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Smooth muscle neoplasms are categorized by their site 
of origin; smooth muscle tumors with similar histologic 
features in different sites vary in terms of their preva-
lence, clinical behavior, and diagnostic criteria for ma-
lignancy. For example, benign smooth muscle tumors 
(leiomyoma) are common in the uterus, but are rare in 
the deep soft tissue.

Most smooth muscle tumors arise in association with 
pre-existing smooth muscle (e.g., pilar, uterine, and vas-
cular smooth muscle tumors). In addition, smooth muscle 
tumors are one of the rare mesenchymal neoplasms that 
can be associated with an infectious agent: Epstein-Barr 
virus (EBV) in immunocompromised patients.

This chapter will focus on smooth muscle tumors 
arising primarily from the soft tissue. Uterine, genital, 
and visceral smooth muscle tumors are not described in 
this book and are instead discussed in other editions of 
this series.

LEIOMYOMA

Leiomyomas are composed of well-differentiated smooth 
muscle cells and are classified by their site of origin, 
including the retroperitoneum, skin, or visceral sites. 
They tend to be circumscribed though not encapsulated. 
On cut section, they usually have a firm, whorled sur-
face that ranges from white to gray. Microscopically, 
they are composed of relatively uniform spindled cells in 
intersecting fascicles, with cells often arranged parallel 

and perpendicular to the plane of section. Cells show eo-
sinophilic cytoplasm and blunt-ended, so-called “cigar-
shaped” nuclei (Fig. 6.1). Cytoplasmic vacuolation and 
a perinuclear clear zone may be seen. Familiarizing one-
self with this histologic appearance is important, since 
well-differentiated smooth muscle tumors demonstrate 
this morphology regardless of the site of origin.

By immunohistochemistry, leiomyomas usually ex-
press the smooth muscle markers: smooth muscle actin, 
desmin, and h-caldesmon. While often diffuse, the ex-
pression may be patchy or focal. In addition, focal ex-
pression of keratin and S-100 protein are occasionally 
noted. In differentiating smooth muscle cells from myo-
fibroblasts, h-caldesmon can be useful because it is not 
usually expressed by the latter.

The most important entity to be considered in the 
differential diagnosis of a benign smooth muscle is a 
more aggressive tumor with smooth muscle differen-
tiation, including smooth muscle tumor of uncertain 
malignant potential and leiomyosarcoma. In general, 
the classification of smooth muscle tumors as benign or 
malignant involves evaluating cytologic atypia, the pres-
ence of necrosis, and mitotic index; the specific criteria 
vary by tumor site and are detailed below. Any signifi-
cant cytologic atypia should prompt a careful search for 
mitotic figures and consideration of submission of addi-
tional sections.

Simple excision is adequate therapy for leiomyoma. 
Although these tumors may recur, they do not metas-
tasize.

PILAR LEIOMYOMA

Clinical Features

Pilar leiomyoma is a rare tumor that arises from the der-
mal arrector pili smooth muscles. Typically, they present 
clinically as clusters of red to brown papules or, more 
rarely, as a single nodule. They are frequently painful. 
When multiple, they most commonly affect adolescents 
to young adults, and when solitary, they usually develop 
in adulthood. The most common sites of involvement 

LEIOMYOMA
•	 Pilar	Leiomyoma
•	 Leiomyoma	of	Deep	Soft	Tissue
•	 Vascular	Leiomyoma	(Angioleiomyoma)
LEIOMYOSARCOMA
•	 Cutaneous	Leiomyosarcoma/Atypical	Intradermal	

Smooth	Muscle	Tumor
•	 Leiomyosarcomas	of	Somatic	Soft	Tissue
•	 Vascular	Leiomyosarcoma
•	 Retroperitoneal-abdominal	Leiomyosarcoma
•	 Epstein-Barr	Virus–Associated	Smooth	Muscle	Tumor



162 SECTION II Soft Tissue

are the extensor surfaces of the extremities, followed by 
the trunk and head and neck. Multiple pilar leiomyomas 
are often associated with a germline mutation of the fu-
marate hydratase gene. Several studies have shown up 
to 85%–89% of patients with cutaneous leiomyomato-
sis demonstrate the fumarate hydratase gene mutation. 
This mutation predisposes patients to hereditary leio-
myomatosis and renal cell carcinoma (HLRCC) syn-
drome, a condition associated with an increased inci-
dence of early-onset uterine leiomyomas and renal cell 
carcinoma.4,6,7

Pathologic Features

GROSS FINDINGS

Pilar leiomyomas are poorly defined tumors, located 
in the subcutis, and are generally less than 2 cm in max-
imum dimension.

MICROSCOPIC FINDINGS

Unlike the orderly, intersecting fascicles of tumor 
cells seen in most well-differentiated smooth muscle 
tumors, pilar leiomyomas have a more disorganized ar-
chitecture, similar to the normal arrangement of arrec-
tor pili smooth muscle cells (Fig. 6.2). The tumor cells 
are brightly eosinophilic with blunt-ended, somewhat 
vesicular nuclei (Fig. 6.2B). Focal degenerative-type nu-
clear atypia may be seen. An infiltrative pattern may be 
present at the periphery. Rare mitoses may be present; 
cases of leiomyoma lacking necrosis with up to 1–2 per 
10 high-power fields (HPF) have been reported. The 
morphologic appearance of scrotal leiomyomas (dartoic 
leiomyomas) is identical to that of pilar leiomyomas 
elsewhere.

LEIOMYOMA – FACT SHEET

Definition
 Benign mesenchymal tumor with smooth muscle differentiation 

that is classified according to location as pilar, retroperitoneal-
abdominal cavity and somatic soft tissue.

Incidence and Location
 Pilar: uncommon; extremities > trunk, hair-bearing skin
 Somatic soft tissue: rare; extremities
 Retroperitoneal-abdominal cavity: slightly more common; 

retroperitoneum, abdominal wall, omentum, mesentery

Morbidity and Mortality
 Pilar: when multiple, may be associated with hereditary 

leiomyomatosis and renal cell carcinoma (HLRCC) with increased 
risk for aggressive type 2 papillary renal cell carcinoma

 Somatic soft tissue: none
 Retroperitoneal-abdominal cavity: none

Sex and Age Distribution
 Pilar leiomyoma: adolescents to young adults when multiple, 

adults when solitary
 Somatic soft tissue: equal sex distribution; primarily middle-aged adults
 Retroperitoneal-abdominal cavity: much more frequent in females 

than males; perimenopausal

Clinical Features
 Pilar: multiple > single; often painful
 Somatic soft tissue: enlarging mass
 Retroperitoneal-abdominal cavity: pain; mass effect

Prognosis and Treatment
 Complete surgical excision is the appropriate treatment

LEIOMYOMA – PATHOLOGIC FEATURES

Gross Findings
 Circumscribed (pilar often infiltrative), with a rubbery texture, 

whorled surface and white-to-grey coloring; hemorrhage, cystic 
change, myxoid stroma, and calcifications may be apparent

Microscopic Findings
 All types: smooth muscle morphology (intersecting fascicles, 

eosinophilic cytoplasm, blunt ended-nuclei) no significant 
(moderate-to-severe) cytologic atypia or necrosis.

 Pilar: thickened, haphazardly arranged bundles of well 
differentiated smooth muscle cells; infiltrative to well 
circumscribed. No more than rare mitoses (<1 per 10 HPF)

 Somatic soft tissue: <1 mitosis per 50 HPF
 Retroperitoneal-abdominal cavity: <6 mitoses per 50 HPF 

(female), experience in males very limited and lower mitotic 
counts (<1 mitosis per 50 HPF) may be appropriate

Immunohistochemical Features
 Expression of desmin, smooth muscle actin, and/or h-caldesmon

Differential Diagnosis
 Pilar: cutaneous leiomyosarcoma/atypical intradermal smooth 

muscle tumor
 Retroperitoneal-abdominal cavity: cellular schwannoma, 

leiomyosarcoma, GIST, leiomyosarcoma
 Somatic soft tissue: schwannoma, leiomyosarcoma

FIG. 6.1
Leiomyoma composed of fascicles of bland spindled cells with blunt-ended 
nuclei and cytoplasmic vacuolation.
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IMMUNOHISTOCHEMISTRY

Smooth muscle actin, desmin, and h-caldesmon are 
usually strongly expressed.

Differential Diagnosis

Pilar leiomyomas must be distinguished from their ma-
lignant counterpart cutaneous leiomyosarcoma/atypical 
pilar smooth muscle tumors (see later). Strict criteria 
regarding the relationship between mitotic index and 
malignancy in cutaneous smooth muscle tumors have 
not been established; diagnosis requires synthesis of all 
of the clinical and pathologic data. Cutaneous leiomy-
osarcomas usually demonstrate increased cellularity, 
marked nuclear atypia, and an elevated mitotic index 
(with a mean of 10 mitoses per high-power field). Pilar 
leiomyoma demonstrates infiltrative borders but does 

not demonstrate extension into the subcutis, which may 
be seen in cutaneous leiomyosarcoma. Additionally, 
more than 50% of cases of pilar leiomyoma present as 
multiple lesions, whereas cutaneous leiomyosarcoma 
typically presents as a solitary lesion.

Prognosis and Treatment

Solitary nodules are adequately treated by simple exci-
sion; however, in cases with multiple tumors, surgical 
excision may not be feasible. In the latter setting, tumors 
gradually progress with enlargement of existing lesions 
and development of new tumors. Pain may contribute 
significantly to morbidity in these patients. When cu-
taneous leiomyomatosis is associated with hereditary 
leiomyomatosis and renal cell carcinoma (HLRCC) syn-
drome, individuals are at increased risk for aggressive 
type 2 papillary renal cell carcinoma.

LEIOMYOMA OF DEEP SOFT TISSUE

Clinical Features

Leiomyomas of deep soft tissue are subclassified into 
two major groups: those arising in the retroperitoneum 
or abdominal cavity of predominantly female patients 
(retroperitoneal-abdominal cavity leiomyoma), and 
those arising in the deep subcutaneous or subfascial soft 
tissue of the extremities of either sex (leiomyoma of so-
matic soft tissue). Both forms are very rare, with retro-
peritoneal-abdominal cavity leiomyoma being the more 
common of the two.

Like uterine leiomyomas, leiomyomas of the retro-
peritoneum-abdominal cavity are believed to originate 
from hormone-sensitive smooth muscle. They occur pre-
dominantly in women, usually in the perimenopausal 
period. Because of their location, they may reach a sig-
nificant size by the time of diagnosis.

Leiomyoma of somatic soft tissue most commonly 
arises in the extremities and predominantly affects mid-
dle-aged adults. They frequently contain calcifications 
which may be detected radiographically.

Pathologic Features

GROSS FINDINGS

Retroperitoneal-abdominal cavity leiomyomas are 
often large, with a mean size of 14 cm. They tend 

FIG. 6.2
(A) Pilar leiomyoma, consisting of a generally circumscribed, somewhat 
haphazard proliferation of very bland smooth muscle, closely resembling 
normal pilar smooth muscle. (B) Higher power view of uniformly bland cells 
in pilar leiomyoma
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to be circumscribed, lobulated masses that are simi-
lar in appearance to uterine leiomyoma, with a firm, 
whorled, grey-to-white, and often trabeculated cut 
surfaces.

Leiomyomas of somatic soft tissue are well demar-
cated, fusiform-to-spherical, white-to-gray tumors 
ranging in size from 0.6 to 12.5 cm. If significant 
myxoid areas are present, the tumor may appear 
gelatinous.

MICROSCOPIC FINDINGS

Retroperitoneal-abdominal cavity tumors bear a 
strong resemblance to uterine leiomyoma by morphol-
ogy and immunoprofile. The tumors are composed of 
well-differentiated smooth muscle cells arranged in 
a cord-like or reticular pattern. (Fig. 6.3). Cytologic 
atypia is minimal, although degenerative changes may 
be seen as in uterine leiomyomas. Of note, in female pa-
tients, a slightly higher mitotic index is permitted (1–5 
mitoses per 50 HPF). There are only rare reported cases 
of retroperitoneal leiomyoma in males. Thus, in males, 
it may be better to take a more cautious approach and to 
accept only up to 1 mitoses per 50 HPF for leiomyoma 
and to diagnose as a “smooth muscle tumor of uncer-
tain malignant potential” tumors with 2–5 mitoses per 
50 HPF.

Leiomyomas of somatic soft tissue show typical 
smooth muscle features, including intersecting fascicles 
of spindle cells with eosinophilic cytoplasm, and blunt-
ended, cigar-shaped nuclei. Myxoid change and hyalini-
zation are commonly seen, as are calcifications (Figs 6.4 
and 6.5). Necrosis and significant cytologic atypia are 
not seen. In contrast to retroperitoneal-abdominal 
cavity leiomyomas, leiomyomas of somatic soft tissue 
should show almost no mitoses. Some authors propose 

a cut-off of less than 1 mitosis per 50 HPF to diagnose a 
leiomyoma of somatic soft tissue.

In either the retroperitoneum or somatic soft tissue, 
the findings of necrosis, cytologic atypia, or more than 
1 mitosis per 50 HPF, should prompt careful histologic 
examination and possibly submission of additional sec-
tions to exclude the possibility of a leiomyosarcoma 
(see below). A diagnosis of smooth muscle tumor of 
uncertain malignant potential should be made when 
no atypia or necrosis is seen, but a low level of mitotic 
activity is present (>1 mitosis per 50 HPF in somatic 
soft tissue or the retroperitoneum of males and >5 mi-
toses per 50 HPF in the retroperitoneum of females) 
(Fig. 6.6).

IMMUNOHISTOCHEMISTRY

Smooth muscle actin, desmin, and h-caldes-
mon are at least focally expressed in leiomyomas of 
deep soft tissue. Unlike leiomyomas in other sites, 

FIG. 6.3
Cord-like pattern in retroperitoneal-abdominal cavity leiomyoma. Many of 
these lesions closely resemble uterine leiomyomas.

FIG. 6.4
Leiomyoma of deep soft tissue displaying bland nuclear features and cyto-
plasmic vacuolation.

FIG. 6.5
Calcifications in leiomyoma of deep soft tissue.
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retroperitoneal-abdominal cavity leiomyomas com-
monly express estrogen and progesterone receptors, in 
addition to smooth muscle-specific antigens.

Differential Diagnosis

The primary consideration in the differential diag-
nosis of retroperitoneal-abdominal cavity or somatic 
soft tissue leiomyomas is smooth muscle tumor of 
uncertain malignant potential and leiomyosarcoma. 
The distinction between these entities is discussed 
above.

In the retroperitoneum-abdominal cavity, the 
differential diagnosis also includes gastrointestinal 
stromal tumor (GIST) and cellular schwannoma. 
GIST is typically more cellular than leiomyo-
mas, may have epithelioid areas, and is positive 
for CD117 and/or DOG1, often CD34 positive, fo-
cally SMA positive, and rarely desmin positive. In 
both somatic soft tissues and the retroperitoneum- 
abdominal cavity, cellular schwannomas may enter 
the differential, particularly as they are diffusely 
cellular and lack the hypo- and hypercellular areas 
(“Antoni A and Antoni B”) seen in typical schwan-
nomas. Cellular schwannomas are cellular spindled 
cell proliferations, and careful microscopic exami-
nation usually discloses lipid-laden histiocytes and 
hyalinized blood vessels. Furthermore, like typical 
schwannomas, cellular schwannomas are strongly 
and diffusely positive for S-100 protein and SOX10 
and negative for muscle markers. Leiomyomas 
with nuclear palisading can suggest a diagnosis of 
schwannoma; the latter lesion, however, is usually 
encapsulated and like all schwannomas is diffusely 
S-100 protein-positive.

Prognosis and Treatment

Simple excision for leiomyoma of the retroperito-
neum-abdominal cavity and somatic soft tissues is cu-
rative. They do not have metastatic potential, but local 
recurrences in retroperitoneal-abdominal cavity leiomy-
omas have been reported.

VASCULAR LEIOMYOMA 
(ANGIOLEIOMYOMA)

Clinical Features

Vascular leiomyomas occur in a wide age range, with 
an increased incidence in patients between the fourth 
and sixth decades of life. Most cases present as solitary 
nodules that are superficially located in the subcutis or, 
rarely, the deep dermis. The extremities, particularly the 
lower leg, are the most common sites. Pain is a common 
symptom. The solid subtype of vascular leiomyoma has 
a marked female predominance, is usually located on the 
extremities, and is often painful. In contradistinction, the 
venous subtype shows a slight predilection for male indi-
viduals, is often located on the head, and is rarely painful.

Pathologic Features

GROSS FINDINGS

Vascular leiomyomas are well-circumscribed, white-
to-gray nodules, generally less than 2 cm in maximum 

FIG. 6.6
Approach to the classification of low-grade smooth muscle tumors of the deep soft tissue by location and mitotic index. *See text for discussion of different 
approaches in diagnosis between males and females.
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dimension. Calcifications can sometimes be appreciated 
macroscopically.

MICROSCOPIC FINDINGS

Three histologic subtypes of vascular leiomyoma have 
been identified: solid, venous, and cavernous. All sub-
types are composed of proliferating, well-differentiated 
smooth muscle cells and vessels. Calcification, myxoid 
change, and hyalinization are common findings, but de-
generative atypia is rarely seen. Criteria for “symplastic” 
leiomyoma (leiomyoma with degenerative nuclear 
atypia) of somatic soft tissue have not been elaborated, 
and any nuclear atypia should raise suspicion for ma-
lignancy. The solid subtype is the most common and is 
characterized by intersecting fascicles of bland spindled 
cells with a well-developed, thin-walled vasculature. In 
contrast, the vessels in venous vascular leiomyomas are 
thick walled, and the constituent smooth muscle cells 
merge with surrounding muscle bundles (Fig. 6.7). Cav-
ernous vascular leiomyoma displays a similar merging 
of vessel wall and smooth muscle; however, the vessels 
in this tumor are thin-walled and dilated, as the name 
implies.

IMMUNOHISTOCHEMISTRY

In addition to diffuse smooth muscle actin, caldes-
mon, and desmin expression, rare keratin-positive cells 
can be seen.

Differential Diagnosis

The combination of proliferating smooth muscle cells 
and vessels has a distinctive appearance, and the 

differential diagnosis is limited, although glomus tu-
mors should be considered. Glomus cells are actually 
considered to be variants of smooth muscle cells; con-
sequently, immunohistochemistry is not particularly 
useful. In glomangiomyomas, glomus cells blend with 
smooth muscle cells in a manner similar to the merg-
ing of vessel smooth muscle and proliferating smooth 
muscle in vascular leiomyomas. In glomangiopericy-
tomas, spindled glomus cells can mimic proliferating 
smooth muscle. However, in both glomangiomyo-
mas and glomangiopericytomas, distinctive round 
cells with regular, distinct nuclei are present, at least 
focally. The distinction of angiomyoma and myoperi-
cytoma can be very subjective and is not clinically 
meaningful.

Prognosis and Treatment

Vascular leiomyomas are benign and are adequately 
treated by complete excision. Local recurrence is 
rare.

LEIOMYOSARCOMA

Leiomyosarcomas of soft tissue are uncommon tumors, 
but are one of the more common sarcoma types. Al-
though most series are not entirely specific in their de-
scription of the involved anatomic site, leiomyosarcoma 
appears to account for up to 8% of soft tissue sarcomas. 
They can be categorized by site of origin: retroperito-
neal-abdominal, somatic soft tissue, and vascular. In-
flammatory leiomyosarcoma is another more recently 
described subtype.

Leiomyosarcomas develop primarily in middle-aged 
and older adults. They most commonly occur in the 
retroperitoneum (retroperitoneal-abdominal leiomyo-
sarcomas) or may arise in the deep soft tissue of the 
extremity and trunk (leiomyosarcoma of somatic soft 
tissue), where they are often associated with a smaller 
vessel. They are the most common sarcoma arising 
within large vessels, predominantly veins. These are 
designated as vascular leiomyosarcomas, and they fre-
quently involve the inferior vena cava, the large veins 
feeding into the inferior vena cava, or major veins of 
the lower extremities.

While most leiomyosarcomas are high grade, they 
can range morphologically from well to poorly differ-
entiated. Well-differentiated tumors demonstrate rel-
atively bland spindle cells arranged in fascicles, simi-
lar to leiomyomas, but with mild cytologic atypia and 
increased mitotic activity or necrosis. Poorly differ-
entiated leiomyosarcomas show pleomorphic spindle 
cells which morphologically resemble undifferentiated 
pleomorphic sarcoma; in these cases, the presence of 

FIG. 6.7
Vascular leiomyoma (angiomyoma), composed of well-differentiated 
smooth muscle growing in a concentric fashion around thick-walled vessels.
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better differentiated areas showing typical smooth 
muscle morphology, as well as immunohistochemistry 
for one or more smooth muscle markers, are required 
to make the diagnosis. Epithelioid morphology, myx-
oid change, and a prominent inflammatory infiltrate 
can be seen.

Leiomyosarcomas display immunohistologic evidence 
of smooth muscle differentiation including smooth mus-
cle actin, desmin, and h-caldesmon. Although none of 
these three markers are completely specific or sensitive 
for smooth muscle differentiation alone, 100% of leio-
myosarcomas will show positivity for at least one of 
these markers, and more than 70% will show positivity 
for at least two.

Aside from those in cutaneous locations, leiomyo-
sarcomas have a poor prognosis and aggressive clinical 
course. In terms of disease-specific mortality, high histo-
logic grade and large tumor size (greater than 10 cm vs 
less than 5 cm) are poor prognostic factors.

CUTANEOUS LEIOMYOSARCOMA/ATYPICAL 
INTRADERMAL SMOOTH MUSCLE TUMOR

Clinical Features

Cutaneous leiomyosarcomas/atypical intradermal 
smooth muscle tumors arise from the arrector pili 
muscles. The World Health Organization has recently 
adopted the alternative designation of “atypical intra-
dermal smooth muscle tumor” for these neoplasms, 
given their excellent prognosis. It is important to note 
that these tumors do have a very small risk of local re-
currence; additionally, if even minimal involvement of 
the subcutis is seen, there is a very low risk of distant 
metastases, and the metastatic risk cannot be predicted 
based on histologic features. If using the diagnostic term 
“atypical intradermal smooth muscle tumor” it may be 
prudent to include a comment noting the very low risk 
of aggressive clinical behavior.

These tumors occur over a wide age range with in-
creased incidence in middle age, and a male: female ratio 
of 3:1 to 4:1. These tumors most commonly present as 
small, solitary nodules on the trunk and lower extrem-
ities, usually less than 2 cm and rarely as large as 5 cm. 
Ulceration or discoloration of the overlying epidermis 
may be present. Grouped nodules have also been de-
scribed; however, cases with multiple lesions must raise 
the differential diagnosis of metastatic leiomyosarcoma. 
Although sarcoma metastases to the skin are rare overall, 
leiomyosarcoma is the most common sarcoma to develop 
cutaneous metastases. Metastases to the scalp are partic-
ularly common.

Pathologic Features

GROSS FINDINGS

Cutaneous leiomyosarcomas/atypical intradermal 
smooth muscle tumors usually are centered in the der-
mis and demonstrate infiltrative margins. The cut sur-
face varies in color from white to tan to gray and may 
have a whorled appearance.

MICROSCOPIC FINDINGS

Most cutaneous leiomyosarcomas are well differenti-
ated, but show greater cellularity and nuclear pleomor-
phism than normal pilar smooth muscle (Fig. 6.8A). 
Mitotic activity is increased with a mean mitotic index 
of 10 mitoses per 10 HPF; however, mitotic activity can 

LEIOMYOSARCOMA – FACT SHEET

Definition
 Malignant mesenchymal tumor with smooth muscle differentiation 

that can be categorized by site (including skin, deep vessels, 
somatic soft tissue or retroperitoneum)

Incidence and Location
 Cutaneous: rare; extremities
 Somatic soft tissue: rare; lower extremities
 Vascular: extremely rare; IVC, large vessels feeding into IVC or in 

extremities
 Retroperitoneal-abdominal: most common subtype; 

retroperitoneum most common location

Morbidity and Mortality
 Cutaneous: low
 Somatic soft tissue: high
 Vascular: high
 Retroperitoneal-abdominal: high

Sex and Age Distribution
 Cutaneous: more frequent in male than female sex; older adults
 Somatic soft tissue: equal distribution among sexes; middle-aged 

adults
 Vascular: adults
 Retroperitoneal-abdominal: more frequent in female than male 

sex; adults

Clinical Features
 Cutaneous, somatic soft tissue, retroperitoneal-abdominal: slow-

growing mass
 Vascular: evidence of vascular obstruction, including edema and 

Budd-Chiari syndrome

Prognosis and Treatment
 Cutaneous: complete surgical excision usually curative, very rarely 

metastasize
 Somatic soft tissue, vascular, retroperitoneal-abdominal: 

aggressive behavior with local recurrence, distant metastases. 
Retroperitoneal-abdominal and vascular leiomyosarcoma worse 
prognosis than somatic soft tissue
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be as low as 1 per 10 HPF. Cutaneous leiomyosarcomas 
usually have infiltrative borders into the surrounding 
dermis (Fig. 6.8B) and may show focal extension into 
the subcutis; however, they may also be confined to the 
dermis. Epithelioid morphology is rarely seen. Necrosis 
and marked nuclear atypia are unusual and should raise 
the possibility of a cutaneous metastasis from a deep site 
(Fig. 6.8C).

IMMUNOHISTOCHEMISTRY

Smooth muscle actin is almost always expressed and 
desmin and caldesmon are usually positive. Focal stain-
ing for pan-keratin has been reported in up to 45% of 
cases.

Differential Diagnosis

Nodular fasciitis, cellular benign fibrous histiocytoma 
(BFH), and cellular myofibromas should be considered 
in the differential diagnosis of cutaneous leiomyosar-
coma. The brisk mitotic activity and hypercellularity 

seen in nodular fasciitis can mimic a sarcomatous pro-
cess; however, nodular fasciitis is rare in the skin and 
is generally circumscribed but not encapsulated. In 

LEIOMYOSARCOMA – PATHOLOGIC FEATURES

Gross Findings
 Fleshy grey to white to tan, tumor that may have areas of 

necrosis, myxoid degeneration, or cystic change

Microscopic Findings
 Cutaneous: well-differentiated smooth muscle cells with increased 

cellularity, nuclear atypia, and mitotic activity
 Somatic soft tissue: well to moderately differentiated smooth 

muscle cells with brisk mitotic activity, a fascicular architecture, 
and often associated with a vessel wall

 Vascular: well, moderately, or poorly differentiated smooth muscle 
cells with brisk mitotic activity/necrosis

 Retroperitoneal: moderately to poorly differentiated smooth 
muscle cells that may show areas of anaplasia or necrosis

 Cutaneous, deep soft tissue, vascular, and retroperitoneal: nuclear 
atypia visible on scanning magnification (4 × ), necrosis and/or 
mitotic activity greater than 1 per 50 HPF

 EBV-SMT: dual cell population of well-differentiated spindled cells 
and small, primitive round cells; prominent lymphocytic infiltrate; 
necrosis uncommon

Immunohistochemical Features
 Expression of desmin, smooth muscle actin, and/or h-caldesmon
 EBV-EBER by in situ hybridization in EBV-SMT, actin usually 

positive, desmin variable

Differential Diagnosis
 Cutaneous: cellular BFH
 Deep soft tissue, well differentiated: leiomyoma, inflammatory 

myofibroblastic tumor, spindle cell rhabdomyosarcoma. Poorly 
differentiated: undifferentiated pleomorphic sarcoma, pleomorphic 
rhabdomyosarcoma

 Retroperitoneal, IVC: GIST, cellular schwannoma, dedifferentiated 
liposarcoma

FIG. 6.8
(A) Cutaneous leiomyosarcoma/atypical intradermal smooth muscle tumor, 
showing a greater degree of cellularity and architectural disorganization 
than seen in pilar leiomyoma. (B) Infiltrative growth, nuclear enlarge-
ment, and hyperchromatism in cutaneous leiomyosarcoma. (C) When leio-
myosarcomas involving the skin show greater nuclear pleomorphism, the 
possibility of a metastasis should be considered, as in this retroperitoneal 
leiomyosarcoma with scalp metastasis.
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nodular fasciitis, the fascicles are often shorter with 
“C” and “S” shapes, and there are often areas of micro-
cystic change and extravasated red blood cells. These 
features, combined with the clinical history of a rapidly 
growing lesion in a younger patient, support the diagno-
sis of nodular fasciitis as opposed to cutaneous leiomy-
osarcoma. By immunohistochemistry, nodular fasciitis 
is usually positive for SMA and more rarely for desmin, 
whereas cutaneous leiomyosarcoma is more often pos-
itive for both. In challenging cases or small biopsies, 
USP6 FISH can be helpful, as this is positive in most 
nodular fasciitis and negative in cutaneous leiomyosa-
rcoma.

Cellular BFH shares several histologic features with 
cutaneous leiomyosarcoma, including a fascicular ar-
chitecture, eosinophilic spindled cells, and increased 
mitotic activity. The lesional cells, however, are usually 
slenderer, have a more tapered nucleus, and are associ-
ated with giant cells, foam cells, and inflammatory cells. 
Moreover, the overlying epidermis is often hyperplastic. 
In addition, cellular BFH may be focally actin positive, 
though only rarely desmin positive and usually contains 
a significant number of factor 13a-positive cells.

Cellular myofibromas predominate in the head and 
neck or lower extremities. These are circumscribed 
but not encapsulated and have a characteristic bipha-
sic pattern composed of myoid nodules with associated 
hypercellular, primitive appearing spindled areas con-
taining prominent thin-walled branching blood vessels. 
The amount of these two components varies, although 
a zonation pattern is often seen, more commonly with 
central primitive areas. Although mitoses rarely may be 
seen, nuclear atypia is not usually present. They gener-
ally affect younger patients and may be multifocal.

Epithelioid cutaneous leiomyosarcoma/atypical in-
tradermal smooth muscle tumor is rare and should be 
distinguished from malignant melanoma and epithe-
lioid sarcoma. Malignant melanoma is usually positive 
for S-100 protein and other melanocytic markers, may 
have a junctional component, and is often associated 
with a lymphocytic infiltrate. Epithelioid sarcoma oc-
curs primarily on the extremities of young patients, is 
positive for keratins and CD34, lacks SMARCB1 ex-
pression, and often displays necrosis with peripheral 
palisading.

Cutaneous leiomyosarcomas showing limited exten-
sion into the subcutis should be rigorously distinguished 
from primary subcutaneous leiomyosarcomas, of vascu-
lar origin, with secondary involvement of the skin. The 
behavior of the latter group is much more aggressive.

Prognosis and Treatment

Like most superficially located malignancies, cutaneous 
leiomyosarcomas/atypical intradermal smooth muscle 

tumors have an excellent prognosis. In the largest series 
to date, tumors that were confined to the dermis showed 
no metastases. Tumors that extend to the subcutaneous 
tissue, even on a limited basis, have a very low risk of 
metastasis. Wide local excision with negative surgical 
margins is considered appropriate treatment.

LEIOMYOSARCOMAS OF SOMATIC SOFT 
TISSUE

Clinical Features

Leiomyosarcoma of somatic soft tissue primarily affects 
middle-aged and older patients of both sexes and usually 
arises in the lower extremities. In contrast to leiomyosa-
rcomas of the retroperitoneum/abdomen, these tend to 
be smaller tumors, in the range of 5 cm.

Pathologic Features

GROSS FINDINGS

Macroscopically, these tumors often appear circum-
scribed and may have a multinodular appearance. They 
have a fleshy, variegated surface, ranging from white 
to tan with areas of hemorrhage, necrosis, and cystic 
change.

MICROSCOPIC FINDINGS

Careful histologic examination often reveals an as-
sociated vessel; unlike vascular leiomyosarcomas, the 
vessels are of small caliber and may be obliterated by 
the expanding tumor. Leiomyosarcomas of somatic 
soft tissue show some degree of nuclear atypia and/or 
necrosis as well as at least focal areas showing more 
typical smooth muscle morphology, including blunt-
ended nuclei and intersecting fascicles (Fig. 6.9). Mi-
totic activity can be brisk, but a mitotic index as low 
as 1 per 10 HPF can be seen in leiomyosarcomas of 
somatic soft tissue. Occasionally, anaplasia similar to 
that seen in undifferentiated pleomorphic sarcoma 
may be present.

Differential Diagnosis

In well to moderately differentiated tumors, leiomyo-
mas, inflammatory myofibroblastic tumor, and spin-
dle cell rhabdomyosarcoma should be considered in 
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the differential diagnosis. Compared to leiomyomas, 
well-differentiated leiomyosarcomas of soft tissue 
demonstrate at least focal nuclear pleomorphism and 
low but detectable mitotic activity. Inflammatory myofi-
broblastic tumor may have an overlapping morphologic 
appearance but is also usually accompanied by a lym-
phoplasmacytic inflammatory infiltrate, positivity for 
ALK immunohistochemistry in roughly half of cases, 
and typically occurs in children and young adults. Spin-
dle cell rhabdomyosarcomas are usually more cellular, 
lack nuclear atypia and are positive for the skeletal mus-
cle markers desmin and MyoD1.

In poorly differentiated tumors, undifferentiated 
pleomorphic sarcoma and pleomorphic rhabdomyosa-
rcoma should be considered. The absence of a smooth 
muscle immunophenotype can help in identifying the 
former, whereas myogenin and MyoD1 positivity is seen 
in the latter.

Prognosis and Treatment

Compared to their retroperitoneal-abdominal coun-
terparts, leiomyosarcomas of somatic soft tissue are 
more amenable to local control and demonstrate a lon-
ger metastasis-free survival (40% compared to 25% 
at 140 months). Prognostic factors associated with 
decreased metastasis-free survival include larger tu-
mor size and higher grade. In addition, a recent study 
showed that a high genome complexity score using the 
CINSARC 67 gene expression panel also was associ-
ated with a worse prognosis. The most common site 
of metastatic disease is the lung, followed by the liver. 
Although sarcomas rarely metastasize to the skin, leio-
myosarcoma is the most common sarcoma to develop 
cutaneous metastases.

VASCULAR LEIOMYOSARCOMA

Clinical Features

The term vascular leiomyosarcoma is reserved for those 
tumors arising in large-caliber vessels such as the infe-
rior vena cava (IVC), large veins feeding into the IVC, 
and large veins of the lower extremity. Tumors arising 
in the IVC predominantly arise in older females, with an 
increased incidence in the sixth decade of life. Tumors 
that originate in the upper portion of the IVC can block 
the hepatic veins, resulting in Budd-Chiari syndrome, 
whereas those that arise in the midportion of the IVC 
can obstruct the renal veins, causing renal dysfunction. 
Tumors of the lower IVC and large veins of the lower 
extremity can cause significant lower leg edema.

Pathologic Features

GROSS FINDINGS

In cases that involve large vessels such as the IVC, a 
portion of the vascular wall may be seen grossly. These 
tumors tend to be lobulated, fleshy masses with a mot-
tled white-to-tan appearance.

MICROSCOPIC FINDINGS

Vascular leiomyosarcomas can range from well to 
poorly differentiated, and the histologic features are 
similar to leiomyosarcomas at other sites (Fig. 6.10). 
Cellularity is generally quite high, and necrosis is fre-
quently seen. Mitotic index is increased and the criteria 
for malignancy are similar to leiomyosarcoma in other 
sites. Focal areas of myxoid change may be present, but 
extensive myxoid stroma is distinctly uncommon.

Prognosis and Treatment

Leiomyosarcomas of the large vessels have a poor 
prognosis, which may relate to early hematogenous 
spread related to the site of involvement. In addition, 
the location of these tumors requires access to highly 
trained specialist surgeons; many tumors are unresect-
able because of their intimate association with critical 
vascular structures. Treatment includes a combination 
of surgical resection, chemotherapy, and radiation ther-
apy. The lung is the most common site of metastatic 
disease.

FIG. 6.9
Fascicular architecture, hypercellularity, and pleomorphism in a leiomyosa-
rcoma of deep soft tissue.



CHAPTER 6 Smooth Muscle Tumors 171

RETROPERITONEAL-ABDOMINAL 
LEIOMYOSARCOMA

Clinical Features

The retroperitoneum and pelvis are the most common 
sites for leiomyosarcomas. A smaller number arise in 
the abdominal cavity. They occur predominantly in 
women in the fifth to seventh decades of life. Pain may 
be the presenting symptom. Because of their location, 
retroperitoneal-abdominal leiomyosarcomas can reach a 
significant size before diagnosis and complete surgical 
resection can be difficult.

Pathologic Features

GROSS FINDINGS

Retroperitoneal-abdominal leiomyosarcomas range 
in appearance from leiomyomatous (firm, white-to-tan, 
whorled cut surface) to a fleshy mass that displays areas 
of hemorrhage, cystic change, or necrosis. Large tumors 
may involve adjacent organs.

MICROSCOPIC FINDINGS

The histologic appearance of retroperitoneal-abdom-
inal leiomyosarcoma is similar to other leiomyosarco-
mas: eosinophilic spindled cells arranged in intersecting 
fascicles and displaying a variable degree of cytologic 
atypia, mitotic activity, and necrosis (Fig. 6.11A–B). 
Leiomyosarcomas typically demonstrate some degree of 
cytologic atypia and necrosis is usually present. Cyto-
plasmic vacuolation is common, and areas of hyaliniza-
tion or hypocellularity may be present. Epithelioid mor-
phology and frank anaplasia may be seen (Fig. 6.11C). 
While minimal criteria have not been defined, many 
experts diagnose tumors with some degree of cytologic 
atypia and low mitotic activity (even <1/10 HPF) as 
leiomyosarcoma in the retroperitoneum or abdomen.

IMMUNOHISTOCHEMISTRY

Retroperitoneal-abdominal leiomyosarcomas express 
actin, desmin, and h-caldesmon to a varying degree. 
Rarely, focal expression of keratins, epithelial mem-
brane antigen, S-100 protein, or CD34 may be seen.

Differential Diagnosis

Cellular schwannoma and GIST should both be con-
sidered in the differential diagnosis of retroperitoneal- 
abdominal leiomyosarcoma. Immunohistochemistry is 
helpful in distinguishing these entities, particularly on 
needle biopsy. GIST is usually CD117- and DOG1-pos-
itive, often CD34-positive, focally SMA-positive, and 
rarely desmin-positive. In contrast, cellular schwannoma 
is strongly and diffusely positive for S-100 protein/SOX10 
and negative for CD117, DOG1, SMA, and desmin.

Dedifferentiated liposarcoma, which can have a fascic-
ular appearance and immunohistochemical evidence of 
myoid differentiation, should also be considered. In the 
areas that resemble smooth muscle differentiation, the mi-
totic rate may vary from low to high. Well-differentiated/
dedifferentiated liposarcomas are more common in the 
retroperitoneum than leiomyosarcoma, and should al-
ways be considered in the differential. An associated 

FIG. 6.10
(A) Leiomyosarcoma arising in IVC. (B) Vascular leiomyosarcoma arising 
from a blood vessel wall.
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well-differentiated liposarcomatous component per-
mits accurate diagnosis. In small needle biopsies where 
only the dedifferentiated component has been sampled, 
demonstration of MDM2 amplification by FISH can help 
support the diagnosis of liposarcoma. Radiographic cor-
relation is often helpful, as tumors often show an admix-
ture of well-differentiated and dedifferentiated elements.

Prognosis and Treatment

Retroperitoneal/abdominal leiomyosarcomas have a 
high mortality rate with a metastasis-free survival of 
only 25% at 40 months. The lungs and liver are the pri-
mary sites for metastasis.

EPSTEIN-BARR VIRUS–ASSOCIATED SMOOTH 
MUSCLE TUMOR

Clinical Features

Epstein-Barr virus–associated smooth muscle tumors 
(EBV-SMTs) occur in immunocompromised patients of 
all ages. The main clinical settings in which these tumors 
arise are HIV/AIDS infection, solid organ or hematopoi-
etic stem cell transplantation, and congenital immuno-
deficiency.11 Historically, renal transplant patients were 
thought to be at highest risk, but a recent large study 
shows lung transplant patients have the highest risk. 
These tumors generally arise from several months to 
years after the onset of immunosuppression with a me-
dian of 2 years. EBV-SMTs may be the presenting symp-
tom in AIDS. They can arise in any site, including sites 
not usually associated with sporadic leiomyomas or leio-
myosarcomas. In the post-transplant setting, they most 
commonly occur in the lungs followed by the liver, and 
in the setting of HIV, they most commonly occur in the 
central nervous system. They are often multifocal, and 
studies indicate multiple tumors represent multiple sep-
arate clones, rather than metastatic disease.

Pathologic Features

GROSS FINDINGS

EBV-SMT can have circumscribed or infiltrative bor-
ders and usually appear white to tan with a whorled sur-
face on cross section.

FIG. 6.11
(A) Most retroperitoneal leiomyosarcomas are moderately differentiated 
and can often be recognized without the assistance of immunohistochem-
istry. (B) Necrosis is commonly present. (C) A subset of retroperitoneal leio-
myosarcomas shows marked nuclear atypia, in some cases requiring con-
firmatory immunostains for smooth muscle actin, desmin, and caldesmon.
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MICROSCOPIC FINDINGS

In addition to the intersecting fascicles of spindle 
cells seen in most smooth muscle tumors, about half 
of EBV-SMT cases show a second population of round, 
primitive-appearing cells (Fig. 6.12). These areas often 
co-exist in the same tumor. The relative proportion of 
these areas can vary within a single tumor and between 
multiple tumors within in the same patient (Fig. 6.13A–
B). Furthermore, small needle core biopsies may only 
sample the primitive areas, and unless the pathologist 
considers the possibility of EBV-SMT, it is easy to miss 
this diagnosis. Cytologic atypia is usually mild in both 
the primitive areas and in areas that resemble mature 
smooth muscle cells. A lymphocytic infiltrate is com-
mon but necrosis and myxoid change are rare. Mitotic 

FIG. 6.12
Epstein-Barr virus–associated smooth muscle tumor showing a character-
istic admixture of well-differentiated smooth muscle cells and primitive 
round cells.

EPSTEIN-BARR VIRUS–ASSOCIATED SMOOTH MUSCLE 
TUMOR – FACT SHEET

Definition
 Smooth muscle tumor associated with EBV infection, usually in 

the setting of immunosuppression; uncertain malignant potential

Incidence and Location
 Rare; any location possible. In post-transplant setting, primarily 

lung and liver. In HIV setting, primarily CNS

Sex and Age Distribution
 Wide age range (1–66 years)
 Slight female predominance

Clinical Features
 Non-specific or related to site of origin (e.g., bleeding or 

obstruction from GI tumors, neurological symptoms from CNS 
tumors)

Prognosis and Treatment
 Reduction of immunosuppression and/or surgical excision

EPSTEIN-BARR VIRUS–ASSOCIATED SMOOTH MUSCLE TUMOR – 
PATHOLOGIC FEATURES

Gross Findings
 Circumscribed or infiltrative borders, white-to-tan cut surfaces

Microscopic Findings
 Spindle cells with intersecting fascicles; half of cases with second 

population of round cells

Immunohistochemical Features
 SMA positive, desmin variable. EBV-EBER positive

Differential Diagnosis
 Predominantly round cells: lymphoproliferative disorder
 Predominantly spindle cells: nerve sheath tumor, spindle cell 

rhabdomyosarcoma, leiomyoma

FIG. 6.13
(A) Well-differentiated, smooth muscle in EBV-associated smooth muscle 
tumor. (B) More primitive round cell areas are often found and should not 
be interpreted as evidence of a malignant tumor.
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activity is generally low, though it can be significant in 
some cases.

IMMUNOHISTOCHEMISTRY

These tumors are diffusely positive for actins and 
usually express desmin only focally. In situ hybridization 
for Epstein-Barr virus–encoded small RNAs (EBER) is 
diagnostic.

Differential Diagnosis

In EBV-SMT with prominent round cell morphology, a 
lymphoproliferative disorder may be suspected. Expression 
of actins and absence of lymphocytic markers can discrimi-
nate between these two entities. In predominantly spindled 
tumors, the bland histology may suggest a schwannoma or 
well-differentiated nerve sheath tumor, neither of which 
will show the strong actin expression seen in EBV-SMT. 
Spindle cell rhabdomyosarcoma is also in the morphologic 
differential diagnosis; immunohistochemical staining for 
the skeletal muscle markers myogenin and MyoD1, and 
the lack of EBV-EBER expression, help distinguish rhab-
domyosarcoma from EBV-SMT. Depending on the tissue 
sampled, leiomyoma may be in the differential diagnosis 
and as actins will be positive, the only way to avoid making 
a mistake is to consider the possibility of EBV-SMT.

To avoid missing the diagnosis of EBT-SMT, pathol-
ogists must have a high level of suspicion for this entity. 
These should always be considered in immunosuppressed 
patients. However, as pathologists do not always receive a 
complete clinical history, EBV-SMT should be considered in 
any patient with multiple tumors or in tumors that have a 
biphasic appearance, particularly containing areas of prim-
itive cells and cells with a smooth muscle appearance. A 
positive EBV in situ hybridization, and a confirmed clinical 
history of immunosuppression, will support the diagnosis.

Prognosis and Treatment

EBV-SMT displays neither the completely benign be-
havior of a leiomyoma nor the frank aggressiveness of a 
leiomyosarcoma. Patients are more likely to die of their 
underlying disease or of complications secondary to im-
munosuppression than of EBV-SMT. Most EBV-SMT’s 
do not metastasize, although intracranial cases associ-
ated with organ transplantation have a worse prognosis. 
Reduction of immunosuppression and surgical excision 
have shown equal efficacy. When possible, surgical exci-
sion is often curative; however, because of multiple in-
fection events, tumors may arise elsewhere.
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