Head and Neck Pathology (2020) 14:121-131
https://doi.org/10.1007/512105-019-01109-y

SPECIAL ISSUE: SOFT TISSUE

=

Check for
updates

Soft Tissue Special Issue: Myoepithelial Neoplasms of Soft Tissue:
An Updated Review with Emphasis on Diagnostic Considerations

in the Head and Neck

Vickie Y. Jo'

Received: 6 November 2019 / Accepted: 29 November 2019 / Published online: 16 January 2020

© Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract

Primary myoepithelial neoplasms of soft tissue have been shown to be related to their salivary gland counterparts, with
which they often share morphologic, immunophenotypic, and molecular genetic features, such as the presence of PLAGI
rearrangement in both soft tissue mixed tumor and salivary pleomorphic adenoma. However, important distinctions remain
between soft tissue and salivary myoepithelial neoplasms, namely differing criteria for malignancy. This review provides an
overview of the current understanding of the clinicopathologic and molecular features of soft tissue myoepithelial neoplasms,
including discussion of the similarities and differences between soft tissue and salivary counterparts and relevant diagnostic

issues specific to head and neck pathology practice.
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Introduction

Tumors of myoepithelial differentiation have been long rec-
ognized to arise in the salivary glands. Over the past two
decades, primary myoepithelial neoplasms of soft tissue (as
well as skin and bone) have been characterized on clinico-
pathologic, morphologic, and molecular grounds. While
soft tissue myoepithelial neoplasms share many features
with salivary myoepithelial tumors, there remain important
distinctions that occasionally pose diagnostic challenges. In
contrast to the salivary gland, primary myoepithelial tumors
in soft tissue, bone, and skin (with the exception of some
cutaneous lesions) lack any known normal cellular counter-
part, accounting largely for initial skepticism as to the exist-
ence and myoepithelial phenotype of this group of tumors
when they were first described. Myoepithelial tumors of soft
tissue are classified as benign (myoepithelioma and mixed
tumor/chondroid syringoma) and malignant (myoepithelial
carcinoma). This review discusses our current understanding
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of soft tissue myoepithelial neoplasms, as well as outlining
important similarities with, and distinctions from their sali-
vary counterparts.

Clinical Features

Soft tissue myoepithelial tumors arise in men and women
with equal frequency; patients are affected over a wide age
range, with peak incidence during the third through fifth
decades [1-5]. Approximately one-fifth of cases occur in
the pediatric population; most of these are myoepithelial
carcinomas [2, 3, 6]. Myoepithelial neoplasms most com-
monly arise in the subcutaneous tissues of the extremities
and proximal limb girdles, with tumors more frequently pre-
senting in the lower limbs than in the upper limbs. However,
a broad anatomic range can be observed, including deep-
seated tumors and primary sites in the trunk, head and neck,
and visceral organs [5, 7-9]. Cutaneous lesions are confined
to the dermis, and are most common in the limbs, trunk,
and head and neck [4, 10, 11]. Most patients present with a
palpable, slow-growing, and painless superficial mass. Pain
and local mass effects may occur secondary to larger lesions,
which are more likely to be malignant.
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Gross Features

Macroscopically, most tumors are well-circumscribed and
nodular. Malignant tumors are likely to appear grossly infil-
trative and are often larger in size. Benign myoepithelial
tumors range in size from 0.7 to 12 cm (mean 3.8 cm) in soft
tissue [2]; dermal lesions tend to be smaller, ranging from
0.5 to 2.5 cm (mean, 0.7 cm) [4]. Myoepithelial carcinomas
range in size from 1.3 to 20 cm (mean ~5.3 cm) [2, 3].
Tumors are tan/white, or yellow, with a cut surface that can
appear gelatinous or firm and fleshy, as well as occasionally
gritty or calcified. Malignant tumors may show hemorrhage
and necrosis.

Histologic Features and Malignant Criterion

Myoepithelial neoplasms are morphologically diverse and
are characterized by a wide range of architectural and cyto-
logic features both within a tumor and between different
lesions, similar to salivary myoepithelial tumors. Myoepi-
thelial tumors appear multinodular or lobulated with a
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variably myxoid, chondroid, or hyalinized stroma (Fig. 1);
tumors are well-circumscribed but unencapsulated, and infil-
trative growth is common even for benign lesions. Tumors
frequently show reticular or trabecular growth patterns,
though nested and solid growth are also common (Fig. 1).
Tumor cells are variably spindled, ovoid, or epithelioid,
with uniform ovoid or round nuclei and eosinophilic to
clear cytoplasm (Fig. 2). Occasionally, tumors may show
a dominant single growth pattern or uniform morphologic
appearance. For instance, the distinctive variant “cutane-
ous syncytial myoepithelioma” shows solid, sheet-like and
syncytial growth of bland and uniform ovoid, spindled, or
histiocytoid cells with palely eosinophilic cytoplasm [12]
(Fig. 3). In many pediatric myoepithelial tumors, an epithe-
lioid morphology predominates [3]. Studies have suggested
some associations between genotype and specific pheno-
types (see “Molecular Features”).

Similarly to salivary myoepithelial tumors (particularly
pleomorphic adenoma), both benign and malignant soft tis-
sue myoepithelial neoplasms can show occasional features of
plasmacytoid “hyaline” cells with eccentrically placed nuclei
and densely eosinophilic cytoplasm (Fig. 4a), tumor cells
having clear vacuolated cytoplasm (previously classified as

Fig. 1 At low power, soft tissue myoepithelial neoplasms often have a multinodular or lobulated appearance variable growth patterns and a range
of growth patterns, most frequently reticular (b), trabecular (c), and nested (d), with variably myxoid, chondroid, or hyalinized stroma
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Fig.2 Soft tissue myoepithelial neoplasms also show cytomorphologic heterogeneity, and tumor cells can appear ovoid with variable amounts of
eosinophilic-to-clear cytoplasm; note also the examples of more hyalinized (a) and myxoid (b) stroma

Fig.3 Cutaneous syncytial myoepithelioma is a distinct variant that arises in the dermis (a) and is comprised of syncytial growth of uniform
ovoid, spindled, and histiocytoid cells (b)

Fig. 4 Myoepithelial cells may occasionally show features of prominent plasmacytoid “hyaline” cells (a) or tumor cells with copious clear vacu-
olated cytoplasm (b)
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Fig. 5 Heterologous differentiation occurs in up to 15% of myoepithelial neoplasms and is most often chondroosseous (a), although some cases

may show heterologous squamous differentiation (b)

“parachordoma”) (Fig. 4b), and rhabdoid morphology. Het-
erologous differentiation is observed in up to 15% of cases,
and is most commonly chondroosseous (Fig. 5a) and more
rarely adipocytic or squamous (Fig. 5b) [1-4, 12].

Tumors are classified as “mixed tumors” when there is
tubuloductal differentiation (which may be very focal in
some cases) (Fig. 6a); these constitute approximately 10%
of all myoepithelial tumors and nearly all are benign. Mixed
tumors are essentially morphologically identical to pleomor-
phic adenoma of the salivary gland, but differ in that they
may show infiltrative growth. In the skin, such tumors are
known as chondroid syringomas, and are morphologically
subclassified as apocrine-type and eccrine-type, the former
being identical to mixed tumors and the latter likely pathoge-
netically distinct from soft tissue and salivary myoepithelial
neoplasms [10, 13, 14].

Currently, cytologic atypia is the only known predictor of
aggressive behavior in soft tissue myoepithelial tumors [2,
3], in contrast to salivary tumors for which malignancy is

designated by the presence of capsular invasion and infiltra-
tive growth. Benign tumors are designated as “myoepithelio-
mas,” which overall lack cytologic atypia (but if present, is
at most mild) (Fig. 7a). Nucleoli are small or inconspicuous
and lack hyperchromasia. While myoepithelioma may show
some mitotic activity, atypical mitotic figures are absent.
While rare cases may show perineural invasion, tumor
necrosis is not observed. “Myoepithelial carcinomas”of
soft tissue are defined as having moderate to severe nuclear
atypia, and nuclei appear vesicular with coarse chroma-
tin and prominent nucleoli. No standard criteria exist for
grading, though in soft tissue pathology practice myoepi-
thelial carcinomas are graded (somewhat) subjectively as
low (Fig. 7b), intermediate, and high based on the degree
of nuclear atypia; high-grade myoepithelial carcinomas
typically show increased mitotic activity, atypical mitotic
figures, and necrosis (Fig. 7c, d). However, the histologic
grade does not appear to affect prognosis, and neither high
mitotic rates and necrosis are predictive of behavior [2, 3].

Fig.6 Soft tissue mixed tumors are defined by tubuloductal differentiation (a) and frequently show nuclear PLAG]1 staining secondary to

PLAG]1 rearrangement (b), similarly to salivary pleomorphic adenoma
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Fig. 7 Soft tissue myoepitheliomas (a) are benign and lack cytologic
atypia, which is the only established criterion for malignancy. Soft
tissue myoepithelial carcinomas are graded as low (b), intermediate,

Based on available data, it appears that nearly all soft tissue
myoepithelial carcinomas arise de novo rather than from
a benign precursor and only rarely show areas of morpho-
logically benign mixed tumor or myoepithelioma [2, 3]. In
contrast, at least half of all salivary myoepithelial carcino-
mas show preexisting pleomorphic adenoma [15], includ-
ing a diagnostically challenging subset of intracapsular and
minimally invasive tumors [16]. Approximately 30% of soft
tissue myoepithelial carcinomas in pediatric patients exhibit
an undifferentiated round cell component (Fig. 8), in addi-
tion to the prominent epithelioid morphology common in
tumors in this age group [3].

Immunohistochemical Features

Myoepithelial neoplasms typically show co-expression of
epithelial markers and S-100 [1-5, 10] (Fig. 9a, b), though
many tumors show variability in immunophenotypes. Most
cases show positivity for broad-spectrum keratins (93—100%),
though some cases may require using multiple cocktails (pan-
keratin, AE1/AE3, and Cam5.2). EMA positivity is more

or high (c); mitotic figures (c) and necrosis (d) are commonly seen in
high grade tumors

Fig.8 Myoepithelial carcinomas predominate in pediatric patients,
and up to a third of cases show a prominent undifferentiated round
cell morphologic appearance

variable (19-79%), though reliably highlights ductal cells in

soft tissue mixed tumors [1, 4, 10, 11, 17.]. S-100 protein is
frequently positive (72-100%), while staining for GFAP is
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Fig. 9 Most soft tissue myoepithelial neoplasms show co-expression of keratin (a) and S-100 (b). A subset of cases show SMARCBI loss of

expression (c¢)

only seen in up 27-54% of cases. SOX10 staining occurs in
up to 80% of myoepithelial neoplasms, although expression is
much less frequent in myoepithelial carcinomas (30%) [18].
p63 staining ranges from 23 to 70% in myoepithelioma and
7-40% in myoepithelial carcinomas [2, 4, 19, 20], in contrast
to more consistent p63 expression in most salivary myoepithe-
lial neoplasms [21, 22]. Myogenic markers show more variable
staining and are overall of limited diagnostic value; calponin is
most frequently positive (90%), followed by SMA (34-64%),
HHG-35 (20-60%), and desmin (0-20%) [1, 2].

Among myoepithelial neoplasms, there are several immu-
nophenotypic associations with certain morphologic or molec-
ular features. PLAGI is frequently positive in mixed tumors
(58-100%), correlating with PLAG1 gene rearrangement [17,
23] (Fig. 6b), but is negative in soft tissue myoepitheliomas
[23,24]. Among cutaneous mixed tumors, PLAGI expression
appears to be characteristic of apocrine type tumors, but is
consistently negative in eccrine-type mixed tumors [14]. The
variant of cutaneous syncytial myoepithelioma has the distinc-
tive immunophenotype of consistent positivity for EMA and
S-100 protein, but overall negative for keratin with rare stain-
ing in only up to 12% [4, 12]. SMARCBI1 loss of expression
is observed in a subset of myoepithelial carcinomas [3, 25, 26]
(Fig. 9c), corresponding to genomic SMARCBI inactivation,
as well as likely functional loss of material on chromosome
22q11.2 secondary to EWSR] rearrangement in some cases.

Molecular Features
In the past decade, molecular studies have suggested that

some soft tissue and salivary myoepithelial neoplasms are
genetically related. Soft tissue mixed tumors (with ductal
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differentiation) and cutaneous chondroid syringomas (spe-
cifically apocrine-type) have rearrangements of PLAGI
(encoded on chromosome 8q12) [17, 23], which are char-
acteristic of salivary pleomorphic adenoma [27-30] and
carcinoma ex pleomorphic adenoma [31, 32.] LIFR is an
occasional fusion partner to PLAGI in both soft tissue and
salivary tumors [17, 30]. While HMGA2 rearrangement
occurs in a subset of salivary pleomorphic adenoma and
carcinoma ex pleomorphic adenoma [33, 34], to date this
alteration has not been identified in soft tissue mixed tumors
[17], although a single case of apocrine-type chondroid
syringoma has been reported to overexpress HMGA?2 by
immunohistochemistry [14].

Rearrangement of the EWSR/ gene (encoded on chromo-
some 22q) occurs in nearly half of all myoepithelial tumors
of soft tissue [7, 20, 35-39], as well as skin [11, 12, 40] and
bone [7-9, 35, 41]. A small subset of cases have alternate
FUS rearrangements in lieu of EWSR/ [9, 42]. In the larg-
est study to date, POU5SF1 and PBX] were identified as the
most common fusion partners, each reported to occur in up
to 16% cases [7]. Other documented fusion partners thus far
are ZNF444, KLF17,ATF1I, and PBX3 [7, 35, 36, 40-42].

EWSRI rearrangement has also been reported in up to
39% of primary salivary myoepithelial carcinomas having
clear cell morphology, though the fusion partners are cur-
rently unknown [43]. Rearrangements involving PLAG/ are
most common overall in salivary myoepithelial carcinomas
(at least 50%), in both that arise de novo and ex pleomorphic
adenoma; HMGA?2 fusions are much rarer [44]. The most
frequent fusion partners are FGFRI (18%) and TGFBR3
(15%) [44]. PLAGI rearrangements have not been identified
in soft tissue myoepitheliomas and myoepithelial carcino-
mas that lack tubuloductal differentiation [45, 46]. Despite
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EWSRI rearrangements being shared by soft tissue myoepi-
thelial tumors and a subset of salivary myoepithelial carcino-
mas, the prevalence of PLAG fusion in the latter highlight
that there are likely differences in initiating pathogenetic
events between the two.

These molecular insights have raised some suggestions
of genotype—phenotype correlations for subsets of soft tis-
sue myoepithelial neoplasms, although data is still limited.
Tumors with EWSRI-POUS5F1 fusions tend to present in
deep soft tissues of the extremities in young patients, and
show nested growth of epithelioid cells with clear cyto-
plasm [7]. Myoepithelial tumors with EWSRI-PBXI show
a deceptively bland spindle cell appearance within a promi-
nent sclerotic stroma [7]. A small number of tumors with
EWSRI-PBX3 have been described to show fascicular or
nested arrangement of spindled or epithelioid cells within a
collagenous or myxoid stroma, often in osseous sites [35].
Additionally, cutaneous syncytial myoepitheliomas have
consistent EWSRI1-PBX3 fusions [40].

Among myoepithelial carcinomas lacking EWSRI rear-
rangements, a subset (60%) of tumors that show immunobhis-
tochemical loss of SMARCBI are characterized by homozy-
gous deletions of SMARCBI [26].

Prognosis

There are many similarities, but also some differences in
the biologic behavior and prognostication of soft tissue and
salivary myoepithelial neoplasms. Overall, soft tissue and
cutaneous myoepitheliomas and mixed tumors typically
follow a benign clinical course with complete resection [1,
2, 4,5, 10-12]. The overall recurrence risk is 18%, and is
increased with incomplete resection; distant metastasis is
exceptionally rare [2, 4]. Salivary pleomorphic adenoma
also shows low recurrence rates with complete resection,
although tumor disruption and spillage of salivary pleomor-
phic adenomas are associated with recurrence risks of up to
80% [47] which has not been observed for benign soft tissue
myoepithelial neoplasms. While some cases of salivary pleo-
morphic adenoma and myoepithelioma may show malignant
transformation [48], and metastasis of tumors lacking malig-
nant morphology [49], these phenomena are not appreciably
described in primary soft tissue myoepithelial tumors.
Myoepithelial carcinoma of soft tissue show overall
aggressive behavior and show recurrence rates of up to 42%
and distant metastases in up to 52% of patients [2, 3]. Based
on the largest series to date, the presence of cytologic atypia
is the single most reliable predictor of malignant behavior,
and risks of recurrence and metastasis appear irrespective of
histologic grade or margin status. Reported sites of distant
metastasis include lung, liver, lymph node, bone, brain, and
soft tissue, with disease-related death occurring in 13—43%

of patients [2, 3]. Malignant progression of benign skin and
soft tissue myoepithelial tumors has not been well character-
ized and areas of morphologically benign precursors are rare
within myoepithelial carcinoma of soft tissue. In contrast, at
least half of all salivary myoepithelial carcinomas are rec-
ognized to arise ex pleomorphic adenoma [15] (though pro-
gression of intracapsular carcinoma to minimally invasive
and then widely invasive carcinoma), and comprise the sec-
ond most common morphology of carcinoma ex pleomor-
phic adenoma after salivary duct carcinoma. The behavior
of salivary myoepithelial carcinoma is overall aggressive,
with risks of recurrence and distant metastases of 27% and
33%, respectively [15]. The presence of necrosis correlates
with more aggressive behavior, and worse clinical outcomes
are associated with myoepithelial carcinoma ex pleomorphic
adenoma compared to tumors arising de novo [15].

Differential Diagnosis

The differential diagnosis for myoepithelial neoplasms is
broad due to the wide morphologic spectrum of myoepithe-
lial tumors, and this review focuses on entities more com-
mon in the head and neck and specific considerations in dis-
tinguishing soft tissue and salivary primary sites. Although
the characteristic architectural and cytologic heterogeneity
(particularly within a tumor) may be a distinctive feature,
the diagnosis of soft tissue myoepithelioma, mixed tumor,
and myoepithelial carcinoma often requires an inclusive
immunohistochemical panel and correlation with clinical
data; molecular testing may be helpful in specific scenarios.

The presence of tubuloductal differentiation clearly dis-
tinguishes soft tissue mixed tumor from soft tissue myoepi-
thelioma, although diagnostic areas of tubuloductal differen-
tiation may be very focal. Given the similarities in biologic
behavior, distinction between the two is not crucial. How-
ever, in head and neck practice, the diagnosis of soft tis-
sue myoepithelioma and mixed tumor should not be made
before excluding the possibility of a primary or recurrent
salivary tumor, and in non-salivary sites the rare occurrence
of “metastasizing pleomorphic adenoma.” Most reported
cases of metastasizing pleomorphic adenoma are charac-
terized by a clinical course of repeated local recurrences
of an otherwise “benign” appearing pleomorphic adenoma;
the most common sites of distant metastases are bone, head
and neck, and lung [49, 50]. Given the shared morphologic,
immunohistochemical, and genetic features of soft tissue and
salivary counterparts, distinction may rely solely on clinical
correlation.

In some scenarios, it may be difficult to distinguish
between salivary myoepithelial carcinoma and soft tissue
myoepithelial carcinoma; similarly, a prior history of a sali-
vary primary should always favor the former. Myoepithelial
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carcinoma is the second-most common histologic type of
carcinoma ex pleomorphic adenoma, and a subset can be
identified by positive PLAG1 and HMGA?2 immunobhisto-
chemical staining or identification of corresponding fusion
genes. EWSRI rearrangements may occur in both soft tis-
sue and salivary lesions, although more rarely in the latter
and tend to be associated with clear cell morphology [43].
Aside from detection of cases with PLAGI and HMGA2
rearrangements, the presence of residual areas of precursor
pleomorphic adenoma is the single most useful feature in
recognizing salivary myoepithelial carcinoma ex pleomor-
phic adenoma. Thorough sampling and histologic examina-
tion for residual areas of precursor pleomorphic adenoma is
recommended for tumors arising in the cheek or neck, espe-
cially because residual foci of pleomorphic adenomas may
appear extremely subtle with near-complete hyalinization.

Outside of the salivary gland, both soft tissue myoepi-
thelioma and myoepithelial carcinoma overlap with a broad
range of mesenchymal neoplasms. The chief considerations
are extraskeletal myxoid chondrosarcoma, ossifying fibro-
myxoid tumor, and proximal-type epithelioid sarcoma, as
well as some primary bone tumors. In adults, carcinoma and
melanoma often must be excluded. There are also specific
diagnostic considerations for pediatric myoepithelial carci-
nomas, especially those having prominent round cell mor-
phology. Inclusive immunohistochemical panels are helpful
in resolving most diagnostic scenarios, and molecular testing
may be useful in some contexts (see Table 1).

Extraskeletal myxoid chondrosarcoma (EMC) is very rare
in the head and neck, and is characterized by a reticular
growth pattern of uniform ovoid-to-round cells that appear
to interconnect by their elongated bipolar and stellate cyto-
plasmic processes. EMC shows an overall lobular architec-
ture, and the tumor cells are embedded in a predominantly

myxoid stroma. Most cases show uniform cytomorphology,
although rare high-grade variants of EMC may show hyper-
cellularity, epithelioid morphology, and increased nuclear
atypia, which are much harder to distinguish from myoepi-
thelial carcinoma. While most myoepithelial neoplasms
show cytologic and architectural heterogeneity, a predomi-
nant reticular architecture may be present in some cases. Dif-
ferences in the immunophenotypes of EMC and myoepithe-
lial carcinoma are helpful. While EMC can show rare S-100
and EMA staining, EMC is consistently negative for keratin,
GFAP, and p63 [19]. EMC harbors NR4A3-EWSRI fusions;
while EWSRI FISH cannot distinguish between EMC and
myoepithelial neoplasms, detection of NR4A3 rearrangement
is diagnostic of EMC [51].

OFMT shows a multilobular growth of predominantly
ovoid tumor cells arranged in cords and trabeculae within
a fibromyxoid stroma. Most tumors are surrounded by a
peripheral but incomplete shell of lamellar bone, however
the bony shell is absent in some cases and 15% of myoepi-
thelial neoplasms can show heterologous osseous differ-
entiation. OFMTs that are designated as “atypical” and
“malignant” show hypercellularity, solid growth, and cyto-
logic atypia, as well as irregularly distributed of bone within
tumor lobules and between tumor cells [52]. While OFMT
shows some overlapping immunohistochemical features with
myoepithelial tumors, being also positive for S-100 with var-
iable expression for keratin and GFAP, desmin is frequently
positive (50%) in OFMT but absent in most myoepithelial
neoplasms. Challenging cases can be resolved by molecu-
lar studies; OFMT harbors PHF1 rearrangements [53, 54],
including a subset of cases with PHFI-TFE3 fusion [55].
Rare variant fusions, including ZC3H7B-BCOR, CREBBP-
BCORLI and KDM2A-WWTRI have also been reported [56,
57].

Table 1 Immunohistochemistry in the differential diagnosis of soft tissue myoepithelial tumors in adults

Keratin EMA S-100 GFAP SOX10 Desmin CD34 SMARCBI1 Other pos. IHC
ST mixed tumor + + + + + - - Retained PLAGI1
ST myoepithelioma + + + + +80%) -1+ - Retained p63 (70%)
ST myoepithelial carcinoma + + + + +(B0%) —/+ - Lost (10% p63 (30%)
adults; 40%
pediatric)
EMC - ¥ ¥ - U/K - - Lost (subset) -
OFMT + + + Rare + (50%) — Retained None
Proximal-type epithelial sarcoma + + - - - - + (50%) Lost None
SMARCB1-deficient sinonasal carcinoma + + - - - - - Lost p63 (55%)
NUT carcinoma + + - - - - - Retained NUT, p63
Melanoma - - + - + - - Retained HMB-45, MelanA
Chondromyxoid fibroma - - + - - - - Retained SMA
Chordoma + + + - - - - Retained Brachyury

ST soft tissue, EMC extraskeletal myxoid chondrosarcoma, OFMT ossifying fibromyxoid tumor, Pos positive, /HC immunohistochemistry, U/K

unknown
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The proximal-type variant of epithelioid sarcoma may
arise in the differential diagnosis of soft tissue myoepithelial
carcinomas. Proximal-type epithelioid sarcoma appears as
a sheetlike or multinodular growth of uniform but atypical
large epithelioid cells having vesicular nuclei, prominent
nucleoli, and abundant eosinophilic cytoplasm. Some exam-
ples may show prominent rhabdoid morphology and myx-
oid stroma, which that especially resemble myoepithelial
carcinoma. Epithelioid sarcoma is positive for keratin and
EMA, however in contrast to myoepithelial carcinoma, it is
negative for S-100, GFAP, and SOX10 [18] and only rarely
shows weak p63 staining [19]. Approximately half of all epi-
thelioid sarcomas are positive for CD34. Loss of expression
of SMARCBI is characteristic of epithelioid sarcoma [25],
secondary to homozygous SMARCBI deletions [26]. While
most cases can be resolved by immunohistochemistry, a
subset of EWSRI non-rearranged myoepithelial carcinomas
have identical SMARCBI deletions as epithelioid sarcoma
and show SMARCBI expression [26]. Molecular testing is
helpful for detecting cases with EWSRI rearrangement.

Carcinoma and melanoma may need to be excluded, espe-
cially in older patients. Keratin expression in myoepithelial
carcinoma can be misleading, especially if other myoepithe-
lial markers have not been performed. Clinical correlation
is required and differentiation-specific immunohistochemi-
cal markers are helpful in most cases (e.g. TTF1 for lung).
The presence of myxoid stroma and multinodular growth
should favor myoepithelial carcinoma, and S-100, GFAP,
and SOX10 should be included in the work-up. In the head
and neck, SMARCB-deficient sinonasal carcinoma may
enter the differential diagnosis, particularly those show-
ing predominantly plasmacytoid or rhabdoid morphology,
nested or solid growth, or glandular differentiation [58].
SMARCBI1-deficient sinonasal carcinoma is keratin-posi-
tive and can show variable p63 staining, but are negative
for S-100 and SOX10. SMARCBI is definitionally lost in
SMARCB1-deficient sinonasal carcinoma, but is only lost
in a small subset of myoepithelial carcinoma. NUT carci-
noma may also be considered, and its characteristic foci of
abrupt squamous keratinization may resemble heterologous
squamous differentiation in myoepithelial neoplasms. Dif-
fuse nuclear staining for NUT by immunohistochemistry,
particularly in a speckled chromatin pattern, is diagnostic;
identification of NUTM rearrangement can also confirm
the diagnosis. While malignant melanoma may resemble
myoepithelial carcinoma, most cases show expression of
melanocytic-specific markers HMB-45 and Melan A and are
negative for keratin and EMA; furthermore, myxoid stroma
is also rare.

Some primary bone tumors may show overlapping fea-
tures with myoepithelial neoplasms, especially in the head
and neck. Chondromyxoid fibroma may arise in craniofacial
sites, though they most commonly present as metaphyseal

tumors in the long bones [59]. Tumors are multilobulated
with reticular growth of uniform spindle or stellate cells set
in a myxoid matrix. While chondromyxoid fibromas are pos-
itive for S-100, they are generally negative for keratin, EMA,
and GFAP. Chordomas arising in the cervical spine may be
sampled as a “neck mass,” and are characterized by a het-
erogeneous population of tumor cells ranging from epithe-
lioid cells with small round nuclei and abundant eosinophilic
cytoplasm and “physaliferous” cells having abundant vacu-
olated cytoplasm, with a prominent myxoid stroma. Moreo-
ver, poorly differentiated chordomas show increased atypia
and solid growth, closely resembling myoepithelial carci-
noma. While chordoma is also positive for keratin, EMA,
and S-100, brachyury is a sensitive and specific marker for
chordoma [60].

In pediatric patients, myoepithelial carcinomas raise a
broader differential diagnosis. Extrarenal malignant rhab-
doid tumor may rarely be considered in very young patients
(3 years or younger), which shows sheets of large epithelioid
and polygonal cells with round nuclei, prominent nucleoli,
and abundant eosinophilic cytoplasm with frequent hyaline
inclusions. Similarly to myoepithelial carcinoma, malig-
nant rhabdoid tumors show variable expression of epithelial
markers and S-100. While SMARCB/1 loss of expression
secondary to SMARCB] alterations are present in malignant
rhabdoid tumor [61], these changes are infrequent in myoep-
ithelial carcinoma and most cases can be distinguished by
the presence of cytologic and architectural heterogeneity and
identification of EWSRI rearrangement, when present. Since
round cell morphology is present in a subset of myoepithe-
lial carcinomas in pediatric patients, a range of round cell
sarcomas may need to be excluded, especially those that
show keratin expression with some frequency. Most round
cell sarcomas are translocation-associated and show overall
cytologic uniformity, which is not a feature of most myoepi-
thelial carcinomas. Immunohistochemistry and molecular
testing can resolve the most common alternate diagnoses
of Ewing sarcoma (diffuse membranous CD99 staining,
NKX2.2 and FLI1 positivity; EWSRI-FLII fusion), alveolar
rhabdomyosarcoma (diffuse desmin and myogenin positiv-
ity; FOXOI rearrangement); poorly differentiated synovial
sarcoma (diffuse nuclear TLE1 positivity; SSI8 rearrange-
ment); and CIC-rearranged sarcoma (WT1 and ETV4 stain-
ing; CIC rearrangement).

Summary

Primary soft tissue and salivary myoepithelial neoplasms
share clinicopathologic features and molecular studies
have established that the two groups are clearly related.
Some differences remain between soft tissue and salivary
counterparts, including pathogenesis (given that most soft
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tissue myoepithelial carcinomas appear to arise de novo)
and criteria for malignancy. The differential diagnosis for
soft tissue myoepithelial neoplasms is broad, including a
wide range of other mesenchymal tumors, as well as spe-
cific considerations in head and neck pathology. While the
presence of rearrangements of PLAGI and EWSRI in soft
tissue mixed tumor and myoepithelioma/myoepithelial car-
cinoma are helpful in many contexts, these alterations are
not entirely specific in the differential diagnosis. Clinical
correlation and a broad immunohistochemical panel to iden-
tify co-expression of epithelial markers and S-100/GFAP/
SOX10 is important for accurate identification of soft tissue
myoepithelial tumors.
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