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Abstract Myoepithelial tumors in skin and soft tissue are
uncommon but have been increasingly characterized over
the past decade. Men and women are equally affected
across all age groups and lesions arise most frequently on
the extremities and limb girdles. Approximately 20 % of
cases occur in pediatric patients, in whom they are fre-
quently malignant. Similar to their salivary gland coun-
terparts, myoepithelial tumors of soft tissue demonstrate
heterogeneous morphologic and immunophenotypic fea-
tures. Tumors are classified as mixed tumor/chondroid
syringoma, myoepithelioma, and myoepithelial carcinoma;
in soft tissue, tumors having at least moderate cytologic
atypia are classified as malignant. Mixed tumor and my-
oepithelioma show a benign clinical course, with recur-
rence in up to 20 % (typically secondary to incomplete
excision), and do not metastasize. In contrast, myoepithe-
lial carcinoma shows more aggressive behavior with re-
currence and metastasis in up to 40-50 % of cases. The
majority of myoepithelial neoplasms typically coexpress
epithelial antigens (cytokeratin and/or EMA) and S-100
protein; GFAP and p63 are frequently positive and a subset
of malignant neoplasms lose INI1 expression. Up to 45 %
of myoepitheliomas and myoepithelial carcinomas harbor
EWSRI gene rearrangements, unlike mixed tumor/chon-
droid syringoma which is characterized by PLAGI gene
rearrangement. While mixed tumor/chondroid syringoma
are likely related to primary salivary myoepithelial tumors,
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soft tissue myoepithelioma and myoepithelial carcinoma
appear to be pathologically distinct neoplasms.
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Introduction

Myoepithelial neoplasms arising in soft tissue and skin
have been increasingly characterized by morphologic, im-
munohistochemical, and genetic means over the past
10-15 years. These tumors are now known to occur over a
wide age range in a broad anatomic distribution (including
visceral locations), though they most commonly arise as
subcutaneous nodules on the extremities and proximal limb
girdles [1-3]. Cutaneous lesions are typically confined to
the dermis [2, 4, 5]. Men and women are affected equally,
and approximately 20 % of cases occur in pediatric pa-
tients [2, 3]. While having many similarities to their sali-
vary gland counterparts, soft tissue myoepithelial tumors
are distinct in several ways, including histologic criteria for
malignancy and their characteristic genetic aberrations.

Morphologic Range of Myoepithelial Neoplasms

In contrast to myoepithelial neoplasms in the salivary
gland, tumors that arise in soft tissue lack any known
normal cellular counterpart (which likely contributed to
their being initially under-recognized). Myoepithelial
neoplasms of soft tissue show a wide range of cytologic
and architectural features both within a given lesion and
between different tumors. Though often well-circum-
scribed grossly, both benign and malignant tumors are
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unencapsulated and frequently have infiltrative margins.
Tumors are typically characterized by multinodular or
lobular growth of spindled, ovoid, or epithelioid cells ar-
ranged in variable growth patterns, namely reticular, tra-
becular, nested, and solid, embedded in a variably
prominent myxoid and/or hyalinized or chondroid stroma
(Fig. 1la—c). The cytoplasm ranges in appearance from
eosinophilic to clear (similar to myoepithelial cells in
salivary gland); occasional other morphologic appearances
include tumor cells with copious vacuolated cytoplasm
(formerly identified in so-called “parachordoma”), plas-
macytoid cells with densely eosinophilic cytoplasm
(“hyaline bodies”), or rhabdoid morphology [6]. Similar to
pleomorphic adenoma/mixed tumor of the salivary gland,
heterologous differentiation occurs in up to 15 % of cases
(most frequently cartilaginous (Fig. 1d) and/or osseous [1—
3, 7]; and less commonly squamous [1] or adipocytic [1, 7,
8.

Myoepithelial neoplasms in skin and soft tissue are clas-
sified as mixed tumor/chondroid syringoma, myoepithelioma,

Fig. 1 Myoepithelial neoplasms are frequently characterized by
multinodular or lobular architecture (a) and consist of spindled,
ovoid, or epithelioid cells arranged in variable growth patterns,

and myoepithelial carcinoma. Mixed tumors/chondroid sy-
ringoma show tubuloductal differentiation, appearing similar
to their salivary gland counterparts (Fig. 2a). Myoepithelioma
is comprised predominantly of spindled or ovoid myoepithe-
lial cells, which have nuclei with little to no atypia, fine
chromatin, and inconspicuous to small nucleoli (Fig. 3a). In
skin and soft tissue sites, malignancy in myoepithelial neo-
plasms is defined strictly by cytologic atypia, in contrast to
their salivary gland counterparts in which malignancy is based
on architectural features (i.e. invasive growth), frequently
being associated with a benign precursor [9]. Tumors classi-
fied as myoepithelial carcinoma have moderate-to-severe
atypia with vesicular nuclei and prominent nucleoli (Fig. 3b);
cytologic atypia has been shown to be the sole predictor of
aggressive behavior in soft tissue [2]. Though not reliably
predictive of aggressive behavior, high mitotic rates and
necrosis are common features of myoepithelial carcinoma [2].
Myoepithelial carcinomas are thus graded (largely on a sub-
jective basis) as low, intermediate, and high based on the
degree of cytologic atypia and additional presence of mitoses

namely reticular (b), trabecular or nested/solid (c), embedded in a
variably myxoid, hyalinized or chondroid stroma. Cartilaginous and/
or osseous metaplasia may be present (d)
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Fig. 2 Mixed tumors/chondroid syringoma are similar to their salivary gland counterparts, with tubuloductal differentiation (a) and frequent

immunopositivity for PLAG1 (b)

and necrosis. That being said, as with salivary myoepithelial
carcinomas, there are no clearly defined or validated criteria
for grading. Unlike salivary gland neoplasms, areas of mor-
phologically benign myoepithelioma or mixed tumor are only
infrequently present within a myoepithelial carcinoma, being
reported in less than 1 % of soft tissue tumors of this type [2,
3].

Myoepithelial Carcinomas in Pediatric Patients

Approximately 20 % of myoepithelial tumors occur in
children, approximately 65 % of which are malignant.
Pediatric tumors also most frequently arise in the ex-
tremities and trunk. In a series of 29 cases of myoepithelial
carcinoma of soft tissue, the majority of tumors (27/29;
93 %) were comprised of a heterogeneous tumor cell

population, and epithelioid morphology predominated in
93 % of cases [3]. Ten percent of cases had an undiffer-
entiated round cell component (Fig. 4). For the 23 patients
with available follow-up, 9 (39 %) patients developed local
recurrence (8 patients with marginal excision, 1 with
widely negative margins), 12 (52 %) developed distant
metastases, and 10 (43 %) patients died of disease. Sites of
metastasis were lungs/pleura, lymph node, bone, soft tis-
sue, liver, brain, skin, and soft tissue. Subsequent unpub-
lished personal experience has confirmed these findings.

Cutaneous Syncytial Myoepithelioma
Cutaneous syncytial myoepithelioma is a recently de-

scribed morphologic variant characterized by mainly in-
tradermal syncytial growth of ovoid, spindled or

Fig. 3 Soft tissue myoepitheliomas are cytologically benign (a). Myoepithelial carcinoma is defined by cytologic/nuclear atypia, often with

prominent nucleoli (b)
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histiocytoid cells with eosinophilic cytoplasm [7, 8]
(Fig. 5). Tumors have a distinctive immunophenotype
which is described below. These tumors more frequently
affect men, occur over a wide age range, and most com-
monly arise on the extremities. Tumors lack nuclear atypia
and show an indolent course, with infrequent local recur-
rence and no reported metastases [7].

Immunohistochemical Features

The majority of myoepithelial neoplasms typically coex-
press epithelial antigens (cytokeratin and/or EMA) and
S-100 protein. Broad-spectrum cytokeratin (pan-keratin,
AE1/AE3, Cam5.2; Fig. 6a) is positive in 93-100 % of
cases [1-3, 10], while the extent of EMA positivity is lower
(19-66 %) [1-3]. S-100 protein is frequently positive
(72-100 %) [1-3, 10] (Fig. 6b). GFAP staining is variable,
ranging from 27 to 54 % [1-3]. Of the myogenic markers,
calponin is most frequently positive (86—-100 %) [2, 3];
SMA positivity ranges from 36 to 64 % [2, 3, 10], HHF-35
ranges from 20 to 60 % [1, 3], and desmin is infrequently
positive (0-20 %) [1-4]. Rates of positivity for p63 range
from 7 to 45 % [2, 3, 11] (Fig. 6¢), which is lower than that
seen in salivary neoplasms in which p63 positivity is seen
in all cases of pleomorphic adenoma and any carcinoma
having a component of myoepithelial cells [12, 13].
SMARCBI/INI1 expression is lost in a subset of myoep-
itheliomas and myoepithelial carcinomas (9-22 % [3, 14])
(Fig. 6d) likely owing to functional loss of material on
chromosome 22q (see below).

A panel including cytokeratin, EMA, S-100 protein, and
GFAP will identify myoepithelial differentiation in the
majority of cases. Notably, cutaneous syncytial

Fig. 4 A round cell, morphologically undifferentiated component is
observed in up to 10 % of myoepithelial carcinomas that arise in
pediatric patients

myoepithelioma has a distinct immunophenotype of EMA
and S-100 positivity but infrequent cytokeratin staining [7].
PLAG1 immunostaining is positive in 58—100 % of mixed
tumors [15, 16] (Fig. 2b), but is negative in myoepithe-
liomas lacking ductal differentiation [16]. Similarly, the
majority of salivary pleomorphic adenomas are positive for
PLAGI1 [17, 18] and frequent positivity is observed in
77 % of carcinomas ex pleomorphic adenoma in salivary
gland, including those classified as the myoepithelial car-
cinoma subtype [19].

Genetics

Up to 45 % of myoepithelial tumors arising in skin, soft
tissue, and bone harbor EWSRI gene rearrangement (and
rarely alternate FUS rearrangement) [20-23]. Documented
fusion partners thus far include POUSFI (6p21), PBXI
(1923), ZNF444 (19q23), ATF1 (12q13) and PBX3 (9q33)
[22, 24, 25]. Homozygous deletion of the SMARCBI gene
has recently been reported in 3/5 cases of myoepithelial
carcinoma lacking EWSRI gene rearrangement [26]. The
significance of the gene fusion products is currently un-
known, but may be associated with specific morphologic
appearances. In the large series by Antonescu et al. [22],
myoepithelial tumors with EWSRI-POUSF I fusion had the
distinctive appearance of nested epithelioid cells with clear
cytoplasm (Fig. 7), and tumors with EWSRI-PBXI fusion
had predominant sclerotic stroma in which bland-appearing
spindle cells were embedded (Fig. 7). EWSRI-rearrange-
ment occurs in up to 44 % of cutaneous myoepithelial tu-
mors [25] (including cutaneous syncytial myoepithelioma
[7]). While EWSRI rearrangement is present in hyalinizing
clear cell carcinoma [24], EWSRI rearrangement has not
been identified to date in other salivary neoplasms, in-
cluding myoepithelial tumors [27, 28] (see Addendum).

Mixed tumors show PLAGI gene rearrangement in
37-72 % of cases [15, 29], suggesting a genetic relation-
ship to their salivary gland counterparts, as up to 88 % of
salivary pleomorphic adenoma [30] and up to 63-75 % of
carcinoma ex pleomorphic adenoma have PLAGI gene
alterations [19, 30].

Behavior

Mixed tumors and myoepitheliomas of soft tissue typically
show a benign clinical course [2, 4]. Up to 18 % of my-
oepitheliomas are known to recur, and the risk appears
higher with incomplete resection [2]. Distant metastasis of
morphologically benign myoepithelial neoplasms is rare
[2]. Myoepithelial carcinomas show more aggressive be-
havior, with a recurrence rate of 39-42 % and distant
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Fig. 5 Cutaneous syncytial myoepithelioma is characterized by syncytial growth of ovoid, spindled, or histiocytoid cells with eosinophilic
cytoplasm (a and b)
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Fig. 6 Myoepithelial neoplasms are frequently positive for epithelial markers cytokeratin (a, pan-keratin) and EMA. S-100 protein is frequently
positive (b), while positivity for GFAP and p63 (c) is less frequent. SMARCB1/INI1 expression is lost in a subset of tumors (d)

metastasis in 32-52 % of affected patients [2, 3]. Com- some frequency of disease-related death (13—43 %) [2, 3,
monly reported sites of metastasis are lung, bone, lymph  10], although correlation with histologic grade is
node, and soft tissue [1-3]. All large series have reported  unreliable.

@ Springer



Head and Neck Pathol (2015) 9:32-38

37

Fig. 7 Distinctive morphologic features appear to be associated with
certain fusion genes. Myoepithelial tumors with EWSRI-POUS5F1
fusion are characterized by nested growth of epithelioid cells with
clear cytoplasm

Conclusion

Myoepithelial neoplasms of skin and soft tissue are similar
in many respects to their salivary gland counterparts, but
differ in that cytologic atypia is the chief criterion for
malignancy and that EWSRI translocation is frequent in
soft tissue myoepithelioma and myoepithelial carcinoma.
Mixed tumor/chondroid syringoma, having ductal differ-
entiation and PLAGI gene rearrangement, is likely closely
related to its salivary gland counterpart. Morphologic
variants of myoepithelial neoplasm are increasingly being
recognized, including cutaneous syncytial myoepithelioma
and the clear cell morphology characteristic of tumors
harboring EWSRI-POUS5F1 fusion. Myoepithelial differ-
entiation can be supported by an immunohistochemical
panel including cytokeratin, EMA, S-100, and GFAP;
staining for p63 and INI1 can also be helpful.

Addendum

Since the time of submission and acceptance of this
manuscript, a series ov clear cell myoepithelial carcinomas
arising in salivary gland and showing quite frequent
EWSR1 gene rearrangement has been published—see
Skalova et al., Am J Surg Pathol. 2015;39:338-348.
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