Extraskeletal myxoid
chondrosarcoma

Extraskeletal Ewing tumor

Desmoplastic small round cell tumor

CHAPTER 1 * Origin and Classification of Soft Tissue Tumors

Extra-renal rhabdoid tumor
Neoplasms with perivascular
epithelioid cell differentiation
(PEComa)
PEComa, benign
PEComa, malignant
Intimal sarcoma

Undifferentiation/Unclassified
Sarcomas
Undifferentiated spindle cell sarcoma
Undifferentiated pleomorphic sarcoma
Undifferentiated round cell sarcoma
Undifferentiated epithelioid sarcoma
Undifferentiated sarcoma, NOS

* Adapted from Reference 10

in lesions such as Ewing sarcoma may be identified with
periodic acid-Schiff (PAS) stain (14). More recently, im-
munohistochemical techniques have been applied to the
diagnosis of soft tissue tumors.

Immunohistochemistry

Immunohistochemistry is the process of detecting the
presence of specific proteins in a cell or tissue with the
use of antibodies. In soft tissue pathology, the main ap-
plication of immunohistochemistry is in the detection
of differentiation markers specifically related to certain
mesenchymal phenotypes (16). Immunohistochemistry
is also useful in the detection of various cell proliferation
markers, oncoproteins, and tumor suppressor proteins
(16). Although immunohistochemistry is not totally
specific, it is currently the best way to further character-
ize soft tissue sarcomas for which light microscopy is not
diagnostic (14,17).

For those not directly involved with immunology,
the nomenclature is difficult, confusing, and at times
overwhelming. Historically, immunohistochemistry was
initially developed to distinguish among classes of lym-
phocytes on the basis of their cell surface antigens by
producing antibodies that would selectively recognize dif-
ferent cell subpopulations (18). Surface antigens (mark-
ers) were initially named according to the antibodies that
reacted with them, and in an attempt to eliminate con-
fusion with their designation, a uniform nomenclature
system was adopted. According to this system, surface
markers were given a “CD” (cluster of differentiation)
designation (18). This system was initially used for hu-
man leukocyte antigens and has since been more widely
applied to other cells. The most important markers used
in the diagnosis of soft tissue tumors and their diagnostic
targets are listed in Table 1.2.

Cytogenetics

Advances in molecular biology have added a new dimen-
sion to the diagnosis of soft tissue tumors. The ability to
detect specific genetic abnormalities, in the form of chro-
mosomal translocations and the resulting translocation
fusion products, can be used as a disease-specific marker
in diagnosis (19,20). A review of medical genetics is be-
yond the scope of this text; however, some basic defini-
tions may be useful.

A translocation is the interchange of genetic material
between nonhomologous chromosomes—the move-
ment of a DNA fragment from one chromosomal
location to another. The result is an abnormal chromo-
some that contains genetic material from two or more
chromosomes (19). A fusion gene is the joining of het-
erologous gene fragments that occurs as a result of a
translocation.

Translocations are generally specific for particular
types of tumors and as such are useful diagnostic mark-
ers. They are detected by cytogenetics or gene fusion
assay. A list of the lesions detectable by specific chromo-
some translocations and other gene fusions is shown in
Table 1.3.

HOW THE TEXT IS ORGANIZED

This text is broadly organized by tissue type. Although
many chapters, such as the chapter on lipomatous tu-
mors, will closely follow the classification system used by
the WHO, other chapters will not. We have retained the
broad tissue-type organization because it is more func-
tional and useful for radiologists in establishing radio-
logic differential diagnoses.

For example, a radiologist may recognize a mass as
originating from a joint or synovial-lined structure and
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TABLE 1.2 |

Marker

Positive in:

Endothelial markers
D31
CD34
von Willebrand's factor
D141
Fli-1

Muscle cell markers
Actin, common muscle
Actin, smooth muscle
Actin, sarcomeric
Desmin
Heavy caldesmon
Calponin
MyoD1, myogenin

Neural and neuroendocrine-specific markers

Synaptophysin
Chromogranin
Neuron-specific enolase
Neurofilament proteins
Alpha-internexin

Angiosarcoma, Kaposi sarcoma

Kaposi sarcoma, many vascular fibroblastic and other tumors
Epithelioid hemangioendothelioma, some angiosarcomas
Variable in angiosarcoma, positive in mesothelioma

Ewing sarcoma, angiosarcoma

Smooth and skeletal muscle tumors, myofibroblastic tumors
Smooth muscle and myofibroblastic tumors

Skeletal muscle and rhabdomyosarcoma

Smooth and skeletal muscle tumors, some other tumors
Smooth muscle and its tumors, myoepithelia, GI stromal tumors
Smooth muscle, myofibroblasts, synovial sarcoma (often)
Rhabdomyosarcoma (regenerative skeletal muscle)

Neuroblastoma, paraganglioma, neuroendocrine carcinoma
Paraganglioma, neuroendocrine carcinoma (especially low-grade)
Neuroendocrine tumors, malignant melanoma (low specificity)
Neuroblastoma, paraganglioma, Merkel cell carcinoma
Neuroblastoma, paraganglioma, Merkel cell carcinoma

S-100 protein and other multispecific neural markers

S-100 protein

Nerve growth factor receptor p75

CD56 (NCAM)

Melanoma markers other than S-100 protein

HMB45
Tyrosinase
Melan A
Microphthalmia
D63

Histiocytic markers
Lysozyme
Factor Xllla
CD68
D163

Keratin
Keratin

Other markers
EMA
B72.3
Ber-Ep4
CEA
Desmoplakin
HBME-1
Wilms tumor protein

Other important tumor markers

ALK
Basement membrane protein

Melanocytic, schwannian, chondroid, Langerhans cell
Dermatofibrosarcoma protuberans and other nerve sheath tumors
Neuroendocrine carcinoma, rhabdomyosarcoma, other sarcomas

Melanoma, clear cell sarcoma, angiomyolipoma (PEComas)
Nevi, melanoma

Nevi, melanoma, angiomyolipoma (variably)

Melanoma, osteoclastic giant cells, neurothekeoma
Melanoma, some carcinomas, alveolar soft parts sarcoma

Histiocytes, myelomonocytic cells

Histiocytes, especially dendritic ones

Histiocytes, melanoma, paraganglioma, schwannoma, granular cell tumor
Histiocytes, histiocytic sarcoma, juvenile xanthogranuloma

Carcinoma, synovial and epithelioid sarcoma, chordoma

Epithelial tumors, perineural tumors, synovial and epithelioid sarcoma
Epithelioid angiosarcoma, many adenocarcinomas

Many adenocarcinomas, biphasic synovial sarcoma

Many adenocarcinomas, biphasic synovial sarcoma

Epithelial tumors in general, meningioma, Ewing sarcoma
Mesothelioma, some adenocarcinoma, synovial sarcoma, chondroma
Small round cell desmoplastic tumor, mesothelioma

Large cell anaplastic lymphoma, inflammatory myofibroblastic tumor (some)
Schwann cell tumors, angiosarcoma



D10
CD99
cD117
GFAP
Inhibin
Osteocalin
Vimentin

CHAPTER 1 ¢ Origin and Classification of Soft Tissue Tumors u

Endometrial stromal sarcoma, many fibroblastic tumors
Ewing sarcoma, widespread in different tumors

Gl stromal tumor, angiosarcoma, Ewing sarcoma, and others
Glial tumors, schwannomas, myoepithelial tumors

Granular cell tumor, granulosa cell tumor

Osteosarcoma, osteoid material

Mesenchymal tumors

Adapted from Table 3-1. Miettinen M. Immunohistochemistry of soft tissue tumors. In: Modern Soft Tissue Pathology. Cambridge, England: Cambridge University Press;
2010:44-104, with permission.

TABLE 1

Tumor Translocation
Alveolar 1(2;13)(q35;q14), t(1:13)(p36;q14),
rhabdomyosarcoma t(X;2)(q13;935), t(2;2)(q35;p23)
Alveolar soft parts der(17)t(X;17)(p; 11;925)
sarcoma

Aggressive angiomyxoma

Angiomatoid fibrous
histiocytoma

Chondroid lipoma

Clear cell sarcoma

Congenital/infantile
fibrosarcoma

Dermatofibrosarcoma
protuberans

Epithelioid
hemangioendothelioma

Ewing sarcoma (PNET)

ES myxoid chondrosarcoma

Giant cell tumor tendon
sheath

Hibernoma

Inflammatory
myofibroblastic tumor

Lipoblastoma

Lipoma

Low-grade fibromyxoid
sarcoma

Myxoid/round cell
liposarcoma

Pericytoma

Synovial sarcoma

12915 rearrangements

(12;22)(q13;q12), t(2;22)
(933,912), 1(12;16)(q13;p11)

t(11;16)(q13;p12-13)

1(12;22)(q13;912), 1(2;22)
(433,912)

1(12;15)(p13;925)

1(17,22)(q21;q13)
t(1:3)(p36,925)

1(11:22)(024;q912), (21;22)(022;q12),
1(7;22)(p22;q12), and others

1(9;22)(q22;q912), 1(9;17)(q22;q11),
£9;15)(q22:021), t(3;9)
(912;922)

1(1;2).(p13;437)

11913

1(1,,2)(q22;p23), 1(2;19)(p23;p13),
t(2;17)(p23;q23), and others

8q12 rearrangements

12q15 rearrangements

t(7:16)(g33;p11)

1(12;16)(q13;p11), 1(12;22)
(q13;912)

1(7;12)(p22;q13)

1(X;18)(p11.2;911.2), 1(X;20)
(p11.2,913.3)

“Adapted from Table 4.5 from Bridge JA, Nelson M. Genetics of soft tissue tu-
mors. In: Miettinen M, ed. Modern Soft Tissue Pathology. Cambridge, England:
Cambridge University Press; 2010:105-126, with permission.

direct the differential accordingly. The WHO classification
system does not include a category of synovial lesions. Le-
sions that typically occur in the juxta-articular region are
classified by the WHO on their histogenesis and may be
included in the chapters on tumors of uncertain differen-
tiation or on so-called fibrohistiocytic tumors (Table 1.1).
The former group includes synovial sarcoma, whereas the
latter includes the spectrum of benign proliferative disor-
ders of the synovium (giant cell tumor of tendon sheath
and pigmented villonodular synovitis). Although the his-
tiogenic approach is best for the pathologist, the adher-
ence to a broad tissue typing remains more useful for the
radiologist. Using the previous example, it gives us greater
freedom to include relevant tumor-like lesions and allows
us, for example, to include synovial cysts and ganglions in
the chapter on synovial lesions.
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KEY | CONCEPTS R

e A correct histologic diagnosis is reached on the basis of
MR imaging studies alone in about 50% of cases.

¢ |Imaging can distinguish benign and malignant lesions in
most cases.

¢ Unlike their intraosseous counterparts, nonspecific soft
tissue lesions cannot be reliably assessed by evaluation
of their growth rate or physical parameters.

e In cases with a nonspecific imaging appearance, knowl-
edge of tumor prevalence, along with the patient's age
and the lesion’s location allows one to develop a suitably
ordered differential diagnosis.

The evaluation of soft tissue tumors has undergone a
dramatic change with the advent of computed tomog-
raphy (CT) and magnetic resonance (MR) imaging. De-
spite these sophisticated techniques and the increasing
number of lesions that may have a characteristic imaging
appearance (e.g., lipoma, hemangioma, subacute hema-
toma, pigmented villonodular synovitis), many lesions
remain nonspecific. Initially, investigators noted that the
majority of lesions were nonspecific, with a correct histo-
logic diagnosis reached on the basis of imaging studies
alone in only approximately 25% to 35% of cases (1-4).
More recently, this number has increased to more than
50% of cases with an accuracy of 85% in differentiating
between benign and malignant lesions (5).

Despite these positive developments in diagnosis, it is
often not possible to establish a meaningful differential
diagnosis for nonspecific soft tissue lesions or to reliably
determine whether they are benign or malignant. Unlike
their intraosseous counterparts, soft tissue lesions can-
not be reliably assessed by evaluating their growth rate or
physical parameters. In cases with a nonspecific imaging
appearance, knowledge of tumor prevalence, along with

the patient’s age and the lesion’s location, allows one to
develop a suitably ordered differential diagnosis.

This chapter presents the results of a retrospective
analysis of 31,047 soft tissue tumors seen in consultation
by the Department of Soft Tissue Pathology, Armed Forces
Institute of Pathology, Washington, DC, during the 10-
year period starting January 1, 1980 (6,7). The purpose of
this analysis was to (a) determine the relative prevalence,
age at presentation, sex distribution, and skeletal distri-
bution of soft tissue tumors and (b) ascertain the relative
frequency of these tumors in specific anatomic locations
and age groups among a population of patients in a large
pathologic consultation service.

Only mesenchymal lesions originating in soft tissue
were included in the study. Intra-abdominal and retro-
peritoneal lesions were also included when the lesions
were not thought to originate in the bowel or abdomi-
nal viscera. Hence, leiomyosarcoma of the vena cava was
included, whereas an angiosarcoma of the spleen was
not. Lesions arising in the chest and abdominal walls
and the paraspinal region were also included, as they
are frequently within the purview of the musculoskeletal
radiologist.

All soft tissue tumors and tumor-like lesions were
placed in one of 121 major diagnostic categories. For
purposes of analysis, all lesions were placed in one of
10 locations: hand and wrist, upper extremity, proximal
limb girdle (axilla and shoulder), foot and ankle, lower
extremity, hip and buttocks region, head and neck, trunk,
retroperitoneum, and other lesions. This last category in-
cluded lesions coded as abdomen, pelvis, mediastinum,
or location unknown. ‘

In total, the records of 42,490 lesions occurring in
38,484 patients were reviewed. Multiple lesions were
seen in 639 patients (1.7%), including 592 patients with
two lesions, 39 patients with three lesions, 7 patients with
four lesions, and 1 patient with five lesions. Sequential
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biopsy specimens were found in 3,311 cases. A total of
39,179 soft tissue tumors (and tumor-like masses) were
available for detailed analysis. From this group, 8,132
nonmesenchymal lesions were excluded.

There were 12,370 malignant mesenchymal lesions.
More than 80% were classified into seven pathologic
diagnoses: malignant fibrous histiocytoma (24%), lipo-
sarcoma (14%), leiomyosarcoma (8%), malignant pe-
ripheral nerve sheath tumor (6%), dermatofibrosarcoma
protuberans (6%), synovial sarcoma (5%), and fibrosar-
coma (5%); 12% could not be further classified. There
were 18,677 benign mesenchymal lesions. Approxi-
mately 70% of benign lesions were classified into eight
pathologic diagnostic categories: lipoma and lipoma vari-
ants (16%), fibrous histiocytoma (13%), nodular fasciitis
(11%), hemangioma (8%), fibromatosis (7%), neurofi-
broma (5%), schwannoma (5%), and giant cell tumor of
tendon sheath (4%).

A summary of the malignant and benign lesions is
presented in Tables 2.1 and 2.2. A summary of the age
and sex of the patients as well as the distribution of le-
sions for all histologic diagnoses is shown in Tables 2.3
to 2.14.

The patient age and lesion location were known in
26,854 patients. For this group, the number and percent-
age of the seven most common malignant and benign le-
sions for each age and location are shown in Tables 2.15
to 2.23. All liposarcoma and fibrosarcoma subtypes have
been grouped together for this analysis, as have all hem-
angiomas, lymphangiomas, and superficial and deep fi-
bromatoses. Lipoma, lipomatosis, spindle cell lipoma,
pleomorphic lipoma, and intramuscular lipoma have
been combined and classified as lipoma. In total, 31 ma-
lignant and 52 benign diagnostic categories were used for
this analysis.

The referral nature of the cases may introduce a
bias for difficult case material and may be responsi-
ble for the relatively high percentage of malignancies
(approximately 40%). This is greater than the 16% noted
by Lattes (8) in citing the records of Columbia Uni-
versity during the 45.5 years from February 1, 1906, to
September 1, 1951 (1,349 malignant and 7,337 benign le-
sions), and considerably greater than the 5% reported by
Myhre-Jensen (9) during the 7-year period from April 1970
to April 1977 (72 malignant and 1,331 benign lesions) at
the University Institute of Pathology, Aarhus, Denmark.
Because of the increased number of malignancies, benign

and malignant lesions have been considered separately in
order to reflect accurately their relative prevalence.

In 2002, the World Health Organization (WHO) re-
vised its classification of soft tissue tumors, incorporating
new cytogenetic and molecular genetic information (10).
The WHO updated this again in 2013 (11); however, these
updates have had little effect on the tabular data. Accord-
ingly, for this analysis we have retained the original tumor
nomenclature and doubt this will cause any difficulty.
That is not to say that there have not been changes in no-
menclature. For example, the lesion listed in the tables as
MFH (malignant fibrous histiocytoma) now been designated
undifferentiated pleomorphic sarcoma. The major diagnos-
tic categories, however, are not significantly changed and
variations in nomenclature are explained in the written
chapter text.
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TABLES SUMMARIZING MALIGNANT AND BENIGN SOFT TISSUE TUMORS BY DIAGNOSIS

Diagnosis Total no. % Diagnosis Total no. %
Malignant fibrous histiocytoma 2,978 24.1 Lipoma and lipoma variants 2,999 16.1
Liposarcoma 1,085 14.2 Fibrous histiocytoma 2,385 12.8
Sarcoma, not further classified 1,457 11.8 Nodular fasciitis 2,116 11.3
Leiomyosarcoma 1,039 8.4 Hemangioma (all) 1,418 7.6
Malignant schwannoma 715 6.3 Fibromatosis (all) 1,297 6.9
Dermatofibrosarcoma protuberans 71 6.2 Neurofibroma 973 5.2
Synovial sarcoma 672 5.4 Schwannoma 895 4.8
Fibrosarcoma, adult 553 4.5 Giant cell tumor of tendon
Extraskeletal chondrosarcoma 263 2.1 sheath 731 3.9
Angiosarcoma 251 2.0 Myxoma (all) 597 3.2
Rhabdomyosarcoma 239 Uz, Granuloma annulare/necrobiotic
Angiomatoid malignant fibrous nodule 408 2.2
histiocytoma 199 1.6 Hemangiopericytoma 384 2.1
Epithelioid sarcoma 170 1.4 Granular cell tumor 348 1.9
Kaposi sarcoma 152 1:2 Leiomyoma (including
Malignant hemangiopericytoma 141 1.1 angiomyoma) 31 1.7
Extraskeletal Ewing sarcoma 131 1.1 Chondroma (all) ) 1.5
Clear cell sarcoma 130 1.1 Fibroma of tendon sheath 272 1.5
Atypical fibroxanthoma 121 1.0 Fibroma (all) 217 1:2
Hemangioendothelioma 109 0.9 Myofibromatosis 178 1.0
Infantile fibrosarcoma 97 0.8 Glomus tumor 164 0.9
Extraskeletal osteosarcoma 79 0.6 Pigmented villonodular synovitis 161 0.9
Alveolar soft part sarcoma 65 0:5 Lymphangioma (all) 160 0.9
Malignant mesothelioma 46 0.4 Ganglion 159 0.9
Neuroblastoma 35 0.3 Proliferative fasciitis 144 0.8
Giant cell fibroblastoma 31 0.3 Myositis ossificans (all) 139 0.7
Malignant mesenchymoma 24 0.2 Papillary endothelial hyperplasia 136 0.7
Malignant granular cell tumor 23 0.2 Infantile fibromatosis 116 0.6
Peripheral neuroepithelioma 19 0.2 Lipoblastoma 114 0.6
Ganglioneuroblastoma 18 0.2 Neurothekeoma 92 0.5
Malignant giant cell tumor Fibrous hamartoma of infancy 84 0.5
of tendon sheath 10 0.1 Neuroma 76 0.4
Primitive neuroectodermal tumor 9 0.1 Calcifying aponeuronic fibroma 75 0.4
Malignant paraganglioma 8 0.1 Mesothelioma 72 0.4
Juvenile xanthogranuloma 71 0.4
“Based on an analysis of 12,370 cases seen in consultation over 10 years. Proliferative myositis 57 0.3
Paraganglioma 56 0.3
Tumoral calcinosis 55 0.3
Elastofibroma 51 0.3
(Teno)synovial chondromatosis 46 0.3
Sclerosing retroperitonitis 44 0.2
Hibernoma 41 0.2
Ganglioneuroma 2/ 0.2
Other 144 0.8
Mesenchymal lesion, not further
classified 577 3:1

“Based on an analysis of 18,677 cases seen in consultation over 10 years.
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