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Abstract

Epithelial-myoepithelial carcinoma (EMCa) is a rare low-grade salivary malignancy. It is rare for EMCa to occur as the
carcinomatous component of carcinoma ex-pleomorphic adenoma (PA). We examined one additional case of EMCa ex-PA,
immunohistochemically and genetically. The patient was an 83-year-old female, who suffered from swelling of the right
parotid region. Histologically, the tumor contained a hyalinized nodule, which displayed elastosis. The main tumor exhibited
a bi-layered structure, involving inner ductal cells and clear outer myoepithelial cells. Immunostaining indicated that the
inner cells were positive for epithelial membrane antigen, whereas the outer cells were positive for p40. On the genetic level,
the carcinoma harbored no HRAS gene mutations, whereas fluorescence in situ hybridization (FISH) of the Pleomorphic
Adenoma Genel showed splitting signals in the carcinomatous component. We diagnosed this case as EMCa ex-PA. It is
necessary to differentiate EMCa ex-PA from myoepithelial carcinoma and clear cell carcinoma, and FISH is useful for such
purposes.
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Introduction

Carcinoma ex-pleomorphic adenoma (CXPA) is a rela-
tively common malignant salivary gland tumor, which
varies from low-grade to high-grade malignancy, and the
carcinomatous component is most commonly composed
of salivary duct carcinoma [1]. Approximately, 35% of
the carcinomatous components of CXPA are composed of
myoepithelial carcinoma (MC), and < 5% belong to other
histological types, including mucoepidermoid carcinoma,
squamous cell carcinoma, poorly differentiated carcinoma,
and EMCa. Seethala et al. only encountered 1 case (4.9%)
of EMCa ex-PA among 61 EMCa cases [2], and Sedassari
et al. reported 3 new cases of EMCa ex-PA and found 9
further cases in their review of the literature [3]. There-
fore, it is exceedingly rare for EMCa to arise from pre-/
co-existing PA.

Epithelial-myoepithelial carcinoma (EMCa) is a sali-
vary gland tumor, involving two different cell popula-
tions: inner ductal cells and outer myoepithelial cells,
which classically have clear cytoplasm [4, 5]. Although
rare cases of high-grade EMCa have been reported [6-9],
most EMCa are low-grade tumors and have to be distin-
guished from pleomorphic adenoma (PA), especially from
cellular PA, adenoid cystic carcinoma (AdCC), clear cell
carcinoma (CCC), mucoepidermoid carcinoma, clear cell
variant, and oncocytoma, clear cell variant. PA is the most
common benign tumor of the salivary glands, whereas
EMCa is a rare malignant salivary gland tumor, which
accounts for < 1% of all salivary gland epithelial neo-
plasms and nearly 2% of malignant salivary gland tumors
[4, 5]. Over 75% of EMCa develop in the parotid gland.

Table 1 The antibodies used in this study and their results

EMCa exhibits a recurrence rate of 30%-50%, a lymph
node metastasis rate of 15%-20%, and 5- and 10-year sur-
vival rates of 80%—94% and 72%-90%, respectively [7, 10,
11]. Recently, up to 33% of EMCa were reported to har-
bor GTPase HRas (HRAS) codon 61 mutations [9, 10]. El
Hallani et al. reported that 80% of EMCa arose from PA,
and progression to higher-grade EMCa with intact pleo-
morphic adenoma gene (PLAG) 1 and high mobility group
A2 (HMGA?2) genes was associated with the presence of
tumor protein p53 (TP53) or F-box/WD repeat-containing
protein 7 (FBXW7) mutations or SWI/SNF-related matrix-
associated actin-dependent regulator of chromatin sub-

family B member 1 (SMARCBI) deletion [11]. Urano et al.

reported that no cases of EMCa ex-PA had HRAS muta-
tions [12]. Thus, the relationship between EMCa and PA
remains unclear.

Herein, we report a case of EMCa ex-PA, together with
the results of immunohistochemical and genetical analyses.

Materials and methods

We selected EMCa cases from a pathology file of our insti-
tution, and furthermore we histologically selected one case
of EMCa ex-PA.

Immunohistochemical analysis

We performed immunostaining on formalin-fixed, paraffin-
embedded (FFPE) sections of the primary tumor using
the antibodies listed in Table 1 and an Autostainer Link48
(DakoCytomation, Carpinteria, CA, USA), Leica BOND-
MAX automated immunostainer (Leica, Bannockburn, IL,

Antigen Clone Source Equipment Antigen retrival Inner cells Outer cells ME-A
EMA NCL-EMA Leica bisystems (Nossloch, Germany) L ER1 (10 min.)  ++ p+ -
CK7 OV-TL-12/30 DakoCytomation (Carpinteria, CA, USA) L ER2 20 min.)  ++ - -

p63 Dak-p63 DakoCytomation (Carpinteria, CA, USA) L ER2 30 min.) — ++ +

p40 ACR30066A Biocare medical (Pacheco, CA, USA) L ER2 20 min.) — ++ +
ASMA 1A4 DakoCytomation (Carpinteria, CA, USA) L N.D. - ++ ++
CK5/6 D5/16B4 DakoCytomation (Carpinteria, CA, USA) L ER2 (20 min.) — ++ ++
Vimentin NCL-L-VIM-V9 Leica bisystems (Nossloch, Germany) L ER1 (20 min.) - ++ ++
S-100 protein  NCL-L-S100P Leica bisystems (Nossloch, Germany) L N.D. p+ p+ f+
pS3 DO-7 DakoCytomation (Carpinteria, CA, USA) D CB (10 min) w+ w+ +
Ki-67 MIB-1 DakoCytomation (Carpinteria, CA, USA) R CC1 (64 min) 12.2% 64.2%

CK cytokeratin, EMA epithelial membrane antigen, ASMA alpha-smooth muscle actin, L leica BOND-MAX automatic immunostainer, D Dako
autostainer Link48, R Roche VENTANA Benchmark ULTRA automatic immunostainer

ERI pH 6.0 (Leica), ER2 pH 9.0 (Leica), CCI pH 8.5 (Poche), CB Citrate buffer, pH 6.0, N.D. not done, ME-A myopithelial anaplasia
— Negative, w+ weakly positive, f+ focally positive (1-10%), p+ partially positive (11-30%), + positive (31-50%), ++ diffusely positive

(>51%)

@ Springer



Medical Molecular Morphology (2021) 54:173-180

175

USA), or VENTANA BenchMark ULTRA automatic immu-
nostainer (Roche Tissue Diagnosis, Oro Valley, AZ, USA).
We used Image J (National Institutes of Health, Bethesda,
MD, USA) to estimate the percentage of Ki-67-positive
tumor cells. The results of the immunohistochemical exami-
nations are summarized in Table 1.

Genetical analysis

According to the previously described method [14], HRAS
gene mutation was examined; briefly, DNA was extracted
from an FFPE sample of the primary tumor using the
QIAamp DNA FFPE tissue kit (Qiagen, Hilden, Germany).
The polymerase chain reaction (PCR) was performed with
the KOD FX enzyme (Toyobo, Osaka, Japan). The PCR
products were electrophoresed, and each purified product
was directly sequenced using an HRAS-F primer with the
BigDye Terminator v3.1 cycle sequencing kit (Thermo
Fisher Scientific, Waltham, MA, USA) and a 3730x 1 DNA
analyzer (Thermo Fisher Scientific). Fluorescence in situ
hybridization (FISH) of FFPE sections of the main tumor
was performed to examine the splitting of the PLAG! and
EWSRI genes using appropriate probes (SureFISH 8q12.1
PLAG1 3'BA RD probe [G10097R-8] and SureFISH 8q12.1
PLAGI 5'BA 625 kb GR probe [G100998G-8], Agilent,
Santa Clara, CA, USA, and Vysis LSI EWSR1 (22q12)
Dual Color Break Apart Rearrangement probe [07J71-001],
Abbott Laboratories, IL, USA), according to the manufactur-
ers’ guidelines.

Results
Clinical history

An 83-year-old Japanese female suffered from swelling of
the right parotid region. She had undergone partial resec-
tion and adjuvant chemotherapy for right mammary car-
cinoma 13 years ago, and no recurrence or metastasis had
been detected since. She had noticed a movable elastic-
hard mass in the right parotid region. A fine-needle aspi-
ration biopsy (FNAB) examination was performed, and
the cytological diagnosis was “PA, suspected”. As after
1 year, the mass had rapidly enlarged, she was admitted
to our hospital, and another FNAB examination was con-
ducted. The cytological diagnosis was “malignant tumor,
suspected”, and computed tomography (CT) revealed a
large relatively well-demarcated mass in the right parotid
gland (Fig. 1a). Right total parotidectomy was performed,
and at that time, pathological diagnosis was “EMCa”.
Nine months later, fluorodeoxyglucose-positron emission
tomography (FDG-PET) demonstrated local recurrence.
Therefore, tumor resection and additional radiotherapy
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Fig. 1 CT and macroscopic findings. a CT showed a large relatively
well-defined mass in the right parotid gland. b Macroscopically, the
cut surface of the tumor revealed a large lobulated grayish-white
mass, together with a well-demarcated yellowish nodule (asterisk)

(60 Gy) were conducted. No recurrence or metastasis was
detected for 6 years. However, although we could not be
examined histologically, CT subsequently revealed pri-
mary lung cancer. Radiotherapy (48 Gy) was administered,
but radiation-induced pneumonitis occurred. Therefore,
the radiotherapy was stopped. Multiple liver metasta-
ses were detected on PET 2 years later, and the patient
selected best supportive care. She died at home 2 months
later. No autopsy was permitted.
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Pathological findings
The primary tumor at the total parotidectomy

Macroscopically, a relatively well-demarcated, lobulated,
grayish-white tumor was seen within the parotid gland, and
a well-defined yellowish nodule was observed in the main
tumor (Fig. 1b).

Histologically, the main tumor consisted of regions
of trabecular and nest-like growth separated by a hyalin-
ized stroma. Approximately, half of the tumor was made
up of round to oval cells with moderate amounts of clear
cytoplasm and round to oval, eccentrically placed, mildly
pleomorphic, and vesicular nuclei with small prominent
nucleoli (Fig. 2a). Periodic acid—Schiff (PAS)—Alcian blue
(AB) staining indicated that they contained large amounts
of PAS-positive glycogens, and contained AB-positive

Fig.2 Histological findings.
The tumor had a bi-phasic
structure, involving inner small
eosinophilic cells (arrows)

and outer ovoid clear cells (a)
(hematoxylin and eosin [H&E]
staining). The tumor contained
a necrotic area (H&E) and it
sometimes showed keratiniza-
tion (b, inset). The clear cells
of the tumor frequently showed
marked structural and cellular
atypia, such as swollen and
irregular nuclei, prominent
nucleoli, and irregularly shaped
cytoplasm, with a myxoid
stroma (H&E: ¢, inset: higher
magnification). The yellow-
ish nodule was composed of a
hypocellular hyalinized stroma,
which displayed some calcifica-
tion (H&E). It also exhibited
moderate elastosis (EvG stain-
ing. d, inset). The clear ovoid
cells, which harbored more
cellular atypia than the main
region of the primary tumor,
predominated in the recurrent
tumor (e) (H&E)
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myxoid stroma. In a residual area, bi-phasic structures
were observed, i.e., inner cuboidal to flattened ductal cells
were seen in the central areas of the nests, and they were
surrounded by clear round to ovoid cells. Cellular atypia
or mitosis was seen in some of the clear outer cells, and
focal necrosis was also noted (Fig. 2b). Keratinization
and myoepithelial anaplasia were sometimes observed
(Fig. 2c¢). The bi-phasic tumor was considered to be an
EMCa. The yellowish nodule was composed of a markedly
hyalinized, hypocellular nodule, and Elastica van Gieson
(EvG) staining showed moderate elastosis in the nodule
(Fig. 2d). The nodule was considered to be a pre-existing
PA. No perineural invasion was seen, but some lympho-
vascular invasion was observed. The surgical margins
were focally positive for the carcinomatous component.
The pathological stage of the primary tumor was pStage
1T (pT2NOMO).
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Fig.3 Immunohistochemical
findings. The inner cells were
positive for EMA (a). The outer
cells were positive for p40

(b). Most of the cancer cells
were weakly positive for p53,
whereas some atypical cells

in the region of myoepithelial
anaplasia were strongly positive
for p53 (¢, inset). Similarly,
most of the carcinoma cells

had low Ki-67 labeling rates,
but some cancer cells, which
displayed more marked atypia,
demonstrated a relatively high
Ki-67-labeling rate (d, inset)

The recurrent tumor at the additional resection

The recurrent tumor had a similar histology, but contained
smaller amounts of ductal cells, and it was predominantly
composed of proliferating clear myoepithelial cells (Fig. 2e).

Immunohistochemical analysis

The inner cells were positive for epithelial membrane anti-
gen (EMA) and cytokeratin (CK) 7, whereas the outer cells
were positive for p63, p40, alpha-smooth muscle actin
(ASMA), CK5/6, and vimentin (Figs. 3a, b). The tumor
cells were weakly positive for S-100 protein. Most of the
tumor was weakly positive for p53, but some areas, which
exhibited myoepithelial anaplasia, were strongly positive for
p53 (Fig. 3c). The Ki-67 labeling indices of these elements
were 12.2% and 64.2%, respectively (Fig. 3d).

Genetic analysis

No point mutations were detected in codon 12, 13, or 61 of
the HRAS gene (Fig. 4a). FISH analysis indicated that most
of the tumor cells showed split signals for the PLAG/ gene,
but no split signals for EWSRI gene (Figs. 4b, c).

We diagnosed this tumor as EMCa ex-PA, widely inva-
sive, and the EMCa harbored a high-grade component.

Fig.4 The results of the genetic analyses. The sequencing of genomic
DNA from the tumor sample showed no mutations at the hot spot
(codon 61: red arrowhead) of the HRAS gene (a). A FISH examina-
tion detected the splitting of the PLAGI gene in the carcinoma cells
(b). A FISH examination did not detect any splitting of the EWSR/
gene in the carcinoma cells (c¢)
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Discussion

EMCa was first proposed by Donath et al. in 1972 [15]
and was first listed as an independent tumor entity in the
second edition of the WHO Classification in 1991 [16].
Despite its rarity, EMCa is a well-recognized low-grade
malignant tumor of the salivary gland. Typical EMCa have
bi-phasic glandular structures, involving eosinophilic inner
ductal cells and clear myoepithelial abluminal cells, and
exhibit invasive growth with a lobular pattern. This char-
acteristic histology and the corresponding immunohisto-
chemical findings can facilitate a correct diagnosis [17].
An immunohistochemical examination of EMCa indicated
that the luminal cells were positive for ductal cell mark-
ers, such as EMA and CK7, whereas the clear ablumi-
nal cells were positive for myoepithelial markers, such
as ASMA, CK5/6, CK14, and vimentin [18]. Therefore,
EMCa are composed of two cell populations. Various his-
tological variants of EMCa are known to exist, including
EMCa with high-grade transformation (dedifferentiated
EMCa) [19-21], oncocytic EMCa [22], EMCa ex-PA [2,
13, 14], double clear EMCa [4, 23], EMCa with myoepi-
thelial anaplasia [2], and sebaceous EMCa [2, 24, 25].
In addition to these histological variants, the cribriform
pattern, basaloid pattern, papillary-cystic pattern, squa-
mous metaplasia with keratinization, psammomatous pat-
tern, and Verocay-like pattern have been reported [2]. The
present case consisted of both inner ductal cells and outer
myoepithelial cells, and the former component was immu-
nopositive for EMA and CK7, while the latter component
was immunopositive for myoepithelial markers, such as
CK5/6 and ASMA. A hyalinized nodule, which exhibited
elastosis, was seen in the tumor, and it was considered to
be a pre-existing PA [1]. Therefore, the tumor was finally
diagnosed as an EMCa ex-PA. As a necrotic area and
myoepithelial cells, which exhibited increased histologi-
cal atypia, were observed, the EMCa in the present case
was considered to display myoepithelial anaplasia, and it
also had a high-grade component. A high Ki-67 labeling
index and the nuclear accumulation of p53 were observed
in these areas. The recurrent tumor displayed a similar
histology, but the myoepithelial component predominated.
Therefore, our findings suggest that high-grade compo-
nents of EMCa might recur.

Chiosea et al. and Urano et al. reported that HRAS
mutations were frequently observed in EMCa (26.7% and
82.7%, respectively) [12, 13]. Furthermore, they con-
cluded that the detection of HRAS mutations was of high
diagnostic value for EMCa. Although HRAS gene muta-
tions were observed in de novo cases of EMCa, EMCa that
arose from preexisting PA had no HRAS mutations or a
lower percentage of HRAS mutations [12], which implies

@ Springer

that the tumorigenic mechanism of EMCa differs accord-
ing to the histological origin of the tumor. In the present
case, the tumor did not harbor any HRAS mutations, which
was compatible with the findings obtained in the above-
mentioned studies, and the EMCa was determined to be
the carcinomatous component of a CXPA. On the other
hand, the reported prevalence of preexisting PA in EMCa
ranges widely from 1.6% to 80% [2, 11-13], but only low
frequency EMCa is accompanied by preexisting PA (per-
sonal communication). Although El Hallani et al. reported
that 30 (77%) of 34 EMCa cases involved preexisting PA
[12], their criteria for “preexisting PA” were considered to
be too wide, and they had not excluded pseudo-EMCa. For
examples, they considered that because of only existence
of a tiny hyalinized nodule at the periphery of the main
tumor, such a case was included into EMCa ex-PA, or it is
possible that when the normal ductal cells were involved
in the tumor of MC, they even included such a case into
the EMCa ex-PA. There might be some divergence in how
the histomorphological features of PA and the carcino-
matous components of EMCa ex-PA are interpreted. For
example, the bi-phasic tubular pattern of PA occasionally
resembles that of EMCa, and the differences between MC
ex-PA and high-grade EMCa might be indiscernible in
some cases. In the current case, we considered whether
the carcinomatous component of the CXPA was an EMCa
or MC, but as it immunohistochemically exhibited both
ductal and myoepithelial differentiation, we concluded that
it was an EMCa, which was relatively rare. We believe that
in case of diagnosis of EMCa ex-PA, 1) the existence of a
relatively large hyalinized nodule with elastosis and 2) the
bi-phasic structures by inner ductal cells and outer clear
myoepithelial cells were necessary to diagnosis.

On the basis of morphological and molecular evidence of
preexisting PA, El Hallani et al. indicated that four subsets
of EMCa exist [11]: (a) EMCa with morphological evidence
of preexisting PA, but intact PLAGI and HMGA?2 genes
(31%); (b) carcinomas with PLAG1 gene rearrangements
(23%); (c) carcinomas with HMGA?2 gene rearrangements
(26%); and (d) de novo carcinoma without histomorpho-
logical or molecular evidence of PA (21%). HRAS muta-
tions were more common in EMCa with intact PLAG/
and HGMA?2 genes than in other subtypes. Furthermore,
high-grade EMCa harbored TP53 and FBXW7 mutations
and SMARCBI deletions [11]. The present case exhibited
break-apart PLAGI gene signals and belonged to subset (b).
The invasive carcinoma component contained a high-grade
element, which showed strong immunopositivity for p53.
However, we could not perform PLAG1 immunostaining.
In previous studies, PLAG gene rearrangements were seen
in 38.1% to 44.4% of PA [26, 27], whereas HMGA2 gene
rearrangements were observed in approximately 20% of PA
[28]. Although PLAG] gene rearrangements were relatively
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common in PA, such gene rearrangements are rare in CXPA
(33.3%) [29]. Immunohistochemically, 92.5% of PA showed
immunopositivity for PLAG1, whereas PLAG1 expression
was only detected in 35% of CXPA [30]. Marked alterations
in the PLAG1 gene, such as gene deletion or chromosomal
changes, might occur as part of the malignant changes seen
in PA. Further alterations might induce the loss of PLAG1
expression in CXPA.

In the present case, proliferating clear myoepithelial cells
predominated, especially in the recurrent tumor. The clear
cell variant of MC and CCC were included as differential
diagnoses. The frequency of EWSRI gene rearrangement
in these tumors was reported to be 24% and 87%, respec-
tively [31, 32]. As no break-apart EWSRI gene signals were
detected in the current case, it was considered to not be a
clear cell variant of MC or CCC. However, it could not be
completely ruled out that it was an EWSRI-intact clear cell
variant of MC. The primary tumor exhibited a bi-phasic
structure, and the immunohistochemical results also indi-
cated that the tumor was composed of two cell populations.
Therefore, we considered that the carcinomatous component
was composed of an EMCa, rather than an EWSRI-intact
clear cell variant of MC. AdCC frequently showed EMCa-
like bi-layered structures, but the typical histology (i.e.; cri-
briform pattern) could be found in even such a case, and
AdCC does not harbor PLAG! gene rearrangement. Our case
was entirely different from AdCC due to the histological and
genetical examinations.

Conclusions

In summary, it is considered rare for EMCa to arise from a
pre-/co-existing PA, despite the report by El Hallani et al.
[13]. During the diagnosis of EMCa ex-PA, clear cell vari-
ants of MC and CCC should be excluded, and genetic analy-
ses, such as PCR of the HRAS gene and FISH, are diagnosti-
cally useful.
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