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document anatomic site or possible tissue type. Clinical 
information given as “neck mass” or “soft tissue mass” aid 
little in narrowing the differential diagnostic considerations. 
In order to completely evaluate diagnostic possibilities, the 
employment of a logical, stepwise algorithmic approach to 
the differential diagnosis, combined with a targeted, but still 
comprehensive immunohistochemistry evaluation is neces-
sary. Selected molecular studies may be included once the 
differential diagnosis has been narrowed, especially when 
the results of such studies provide therapeutic targets and 
not just confirmation of a diagnostic category. The goal of 
this review article is to discuss myoepithelioma and myo-
epithelial carcinoma of the head and neck mucosal and 
organ sites, along with discussion the pertinent differential 
diagnoses (Fig. 1) that should be considered and excluded 
through histology, histochemistry, immunohistochemistry, 
and potentially molecular studies.

Introduction

One of the most challenging categories in head and neck 
pathology is the group of myoepithelial lesions, whether 
developing in salivary gland sites or considering the differ-
ential diagnosis of epithelial-myoepithelial, polygonal, plas-
macytoid, and spindled cells lesions which may demonstrate 
an overlapping immunohistochemistry phenotype. Core 
needle samples (usually radiographically obtained) provide 
a limited volume of material, generally lack a periphery, and 
oftentimes contain lesional tissue only without any clues to 
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Abstract
Background Myoepithelial neoplasms of the salivary gland are benign or malignant neoplasms composed exclusively of 
neoplastic myoepithelial cells. These tumors, including the benign myoepithelioma and the malignant counterpart myoepi-
thelial carcinoma, exhibit a wide range of cytomorphologic features and architectural patterns.
Methods Review.
Results Myoepithelial cells can be epithelial, plasmacytoid, clear cell, spindle cell, and/or oncocytic cell, arranging as tra-
beculae, solid sheets, nests, cords, and/or single cells. A stromal component is commonly but not universally present, There-
fore, their differential diagnoses are quite broad, including salivary gland neoplasms especially those with a myoepithelial 
component, plasmacytoma, melanoma, and various mesenchymal tumors.
Conclusion In this review, we summarize the characteristic histologic features, useful immunohistochemical panel, and 
common molecular alterations of myoepithelial tumors and their top differential diagnoses. A logical stepwise algorithmic 
approach and an immunohistochemical panel to include multiple myoepithelial markers are essential to establish the correct 
diagnosis.
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Myoepithelioma and Myoepithelial 
Carcinoma

Myoepithelioma

Myoepithelioma is a rare benign salivary gland neoplasm 
composed entirely of myoepithelial differentiated cells 
without any discernible ductal component [1, 2]. As the 
name implies, destructive invasion, tumor necrosis, cellular 
pleomorphism and increased and/or atypical mitoses can-
not be identified. As such a core needle sampling cannot 
access the periphery and is a factor that must be accepted 
as a limitation of the procedure type. In large series with-
out referrable bias (i.e., cancer centers, large head and neck 
services), myoepithelioma comprises about 0.5 to 1% of 
all benign salivary gland tumors, about 0.3% of all sali-
vary gland tumors, and usually identified in major salivary 
glands five times as often as minor salivary glands (still 
only comprising about 0.4% of all parotid gland tumors) 
[2–6]. Importantly, myoepithelial soft tissue tumors share 
overlap with salivary gland and mucosal site primaries, but 
generally have INI1 loss documented more commonly [7, 
8]. Patients tend to be older (median 6th decade), with an 
equal sex predilection to slight male predominance [2, 5]. 
Recurrence is noted when there are positive surgical mar-
gins, while multiple recurrences may be associated with 
malignant transformation over time.

Tumors are well demarcated, but may not be encapsu-
lated, usually < 3 cm (Fig. 2 A and 2B). There is an astound-
ing range of appearances, from solid, myxoid, reticular, 
trabecular, nested, cord-like, net-like to packeted/alveolar. 
There may be interconnecting cords. There is usually a dom-
inant pattern, but mixed appearances are also seen. The cells 
range from small to intermediate, with an epithelioid, spin-
dled, plasmacytoid, or rhabdoid appearance (Fig. 3). There 
is an increased nuclear to cytoplasmic ratio. Nuclei are usu-
ally oval to round, appearing hyperchromatic, with spindled 
nuclei uncommon. The cytoplasm is more abundant in plas-
macytoid or rhabdoid cells. There may even be a Hof zone 
adjacent to the nucleus, where there is cytoplasmic clearing. 
In general, the cytoplasm is lightly eosinophilic, but may be 
clear, vacuolated, oncocytic, or mucinous. The proliferation 
is set within a variably collagenized stroma, in which there 
is frequently acellular myxoid or mucoid stroma, without a 
chondroid appearance. Basement membrane-type material 
may be seen but a glycosaminoglycan material is absent. 
While controversial, duct or glandular structures should 
be absent [6, 9]. A very rare subtype contains intracellular 
mucin, a finding that broadens the differential with signet 
ring-cell tumors [10].

The neoplastic cells are variably reactive with a broad 
spectrum of both epithelial and myoepithelial antibodies 
which highlight a single cell population (i.e., all neoplas-
tic cells show a similar reaction without a biphasic appear-
ance). The cells are positive with pancytokeratin, AE1/AE3, 

Fig. 1 Differential diagnoses for myoepithelial-rich lesions
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OSCAR, and CK7, while also reactive with myoepithelial 
markers which include CK14, SOX10, p40, p63, S100 pro-
tein, smooth muscle actin, calponin, smooth muscle myosin 
heavy chain, muscle specific actin and GFAP (Fig. 4). It is 
important to note that neoplastic myoepithelial cells may not 
react diffusely, strongly, or consistently with all the markers, 
and it is for this reason that several should be used as part 
of a panel in order to assure assessment of myoepithelial 
differentiation (pancytokeratin, SOX10, S100 protein, p40, 
SMA, and GFAP is a suggested initial panel). Further, actins 
and GFAP tend to be non-reactive in plasmacytoid myoepi-
thelial cells [11]. DOG1 and GATA3 are usually negative in 
myoepithelial tumors [12].

Although seldom required, fluorescent in situ hybridiza-
tion (FISH) for PLAG1 may be detected, even though it is 
much more common in pleomorphic adenoma [13] while 
EWSR1 rearrangements may be seen in clear cell myoepi-
thelial tumors [14–16].

Myoepithelial Carcinoma

The malignant counterpart of myoepithelioma, myoepi-
thelial carcinoma is composed exclusively of myoepithe-
lial cells in a tumor with invasive growth (Fig. 2 C and 
2D) [5, 6]. While there are histologic features that over-
lap, the soft tissue counterparts seem to be distinctive [7, 
8]. Approximately 50% represent the carcinoma arising 

from a pleomorphic adenoma (carcinoma ex pleomorphic 
adenoma [CEPA]), while only rarely is there a precursor 
myoepithelioma. The tumor represents about 1% of malig-
nant salivary gland neoplasms, while only about 0.2% of all 
tumors, predominantly in the major salivary glands (parotid 
>>> submandibular gland) [17–19], and usually in adults 
(only rarely reported in pediatric patients) [5, 20]. There is 
an equal sex distribution [5, 6, 17]. Clinically, especially in 
the CEPA setting, there is frequently rapid growth in a long-
standing tumor mass. Tumors are usually regarded as inter-
mediate to high grade, with frequent recurrences (40%), 
and regional metastasis (20%), usually later in the disease 
course [17, 21, 22].

The tumors may show a multinodular or bosselated sur-
face, with cystic degeneration or necrosis noted only infre-
quently [5], often in larger tumors. Destructively invasive 
growth is the hallmark of separation from myoepithelioma, 
with perineural and lymphovascular invasion noted most 
often, and bone invasion seen infrequently. The histologic 
appearance overlaps myoepithelioma, although there is usu-
ally a higher cellularity, greater degree of pleomorphism, 
presence of tumor necrosis, and increased mitoses, includ-
ing atypical forms. The same epithelioid, spindled, plasma-
cytoid, and cleared histologic features are seen, while the 
oncocytic or rhabdoid features are only rarely prominent 
[23, 24]. Pseudoglandular, pseudocribriform, or pseudoaci-
nar structures may be seen. Basal lamina material may be 
present in the background myxoid to mucoid stroma [5, 25]. 

Fig. 2 Myoepithelioma (A-B) and 
myoepithelial carcinoma (C-D). 
A Myoepitheliomas are encapsu-
lated and/or well-circumscribed 
showing no evidence of invasion. 
B There is often a myxoid (black 
arrow) to hyalinized stroma 
separating the tumor cells into 
cords or nests. C Myoepithelial 
carcinomas exhibit destructive 
invasion as expansile nodules or 
infiltrative nests. D Tumor necro-
sis (black arrow) and perineural 
invasion (white arrow) may 
be seen. Both tumor types are 
composed entirely of neoplastic 
myoepithelial cells
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as TGFBR3::PLAG1) [5, 6]. Again, EWSR1 rearrangements 
are more common in clear cell subtypes and are associated 
with a poor clinical outcome [6, 16, 24].

Differential Diagnoses

There are several lesions to consider in the epithelioid-plas-
macytoid-spindled cell differential diagnosis that myoepi-
thelioma/myoepithelial carcinoma raises, and these include 
benign and malignant salivary gland neoplasms, along with 
soft tissue tumors, melanoma, carcinoma, and even plas-
macytoma. The top 10 considerations are presented briefly 
below, highlighting the unique or distinctive features which 
may aid in diagnosis (Table 1).

Areas of benign PA may be seen in cases of CEPA [5]. In 
this setting, ducts within the PA may be identified. Clear 
cell pattern (often EWSR1-rearrangement associated) with 
squamous metaplasia and hyalinization may be seen, while 
squamous, chondroid, and rhabdoid differentiation is rare 
[26]. The secretory phenotype (mucicarmine-positive vac-
uoles) is exceptional [27]. Grading is proposed but is not 
standardized [5].

An immunohistochemistry panel helps with separation 
from sarcomas, but tends to support the myoepithelial dif-
ferentiation of the single cell population only, without nec-
essarily helping to place the tumor in a specific category: 
pancytokeratin, CK5/6, p63, p40, CK14, calponin, S100 
protein, SOX10, and p53 overexpression [5, 6, 17, 28, 29]. 
When arising from a PA, PLAG1 and HMGA2 are com-
monly seen [30], with some unique fusions identified (such 

Fig. 3 Diverse cytologic 
and architectural features of 
myoepithelial neoplasms. The 
neoplastic myoepithelial cells 
may exhibit various cytologic 
features, including spindle cells 
(A), epithelial/epithelioid (B, 
black arrow), plasmacytoid (B, 
right and C), rhabdoid (D), clear 
cell (E), or oncocytic (F) features. 
The architectural patterns include 
solid sheets (A), single cells (B, 
black arrow), cords (B and D), 
trabeculae (E), and nests (B, E, 
and F)
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Notable, cellular PA may show very limited ductal differen-
tiation with barely discernible lumen, while also showing 
limited to absent chondromyxoid stroma (especially in core 
needle samples). Metaplasias are common, with squamous, 
oncocytic, apocrine, and chondroid the most frequently 
noted. The neoplastic myoepithelial cells literally “melt” 
into the chondromyxoid background stroma without an 
abrupt edge or border. Heavy stromal hyalinization may be 
seen. Crystalloids (tyrosine, non-refractile collagenous or 
amianthoid fibers, oxalate-type) may be seen in up to 20% 
of tumors, but tyrosine crystals are usually not seen in myo-
epithelioma [37, 38]. The epithelial and myoepithelial cells 
may be spindled, clear, plasmacytoid, or basaloid. The most 
significant finding is the biphasic appearance, with ductal 
and myoepithelial cells [39]. This feature is accentuated 
with the epithelial and ductal cells more strongly immu-
noreactive with pancytokeratin, CAM 5.2, and CK7 while 
the myoepithelial cells are strongly reactive with SOX10, 
p40, p63, S100 protein, CK14, GFAP, SMA, SMMHC, and 
calponin [12, 40], while PLAG1 or HMGA2 immunohisto-
chemistry may also be useful [41, 42], although not specific 
to pleomorphic adenoma. The most important consideration 
is the biphasic accentuation with these markers, a finding 
not seen in myoepithelial-only tumors. Thus, in general, 
myoepithelioma should have no ductal/tubular/glandular 
differentiation. Further, most tumors will show PLAG1 or 
HMGA2 rearrangements [43], but it must be recognized 

Benign Salivary Gland Tumors

Pleomorphic Adenoma

As the most common salivary gland neoplasm (both as a 
percentage of all tumors and of benign tumors), this benign 
epithelial (ductal), basal, and myoepithelial neoplasm with 
mesenchymal component (myxoid, chondroid, hyaline, 
osseous) must be considered. There is remarkable intra- and 
inter-tumoral diversity, which means that core needle or 
incisional biopsies may not adequately sample nor repre-
sent all of the histologic features of the tumor. Tumors most 
commonly affect the parotid gland, but 50% of all palate 
tumors are PA [31–33]. PA is also the most common sec-
ond tumor when more than one tumor is present. In general 
practice, < 1% of tumors undergo malignant transformation, 
resulting in CEPA [34–36], even though often reported at a 
higher rate due to referral center bias. Complete excision is 
required to reduce the chance of recurrence.

The periphery is multinodular, bosselated and irregular, 
with filopodial extensions that bulge outwards. In minor 
salivary gland locations, a capsule is not seen. There is a 
remarkably variable histology, with many patterns of growth 
and many different cell types involved: as such, it is bipha-
sic tumor with both a ductal and a myoepithelial component 
(Fig. 5 A). Specifically looking for ductal or tubular struc-
tures will help to separate the tumor from myoepithelioma. 

Fig. 4 Immunohistochemical pro-
file of myoepithelial neoplasms. 
The tumors are composed of one 
cell type, commonly positive for 
CK-pan (A), SOX10 (B), p40 
(C), and GFAP (D), among other 
antibodies, often in a patchy 
to diffuse, and weak to strong 
appearance, depending on the 
individual tumor
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with abundant, eosinophilic, finely granular cytoplasm with 
large central nuclei with prominent nucleoli (Fig. 5B). Cell 
borders are distinctive and thick. Light cells (oval vesicular 
nucleus) may alternate with dark cells (pyknotic nucleus; 
Fig. 5B), and basal cells may be seen, highlighted by p40/
p63. The stroma is usually a delicate fibrovascular material, 
with stromal hyalinization or degeneration. Clear cells may 
be seen with abundant intracytoplasmic glycogen, although 
the granular eosinophilic cytoplasm is usually still present 
(Fig. 5 C). Phosphotungstic acid hematoxylin can be used to 
highlight the mitochondria, but anti-mitochondrial antibod-
ies can also be used. The neoplastic cells are usually posi-
tive with pancytokeratin, CAM5.2, EMA and CK7, with 
basal cells highlighted by p40/p63/CK5/6 [46, 47]. There is 
a negative reaction with S100 protein, SOX10 [48], actins 

that pleomorphic adenoma may be the underlying tumor in 
CEPA myoepithelial carcinomas [44, 45].

Oncocytoma

Myoepithelial tumors can be oncocytic, and as such onco-
cytoma must at least be considered. This benign neoplasm 
is composed exclusively of large polygonal epithelial cells 
with abundant abnormal mitochondria (oncocytes) and 
must not meet the criteria for another salivary gland type 
neoplasm. Oncocytoma nearly always affects the major 
salivary glands and in older adults (not children). Multi-
nodular oncocytic hyperplasia may need to be separated 
from oncocytoma, but multifocality is not usually seen in 
myoepithelial tumors. The tumor cells are arranged as solid 
sheets, trabeculae or ducts, composed entirely of large cells 

Fig. 5 Differential diagnosis 
of myoepithelial-rich lesions: 
Benign neoplasms. A A 
pleomorphic adenoma can be 
myoepithelial-rich. It is a bipha-
sic tumor composed of ductal 
(epithelial) elements forming 
acini or microcysts surrounded 
by myoepithelial cells, set within 
a myxoid to chondromyxoid 
stroma. B An oncocytoma is a 
benign salivary gland neoplasm 
composed entirely of large onco-
cytes with abundant eosinophilic 
granular cytoplasm. Dark cells 
(black arrow) are sometime see 
in the tumor. C Clear cell change 
with prominent cell borders may 
be seen in some oncocytomas. D 
Intercalated duct hyperplasia/ade-
noma is a ductal proliferation of 
intercalated ducts lined by inner 
cuboidal ductal cells and outer 
myoepithelial cells, often blended 
with the adjacent serous acini 
(black arrow). E A schwannoma 
shows an encapsulated paucicel-
lular spindle cell lesion showing 
degenerative nuclear atypia and 
hemorrhage (i.e., ancient schwan-
noma). F The interlaced fascicles 
of smooth muscle show blunt 
nuclei and perinuclear halos in 
this leiomyoma
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tumors which co-express HMB45 and SMA. Tumor cells of 
leiomyoma are reactive with actins, desmin, SMMHC, cal-
ponin, and caldesmon, but are negative with pancytokeratin, 
p40, p63, S100 protein, SOX10, GFAP, and CK14 [59].

Extraskeletal Myxoid Chondrosarcoma

A tumor of uncertain histogenesis, this malignant soft tis-
sue tumor often grows in a multinodular appearance, has 
uniform cells arranged in cords, clusters and a reticulated 
network within a background of abundant myxoid matrix. 
The histologic overlap with myoepithelial carcinoma is 
remarkable, and frequently, it is only the demonstration of 
the NR4A3 fusion (with EWSR1 or TAF15) that allows for a 
definitive classification. Within the head and neck, the orbit, 
sinonasal tract and oral cavity are most commonly affected 
[60, 61]. The long-term prognosis is about 58% at 15 years 
usually due to late metastases. The tumor is separated into 
nodules by fibrous septae, where the cords, clusters and tra-
becular of neoplastic cells are set within abundant pale-blue 
myxoid to mucinous stroma (Fig. 6 A). The tissue is hypo-
vascular. The cells may have cytoplasmic vacuoles and the 
nuclei are uniformly round-oval with even chromatin. High 
grade tumors have more epithelioid neoplastic cells, with 
necrosis and increased mitoses. The immunohistochemis-
try phenotype is quite non-specific, showing variable S100 
protein, CD117, synaptophysin and NSE reactivity, but gen-
erally showing a lack of muscle markers and GFAP. Pancy-
tokeratin may be focally expressed [60, 62]. When there is a 
rhabdoid morphology, INI1 may be lost. In general, a break-
apart FISH study for NR4A3 helps to confirm the diagnosis 
[63].

GLI1-altered soft Tissue Tumor

This is a newly recognized molecularly defined mesenchy-
mal neoplasm that demonstrates a mixed epithelioid and 
spindled morphology, but is defined by GLI1 alterations. 
Gene fusions with GLI1 are most common, but amplifi-
cations, occasionally with co-amplification of neighbor-
ing genes is seen in about a third of cases. About 40% of 
tumors develop in the head and neck (the tongue affected 
most commonly) [64–66]. Patients tend to be young adults 
without a sex predilection [66]. Invasive growth is com-
mon, especially protruding into vessels. The architecture 
and histology is quite varied, showing sheets, nests, fas-
cicles, cords and reticular patterns, with small to medium 
cells showing epithelioid, ovoid and spindled shape, with 
clear to eosinophilic-amphophilic cytoplasm. The nuclei 
are round-oval and have small nucleoli. Mitoses are lim-
ited. The stroma is myxoid to hyalinized with a prominent 
vascularity of capillary-sized vessels (Fig. 6B) [64–66]. 

(SMA, MSA), calponin, and GFAP, which helps to exclude 
the myoepithelial differential considerations.

Intercalated duct Lesions

Intercalated duct lesions, including hyperplasia and ade-
noma, are a ductal proliferation of bi-layered (epithelial and 
myoepithelial) intercalated ducts, usually identified inci-
dentally in a gland removed for another reason. The parotid 
is primarily affected [49, 50]. There is a nodular to multi-
nodular proliferation of cuboidal ductal cells with attenu-
ated myoepithelial cells, frequently containing acinic cells 
(Fig. 5D). As a biphasic population, the epithelial (CK-pan, 
CK7) and myoepithelial populations (SOX10, S100 protein, 
p40, p63, SMA) are accentuated by their immunohisto-
chemistry studies, while DOG1 highlights acinic cells [51].

Soft Tissue and Other Neoplasms

Soft Tissue Neoplasms (One Category, with Five 
Entities Considered)

Schwannoma

Schwannoma, a benign peripheral nerve sheath tumor 
composed of differentiated Schwann cells, usually shows 
a tumor eccentric to a nerve, showing cellular (Antoni A) 
areas of fusiform cells with wavy-buckled nuclei, which 
may be show nuclear palisading (Verocay bodies), alternat-
ing with myxoid/hypocellular (Antoni B) areas [52–54]. 
Vascular hyalinization is quite characteristic. Degenerative 
changes may be quite prominent (histiocytes, cyst forma-
tion, hemorrhage, Fig. 5E). The neural appearance is usu-
ally quite distinctive, and different from myoepithelial cells. 
The neoplastic cells are strongly and diffusely reactive with 
S100 protein and SOX10 [55], while keratins, SMA, cal-
ponin and other myoepithelial markers (p40, p63, CK14) 
are negative.

Leiomyoma

As a benign tumor of smooth muscle differentiation, a leio-
myoma may mimic a myoepithelial tumor. However, the 
tumor is usually arranged in interlacing bundles or fascicles 
of neoplastic spindled cells that have blunt-ended to cigar-
shaped nuclei, frequently associated with a perinuclear vac-
uolization [56–58] (Fig. 5 F). Vascular association or origin 
(angioleiomyoma) may be seen. Degenerative changes, 
especially mucinous or myxoid alterations may mimic 
myoepithelial proliferations. Fatty metaplasia may be seen, 
and is different from perivascular epithelioid cell (PEComa) 
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in short interlacing fascicles composed of spindled to epi-
thelioid cells that form a syncytial arrangement. Mitoses are 
limited, necrosis is usually absent, and occasional mast cells 
may be seen. Calcifications may be present, but myxoid or 
mucinous stroma is usually absent. The neoplastic cells are 
usually positive with a nuclear TLE1 (Santa Cruz clone), 
with variable positivity with CD99, CK7, BCL2, and some-
times SMA and S100 protein in a focal distribution. Due to 
this type of inconsistent reactivity, using either SS18::SSX 
antibody E9X9V or the SSX-specific antibody E5A2C is 
highly sensitive and specific [70], while SS18 FISH can also 
be performed in challenging cases.

Immunohistochemistry is inconclusive, with patchy, weak 
or focal reactivity with smooth muscle actin, S100 pro-
tein, CD10, CD99, and epithelial membrane antigen, while 
usually negative with SOX10, HMB45, GFAP, CD34 and 
p63 [66–67]. When there is GLI1 amplification, there may 
be concurrent immunohistochemistry overexpression of 
CDK4, MDM2, and STAT6 [66].

Synovial Sarcoma

Synovial sarcoma shows variable epithelial differentiation 
and is characterized by a specific fusion between SS18 and 
SSX1, SSX2 or SSX4 genes [68]. Patients tend to be < 50 years 
of age at presentation, with head and neck tumors tending to 
be spindled monophasic tumors [69]. The tumor grows in a 
marbled, alternating light and dark pattern of cells arranged 

Fig. 6 Differential diagnosis of a 
myoepithelial-rich lesion: Malig-
nant neoplasms. A Extraskeletal 
myxoid chondrosarcoma may 
show cords or bland epitheli-
oid cells set in a loose myxoid 
stroma. B A mesenchymal tumor 
with PTCH1::GLI1 fusion of 
submandibular gland contains 
epithelioid tumor cells with 
clear to eosinophilic cytoplasm 
arranges as nests separated by 
a delicate branching capillary 
network (left). Focal cord-like 
arrangement in a myxoid stroma 
resembling that seen in myoepi-
thelial neoplasms is also present 
(right). C A monophasic spindled 
synovial sarcoma shows a syncy-
tium of elongated spindled cells 
without any epithelial elements. 
Immunohistochemistry or molec-
ular studies would be required to 
make a definitive diagnosis. D A 
metastatic clear cell squamous 
cell carcinoma lacks any easily 
identified squamous differen-
tiation in this field. Other areas 
demonstrated more characteristic 
histologic features. E Metastatic 
melanoma shows both epitheli-
oid (black arrow) and spindled 
cells in this focus. Nucleoli are 
prominent. F Marked plasma-
cytic differentiation is seen in this 
field of an extranodal marginal 
zone B-cell lymphoma, with a 
lymphoepithelial lesion (black 
arrow) aiding in the differential 
diagnosis
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Plasmacytoma

The monoclonal neoplasm of plasma cells usually shows 
a plasmacytoid appearance, a finding that can also be seen 
in myoepithelial-derived neoplasms. Extraosseous lesions 
are uncommon, but review of imaging findings may aid in 
reaching a diagnosis [77, 78]. Plasma cells are scattered, 
clustered or arranged in sheets. The cells will have eccen-
tric round nuclei with a clockface chromatin distribution, 
and generally show a perinuclear clear region (Hof zone). 
Amyloid deposits, Russel bodies, and Mott cells may help 
in reaching a diagnosis [79]. The background stroma tends 
not to be myxoid, mucinous or hyalinized. When hemato-
lymphoid malignancies involve the salivary gland primar-
ily, lymphoepithelial lesions in the background may aid in 
interpretation (Fig. 6 F). The neoplastic cells will show a 
reaction with hematolymphoid markers including CD138, 
CD79a, CD38, with λ- or κ-light chain restriction, while 
negative with pancytokeratin, actins, SOX10, S100 protein, 
and p40 [80, 81].

Malignant Salivary Gland Neoplasms

Adenoid Cystic Carcinoma

Adenoid cystic carcinoma (ACC) is a biphasic epithelial 
ductal and myoepithelial neoplasm with a characteristic 
tubular, cribriform, and solid architecture (Fig. 7 A) and 
a basophilic matrix and reduplicated basement membrane 
material [82, 83]. While one pattern may predominant, espe-
cially in small biopsies, the biphasic nature of the neoplasm 
should allow for separation [84, 85]. Still, this can be a very 
challenging differential consideration in limited and core 
samples where ductal differentiation is absent and a solid, 
clear or myoepithelial rich component dominates. Some 
tumor cells may show cleared cytoplasm, and the myxoid 
stromal matrix material may be a mimic for myoepithelial 
neoplasm. However, the tumor shows epithelial to stromal 
clefting (Fig. 7B), usually lacks tumor cell spindling, and 
shows nuclei that are angular, hyperchromatic and “peg-
shaped” [82, 85, 86]. The cribriform pattern and perineural 
proclivity are not seen in myoepithelial carcinoma [83, 86]. 
The biphasic epithelial & myoepithelial differentiation is 
supported by the same markers performed for myoepithelial 
neoplasm, except expressed in two distinct compartments of 
the tumor. Further, CD117 is usually seen in the central duc-
tal or tubular cells [82, 87]. In exceptionally difficult cases, 
FISH studies for MYB/MYBL1 could aid in confirming the 
diagnosis [88].

Other Neoplasms

Squamous cell Carcinoma

Especially in mucosal sites (minor salivary gland loca-
tions), squamous cell carcinoma (SCC) must be included in 
the differential diagnosis. This is especially the case when 
the cells have clear cytoplasm (Fig. 6D) or show a spindled 
morphology [71, 72]. Generally, however, origin from the 
surface can be demonstrated, even when much of the sur-
face is denuded or ulcerated. Focal areas of keratinization, 
dyskeratosis or opacified, orangeophilic cytoplasm can be 
seen. Intercellular bridges may be focally identified or may 
be prominent. There is often a desmoplastic stromal reac-
tion, while a myxoid or mucoid stroma is unlikely. Meta-
static tumors may be more challenging, especially when 
they exhibit nearly exclusively clear cell change (Fig. 6D). 
There is a single cell population immunoreactive with pan-
cytokeratin, OSCAR, CK7, CAM5.2, EMA, p40, p63 and 
CK5/6. Occasional cases will show SMA reactivity, but 
strong reactions with SOX10, S100 protein, MSA, calponin 
and CK14 are usually absent in SCC [71].

Melanoma

Spindle cell mucosal melanoma is a malignancy show-
ing melanocytic differentiation. When junctional activity 
or pagetoid spread is noted within the surface epithelium, 
a primary tumor can be documented [73–75]. However, 
ulceration may obscure this feature in many upper aerodi-
gestive tract tumors. Metastatic tumors to the salivary gland 
and associated lymph nodes, may also simulate a primary 
neoplasm in these sites [76]. The cells may have an epitheli-
oid quality, usually have prominent nucleoli, and may show 
intranuclear cytoplasmic inclusions (Fig. 6E). When mela-
nin cytoplasmic pigment is present it helps to confirm the 
diagnosis. However, strong reactions with SOX10 and S100 
protein, if performed in isolation, may lead to the conclusion 
the tumor is a spindled cell melanoma, when, if a panel were 
performed that included pancytokeratin, p40, CK5/6, SMA, 
calponin, and/or CK14, the true nature of the myoepithe-
lial neoplasm would be revealed [55, 75]. Since melanoma 
is recognized to show phenotypic infidelity or anomalous 
immunoreactivity to a wide histologic diversity in patterns 
and cytomorphologic appearances, testing the neoplastic 
cells for several immunohistochemistry antibodies that con-
firm the diagnosis with positive results and exclude other 
diagnoses by their negative reactions is of value.
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p63, SMA and calponin [90]. The myoepithelial/abluminal 
cells may also be reactive with RAS Q61R in a cytoplasmic 
or membranous fashion [92], recognizing the HRAS muta-
tions that can help to confirm the tumor type [93].

Hyalinizing Clear cell Carcinoma

This low-grade salivary gland carcinoma composed of clear 
and eosinophilic cells arranged in sheets, cords, trabeculae, 
or nests set within a variably hyalinizing stroma is prob-
ably one of the most difficult to separate from myoepithelial 
neoplasms on H&E alone (Fig. 7E) [94–96], but only when 
myoepithelial tumors are clear cell type. The tumor affects 
minor salivary gland sites most often. The very dense, hya-
linized basement membrane-like stromal component is 
probably the most helpful, although it is not always seen 

Epithelial-myoepithelial Carcinoma

Epithelial-myoepithelial carcinoma is a distinctive biphasic 
carcinoma, showing central tubular ductal structures sur-
rounded by tightly coupled prominent outer myoepithelial 
cells (Fig. 7 C) [89, 90]. Again, as a biphasic tumor, it would 
be different from myoepithelial carcinoma. Still, in small 
samples, the central, tight ductal regions may not be histo-
logically obvious, and many times are only highlighted by 
immunohistochemistry studies. The myoepithelial cells may 
predominant, and may be cleared or spindled [89, 90]. The 
oncocytic subtype is more difficult to recognize as biphasic, 
as often the oncocytic cells compress the lumen (Fig. 7D) 
[91. Generally, the luminal cells are highlighted by a stron-
ger pancytokeratin and CK7, while the abluminal myoepi-
thelial cells are highlighted by SOX10, S100 protein, p40, 

Fig. 7 Differential diagnosis of a 
myoepithelial-rich lesion: Malig-
nant salivary gland neoplasms. 
A An adenoid cystic carcinoma 
(ACC) is a basaloid carcinoma 
composed of myoepithelial cells 
with dark angulated nuclei and 
ductal (epithelial) cells (black 
arrow) in this solid ACC. B 
Epithelial-stromal clefting is 
noted in this ACC (black arrow). 
There is a biphasic appearance of 
the neoplastic cells, separated by 
basement membrane and glycos-
aminoglycan material. C An epi-
thelial-myoepithelial carcinoma 
(EMC) is a biphasic salivary 
carcinoma with inner ductal cells 
and outer cleared myoepithelial 
cells. D A prominent oncocytic 
morphology is seen in this EMC, 
although the biphasic nature is 
still noted (upper central). E A 
hyalinizing clear cell carcinoma 
(HCCC) of salivary gland is com-
posed of tumor cells with clear or 
eosinophilic cytoplasm arranged 
as cord, trabeculae, nests and 
sheets in a characteristic hyalin-
ized stroma. F HCCC frequently 
shows a very prominent perineu-
ral invasion (black arrow) by the 
clear cells
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nature of this review work.

Consent for publication was obtained when personally identifiable in-
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References

1. Dardick I. Myoepithelioma: definitions and diagnostic criteria. 
Ultrastruct Pathol. 1995;19(5):335–45.

2. Sciubba JJ, Brannon RB. Myoepithelioma of salivary glands: 
report of 23 cases. Cancer. 1982;49(3):562–72.

3. Alos L, Cardesa A, Bombi JA, et al. Myoepithelial tumors of 
salivary glands: a clinicopathologic, immunohistochemical, 
ultrastructural, and flow-cytometric study. Semin Diagn Pathol. 
1996;13(2):138–47.

4. Simpson RH, Jones H, Beasley P. Benign myoepithelioma of the 
salivary glands: a true entity? Histopathology 1995;27(1):1–9.

5. Xu B, Katabi N. Myoepithelial Carcinoma. Surg Pathol Clin. 
2021;14(1):67–73.

6. Xu B, Mneimneh W, Torrence DE, et al. Misinterpreted Myoepi-
thelial Carcinoma of Salivary Gland: A Challenging and Poten-
tially Significant Pitfall. Am J Surg Pathol. 2019;43(5):601–9.

7. Jo VY. Myoepithelial Tumors: An Update. Surg Pathol Clin. 
2015;8(3):445–66.

8. Jo VY, Fletcher CD. Myoepithelial neoplasms of soft tissue: an 
updated review of the clinicopathologic, immunophenotypic, and 
genetic features. Head Neck Pathol. 2015;9(1):32–8.

9. Kulkarni PR, Javalgi AP, Pottipati B, et al. Plasmacytoid Myo-
epithelioma of the Hard Palate in a Child - A Rare Case Report. J 
Clin Diagn Res. 2015;9(10):Ed01–2.

10. Gnepp DR. Mucinous myoepithelioma, a recently described 
new myoepithelioma variant. Head Neck Pathol. 2013;7(Suppl 
1):85-9.

11. Furuse C, Sousa SO, Nunes FD, et al. Myoepithelial cell markers 
in salivary gland neoplasms. Int J Surg Pathol. 2005;13(1):57–65.

12. Khurram SA, Speight PM. Characterisation of DOG-1 Expres-
sion in Salivary Gland Tumours and Comparison with Myoepi-
thelial Markers. Head Neck Pathol. 2019;13(2):140–8.

13. Friedrich RE, Dilcher J, Jaehne M, et al. Chromosomal rearrange-
ments in PLAG1 of myoepithelial salivary gland tumours. Anti-
cancer Res. 2012;32(5):1977–81.

14. Bahrami A, Dalton JD, Krane JF, et al. A subset of cutane-
ous and soft tissue mixed tumors are genetically linked to 
their salivary gland counterpart. Genes Chromosomes Cancer. 
2012;51(2):140–8.

15. Shah AA, LeGallo RD, van Zante A, et al. EWSR1 genetic rear-
rangements in salivary gland tumors: a specific and very common 
feature of hyalinizing clear cell carcinoma. Am J Surg Pathol. 
2013;37(4):571–8.

16. Skálová A, Agaimy A, Vanecek T, et al. Molecular Profil-
ing of Clear Cell Myoepithelial Carcinoma of Salivary Glands 
With EWSR1 Rearrangement Identifies Frequent PLAG1 Gene 
Fusions But No EWSR1 Fusion Transcripts. Am J Surg Pathol. 
2021;45(1):1–13.

17. Kong M, Drill EN, Morris L, et al. Prognostic factors in myoepi-
thelial carcinoma of salivary glands: a clinicopathologic study of 
48 cases. Am J Surg Pathol. 2015;39(7):931–8.

18. Chen L, Fu Y, Wang H, et al. Myoepithelial carcinoma of the 
nasopharynx: Rare case report with clinicopathologic and 
immunohistochemical features review of literature. Head Neck. 
2018;40(6):E62-e7.

19. Yue D, Feng W, Ning C, et al. Myoepithelial carcinoma of the sal-
ivary gland: pathologic and CT imaging characteristics (report of 

in limited biopsy [96, 97]. The tumor cells show clear cyto-
plasm in the neoplastic cells, but not all cells have this fea-
ture. Still, a very prominent intercellular border is common 
(Fig. 7 F) [95]. Rarely, mucocytes and areas of squamous 
differentiation may be seen [96]. As a single cell population 
showing squamous differentiation, the cells will be positive 
with pancytokeratin, CK14, EMA, p63, p40, and CK5/6, 
but negative with myoepithelial markers SOX10, S100 pro-
tein, actins, and calponin [95]. As a clear cell tumor, it will 
show overlap with ESWR1 rearrangements as seen in other 
tumor categories, although the fusion partner of ATF1 in 
hyalinizing clear cell carcinoma is different, but not seen in 
all cases [15, 98, 99].

Conclusion

It is important to not be too “muscle-bound” when inter-
preting myoepithelial tumors of the head and neck and to 
instead consider a broad spectrum of epithelioid and spin-
dled cell tumors that could show these changes. Consider 
the plasticity of the neoplastic cells in expressing both epi-
thelial and myoepithelial markers in this single cell popula-
tion neoplasm. A significant architectural diversity can be 
seen, while a remarkably variable cytomorphology can also 
be seen, set within a myxoid to mucinous stroma. Interpre-
tation of the immunohistochemistry panel performed must 
consider the reactivity pattern within the tumor cells and 
the intensity and patchiness as well as whether it is a single 
cell or a biphasic tumor cell population. Invasion must be 
confirmed for a carcinoma diagnosis, recognizing the carci-
noma may be part of a CEPA. When required for therapeutic 
options or differences in management, selected molecular 
studies can be added to confirm the diagnostic category.

Funding Research reported in this publication was supported in part 
by the Cancer Center Support Grant of the National Institutes of 
Health/National Cancer Institute under award number P30CA008748.

Data Availability not applicable.

Code Availability not applicable.

Declarations

Conflicts of Interest Both authors certify that they have no affiliations 
with or involvement in any organization or entity with any financial 
interest or non-financial interest in the subject matter or materials dis-
cussed in this manuscript.

Ethics Approval No human participants were included in this invited 
review, but all materials were treated in accordance with the ethical 
standards of the institutional and/or national research committee and 
with the 1964 Helsinki Declaration and its later amendments or com-
parable ethical standards.

1 3



Head and Neck Pathology

37. Line SR, Torloni H, Montes GS, et al. A note on the histochemical 
and morphological characterization of the asbestoid degeneration 
of cartilage. Histochemistry. 1988;88(3–6):411–3.

38. Dyke PC, Hajdu SI, Strong EW, et al. Mixed tumor of parotid con-
taining calcium oxalate crystals. Arch Pathol. 1971;91(1):89–92.

39. Triantafyllou A, Thompson LD, Devaney KO, et al. Func-
tional Histology of Salivary Gland Pleomorphic Adenoma: An 
Appraisal. Head Neck Pathol. 2015;9(3):387–404.

40. Gorski Z, Purgina B, Wasserman JK. Glial Fibrillary Acidic Pro-
tein Expression Helps Distinguish Pleomorphic Adenoma from 
Histologic Mimics. Head Neck Pathol. 2022 Sep;16(3):695–702.

41. Katabi N, Xu B, Jungbluth AA, et al. PLAG1 immunohistochem-
istry is a sensitive marker for pleomorphic adenoma: a compara-
tive study with PLAG1 genetic abnormalities. Histopathology. 
2018;72(2):285–93.

42. Mito JK, Jo VY, Chiosea SI, et al. HMGA2 is a Specific Immuno-
histochemical Marker for Pleomorphic Adenoma and Carcinoma 
ex-Pleomorphic Adenoma. Histopathology. 2017;71(4):511–21.

43. Stenman G. Fusion oncogenes in salivary gland tumors: molecu-
lar and clinical consequences. Head Neck Pathol. 2013;7(Suppl 
1):12-9.

44. Chiosea SI, Thompson LD, Weinreb I, et al. Subsets of salivary 
duct carcinoma defined by morphologic evidence of pleomorphic 
adenoma, PLAG1 or HMGA2 rearrangements, and common 
genetic alterations. Cancer. 2016;122(20):3136–44.

45. Rupp NJ, Höller S, Brada M, et al. Expanding the clinicopatho-
logical spectrum of TGFBR3-PLAG1 rearranged salivary gland 
neoplasms with myoepithelial differentiation including evidence 
of high-grade transformation. Genes Chromosomes Cancer. 
2022;61(2):94–104.

46. Weiler C, Reu S, Zengel P, et al. Obligate basal cell component in 
salivary oncocytoma facilitates distinction from acinic cell carci-
noma. Pathol Res Pract. 2009;205(12):838–42.

47. McHugh JB, Hoschar AP, Dvorakova M, et al. p63 immunohis-
tochemistry differentiates salivary gland oncocytoma and onco-
cytic carcinoma from metastatic renal cell carcinoma. Head Neck 
Pathol. 2007;1(2):123–31.

48. Baněčková M, Uro-Coste E, Ptáková N, et al. What is hiding 
behind S100 protein and SOX10 positive oncocytomas? Onco-
cytic pleomorphic adenoma and myoepithelioma with novel gene 
fusions in a subset of cases. Hum Pathol. 2020;103:52–62.

49. Weinreb I, Seethala RR, Hunt JL, et al. Intercalated duct lesions 
of salivary gland: a morphologic spectrum from hyperplasia to 
adenoma. Am J Surg Pathol. 2009;33(9):1322–9.

50. Naunheim MR, Lin HW, Faquin WC, et al. Intercalated duct 
lesion of the parotid. Head Neck Pathol. 2012;6(3):373–6.

51. Chenevert J, Duvvuri U, Chiosea S, et al. DOG1: a novel marker 
of salivary acinar and intercalated duct differentiation. Mod 
Pathol. 2012;25(7):919–29.

52. Sinkkonen ST, Hildén O, Hagström J, et al. Experience of head 
and neck extracranial schwannomas in a whole population-
based single-center patient series. Eur Arch Otorhinolaryngol. 
2014;271(11):3027–34.

53. Sunaryo PL, Svider PF, Husain Q, et al. Schwannomas of the 
sinonasal tract and anterior skull base: a systematic review of 94 
cases. Am J Rhinol Allergy. 2014;28(1):39–49.

54. Thompson LDR, Koh SS, Lau SK. Tongue Schwannoma: 
A Clinicopathologic Study of 19 Cases. Head Neck Pathol. 
2020;14(3):571–6.

55. Miettinen M, McCue PA, Sarlomo-Rikala M, et al. Sox10–a 
marker for not only schwannian and melanocytic neoplasms but 
also myoepithelial cell tumors of soft tissue: a systematic analysis 
of 5134 tumors. Am J Surg Pathol. 2015;39(6):826–35.

56. Miettinen M. Smooth muscle tumors of soft tissue and non-uter-
ine viscera: biology and prognosis. Mod Pathol. 2014;27(Suppl 
1):17–29. Suppl 1(.

10 cases and literature review). Oral Surg Oral Med Oral Pathol 
Oral Radiol. 2017;123(6):e182-e7.

20. Xu B, Aneja A, Ghossein R, et al. Salivary gland epithelial neo-
plasms in pediatric population: a single-institute experience with 
a focus on the histologic spectrum and clinical outcome. Hum 
Pathol. 2017;67:37–44.

21. Giridhar P, Gupta P, Mallick S, et al. Impact of adjuvant therapy 
on survival in patients with myoepithelial carcinoma: A system-
atic review and individual patient data analysis of 691 patients. 
Radiother Oncol. 2019;140:125–30.

22. Su YX, Roberts DB, Hanna EY, et al. Risk Factors and Prognosis 
for Myoepithelial Carcinoma of the Major Salivary Glands. Ann 
Surg Oncol. 2015;22(11):3701–7.

23. Silveira HA, Almeida LY, Nonaka CFW, et al. Myoepithelial car-
cinoma with rhabdoid features in the maxillary sinus: Immuno-
histochemical and in situ hybridization analysis of a rare case. 
Oral Oncol. 2019;93:116–9.

24. Skalova A, Weinreb I, Hyrcza M, et al. Clear cell myoepithelial 
carcinoma of salivary glands showing EWSR1 rearrangement: 
molecular analysis of 94 salivary gland carcinomas with promi-
nent clear cell component. Am J Surg Pathol. 2015;39(3):338–48.

25. Mok Y, Agaimy A, Wang S, et al. High-grade myoepithelial car-
cinoma can show histologically undifferentiated/anaplastic fea-
tures. Ann Diagn Pathol. 2018;37:20–4.

26. Fang J, Kornfield A, Clavijo A, et al. Clear Cell Myoepithelial 
Carcinoma Arising from the Hard Palate with Metastasis to the 
Lungs. Case Rep Pathol. 2019;2019:3863270.

27. Bastaki JM, Purgina BM, Dacic S, et al. Secretory myoepithe-
lial carcinoma: a histologic and molecular survey and a proposed 
nomenclature for mucin producing signet ring tumors. Head Neck 
Pathol. 2014;8(3):250–60.

28. Nagao T, Sugano I, Ishida Y, et al. Salivary gland malignant myo-
epithelioma: a clinicopathologic and immunohistochemical study 
of ten cases. Cancer. 1998;83(7):1292–9.

29. Katabi N, Gomez D, Klimstra DS, et al. Prognostic factors of 
recurrence in salivary carcinoma ex pleomorphic adenoma, with 
emphasis on the carcinoma histologic subtype: a clinicopatho-
logic study of 43 cases. Hum Pathol. 2010;41(7):927–34.

30. Dalin MG, Katabi N, Persson M, et al. Multi-dimensional 
genomic analysis of myoepithelial carcinoma identifies prevalent 
oncogenic gene fusions. Nat Commun. 2017;8(1):1197.

31. Valstar MH, de Ridder M, van den Broek EC, et al. Salivary gland 
pleomorphic adenoma in the Netherlands: A nationwide obser-
vational study of primary tumor incidence, malignant transfor-
mation, recurrence, and risk factors for recurrence. Oral Oncol. 
2017;66:93–9.

32. Andreasen S, Therkildsen MH, Bjørndal K, et al. Pleomorphic 
adenoma of the parotid gland 1985–2010: A Danish nationwide 
study of incidence, recurrence rate, and malignant transforma-
tion. Head Neck. 2016;38(Suppl 1):E1364-9.

33. Tian Z, Li L, Wang L, et al. Salivary gland neoplasms in oral and 
maxillofacial regions: a 23-year retrospective study of 6982 cases 
in an eastern Chinese population. Int J Oral Maxillofac Surg. 
2010;39(3):235–42.

34. Scarini JF, Egal ESA, de Lima-Souza RA, et al. Two sides of 
the same coin: Insights into the myoepithelial cells in carcinoma 
ex pleomorphic adenoma development. Crit Rev Oncol Hematol. 
2021;157:103195.

35. Asahina M, Saito T, Hayashi T, et al. Clinicopathological effect 
of PLAG1 fusion genes in pleomorphic adenoma and carcinoma 
ex pleomorphic adenoma with special emphasis on histological 
features. Histopathology. 2019;74(3):514–25.

36. Alzumaili B, Xu B, Saliba M, et al. Clinicopathologic Character-
istics and Prognostic Factors of Primary and Recurrent Pleomor-
phic Adenoma: A Single Institution Retrospective Study of 705 
Cases. Am J Surg Pathol. 2022;46(6):854–62.

1 3



Head and Neck Pathology

76. Newlands C, Gurney B. Management of regional metastatic dis-
ease in head and neck cutaneous malignancy. 2. Cutaneous malig-
nant melanoma. Br J Oral Maxillofac Surg. 2014;52(4):301–7.

77. Lorsbach RB, Hsi ED, Dogan A, et al. Plasma cell myeloma and 
related neoplasms. Am J Clin Pathol. 2011;136(2):168–82.

78. Kapadia SB, Desai U, Cheng VS. Extramedullary plasmacytoma 
of the head and neck. A clinicopathologic study of 20 cases. Med 
(Baltim). 1982;61(5):317–29.

79. Aguilera NS, Kapadia SB, Nalesnik MA, et al. Extramedullary 
plasmacytoma of the head and neck: use of paraffin sections to 
assess clonality with in situ hybridization, growth fraction, and 
the presence of Epstein-Barr virus. Mod Pathol. 1995;8(5):503–8.

80. Ghodke K, Shet T, Epari S, et al. A retrospective study of correla-
tion of morphologic patterns, MIB1 proliferation index, and sur-
vival analysis in 134 cases of plasmacytoma. Ann Diagn Pathol. 
2015;19(3):117–23.

81. Boo K, Cheng S. A morphological and immunohistochemi-
cal study of plasma cell proliferative lesions. Malays J Pathol. 
1992;14(1):45–8.

82. Coca-Pelaz A, Rodrigo JP, Bradley PJ, et al. Adenoid cys-
tic carcinoma of the head and neck–An update. Oral Oncol. 
2015;51(7):652–61.

83. Martinez-Rodriguez N, Leco-Berrocal I, Rubio-Alonso L, et al. 
Epidemiology and treatment of adenoid cystic carcinoma of the 
minor salivary glands: a meta-analytic study. Med Oral Patol Oral 
Cir Bucal. 2011;16(7):e884-9.

84. Atallah S, Casiraghi O, Fakhry N, et al. A prospective multicentre 
REFCOR study of 470 cases of head and neck Adenoid cystic 
carcinoma: epidemiology and prognostic factors. Eur J Cancer. 
2020;130:241–9.

85. Dillon PM, Chakraborty S, Moskaluk CA, et al. Adenoid cystic 
carcinoma: A review of recent advances, molecular targets, and 
clinical trials. Head Neck. 2016;38(4):620–7.

86. Dantas AN, Morais EF, Macedo RA, et al. Clinicopathologi-
cal characteristics and perineural invasion in adenoid cys-
tic carcinoma: a systematic review. Braz J Otorhinolaryngol. 
2015;81(3):329–35.

87. Penner CR, Folpe AL, Budnick SD. C-kit expression distinguishes 
salivary gland adenoid cystic carcinoma from polymorphous low-
grade adenocarcinoma. Mod Pathol. 2002;15(7):687–91.

88. de Almeida-Pinto YD, Costa S, de Andrade BAB, et al. t(6;9)
(MYB-NFIB) in head and neck adenoid cystic carcinoma: A sys-
tematic review with meta-analysis. Oral Dis. 2019;25(5):1277–82.

89. Nakaguro M, Nagao T. Epithelial-Myoepithelial Carcinoma. Surg 
Pathol Clin. 2021;14(1):97–109.

90. Vazquez A, Patel TD, D’Aguillo CM, et al. Epithelial-Myoepithe-
lial Carcinoma of the Salivary Glands: An Analysis of 246 Cases. 
Otolaryngol Head Neck Surg. 2015;153(4):569–74.

91. Seethala RR. Oncocytic and apocrine epithelial myoepithelial 
carcinoma: novel variants of a challenging tumor. Head Neck 
Pathol. 2013;7(Suppl 1):77–84.

92. Nakaguro M, Tanigawa M, Hirai H, et al. The Diagnostic Util-
ity of RAS Q61R Mutation-specific Immunohistochemistry 
in Epithelial-Myoepithelial Carcinoma. Am J Surg Pathol. 
2021;45(7):885–94.

93. El Hallani S, Udager AM, Bell D, et al. Epithelial-Myoepithelial 
Carcinoma: Frequent Morphologic and Molecular Evidence of 
Preexisting Pleomorphic Adenoma, Common HRAS Mutations 
in PLAG1-intact and HMGA2-intact Cases, and Occasional 
TP53, FBXW7, and SMARCB1 Alterations in High-grade Cases. 
Am J Surg Pathol. 2018;42(1):18–27.

94. Sharbel DD, Unsal AA, Groves MW, et al. Salivary Clear Cell 
Carcinoma Clinicopathologic Characteristics and Outcomes: 
A Population-Based Analysis. Ann Otol Rhinol Laryngol. 
2019;128(11):989–96.

57. Veeresh M, Sudhakara M, Girish G, et al. Leiomyoma: A rare 
tumor in the head and neck and oral cavity: Report of 3 cases with 
review. J Oral Maxillofac Pathol. 2013;17(2):281–7.

58. Agaimy A, Michal M, Thompson LD, et al. Angioleiomyoma of 
the Sinonasal Tract: Analysis of 16 Cases and Review of the Lit-
erature. Head Neck Pathol. 2015;9(4):463–73.

59. Miettinen M. Immunohistochemistry of soft tissue tumours 
- review with emphasis on 10 markers. Histopathology. 
2014;64(1):101–18.

60. Oliveira AM, Sebo TJ, McGrory JE, et al. Extraskeletal myxoid 
chondrosarcoma: a clinicopathologic, immunohistochemical, and 
ploidy analysis of 23 cases. Mod Pathol. 2000;13(8):900–8.

61. Sjögren H, Meis-Kindblom JM, Orndal C, et al. Studies on the 
molecular pathogenesis of extraskeletal myxoid chondrosarcoma-
cytogenetic, molecular genetic, and cDNA microarray analyses. 
Am J Pathol. 2003;162(3):781–92.

62. Okamoto S, Hisaoka M, Ishida T, et al. Extraskeletal myxoid 
chondrosarcoma: a clinicopathologic, immunohistochemical, and 
molecular analysis of 18 cases. Hum Pathol. 2001;32(10):1116–24.

63. Agaram NP, Zhang L, Sung YS, et al. Extraskeletal myxoid 
chondrosarcoma with non-EWSR1-NR4A3 variant fusions cor-
relate with rhabdoid phenotype and high-grade morphology. Hum 
Pathol. 2014;45(5):1084–91.

64. Antonescu CR, Agaram NP, Sung YS, et al. A Distinct Malignant 
Epithelioid Neoplasm With GLI1 Gene Rearrangements, Fre-
quent S100 Protein Expression, and Metastatic Potential: Expand-
ing the Spectrum of Pathologic Entities With ACTB/MALAT1/
PTCH1-GLI1 Fusions. Am J Surg Pathol. 2018;42(4):553–60.

65. Agaram NP, Zhang L, Sung YS, et al. GLI1-amplifications 
expand the spectrum of soft tissue neoplasms defined by GLI1 
gene fusions. Mod Pathol. 2019;32(11):1617–26.

66. Xu B, Chang K, Folpe AL, et al. Head and Neck Mesenchymal 
Neoplasms With GLI1 Gene Alterations: A Pathologic Entity 
With Distinct Histologic Features and Potential for Distant 
Metastasis. Am J Surg Pathol. 2020;44(6):729–37.

67. Panagopoulos I, Gorunova L, Rise TV, et al. An Unbal-
anced Chromosome Translocation Between 7p22 and 12q13 
Leads to ACTB-GLI1 Fusion in Pericytoma. Anticancer Res. 
2020;40(3):1239–45.

68. Banito A, Li X, Laporte AN, et al. The SS18-SSX Oncoprotein 
Hijacks KDM2B-PRC1.1 to Drive Synovial Sarcoma. Cancer 
Cell. 2018;33(3):527 – 41.e8.

69. Fukushima T, Ogura K, Akiyama T, et al. Soft tissue sarcoma in 
adolescent and young adult patients: a retrospective study using 
a nationwide bone and soft tissue tumor registry in Japan. Jpn J 
Clin Oncol. 2021;51(7):1080–7.

70. Baranov E, McBride MJ, Bellizzi AM, et al. A Novel SS18-SSX 
Fusion-specific Antibody for the Diagnosis of Synovial Sarcoma. 
Am J Surg Pathol. 2020;44(7):922–33.

71. Thompson LD, Wieneke JA, Miettinen M, et al. Spindle cell (sar-
comatoid) carcinomas of the larynx: a clinicopathologic study of 
187 cases. Am J Surg Pathol. 2002;26(2):153–70.

72. Thompson LD. Laryngeal Dysplasia, Squamous Cell Carcinoma, 
and Variants. Surg Pathol Clin. 2017;10(1):15–33.

73. Moya-Plana A, Auperin A, Obongo R, et al. Oncologic outcomes, 
prognostic factor analysis and therapeutic algorithm evaluation 
of head and neck mucosal melanomas in France. Eur J Cancer. 
2019;123:1–10.

74. Smith MH, Bhattacharyya I, Cohen DM, et al. Melanoma of the 
Oral Cavity: an Analysis of 46 New Cases with Emphasis on 
Clinical and Histopathologic Characteristics. Head Neck Pathol. 
2016;10(3):298–305.

75. Thompson LD, Wieneke JA, Miettinen M. Sinonasal tract 
and nasopharyngeal melanomas: a clinicopathologic study of 
115 cases with a proposed staging system. Am J Surg Pathol. 
2003;27(5):594–611.

1 3



Head and Neck Pathology

98. Chapman E, Skalova A, Ptakova N, et al. Molecular Profiling of 
Hyalinizing Clear Cell Carcinomas Revealed a Subset of Tumors 
Harboring a Novel EWSR1-CREM Fusion: Report of 3 Cases. 
Am J Surg Pathol. 2018;42(9):1182–9.

99. Antonescu CR, Katabi N, Zhang L, et al. EWSR1-ATF1 fusion is a 
novel and consistent finding in hyalinizing clear-cell carcinoma of 
salivary gland. Genes Chromosomes Cancer. 2011;50(7):559–70.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

95. Zhao YN, Wang X, Liang FH, et al. Hyalinizing clear cell car-
cinoma of salivary glands: A retrospective study focused on 
uncommon morphology, immunohistochemistry, and detection of 
gene fusion using fluorescence in situ hybridization. Pathol Res 
Pract. 2018;214(3):380–4.

96. Hernandez-Prera JC, Kwan R, Tripodi J, et al. Reappraising 
hyalinizing clear cell carcinoma: A population-based study with 
molecular confirmation. Head Neck. 2017;39(3):503–11.

97. Rooper LM. Challenges in Minor Salivary Gland Biopsies: A 
Practical Approach to Problematic Histologic Patterns. Head 
Neck Pathol. 2019;13(3):476–84.

1 3


	Top Ten Differentials to Mull Over for Head and Neck Myoepithelial Neoplasms
	Abstract
	Introduction
	Myoepithelioma and Myoepithelial Carcinoma
	Myoepithelioma

	Myoepithelial Carcinoma
	Differential Diagnoses
	Benign Salivary Gland Tumors
	Pleomorphic Adenoma
	Oncocytoma
	Intercalated duct Lesions

	Soft Tissue and Other Neoplasms
	Soft Tissue Neoplasms (One Category, with Five Entities Considered)
	Schwannoma
	Leiomyoma
	Extraskeletal Myxoid Chondrosarcoma
	GLI1-altered soft Tissue Tumor
	Synovial Sarcoma


	Other Neoplasms
	Squamous cell Carcinoma
	Melanoma
	Plasmacytoma

	Malignant Salivary Gland Neoplasms
	Adenoid Cystic Carcinoma
	Epithelial-myoepithelial Carcinoma
	Hyalinizing Clear cell Carcinoma

	Conclusion
	References


