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Abstract Clear cell changes may be observed in virtually
any benign or malignant tumor of epithelial, mesenchymal,
melanocytic and hematopoeitic derivation not be attributed
to variable etiologies. In general, benign and malignant
clear cell neoplasms of the head and neck are rare. They
may involve various regions and may be of diverse deri-
vations, with only 1-2% of tumors of the salivary glands,
jaws and oral mucosa are primarily or almost exclusively
composed of clear cells (Maiorano et al., Semin Diagn
Pathol 14:203-212, 1997). This review will selectively
discuss the clinicopathological features of salivary gland
tumors with clear cell changes, which, at times, may pose a
diagnostic challenge and dilemma.
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Introduction

Clear cell tumors of the head and neck are rare. They may
be observed in almost any benign or malignant tumor of
epithelial, mesenchymal, melanocytic or hematopoeitic
derivation. They are attributable to various factors includ-
ing artifactual changes, improper cellular preservation and
hydropic degeneration of organelles, or due to the accu-
mulation of glycogen, mucopolysaccharides, lipid, mucin,
or phagocytized foreign body material in the cytoplasm of
tumor cells. Focal clear cell change in a tumor may become
more extensive with tumor progression or it may appear
secondarily, reflecting clonal evolution in that tumor [1-3].
These factors may collectively make the diagnosis of clear
cell tumors difficult and challenging [1-5]. With few
exceptions, most neoplasms with a clear cell component
show sufficient original characteristic histomorphological
features that would enable the pathologist to render a
precise and accurate diagnosis. Nevertheless, these changes
can potentially lead to difficulties and delays in establish-
ing the diagnosis [1-3]. Salivary gland tumors account for
less than 7% of neoplasms involving the head and neck
region [4]. These tumors are also reported in various other
sites including the skin, neck, thyroid gland, mastoid bone,
middle ear, and jawbones [5-9].

Intraosseous salivary gland tumors may be derived from
ectopic salivary tissue, may arise from the neoplastic
transformation of the mucous cells found in the lining of
dentigerous cysts, from embryonic remnants of sub-
mandibular glands found within the mandible, from bony
entrapment of mucous cells of the retromolar pad during
embryogenesis or theoretically, the may also arise from
salivary tissue present in lingual cortical defect of the
mandible [10-12]. The most common intraosseous salivary
gland tumor reported is mucoepidermoid carcinoma,
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followed by adenoid cystic carcinoma [10]. While primary
central clear cell carcinoma of salivary origin is extremely
rare [10-12] it must be included in the differential diag-
nosis of central clear cell tumors and tumor- like conditions
of bone. Clear cells can be observed in any type of benign
and malignant salivary gland tumors, including benign
mixed tumors, myoepithelioma/myoepithelial carcinoma,
oncocytoma/oncocytic carcinoma, mucoepidermoid carci-
noma, acinic cell carcinoma, polymorphous low-grade
adenocarcinoma, and adenoid cystic carcinoma [13—18]. In
most instances, clear cells constitute only a minor com-
ponent of the cellular content of these neoplasms and the
diagnosis is established based upon the identification of the
classic histomorphological features and characteristic
growth pattern of the designated tumor [1, 15]. Between
15-35% of all parotid gland tumors are malignant and 21—
42% of these representing metastatic disease. The majority
of metastatic parotid tumors are of cutaneous origin, pri-
marily squamous cell carcinomas and melanomas (45 and
37% respectively). The remainder of metastatic tumors
arise from the lung, breast, kidney, gastrointestinal tract,
and prostate [19]. Distinguishing primary salivary tumors
from metastatic tumors with clear cell features have
important therapeutic, diagnostic and decision making
considerations. The clinicopathological features of primary
clear cell tumors of salivary glands and selective metastatic
clear cell tumors to that region will be discussed.

Discussion

Modified myoepithelial cells constitute a significant com-
ponent of numerous salivary gland neoplasms [20]. Both
the benign myoepithelioma and its malignant counterpart;
myoepithelial carcinoma are comprised exclusively of
sheets and islands of myoepithelial cells that may be
arranged in various patterns including plasmacytoid, epi-
thelioid, and clear cell patterns. A marked cellular, mucoid,
or hyalinized stroma may be seen in these tumors [16].
Many pathologists consider myoepithelioma to be in the
spectrum of the benign mixed tumors (PA) but they char-
acteristically lack ductal differentiation and myxoid-
chondroid changes seen in benign mixed tumors (BMT)
[21, 22].

Myoepitheliomas represents 1.5% of all salivary gland
tumors and tend to involve both genders with equal fre-
quency. Although it may be encountered anywhere within
the maxillofacial region, the parotid gland is the most
common site reported followed by the hard and soft palates
[16]. Myoepithelial carcinomas tend to show a lobulated
pattern and are composed to a similar range of cell types
observed in the benign counterpart and although high
mitotic rate, a cellular pleomorphic infiltrate and necrosis

may be encountered [23-26]. The infiltrative and destruc-
tive growth pattern unequivocally remains to be the main
diagnostic criteria in separating myoepithelial carcinoma
from myoepitheliomas [16].

Clear cell myoepithelial carcinoma (CCMC) comprises
about 16% of all myoepithelial carcinomas [23]. Its dis-
tinction from other salivary gland tumors with clear cell
components is important since CCMC tends to behave
more aggressively with a 50% recurrence rate and 40%
metastatic rate [27]. This tumor characteristically reacts
positively with anti S-100 protein, vitamin and high
molecular weight cytokeratin, muscle specific actin
(MSA), (HHF-35) and alpha smooth muscle actin (SMA)
immunohistochemical stains. Calponin is thought to be
superior to MSA and SMA in delineating the myoepithelial
cells; yet it fails to stain half of the epithelioid cell type and
25% of the clear cell types [23, 27]. The documentation of
strong positive staining with myoepithelial markers is
important in differentiating the clear cell variant of myo-
epithelioma and myoepithelial carcinoma from other
primary tumors with clear cell features in that region;
including clear cell oncocytoma, mucoepidermoid carci-
noma, acinic cell carcinoma and clear cell carcinoma.

Oncocytes are modified epithelial cells that containing
abundant mitochondria. They may be seen in many organs
including the parotid gland, the minor salivary glands,
larynx, nasal mucous membranes, thyroid and parathyroid
glands [28] and although benign and malignant oncocytic
neoplasms are well documented in the head and neck
region, they are considered rare. Oncocytic tumors, or
oncocytomas constitute approximately 1% of all salivary
gland tumors with marked tendency for parotid gland
involvement and a much lower occurrence in the minor
glands [29, 30]. The mean age of patients is 85 years with
no sex predilection reported. Oncocytomas, including the
clear cell variant are well-demarcated lesions composed of
large polyhedral eosinophilic epithelial cells with charac-
teristic granular cytoplasm and small dark nuclei separated
by thin vascular fibrous septae (Fig. 1). Clear cells may
occasionally predominate in some lesions and may be
attributed to intracytoplasmic glycogen deposition or to
fixation artifact [15]. Nevertheless, oncocytomas, including
the clear cell variant stain strongly positively for phos-
photungstic acid hematoxylin (PTAH) and negatively for
myoepithelial markers. It is noteworthy to mention that
clear-cell oncocytoma of the salivary gland is a benign
tumor with excellent prognosis [15-18]; when compared to
the other salivary tumors with exclusively or predomi-
nantly clear cell features which are generally considered at
least low-grade malignant tumors.

Mucoepidermoid carcinoma is the most common
malignant salivary gland tumor with more than half of the
cases involving the major salivary glands and the balance
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Fig. 1 Histomorphological features of clear cell variant of oncocy-
toma of the parotid gland. The tumor is well demarcated and consists
of monotonous clear cells, arranged in nests and organoid pattern and
separated by thin fibrous spate. (Hematoxylin and eosin stain.
Original magnification 20x.) (Inset: Hematoxylin and eosin stain.
Original magnification 40x R. image)

involving the minor salivary glands of the palate, buccal
mucosa, retromolar trigone, and lips [14-16]. It also has a
predilection for females. MEC is characterized by three
distinct cell types; epidermoid, mucous and intermediate
cells mixed in various proportions with variable patterns.
Clear cells constitute approximately 10% of the tumor
population [15] but may occasionally form a large popu-
lation of the tumor cells [31]. Clear cells are much more
frequently encountered in mucoepidermoid carcinoma
when compared to acinic cell carcinoma [14] and the
existence of pure clear cell variant of acinic cell carcinoma
is doubted [16, 32]. The clear cells in MEC typically stain
positively with PAS; often with the absence or diminish
intensity of staining after digestion with diastase confirm-
ing its glycogen content [15, 33]. Special staining for
mucicarmine or alcian blue can readily identifies the
mucous cell population, which is considered diagnostic
since mucous cells are only rarely encountered in other
salivary tumors with marked clear cell content [16, 31].
The parotid gland is the site of 83% of acinic cell carci-
noma. Only 4% involve the submandibular gland [16] and the
balance arise in the intraoral minor salivary glands. These
tumors may be infiltrative or well circumscribed and may
demonstrate variable growth patterns including the well
defined serous acinar pattern, solid/tubular, papillary-cystic,
microcystic, follicular non-specific glandular, vacuolated
and clear cell patterns [1, 16, 34]. Clear cells are found in
approximately 6% of acinic cell carcinomas (ACC) (Fig. 2)
but in almost 1%, they constitute the major population of
tumor cells [15]. The clear cells in ACC do not contain gly-
cogen and the cytoplasmic clearing is most probably related
to fixation artifacts, reduction in the numbers of organelles

Fig. 2 Clear cells in acinic cell carcinoma note the presence of
serous tumor acini surrounding the clear cells. (Hematoxylin and
eosin stain. Original magnification 60x)

[14, 15, 18], or may reflect transformation of neoplastic aci-
nar cells [14, 15, 18]. The identification of the PAS positive
diastase resistant zymogen cytoplasmic granules can help in
establishing the diagnosis especially when the typical histo-
morphological features are only focally identified. As in
MEQC, the percentage of clear cells in acinic cell carcinomas
have no prognostic value or significance. Positive immuno-
histochemical staining to anti-S-100 protein, cytokeratin,
Vimentin, tranferrin, alpha 1-antitrypsin, carcinoma embry-
onic antigen (CEA), glial fibrillary acidic protein (GFAP) and
amylase have been reported [35, 36].
Epithelial-myoepithelial carcinoma (EMC) is an
uncommon salivary gland tumor, characterized by variably
sized duct-like structures of solid, cystic, spindle, tubular,
organoid nodular, papillary, or cribriform tumor patterns.
These consist of characteristic two cell types (biphasic pat-
tern); ductal, cuboidal, intercalated duct like eosinophilic
cells typically surrounding a small lumen and larger polyg-
onal clear cells characteristically exhibiting myoepithelial
differentiation which can be well delineated with anti S-100
protein immunohistochemistry staining. (Fig. 3a and b) [16,
17, 33]. Clear cell adenocarcinoma is an uncommon, yet
important salivary gland tumor consisting of a monotonous
and monomorphic pure clear cell population lacking the
biphasic cellular pattern that characterizes epithelial myo-
epithelial carcinoma. The clear cells may or may not
demonstrate glycogen content by PAS staining. Despite the
presence or rare mucous cell differentiation in this tumor the
absence of the epidermoid component should readily dis-
tinguish clear cell adenocarcinoma from mucoepidermoid
carcinoma with prominent clear cell population. Despite the
presence of occasional cystic spaces in clear cell carcinomas,
ductal structures are generally absent and myoepithelial
differentiation is never demonstrated [33, 37].
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Fig. 3 (a) Histomorphology of epimyoepithelial carcinoma of the
salivary glands showing the class biphasic glandular-ductal pattern of
the two cell types, inner basaloid cells and the outer clear cells,
surrounded by a thickened and hyalinized connective tissue. (Hema-
toxylin and eosin stain. Original magnification 60x). (b) Immun-
ohistochemistry staining of epimyoepithelial carcinoma of the salivary
glands with anti-S-100 protein, showing distinct positive labeling of the
outer myoepithelial cells, sparing the inner ductal cuboidal cells.
(Immunohistochemistry stain. Original magnification 60x)

Renal cell carcinoma shows the greatest propensity to
metastasize to various sites including lung, pleura, bones,
liver, brain, and the thyroid gland [2, 14, 30]. Approxi-
mately 15-16% of these tumors may ultimately metastasize
to the head and neck through hematogenous route [38] with
8% of these representing the initial presenting symptoms of
the tumor [39]. Metastasis to the parotid gland is even more
rarely encountered [40] and metastasis to the oral soft tis-
sues is also rarely seen (Fig. 4).

It is essential to differentiated metastatic clear cell car-
cinoma of renal origin from primary salivary gland tumors
with clear cell features (especially clear cell carcinoma)
which may be challenging at times since the tumor shares
chemical and ultrastructural qualities and features with

Fig. 4 Metastatic clear cell carcinoma to the oral soft tissues
(including to the dorsal tongue area as seen in this case) is rarely
seen. Note the rich sinusoidal type vascular network within the clear
cell tumor. (Hematoxylin and eosin stain. Original magnification
10x/Inset = 20x)

other tumors [38—43]. Glycogen positivity, for example, can
be demonstrated in both primary clear cell adenocarcinoma
of salivary origin and metastatic renal clear cell carcinoma
to that region. The demonstration of intracytoplasmic lipid
would favor renal cell carcinoma and this would require the
examination of frozen tissue. Additionally, the identifica-
tion of a heterogeneous architecture and a rich dilated
prominent sinusoidal vascular network favors metastatic
renal cell carcinoma. Similarly, the identification of hem-
orthage and hemosiderin coupled with pronounced
pleomorphism and cytological atypia should alert the cli-
nician to the possibility of metastatic disease. Needless to
say, the identification of primary renal cell lesion on thor-
ough workup should be also confirmatory; keeping in mind
that renal cell carcinoma is known for its slow growth rate
and its potential for late metastasis. Additionally, RCC
reacts negatively with actins S-100, glial fibrillary acid
protein and CEA as well as high-molecular-weight cyto-
keratin, cytokeratin cocktail, estrogen receptor, CA 125,
inhibin, calretinin, CD34, and alpha-fetoprotein. While
staining with anti CD10 antibodies is also diagnostic since it
is seen in 90-94% of cases [38, 40].

Conclusion

Clear cell tumors of the salivary glands comprise a diverse
group of benign and malignant tumors with variable clin-
icopathological characteristics. The distinction between
different tumors of this group and this differentiation from
metastatic disease is essential and can be facilitated by a
combination of thorough clinical evaluation and chemical
as well as histochemical staining characteristics.
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