
&p.1:Abstract Three cases of epithelial-myoepithelial carci-
noma (EMC) with coexisting areas of high grade carci-
noma are reported. In two of the cases there was a previ-
ous recurrence, and in all three patients there had been a
sudden increase in size before final surgery. The typical
ductal and myoepithelial components of EMC showed
the usual biphasic pattern and the expected immunophe-
notypes, with expression of wide spectrum cytokeratins,
Cam 5.2 and EMA in the ductal part, and muscle-specif-
ic actin, smooth muscle actin, S-100 protein, vimentin
and cytokeratins in the myoepithelial component. These
areas also had a low mitotic count and low proliferation
rate as measured by immunohistochemistry and by flow
cytometry. Conversely, areas of high-grade tumour had
the features of a large cell carcinoma, with focal mucin
secretion in two cases. This high-grade component
showed an epithelial immunophenotype in two cases,
and was negative for all tested markers in the third one.
The mitotic counts and the proliferation rates were much
higher in these anaplastic areas. One of the patients died
3 months after treatment; another developed lymph node
metastases 1 year later and was alive after 6 years of fol-
low-up. The third patient was alive without evidence of
disease 7 months after wide surgical resection of the tu-
mour. The possibility of anaplastic transformation in

EMC makes thorough sampling mandatory in this type
of neoplasm.
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Introduction

Epithelial-myoepithelial carcinoma of intercalated duct
origin (EMC) is an uncommon low-grade salivary gland
neoplasm that accounts for under 1% of salivary gland
tumours [25, 28]. The entity was first described in Ger-
many by Donath et al. in 1972 [10]. In decades since
then, EMC has gained acceptance in the English and
French literature as different series have been reported
[3, 8, 19]; it was recognized as a distinct pathologic enti-
ty in the 1991 World Health Organization (WHO) and
AFIP classifications of salivary gland tumours [12, 28].
Before its truly malignant nature had been recognized,
this neoplasm had been illustrated in the 1972 WHO
classification of salivary gland tumours [34] and the
AFIP Tumour Fascicle [33] as a “clear cell monomor-
phic adenoma”. Although histologically EMC exhibits a
high degree of differentiation, it has been shown to be a
low-grade carcinoma because of its infiltrative and de-
structive growth tendency, the presence of foci of necro-
sis, frequent recurrences, and perineural involvement
with distant metastases [10].

Despite its high degree of cell differentiation and its
low-grade aggressiveness, areas with cellular pleomor-
phism and nuclear atypia have been observed in some
“bona fide” EMC [13, 30]. Also, the very rare associa-
tion of EMC with adenoid cystic carcinoma, which is a
high-grade tumour, has been described [7]. However, the
association of EMC of salivary glands with undifferenti-
ated high-grade carcinoma has not yet been reported.

We report three cases of EMC coexisting with undif-
ferentiated high-grade carcinoma. Two of them originat-
ed in the parotid gland and one from minor salivary
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glands of the palate. In these three tumours, the low- and
high-grade components have been compared for im-
munophenotype, proliferative activity and ploidy.

Materials and methods

The medical records of the three patients affected by these neo-
plasms were reviewed. Histopathological studies were carried out
on haematoxylin and eosin-stained slides with and without forma-
lin fixation. Representative paraffin blocks were selected for histo-
chemical and immunohistochemical procedures. Special stains in-
cluded the periodic acid-Schiff stain (PAS), with and without dia-
stase digestion, alcian blue and mucicarmine stain. Immunohisto-
chemical studies were performed with the avidin–biotin–peroxi-
dase complex technique, and the following primary antibodies
were used: cytokeratin cocktail, low-molecular-weight cytokeratin
(CAM 5.2), epithelial membrane antigen (EMA), carcinoembry-
onic antigen (CEA), muscle-specific actin (MSA), smooth muscle
actin (SMA), S-100 protein, vimentin, desmin and glial fibrillary
acidic protein (GFAP). A summary of the source, type and work-
ing dilution of each of these antibodies is given in Table 1. The
immunoreactivity was called positive when all or almost all of the
tumour cells showed strong positivity. When only a few scattered
tumour cells or a small group of tumour cells were positive, they
were labelled as focally positive.

Proliferative activity was studied immunohistochemically by
means of the MIB-1 (Ki-67) antibody. Antigenic retrieval was per-
formed with heat pre-incubation in citrate buffer with a steam ster-
ilizer for 1 h prior to primary antibody incubation. The sections
stained with MIB-1 were evaluated at high-power field magnifica-

tion (HPF) (×400), using a microscopic grid. A median number of
3000 cells of every type (ductal, myoepithelial or high-grade neo-
plastic cells) were counted. Tumour cells were considered positive
for MIB-1 when any staining of the nuclei, regardless of the stain-
ing intensity, was found.

Flow-cytometric analysis of the nuclear DNA content was per-
formed in each case by studying the typical EMC areas and the
high-grade tumour separately. The technique was applied on 50-
µm-thick sections obtained from the paraffin blocks following
Hedley’s method [16]. Propidium iodide was used as fluorochrome.
Samples were analysed by an Epics Profile II flow cytometer
(Coulter, Healeh, Fla.), and single-parameter histograms used for
tumour evaluation were analysed with the multicycle Software
(Phoenix Flow Systems, San Diego, Calif.). They were classified
according to the Guidelines of the Committee on Nomenclature of
the Society for Analytical Cytology [29]. Ploidy, S-phase fraction
(SPF) and proliferative index (PI; SPF+G2M fraction) were re-
corded for each case. The coefficient of variation was evaluated in
all samples, and the mean value was 5.58 (range 3.6–8.3).

Results

The clinicopathological findings are summarised in
Table 2.

Case 1

An 88-year-old woman presented with a tumour mass in
the left parotid gland, which protruded widely in the ip-
silateral hemifacial region. The CT scan demonstrated
extension of the growth from the zygomatic arch and
cheek to the retromandibular neck (Fig. 1). The tumour
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Table 1 Panel of Antibodies used in the study (CAM low-mole-
cular-wight cytokeratin, CEAcarcinoembryonic antigen, EMA epi-
thelial membrane antigen, GFAP glial fibrillary acidic protein,
MSA muscle-specific actin, SMA smooth muscle actin; M mono-
clonal, P polyclonal)&/tbl.c:&tbl.b:

Antibody Type Source Dilution

Cytokeratins P Dako 1:300
(Glostrup, Denmark)

CAM 5.2 M Becton-Dickinson 1:100
(San Jose, Calif.)

EMA M Dako 1:200
CEA M Euro-Diagnostica 1:50

(Apeldoorn, Holland)
MSA (HHF35) M Enzo Diagnostics 1:50

(Syosset, N.Y.)
SMA M Dako 1:800
S-100 Protein P Dako 1:500
Vimentin M Dako 1:100
Desmin M Dako 1:100
GFAP P Dako 1:300
MIB-1 M Biogenex 1:20

(San Ramon,Calif.)

&/tbl.b:

Table 2 Clinicopathological findings (F female, M male, DOD dead of disease, NED not evidence of disease)&/tbl.c:&tbl.b:

Case Age Sex Location Size Presence of low- High-grade neoplasia Follow-up
no. (years) (cm) grade tumour

(years)

1 88 F Parotid gland 11×8x6 14 Adenocarcinoma DOD 3 months

2 78 M Parotid gland 4×3x2 4 Undifferentiated large NED 6 years
cell carcinoma

3 66 F Palate 8×6x5.5 35 Adenocarcinoma NED 7 months

&/tbl.b:

Fig. 1 Case 1. CT scan demonstrating growth of a cystic tumour
beyond the left parotid gland&/fig.c:



had started as a small preauricular nodule 14 years be-
fore and had grown slowly but relentlessly since then.
An acceleration of growth had been noticed 2 months
prior to hospital admission. The tumour was removed by
extensive surgery. The surgical specimen included the
whole parotid gland, the masseter muscle, periostium of
the ascending mandibular ramus and the lower half of
the lobule of the left ear. The tumour measured
11×8×6 cm, had irregular margins and showed large ne-
crotic areas forming a cystic cavity (Fig. 2). In spite of
treatment, the patient showed progressive general deteri-
oration, and a metastatic hepatomegaly was demonstrat-
ed by echography. She died 3 months later.

Case 2

A 78-year-old man presented with a painless tumour in
his right parotid region. The lump had been present for 2
years, with slow progressive growth. A fine-needle aspi-
ration (FNA) cytology of the lesion showed clusters of
cells with the appearance of epithelial cells, with clear cy-
toplasm and small uniform nuclei. There were also frag-

ments of pale, homogeneous, acellular material, which
were found either in isolation or surrounding cell clusters.
These findings were interpreted as indicating an epithelial
neoplasm of probable salivary gland origin. The patient
refused surgery until 2 years later, when the size of the le-
sion suddenly increased. A total parotidectomy with fa-
cial nerve conservation was then performed. The surgical
specimen showed a solid, well-circumscribed, round
mass measuring 4×3×2 cm involving the deep lobe of the
parotid gland. One year later, a right cervical lymph node
metastasis was detected and treated by radical neck dis-
section plus radiotherapy. The patient is alive, without ev-
idence of disease, 6 years after the first surgery.

Case 3

A 66-year-old woman had had a tumour removed from
the hard palate at the age of 31. Two years later the tu-
mour recurred, showing a very slow growth. The patient
let it evolve without further treatment until 35 years after
removal of the first tumour. At this time, the CT scan
showed a destructive tumour infiltrating the right hard
palate and the floor of the right maxillary sinus. It had
also infiltrated the right pterygoid muscles and destroyed
the right pterygoid apophysis. The tumour was solid,
with heterogeneous density and some calcifications. A
wide surgical resection of the tumour was performed,
with removal of the anterior and medial maxillary walls
and of the right hard palate. The tumour mass was irreg-
ular, had a firm consistency, and measured 8×6×5.5 cm.
Seven months after surgery the patient is alive with no
evidence of disease.

A summary of the immunohistochemical results is
presented in Table 3, and the flow-cytometric results and
those relating to the proliferation markers are shown in
Table 4.

Case 1

The EMC component of the neoplasm was well differen-
tiated and exhibited a multinodular growth pattern with
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Fig. 2 Case 1. Parotid tumour attached to the skin, showing irregu-
lar margins and a large necrotic central area forming a cystic cavity&/fig.c:

Antibodies Case 1 Case 2 Case 3

Ductal Myoep High- Ductal Myoep High- Ductal Myoep High-
cell cell grade cell cell grade cell cell grade

ca ca ca

Cytokeratins + + + + + – + + +
CAM 5.2 + + + + f – + f +
EMA + – + + – – + – f
CEA + – + f – – – – f
MSA – + – – + – – + –
SMA – + f – + – – + –
S-100 Protein – + – – + – – + f
Vimentin – + – – + – – f –
Desmin – – – – – – – – –
GFAP – – – – – – – f –
MIB-1 0.4% 3% 30% n.e. n.e. n.e. 0.3% 2% 12%

&/tbl.b:

Table 3 Immunohistochemical
results (f focal positivity, n.e
non evaluable, Myoepmyoepi-
thelial, ca carcinoma)&/tbl.c:&tbl.b:



islands of tumour separated by dense fibrous connective
tissue septa (Fig. 3). Small ducts were lined with cuboi-
dal epithelium and surrounded by clear cells overlying
an external basement membrane, thus showing a biphasic
pattern. The cuboidal cells had finely granular, dense eo-
sinophilic cytoplasm and central or basally located,
round nuclei. The clear cells were polyhedral with abun-
dant cytoplasm, well-defined borders and slightly eccen-
tric vesicular nuclei. The cytoplasm of the clear cells was
PAS positive and diastase soluble, indicating the pres-
ence of glycogen. Some ductal lumina contained eosino-
philic secretory material. Focally, cystic dilatations of
the ducts were seen, along with some tumour protusions
and discrete papillary proliferation of the two types of
tumour cells. Extensive areas were composed exclusively
of clear cells, devoid of ducts and sometimes forming
solid neoplastic masses or a trabecular growth pattern
with hyalinized fibroconnective tissue between solid cel-
lular groups. These areas showed variable ischaemic ne-
crosis. Mitotic figures were practically absent. The im-
munohistochemical studies revealed diffuse positivity of
the ductal cells for broad-spectrum cytokeratins, CAM
5.2, EMA and CEA. The clear cells expressed the char-
acteristic phenotype of the myoepithelial cells, being
positive for MSA, SMA, S-100 protein, cytokeratins,
CAM 5.2 and vimentin. The proliferative activity mea-
sured by the expression of MIB-1 antibody revealed pos-
itivity in 0.4% of the ductal cells and 3% of the clear
cells. The flow-cytometric study, in these areas, showed
a DNA diploid (euploid) population with an SPF of 6.2%
and PI of 19.5%.

In continuity with the typical EMC we identified ar-
eas showing more active growth of the epithelial compo-
nent, with increased atypia of the nuclei. These areas of
activated epithelium formed solid nests surrounded by a
layer of clear myoepithelial cells (Fig. 4). A different
histological pattern was observed close to the areas pre-
viously described. This component formed solid groups
of cells with central necrosis, occasionally of the comedo
type, and contained large epithelial cells exhibiting
prominent infiltrative growth with desmoplastic reaction
(Fig. 5). These cells showed abundant clear or slightly
eosinophilic cytoplasm with vesiculous and pleomorphic
nuclei harbouring prominent nucleoli (Fig. 6). Focally,
scarce lumina with mucous secretion positive for alcian
blue, PAS and mucicarmine stains were seen. The mitot-

ic count was high in this component, being 20 mito-
ses/10 HPF. Immunohistochemical studies demonstrated
positivity of these cells for cytokeratins, CAM 5.2, EMA
and CEA. The immunoreaction for SMA was focally
positive in the periphery of the solid nests. The MIB-1
antibody was positive in 30% of the neoplastic cells of
these high-grade areas. As in the low-grade areas, flow-
cytometric analysis showed the presence of a DNA dip-
loid (euploid) population. However, the SPF was consid-
erably higher (19.5%) and the PI was 24.8%.

Case 2

Most of the tumour was a well-differentiated EMC with
a bicellular pattern, presence of cuboidal cells forming
ductal structures, and large areas of myoepithelial clear
cells showing solid nests devoid of ducts in some fields.
Ischaemic necrosis was focally present. The mitotic ac-
tivity was practically absent in the well-differentiated
component. The immunohistochemical profile of this
component was similar to case 1. However, the clear
cells showed only focal positivity for CAM 5.2. The
flow-cytometric analysis showed a DNA diploid (eu-
ploid) population with an SPF of 9.1%.

In continuity with the typical EMC, a proliferation of
poorly differentiated cells, with abundant clear cyto-
plasm, pleomorphic nuclei, and prominent nucleoli was
identified. This second tumour component grew in a sol-
id, diffuse, infiltrative pattern having the histological fea-
tures of an undifferentiated large cell carcinoma (Fig. 7).
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Table 4 Flow cytometric and proliferative marker results (EMC epithelial-myoepithelial carcinoma, HGC high grade carcinoma, HPF
high power field [×400], PI proliferation index)&/tbl.c:&tbl.b:

Histological areas Case 1 Case 2 Case 3

EMC HGC EMC HGC EMC HGC

Mitosis 0/10HPF 20/10HPF 0/10HPF 6/10HPF 0/10HPF 8/10HPF
Ploidy Diploid Diploid Diploid Diploid Diploid Diploid
S-Phase fraction (SPF) 6.2% 19.5% 9.1% n.e 8.4% 9.8%
PI (SPF+G2 M) 10.2% 24.8% 13.4% n.e 12.7% 20.7%

MIB-1 Clear cells 3% 30% n.e n.e Clear cells 2% 12%
Ductal cells 0.4% Ductal cells 0.3%

&/tbl.b:

Fig. 3 Case 1. Typical epithelial-myoepithelial carcinoma (EMC)
component of the neoplasm. The tumour is composed of centrally
placed small ducts lined with dark cuboidal epithelium and sur-
rounded by abundant layers of clear cells. Fibrous septa are pres-
ent. HE, ×100&/fig.c:

Fig. 4 Case 1. Transition of EMC to a more active epithelial
growth. The activated epithelial cells are surrounded by a layer of
clear myoepithelial cells. HE, ×100&/fig.c:

Fig. 5 Case 1. Groups of poorly differentiated epithelial cells
(left), surrounded by a fibrous reaction, growing in the vicinity of
typical EMC (right). HE, ×100&/fig.c:

Fig. 6 Case 1. High-grade carcinoma component. The cells are
large with vesicular and pleomorphic nuclei showing prominent
nucleoli. HE, ×400&/fig.c:
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The mitotic count in these areas was 6/10 HPF. All the
immunohistochemical markers proved negative in these
areas. The flow-cytometric analysis of the high-grade ar-
eas was meaningless because of the low ratio of nuclei
obtained. Immunohistochemical evaluation of the MIB-1
antibody was impractical.

The cervical lymph node metastasis detected in this
patient 1 year later showed the pattern of a high-grade
carcinoma, being identical to that observed in the parotid
gland.

Case 3

In this case, the biphasic and well-differentiated areas
composed of ductal and clear cells were similar to those
observed in cases 1 and 2, and the mitotic count was also
low. Cystic dilatations with encephaloid protusions and
focal papillary proliferations were evident focally. Foci
of squamous metaplasia among abundant clear cells were
commonly seen (Fig. 8). Stromal microcalcifications
were also present. The immunohistochemical studies
demonstrated positivity of the ductal cells for cytokera-
tins, CAM 5.2 and EMA, whereas the clear cells were
positive for cytokeratins, MSA, SMA, S-100 protein, and
focally for CAM 5.2, vimentin and GFAP. The MIB-1
immunostaining was positive in 0.3% of the ductal cells
and in 2% of the myoepithelial cells. The flow-cytomet-
ric profile of this component showed a DNA diploid (eu-
ploid) population with an SPF of 8.4% and PI of 12.7%

A second tumour component was seen close to the
well-differentiated areas. It was composed of large cells
with eosinophilic cytoplasm and pleomorphic nuclei,
which formed some lumina (Fig. 9) with scarce and fo-
cally alcian-blue- and mucicarmine-positive secretions.
Foci of necrosis were also seen in these high-grade areas.
The mitotic count was 8/10 HPF. The immunohisto-

chemical studies revealed positivity for cytokeratins,
CAM 5.2 and, focally, for CEA and S-100 protein. MIB-
1 was positive in 12% of the neoplastic cells in these ar-
eas. The flow-cytometric analysis showed a DNA diploid
(euploid) population with an SPF of 9.8% and PI of
20.7%.

Discussion

EMC usually arises from the parotid gland, and more
rarely from minor salivary glands, involving the maxilla-
ry antrum and palate [8, 14, 19]. This neoplasm exhibits
a predilection for female subjects and for old age, with a
peak incidence in the seventh decade [6, 8, 9, 15, 19], al-
though cases in children have been reported [21].

EMC is a biphasic neoplasm composed of epithelial
and myoepithelial cells presenting with a broad spectrum
of histopathological appearances [2, 13]. The tumour
usually shows a very typical growth pattern on low mag-
nification, with lobular, advancing, margins and an un-
mistakable bicellular appearance formed by epithelial
ductal cells, usually with an intercalated duct appear-
ance, surrounded by a mantle of cells with optically clear
cytoplasm and with a myoepithelial phenotype. Some ar-
eas with a predominance of clear cells and a paucity of
epithelium-lined ducts and ductules are frequently ob-
served. Other patterns described include the presence of
spindle myoepithelial elements, cystic dilatation with en-
cephaloid protusions and papillary proliferations in the
biphasic areas and foci of squamous metaplasia [2, 4].
Interestingly, areas of dedifferentiation in recurrences
and metastases have been described previously [30].
These areas contained pleomorphic spindle cells, promi-
nent haemorrhage, necrosis and numerous mitotic fig-
ures, so that there is a correlation between these histo-
logical changes and a worse prognosis [30]. However,
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Fig. 7 Case 2. Typical EMC
areas in continuity with a high-
grade carcinoma composed of
large cells with pleomorphic
and atypical nuclei. HE, ×200&/fig.c:



except for the association with an adenoid-cystic carci-
noma [7], no other different neoplasm has been de-
scribed as associated with an EMC in the salivary
glands.

In our three cases, extensive areas of typical EMC
consisting of epithelial ductal and myoepithelial compo-
nents were observed, and their origins were confirmed
immunohistochemically. The three cases also harboured
areas of a high-grade neoplastic component, which ex-
hibited the morphological features of a high-grade ade-
nocarcinoma in cases 1 and 3. Areas exhibiting active
growth of the epithelial component with progressive cel-
lular atypia, indicating transition from low-grade to high-
grade carcinoma, were seen in case 1. The epithelial na-
ture of the high-grade component was confirmed im-

munohistochemically; it showed a reactivity profile char-
acteristically different from malignant myoepithelioma
[1]. In case 1, the focal and peripheral positivity for
SMA was attributed to the presence of stromal myofibro-
blasts and vessels. All the immunohistochemical studies
turned out to be negative in the high-grade component of
case 2, in spite of the typical immunohistochemical pro-
file of the low-grade EMC component.

In these three cases, the tumours were known to have
been present for several years before they began to in-
crease in size and aggressiveness. The behaviour of the
typical salivary gland EMC is that of a low-grade malig-
nant neoplasm, with slow locally infiltrative growth and
the possibility of recurrences after surgical excision. In
rare cases it can give rise to remote metastases and even-
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Fig. 8 Case 3. EMC pattern
with clear cell predominance
and foci of squamous metapla-
sia. HE, ×400&/fig.c:

Fig. 9 Case 3. High-grade car-
cinoma component composed
of large cells with vesicular nu-
clei and patent nucleoli. There
is a tendency to glands forma-
tion. HE, ×400&/fig.c:



tually kill the patient [6, 8, 15, 19]. In attempts to predict
the biological behaviour of salivary gland EMC, differ-
ent variables have been studied, including tumour size,
histopathological pattern, DNA analysis by image cyto-
photometry and proliferative activity measured by the
Ki-67 antibody, but none has correlated with the biologi-
cal course and prognosis of this neoplasm [5, 13, 15].The
only morphological feature that has been found to corre-
late with prognosis is the presence of nuclear atypia in
more than 20% of the tumour cells [13]. The evaluation
of proliferative activity by Ki-67 analysis has been
shown to correlate with clinicopathological factors and
patient survival in several neoplastic conditions, includ-
ing salivary gland neoplasms [17, 22]. Therefore, atten-
tion was directed towards establishing the pattern of pro-
liferative activity in the different components of our
three tumours.The anaplastic areas of our three cases ex-
hibited higher proliferative activity than the typical EMC
foci. Interestingly, the myoepithelial component of the
latter had a higher mitotic count than the ductal one. This
supports the suggestion that myoepithelial cells play an
important part in the growth of EMC, being capable of
multiplying and giving rise to other tumour cell types
[5]. It is tempting to consider that the high-grade carci-
noma component of our cases was derived from myoepi-
thelial cells, although we have no convincing evidence to
offer. The existence of intense proliferation correlated
with aggressive behaviour of the neoplasm in two of our
cases, mainly in case 1, in which the patient died soon
after the initial diagnosis and had the highest prolifera-
tion rates. Nevertheless, the value of the assessment of
proliferation in tumours with this high-grade component
is still too limited, both by the small number of cases
studied and by the brief follow-up, to allow definitive
conclusions. Future studies should consider the relative
frequency of the association between EMC and a high-
grade carcinoma.

Neoplasms with characteristics similar to EMC have
been reported in the breast, where they have been called
adenomyoepitheliomas [20, 32]. This is a misnomer:
they are low-grade malignant tumours and should also be
called epithelial-myoepithelial carcinomas [26, 27].
These tumours, although usually behaving as benign en-
tities, can show a spectrum of behaviour like that seen in
the salivary glands, with local recurrences and axillary
lymph node and distant metastasis [18, 20, 23, 32]. The
presence of a high-grade carcinoma and a malignant
myoepithelioma coexisting with an adenomyoepithelio-
ma associated with a fatal outcome has been described
before [11, 20, 24], and other malignant components
have been reported [31]. It seems reasonable to consider
that such undifferentiated components in both breast
adenomyoepitheliomas and EMC represent a transforma-
tion of low-grade tumours into high-grade lesions, rather
than a collision of two different neoplasms.

These three cases of EMC with a high-grade carcino-
ma component confirm that the presence of this high-
grade component confers an increased malignant poten-
tial on EMC, as shown by the high proliferative capacity

and aggressive behaviour in two of our cases. In recur-
rent and long-standing EMC with sudden increase in size
thorough sampling and evaluation of the proliferation ac-
tivity are recommended.
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