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Myoepithelial tumors (MET) of soft tissue and bone comprise a rare group of neoplasms unified by partially
overlapping morphology and so called myoepithelial immunophenotype. Historically, MET have long posed
diagnostic and prognostic challenges. Grading and risk stratification have relied largely on the presence of
cytologic atypia. Recent molecular and epigenetic studies have fundamentally revised this concept, demon-
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FI\?]SSR strating that MET represent a biologically heterogeneous family rather than a single disease entity. Soft tissue
PLAG1 (mostly deep-seated) and osseous MET frequently harbor recurrent gene fusions, most commonly involving FET
SMARCB1 family genes (EWSRI or less often FUS) with partners such as POU5F1, PBX1, PBX3, KLF15, KLF17, and ZNF444,

and more rarely non-FET fusions including SS18::POU5FI. These fusion types correlate with reproducible clin-
icopathologic patterns and, in emerging outcome datasets, with subtype-specific differences in behavior. In
contrast, superficially located adnexal tumors with ductal differentiation - representing true cutaneous mixed
tumors/myoepitheliomas - typically lack EWSR1/FUS rearrangements and instead show PLAGI rearrangements,
supporting a bona fide myoepithelial origin and close relationship to PLAGI-driven salivary gland counterparts.
Additional complexity arises from SMARCBI1-deficient, fusion-negative tumors and a small subset lacking
identifiable recurrent drivers, as well as substantial overlap in morphology and immunophenotype with multiple
MET mimics, contributing to diagnostic misclassification when using morphology and immunohistochemistry
alone. To address these issues, we synthesize clinicopathologic, molecular, methylomic and pooled outcome data
across major MET subgroups from recent multi-institutional cohorts, highlighting pronounced epigenetic and
clinical heterogeneity and providing practical diagnostic guidance for surgical pathologists. We propose a
molecularly informed classification framework that improves diagnostic precision, clarifies terminology -
particularly distinguishing PLAG1-rearranged cutaneous salivary-gland analogs from fusion-associated soft tis-
sue/bone sarcomas with myoepithelial-like phenotype - and lays a foundation for refined prognostic stratifica-
tion and future therapeutic studies.

Historical perspective

The contemporary concept of myoepithelial tumors (MET) of the
skin, soft tissue, and bone—including mixed tumor, myoepithelioma,
and myoepithelial carcinoma—was established in 1997 by Kilpatrick
and Fletcher, who defined their characteristic morphologic and immu-
nohistochemical features [1]. Morphologically, MET display trabecular,
reticular, nested, and/or solid growth patterns composed of spindled to
epithelioid cells embedded in myxoid, chondromyxoid, or hyalinized
stroma, with mixed tumors often showing ductal differentiation.

Immunohistochemically, MET are defined by co-expression of epithelial
markers (broad-spectrum cytokeratins (CK) and/or EMA) and myoepi-
thelial markers, most commonly S100 protein, SOX10, or GFAP [2].

Historically, the distinction between benign and malignant MET has
relied largely on cytologic atypia. Tumors with absent or mild atypia
generally behave in an indolent manner, whereas those with moderate
to severe atypia (nuclear enlargement and hyperchromasia)—typically
accompanied by increased mitotic activity—exhibit metastatic potential
in approximately one-third-of cases [3].

A major advance occurred in 2010, when systematic molecular
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Fig. 1. Molecular subgroups of METs and their clinicopathologic associations. Stacked bar plots illustrating the distribution of clinical and pathologic features
across fusion-positive MET molecular subgroups, including age, depth, tumor morphology (benign vs. malignant), survival status and comparison of IHC marker
expression (EMA, CK, S100, SOX10) across molecular subgroups. White/blank denotes missing data. ST, soft tissues. NED, no evidence of disease, AWD, alive with

disease, DOD, died of disease, DOO, died of other causes.

studies by Antonescu et al. demonstrated that a substantial subset of
deep-seated soft tissue and osseous MET harbor EWSR1 rearrangements
with partners including POU5F1, PBX1, and ZNF444 [4]. Subsequent
work expanded the spectrum of EWSR1 fusions to include KLF15, KLF17,
and PBX3, and established correlations between specific fusion types
and distinct morphologic patterns [5-8]. Less commonly, MET harbor
FUS rearrangements [5] or alternative fusions such as SS18::POU5F1
[9-12].

In contrast, superficially located tumors—typically benign and
exhibiting ductal differentiation consistent with adnexal mixed tumor-
s—generally lack EWSRI rearrangements (with the exception of so-
called syncytial myoepitheliomas discussed later) and instead harbor
PLAG]1 gene fusions [13-15]. The molecular landscape of MET has been
further complicated by the identification of SMARCBI loss in a subset of
fusion-negative cases [16], the existence of tumors lacking identifiable
recurrent molecular alterations [17,18], and overlap in terminology
with salivary gland myoepithelial neoplasms of the head and neck [19].

Collectively, these findings indicate that MET, despite shared
morphologic and immunophenotypic features, represent a biologically
heterogeneous group. Notably, all systematic outcome studies predate
the molecular era, leaving the prognostic significance of individual
molecular subtypes uncertain.

To address these issues, we recently conducted a multi-institutional
study of soft tissue and bone MET, including 53 newly identified
fusion-positive cases representing the most common rearrangements.
We also performed a pooled clinicopathologic analysis incorporating
these cases with all 130 previously reported molecularly confirmed
MET, with particular emphasis on clinical outcome. In parallel, DNA
methylation profiling of 52 MET across all major molecular subgroups
was performed to assess epigenetic relatedness among MET and to
salivary gland counterparts. This integrated approach revealed pro-
nounced clinicopathologic and epigenetic heterogeneity, including
substantial differences in biological behavior across molecular subtypes
[20], findings corroborated by recent independent epigenetic and
transcriptomic studies [17,21].

This review highlights the key advances most relevant to practicing
surgical pathologists and proposes a framework for a molecularly
informed classification of myoepithelial tumors of soft tissue and bone
with important diagnostic and clinical implications.

MET is not a single disease: toward a molecular classification of
soft tissue and bone MET

Current MET classification relies on MET-compatible morphology
plus a “myoepithelial” immunophenotype—epithelial —marker

expression (CK and/or EMA) coupled with S100, SOX10, or GFAP. While
inexpensive and widely applicable, this approach has major limitations.
First, it lacks specificity: Malik et al. showed that tumors meeting
morphologic/IHC “MET-spectrum” criteria may instead harbor defining
alterations of other entities (e.g., extraskeletal myxoid chondrosarcoma,
synovial sarcoma, ossifying fibromyxoid tumor), with a misclassification
rate >20% even after expert review [17]. Second, sensitivity is imper-
fect: ~10% of fusion-confirmed MET lack expression of all canonical
myoepithelial markers [8,20]. Third, predicting behavior remains
difficult. Although Hornick and Fletcher’s criteria broadly separate
benign from malignant [3], their application is subjective and may be
less reproducible outside specialized consultation practice. Finally, and
most importantly, the current framework merges clinicopathologically
and epigenetically diverse neoplasms. Recent molecular/epigenetic
work demonstrates substantial subtype-specific differences in
morphology, immunophenotype, outcome, and potentially therapeutic
vulnerabilities [8,17,.20,21].

Accordingly, MET are best viewed as a family of diverse but
phenotypically overlapping neoplasms—analogous to e.g. round cell
sarcomas or, to a degree, rhabdomyosarcomas or liposarcomas, rather
than a single entity. We therefore outline a primarily molecular-centric
classification that should improve diagnostic precision and prognostic
stratification. While molecular testing is often required for definitive
assignment, a meaningful subset can be predicted with reasonable
confidence using morphology and IHC only.

MET subtypes based on molecular and epigenetic features

Multiple unsupervised dimensionality reduction and clustering an-
alyses based on transcriptomic and/or methylomic profiling confirm
marked MET heterogeneity [17,20-23]. It has long been proposed that
myoepithelial neoplasms of the skin and soft tissue represent analogs of
salivary gland myoepithelial tumors [13,14]. However, accumulating
molecular and epigenetic evidence indicates that this concept should be
restricted to PLAG1-altered cutaneous myoepitheliomas. Across studies,
PLAGI-rearranged cutaneous myoepitheliomas overlap epigenetically
with PLAGI-altered salivary gland myoepithelial neoplasms (pleomor-
phic adenoma and related tumors), and are distinct from the entire
group of FET (EWSR1/FUS)-rearranged soft tissue/bone MET [17,20,21,
23].

Within FET-rearranged tumors, methylomes are more similar to one
another than to most other mesenchymal entities, yet they tend to
segregate by fusion-defined subgroup. Together with clinicopathologic
differences, these findings argue against viewing FET-rearranged MET
as a single myoepithelial entity with variable FET fusions and instead
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Fig. 2. EWSR1/FUS::POU5F]1 tumors at the benign end of the morphological spectrum. Tumors are hypocellular and composed of spindled to epithelioid cells
embedded in abundant collagenized stroma, frequently with prominent perivascular and stromal hyalinization that may mimic kinase fusion-associated neoplasms
(A-D). Three representative cases are shown, with panels A and B illustrating the same tumor. Immunohistochemically, most tumors express S100 protein, AE1/AE3,
and EMA; however, staining is often focal or patchy (E, S100 protein) and may rarely be entirely absent (F, EMA; G, AE1/AE3). Panels D-F depict immunohisto-

chemical findings in the same case illustrated in panels A and B.

support their classification as a family of fusion-associated sarcomas
unified by a myoepithelial-like phenotype rather than true myoepithe-
lial differentiation [20].

Recent methylation analyses also included SMARCB1-deficient tu-
mors. Upon unsupervised dimensionality reduction and clustering ana-
lyses, they clustered with epithelioid sarcoma rather than with other
MET [17,20], consistent with the strong epigenetic effects of SWI/SNF
alterations and possible biologic relatedness [24].

Accordingly, we suggest dividing soft tissue and bone MET into
fusion-positive and fusion-negative categories. Fusion-positive MET
comprise: (i) FET-rearranged tumors including EWSRI::POU5FI1,
EWSR1::KLF15, EWSR1/FUS::KLF17, EWSR1::ZNF444, and EWSRI:
PBX1/PBX3; and (ii) non-FET fusions, currently consists mostly of SS18::
POUS5F1 and potentially other emerging entities. A separate, primarily
cutaneous MET category is defined by PLAG1 fusions (adnexal mixed
tumors/myoepitheliomas). Fusion-negative MET include SMARCBI1-
deficient tumors and cases with currently unknown drivers.

Fusion-positive MET

This section provides an overview of the clinicopathological features
of all previously reported molecularly confirmed fusion-positive MET
analyzed in our recent study; detailed clinicopathologic and outcome
comparative analyses are provided therein [20]. Key clinicopathological
features are also summarized in Fig. 1. As discussed in the preceding
section, and notwithstanding prevailing terminology, FET-rearranged
“MET” are best regarded as fusion-associated sarcomas with a
myoepithelial-like phenotype rather than true myoepithelial-derived
neoplasms [20]. A recurrent feature of these tumors is their frequent
tendency toward morphological progression from benign or
low-grade-appearing lesions to poorly differentiated, monomorphic

neoplasms, paralleling the behavior observed in other fusion-associated
sarcomas, including EWSRI::PATZ1-rearranged sarcomas [25,26],
kinase-altered spindle cell neoplasms [27,28] or myxoid liposarcomas.

FET-rearranged MET

EWSR1/FUS::POU5F1 group (number of reported cases=33). EWSRI:
POUS5F1 (rarely FUS::POU5F1) tumors occur mainly in children and
young adults (median 26 years) and show a predilection for the ex-
tremities, with occasional renal, osseous, and truncal presentations.
Most are malignant, spanning a morphologic continuum. At the benign
end of the spectrum, tumors are hypocellular and composed of spindled
to epithelioid cells embedded in abundant collagenized stroma, often
with prominent perivascular and stromal hyalinization that may mimic
kinase-altered spindle cell neoplasms (Fig. 2A-D). The most common
(“intermediate™) pattern is characterized by solid sheets and nests of
large epithelioid cells with clear cytoplasm (Fig. 3A-B). Along this
continuum, the amount of clear cytoplasm may progressively diminish
(Fig. 3C), culminating in areas with an undifferentiated round cell
morphology. In high-grade examples, undifferentiated round cell sar-
coma may predominate, occasionally retaining focal areas with residual
clear cell features (Fig. 3D), while some cases are composed entirely of
undifferentiated round cells (Fig. 3E-F).

Mitotic activity ranges from 0 to 20/10 HPF (median 2); necrosis
occurs in % of cases. Most express S100 (Fig. 2E), CK, EMA, and, with
variable GFAP, and are typically negative for SOX10 and p63. Rare cases
were EMA (Fig. 2F) and/or CK (Fig. 2G) negative. Clinically, these are
aggressive neoplasms, with metastases in ~50% [4,8,17,18,20,29-31].

EWSR1/FUS::KLF17 group (n = 16). KLF17-rearranged tumors (FUS::
KLF17 in ~2/3; EWSR1::KLF17 in the remainder) occur mainly in young
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Fig. 3. EWSR1/FUS::POUS5F]1 tumors at the intermediate to high-grade end of the morphological spectrum. The most common pattern consists of sheets and
nests of large epithelioid cells with clear cytoplasm (A, B). Along the morphological continuum, the amount of clear cytoplasm may progressively diminish, as
illustrated in panel C (same case as panels A and B), with transition to an undifferentiated round cell morphology. High-grade examples may show predominant
undifferentiated round cell sarcoma, occasionally retaining focal areas with residual clear cell features (D, E; same case). Some cases are composed entirely of

undifferentiated round cells (F).

adults (median 29 years), usually affect the lower extremity and visceral
sites (especially pleura/lung), and show no clear differences by 5’ fusion
gene partner. These neoplasms display a characteristic trabecular or
corded growth pattern set within a myxohyaline stroma, again forming a
morphological continuum. At the benign end of the spectrum (approx-
imately two-thirds of the cases), lesions are hypocellular and composed
of bland spindled to epithelioid cells arranged in delicate cords and
trabeculae (Fig. 4A, D, F). More commonly, tumors exhibit moderately
increased cellularity and, in some cases, increased cytologic atypia,
while retaining the same architectural framework and closely resem-
bling parachordoma (Fig. 4B, E, G, H) [32]. Rare cases progress to an
undifferentiated small round/epithelioid cell morphology (Fig. 4C).
Mitotic activity ranges from 0 to 18/10 HPF (median 0); necrosis is
rarely present. All tested cases express S100 and CK; most also express
EMA and SOX10 (Fig. 4E — inset). Clinically, 3/8 metastasized and 1
patient died of disease [5,8,18,20,33].

EWSRI1::KLF15 group (n = 13). EWSR1::KLF15 tumors show a striking
predilection for infants and young children (median 3 years; typically
<5 years) and usually involve extremities or viscera. Reported tumors
have uniformly malignant histology, most often sheets/cords of undif-
ferentiated round-to-spindled cells in myxoid stroma (Fig. 5A-C). Mitotic
activity ranges from 2 to >5/10 HPF; necrosis is present in most cases.
All tested cases were S100, SOX10, and CK positive; most also expressed
EMA and GFAP. Outcomes are poor: ~two-thirds metastasize and nearly
half of patients die of disease [7,8,17,20,34-37].

EWSR1::ZNF444 group (n = 4). Only four EWSR1::ZNF444 cases have
been reported to date. All patients were female, spanning a broad age
range; sites included head (n = 2), pleura/lung (n = 1), and thigh (n =
1). All were malignant, composed of poorly differentiated round/
epithelioid cells in fibrous or fibromyxoid stroma (Fig. 6A-C). Mitotic
rates (reported in two cases) were 5 and 30/10 HPF; necrosis was pre-
sent in 1/3 evaluable cases. CK, EMA, and S100 were positive in 2/4;
both tested cases were GFAP positive. Two of three cases had aggressive
clinical courses [8,20,38].

EWSRI1::PBX1/PBX3 group (n = 67). PBX1/PBX3-rearranged tumors
arise most often in skin (and less commonly deep soft tissue), or in long
bones; a minority occur in thoracic visceral sites. They affect mainly
young-to-middle-aged adults (median 35 years) and are uncommon in
children. Cutaneous cases—typically diagnosed as syncytial myoepi-
thelioma [39] —are likely underrecognized and, anecdotally, among the
most frequent “MET” encountered in routine/consultation practice.
Morphologically, most cases (particularly cutaneous lesions) are
benign-appearing syncytial myoepitheliomas: solid, sheet-like growth of
uniform ovoid-to-spindle cells, low mitotic activity, and no necrosis
(Fig. 7A-B). A helpful clue is a frequent perivascular lymphocytic infil-
trate (Fig. 7B) [39,40]. A minority, especially in bone, show malignant
cellular round-to-spindle morphology (Fig. 7E-F) with increased mitotic
activity and occasional necrosis [41]; some retain areas of bland syn-
cytial morphology, supporting progression. Immunophenotypically,
nearly all are S100 (Fig. 7C) and EMA (Fig. 7D) positive; CK is positive in
<50%. SOX10 is consistently negative, while occasional weak GFAP
expression has been reported in non-molecularly confirmed cases [39].

Descargado para Eilyn Mora Corrales (emoracl 7@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en mayo 15,
2026. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.



M. Michal and J.K. Dermawan

Seminars in Diagnostic Pathology 43 (2026) 151014

Fig. 4. Morphological spectrum of tumors harboring EWSR1/FUS::KLF17 fusion. The benign end of the spectrum is characterized by hypocellular proliferations
of bland spindled to epithelioid cells arranged in trabecular/corded patterns within a myxohyaline stroma (A, D, F). More commonly, tumors retain the trabecular/
corded architecture within a myxohyaline stroma but show increased cellularity and cytologic atypia, closely resembling parachordoma (B, E, G, H). Rarely,
progression to an undifferentiated small round/epithelioid cell morphology is observed (C). Panels A-C, D-E, and F-H illustrate four different cases. In contrast to
other FET-rearranged myoepithelial tumors, the EWSR1/FUS::KLF17 (and EWSR1::KLF15) fusion subset consistently exhibits near-uniform SOX10 expression (inset

in panel E).

Fig. 5. EWSR1::KLF15 tumors. These neoplasms are typically composed of undifferentiated round to spindled cells embedded in a myxoid to fibromyxoid

stroma (A-C).

Molecularly, ~80% harbor EWSRI1::PBX3 and the remainder EWSRI::
PBX1, without major phenotypic differences between the two groups.
Follow-up for molecularly confirmed cutaneous cases is limited, but
morphologic series suggest benign syncytial myoepithelioma rarely re-
curs, even if incompletely excised [39,40,42]. In contrast, osseous cases
show higher recurrence risk and, in malignant examples, metastatic
potential and occasional disease-specific death [4,6,8,17,20,40,42-46].

MET with non-FET fusions

SS18::POUS5F1 group (n = 6). SS18::POUSF1 tumors affect adolescents/
young adults (median 23.5 years) and, unlike EWSR1/FUS::POU5F1,
have thus far spared the extremities, arising in groin, back, viscera, and
parotid gland. All reported cases were malignant, composed of sheets/
nests of high-grade undifferentiated epithelioid-to-round cells with brisk
mitotic activity and frequent necrosis (Fig. 6D); one showed ganglio-
neuromatous differentiation [47]. All expressed EMA and S100; most
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Fig. 6. EWSR1::ZNF444 and SS18::POU5F1 tumors. EWSR1::ZNF444 neoplasms are composed of poorly differentiated round to epithelioid cells set within a
fibrous to fibromyxoid stroma (A-C). Panels A and B illustrate the same case, while panel C shows a separate tumor with the same fusion. Similarly, tumors harboring
S$S18::POUS5F1 consist of solid sheets or nests of undifferentiated round to epithelioid cells (D).

also CK; all tested were SOX10 and p63 negative. Prior RNA-seq clus-
tering placed SS18::POU5F1 tumors with EWSR1/FUS::POU5F1 cases
[9], and our methylation data similarly aligned a case of SS18::POU5F1
MET with the POU5FI-rearranged FET group [20]. Despite limited
follow-up, outcomes of SS18::POU5F1 MET appeared worse than in
EWSR1/FUS::POU5F1 tumors (5/6 metastasized; 2/4 died of disease)
[9-12,20,47]. Larger series are needed to determine whether this rep-
resents a molecular variant within the broader POU5FI-rearranged
group or a distinct subset.

PLAGI-rearranged apocrine mixed tumors/myoepitheliomas of the skin
adnexa (n = 47). These neoplasms have been variably termed mixed
tumor (chondroid syringoma) or MET, spanning epithelial-predominant
apocrine mixed tumors [15,21,48] to myoepithelial-predominant/hyaline
cell-rich lesions usually labeled as myoepitheliomas or MET [15,49]. For
practical and conceptual consistency, we separate these categories using a
threshold of <5% ductal differentiation, in line with recent studies [15,41].

The highly concordant morphology, immunophenotype, and geno-
type, and—as discussed above—epigenetic profiles, strongly support the
classification of PLAGI-altered cutaneous tumors as true analogs of
salivary gland myoepithelial neoplasms [13-15]. This relationship is
biologically plausible given their anatomic proximity to cutaneous
apocrine-type sweat glands, which share overlapping histologic features
with salivary glands, including the presence of a bona fide myoepithelial
cell layer co-expressing CK, SOX10, and S100 protein [14,21]. This
concept is further reinforced by the fact that most salivary gland pleo-
morphic adenomas are likewise driven by PLAGI rearrangements [22].
In contrast, myoepithelial neoplasms of deep soft tissue and bone do not
display similar association with non-neoplastic myoepithelial cells and
their immature precursors within sweat glands. Further, they typically
do not harbor PLAGT alterations and are instead usually associated with
FET fusions [20].

Compared with FET-rearranged soft tissue MET, PLAGI-altered
cutaneous myoepitheliomas occur in older patients (median 53 years;
none <18 years in our 47-case cohort) and arise in skin/subcutis, most
often on acral extremities or the face. With rare exceptions (2 cases),

they are histologically benign, presenting as well-circumscribed dermal/
subcutaneous nodules of epithelioid/plasmacytoid cells in myxoid
stroma (Fig. 8A-C), often with minor ductal structures (<5%; Fig. 8C)
and/or hyaline cartilage (Fig. 8D). Atypia is absent/mild; mitotic ac-
tivity ranges 0-8,/10 HPF (median 0); small necrosis foci (1-5%) may be
present. Importantly, ductal differentiation and cartilage—common
here—are absent across other fusion-positive MET subgroups. Immu-
nohistochemically, PLAGI-altered tumors show co-expression of CK
(Fig. 8E), S100 (Fig. 8F), and SOX10 (Fig. 8G) with virtually all tumor
cells showing strong staining, a pattern usually not seen in other fusion-
positive MET. EMA and GFAP are positive in ~half and p63 in ~two-
thirds of PLAG1-altered tumors (whereas most FET-rearranged cases are
p63 negative). PLAG1 IHC is positive in all 14 tested cases (Fig. 8H).
Although its specificity has not yet been systematically evaluated, strong
and diffuse nuclear PLAG1 expression by IHC appears to be a useful
supportive diagnostic marker in the appropriate clinicopathologic
context. At the molecular level, these tumors are characterized by
rearrangements of the PLAGI gene with a variety of fusion partners,
most commonly TRPSI and LIFR [20]. Similar to salivary gland myoe-
pithelial neoplasms, rare cutaneous apocrine mixed tumors have been
reported to harbor HMGA2 rearrangements [15,21]; however, to date,
HMGA2 rearrangements have not been described in the
myoepithelial-predominant (i.e., cutaneous myoepithelioma) variant.
Available outcome data confirm predominantly benign behavior, with
metastasis documented in only one of 11 patients and a median
follow-up of 96 months [13-15,41,43].

Other potential MET fusions

As broader NGS panels and whole-transcriptome assays are
increasingly being used in clinical practice, additional fusions will likely
be identified among MET previously lacking known drivers, particularly
involving genes not covered by older targeted panels with limited gene
coverage. Malik et al., for example, reported an IRF2BP2::CDX1 fusion in
tumors histologically consistent with MET [17].

In addition, two methylation studies reported overlap between
methylomes of FET::NFATC2 sarcomas and FET-rearranged MET [17,
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Fig. 7. Morphological spectrum of tumors harboring EWSR1:PBX1/3. Benign tumors exhibit a characteristic syncytial myoepithelioma morphology, composed
of solid, sheet-like proliferations of uniform ovoid/spindle cells with low mitotic activity, and absence of necrosis (A, B). A helpful clue is a frequent perivascular
lymphocytic infiltrate (B). Immunohistochemically, these tumors show consistent expression of S100 protein (C) and EMA (D), whereas only a minority of cases
demonstrate positivity for AE1/AE3 (not shown). Although most tumors are benign, rare cases - particularly those arising in bone or visceral sites - may progress to
hypercellular neoplasms with round-to-spindle cell morphology, increased cytologic atypia, elevated mitotic activity, and occasional necrosis (E, F).

20]. The former is currently classified among undifferentiated round cell
sarcomas in the World Health Organization (WHO) Classification of Soft
Tissue and Bone Tumors [50]). Given their MET-like morphology, var-
iable EMA/CK expression, and presence of FET fusions [51], NFAT-
C2-rearranged sarcomas may ultimately be more appropriately grouped
with MET, pending further investigations [20]. On the other hand, other
potential phenotypic mimics, e.g., extraskeletal myxoid chon-
drosarcoma and ossifying fibromyxoid tumor, do not show epigenetic
overlap with MET [17,20].

Fusion-negative MET

Fusion-negative MET comprise SMARCB1-deficient tumors and cases
with as yet unknown molecular drivers.

SMARCBI1-deficient MET

Across MET cohorts, SMARCBI loss is reported in ~10% of adult
[52] and ~40% of pediatric MET [53], but to date there are no dedicated
studies of SMARCB1-deficient MET. Interpretation is further compli-
cated because SMARCBI loss also occurs in other epithelial marker—-
positive neoplasms (epithelioid sarcoma, poorly differentiated
chordoma, extrarenal rhabdoid tumor), and some may show S100
expression. Brachyury helps exclude poorly differentiated chordoma,
whereas distinction from extrarenal rhabdoid tumor—particularly in
children—may be challenging and sometimes arbitrary.

An additional emerging group includes SMARCB1-deficient vulvar
tumors, previously termed “myoepithelioid tumor” or “myoepithelioma-

like tumor” of the vulvar region [54-56]. Given their apparent anatomic
restriction (female vulvar/groin; rare paratesticular cases [57,58]) and
incomplete myoepithelial phenotype, it remains unclear whether they
represent a variant of SMARCB1-deficient MET or a distinct genital soft
tissue entity. Notably, despite substantial follow-up, reported cases have
shown uniformly benign behavior [54-58], contrasting with the more
aggressive SMARCB1-deficient MET summarized below.

Based on 15 reported SMARCB1-deficient MET identified in six
studies, most have been malignant, with male predominance (~3:1) and
a broad age range (1-68 years; median 22). Sites are diverse, most
commonly lower extremity (n = 6), upper extremity (n =5), viscera (n =
3), and head/neck (n = 1). Among cases with follow-up (n = 5), out-
comes included disease-free (n = 2), alive with disease (n = 2), and died
of disease (n = 2). Histology commonly shows solid sheets (less often
cords/trabeculae) of epithelioid/rhabdoid cells, often in myxoid stroma.
When detailed, tumors were consistently EMA positive with additional
MET markers [16-18,37,59,60].

Mechanistically, Le Loarer et al. found SMARCBI homozygous de-
letions by FISH in ~75% [16]. One case analyzed by WGS showed ho-
mozygous deletion and a complex chromoplexy event causing biallelic
NF1 loss and SMARCBI1 loss, with additional deletion of the second
SMARCBI copy [37]. In contrast, an MSK-IMPACT/FISH analysis by one
of us (JKD) found nonsense mutations without copy-number loss in 83%,
with homozygous deletion in 1/6 (17%) [61]. Some studies reported
SMARCBI loss in tumors with EWSR1 rearrangement by FISH [16,59],
which may have been caused by known false-positive EWSRI
break-apart signals in cases with 22q11-12 regional alterations, which
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Fig. 8. PLAGI-rearranged cutaneous tumors. These neoplasms typically present as well-circumscribed dermal or subcutaneous nodules composed of epithelioid to
plasmacytoid cells embedded in a myxoid stroma (A, B), with occasional ductal differentiation (C) and/or foci of hyaline cartilage (D). In contrast to FET-rearranged
myoepithelial tumors, these adnexal neoplasms show consistent, diffuse, and strong immunoreactivity for AE1/AE3 (E), S100 protein (F), and SOX10 (G). Strong,
diffuse nuclear expression of PLAG1 serves as a useful supportive diagnostic marker in the appropriate clinicopathologic context (H).

lead to SMARCB1-deletion [62]. However, SMARCBI loss has also been
reported in an NGS-confirmed EWSR1::POU5F1 MET [18], raising the
possibility that SMARCB1 loss can occasionally occur as a secondary
event in fusion-positive MET, further confounding interpretation and
assembly of reliable data for genuine SMARCB1-loss driven MET.

MET with unknown molecular drivers

As this category includes only MET with comprehensive molecular
testing yielding negative results, the available data are inherently
sparse. Malik et al. reported three tumors consistent with MET on his-
tology and methylation profiling (clustered with fusion confirmed MET
on hierarchical and dimensionality reduction analyses), but lacking
detectable fusions. Patients included two females and one male (ages 8,
33, 49), with tumors on trunk (n = 2) and face (n = 1). All were his-
tologically malignant with high mitotic activity, and necrosis and
composed of epithelioid/rhabdoid cells set in fibromyxoid stroma; one
contained hyaline cartilage. All expressed S100, SOX10, and CK; 2/3
expressed EMA and GFAP. RNA-seq was fusion-negative; there was no
chromosome 22 loss and no clustering with SMARCB1-deficient MET.
Copy-number changes were non-recurrent (gain of chromosome 19 in
one case; gain of 8q, 13, and 14 in another). Follow-up (n = 2) included
NED at 12 months and DOD at 7 months [17].

When are morphology and IHC sufficient, and when is molecular testing
needed?

The appropriate work-up of MET depends on access to molecular
diagnostics. Morphology and IHC remain sufficient to diagnose MET,
but often cannot assign a tumor to a molecular subgroup, thereby
limiting prognostic stratification and increasing the risk of misclassifi-
cation given the numerous MET mimics. Therefore, when feasible, mo-
lecular testing is desirable in most cases. That said, some subtypes are
sufficiently distinctive that typical cases can be classified phenotypically

(i.e. based on morphology and IHC), particularly the two predominantly
cutaneous groups: PLAGI-rearranged cutaneous myoepitheliomas and
syncytial myoepitheliomas with EWSRI1::PBX1/PBX3. Particularly, a
cutaneous location strongly favors a tumor falling under one of these
two groups, which are themselves readily separable by morphology and
IHC.

Regarding immunohistochemical markers of greatest diagnostic
utility, we recommend a basic MET panel comprising S100 protein,
SOX10, EMA, and broad-spectrum cytokeratins - preferably AE1/AE3 -
with additional markers, including PLAG1, SMARCBI or others selected
according to the clinicopathologic context. Other so-called “myoepi-
thelial markers” commonly employed in routine practice, such as GFAP,
p63, or smooth muscle markers, lack sufficient sensitivity, specificity, or
both to provide meaningful diagnostic support. For example, despite the
limited number of molecularly tested cases stained for p63 (n = 11),
only a single FET-rearranged MET in our analysis was positive. There-
fore, the p63 expression reported in earlier MET series - already
observed in only 23% of all MET cases [3]) - most likely reflects
enrichment within the PLAG1-rearranged subgroup, in which p63 pos-
itivity has been documented in up to 59% of cases across multiple
studies [20].

Terminology

WHO currently groups PLAG1-rearranged cutaneous (mixed) tumors
and FET-rearranged deep soft tissue/bone tumors under the same MET
umbrella. Given their distinct biology, we advocate for a clearer noso-
logic separation. PLAGI1-altered lesions—true salivary gland analogs
with anatomic proximity to normal cutaneous myoepithelial cells—-
should remain classified separately as cutaneous apocrine mixed tu-
mors/myoepitheliomas.

In contrast, FET-rearranged tumors typically do not arise from
anatomic locations containing native non-neoplastic myoepithelial cells,
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Fig. 9. Schematic of the proposed molecularly informed classification of MET with key diagnostic features.

nor display evidence of ductal/epithelial differentiation. More impor-
tantly, the WHO term “myoepithelial carcinoma”, sometimes designated
for malignant cases, is potentially misleading and can create clinical
confusion, as these are not true carcinomas but behave as fusion-
associated sarcomas, with parallels to entities such as ossifying fibro-
myxoid tumor, extraskeletal myxoid chondrosarcoma, and NFATC2-
rearranged sarcoma. Malignant FET-rearranged tumors are thus better
regarded as sarcomas rather than carcinomas [20]. Given how myoe-
pithelial differentiation is poorly defined and the presence of clear
subtype-specific differences in clinical behavior, we favor objective,
fusion-defined terminology, e.g., benign/malignant EWSRI::POU5-
Fl-rearranged myoepithelial-like tumor; benign/malignant
SMARCB1-deficient myoepithelial-like tumor (Fig. 9), with grading
determined mainly by histology.

Conclusion and future directions

While morphology and immunohistochemistry remain indispensable
in the diagnostic work-up of MET, the incorporation of molecular testing
and molecularly informed classification substantially improve diag-
nostic accuracy and refine prognostic stratification. From the founda-
tional work of Dr. Fletcher and colleagues that laid the initial conceptual
and diagnostic framework for MET through the molecular advances
driven particularly by Dr Antonescu and colleagues, to the most recent
epigenetic studies, the past three decades have clarified that MET
comprise a rare but highly heterogeneous family of tumors.

Major gaps remain, however, particularly for fusion-negative tu-
mors, underscoring the need for larger clinicopathologic and compre-
hensive genomic studies. Most importantly, optimal therapy remains
undefined. As in other areas of oncologic pathology, progress in treat-
ment will depend on precise classification and improved understanding
of pathogenesis. We hope that the refined nomenclature and molecular
framework proposed here represent practical steps toward that goal.
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