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Abstract: Abstract.
This review focuses on the heterogenous group of clear cell neoplasms of salivary
glands and attempts to identify major differential diagnostic features. Within the head
and neck region, clear cells are found most commonly in salivary gland tumors, but
may also be seen in tumors of squamous or odontogenic epithelial origin, primary or
metastatic carcinomas, benign or malignant melanocytic lesions, or benign or
malignant mesenchymal tumors. Clear cells occur fairly commonly among a wide
variety of salivary gland neoplasms, but mostly they constitute only a minor component
of the tumor cell population. Clear cells represent a major diagnostic feature in two
salivary gland neoplasms, epithelial-myoepithelial carcinoma and hyalinizing clear cell
carcinoma. In addition, salivary gland neoplasms composed predominantly of clear
cells could also include clear cell variants of other salivary neoplasms, such as
mucoepidermoid carcinoma and myoepithelial carcinoma, but their tumor type-specific
histological features may only be available in limited non-clear cell areas of the tumor.
Diagnosing predominantly clear cell salivary gland tumors is difficult because the
immunoprofiles and morphological features may overlap and the same tumor entity
may also have a wide range of other histologic presentations. Many salivary gland
tumors are characterized by  tumor type-specific genomic alterations, particularly gene
fusions of the  ETV6  gene in secretory carcinoma, the  MYB  and  MYBL1  genes in
adenoid cystic carcinoma, the  MAML2  gene in mucoepidermoid carcinoma, the
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EWSR1  gene in hyalinizing clear cell carcinoma, and others. Thus, along with
conventional histopathologic examination and immunoprofiling, molecular and genetic
tests may be important in the diagnosis of salivary gland clear cell tumors by
demonstrating genetic alterations specific to them.
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Abstract. 

This review focuses on the heterogenous group of clear cell neoplasms of salivary glands 

and attempts to identify major differential diagnostic features. Within the head and neck region, 

clear cells are found most commonly in salivary gland tumors, but may also be seen in tumors 

of squamous or odontogenic epithelial origin, primary or metastatic carcinomas, benign or 

malignant melanocytic lesions, or benign or malignant mesenchymal tumors. Clear cells occur 

http://www.ihnsg.com/
mailto:skalova@fnplzen.cz


3 
 

fairly commonly among a wide variety of salivary gland neoplasms, but mostly they constitute 

only a minor component of the tumor cell population. Clear cells represent a major diagnostic 

feature in two salivary gland neoplasms, epithelial-myoepithelial carcinoma and hyalinizing 

clear cell carcinoma. In addition, salivary gland neoplasms composed predominantly of clear 

cells could also include clear cell variants of other salivary neoplasms, such as mucoepidermoid 

carcinoma and myoepithelial carcinoma, but their tumor type-specific histological features may 

only be available in limited non-clear cell areas of the tumor.  

Diagnosing predominantly clear cell salivary gland tumors is difficult because the 

immunoprofiles and morphological features may overlap and the same tumor entity may also 

have a wide range of other histologic presentations. Many salivary gland tumors are 

characterized by  tumor type-specific genomic alterations, particularly gene fusions of the ETV6 

gene in secretory carcinoma, the MYB and MYBL1 genes in adenoid cystic carcinoma, the 

MAML2 gene in mucoepidermoid carcinoma, the EWSR1 gene in hyalinizing clear cell 

carcinoma, and others. Thus, along with conventional histopathologic examination and 

immunoprofiling, molecular and genetic tests may be important in the diagnosis of salivary 

gland clear cell tumors by demonstrating genetic alterations specific to them. 

 

 

1. Introduction. 

 

This review focuses on the heterogenous group of clear cell neoplasms of salivary glands 

and attempts to clarify some of the features that help to differentiate one neoplasm from another. 

Optically clear cells may be found as incidental histologic findings in any of a multitude of 

benign or malignant tumors from different cells of origin including epithelial, melanocytic, 

mesenchymal, or hematopoietic. They may be a result of many different processes, such as 

fixation artifact, degeneration of cellular organelles, or accumulation of substances within the 

cells - most commonly glycogen, but sometimes mucopolysaccharides, mucin, or lipids (1). 

Within the head and neck region, clear cells are found most commonly in salivary gland tumors, 

but may also be seen in tumors of squamous or odontogenic epithelial origin, primary or 

metastatic carcinomas, benign or malignant melanocytic lesions, or benign or malignant 
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mesenchymal tumors (2). Even metastatic clear cell tumors, such as renal cell carcinoma, can 

be difficult to differentiate from primary clear cell neoplasms of the salivary glands (3, 4). 

Clear cells occur fairly commonly among a wide variety of primary salivary gland 

neoplasms, including pleomorphic adenoma (PA), myoepithelioma/myoepithelial carcinoma, 

oncocytoma, mucoepidermoid carcinoma (MEC), acinic cell carcinoma, epithelial-

myoepithelial carcinoma (EMC), and adenoid cystic carcinoma (AdCC). In most cases, clear 

cells constitute only a minor component of the cell population of these neoplasms, and the 

appropriate classification of the tumors is easily established on the basis of typical features that 

are apparent.  

In some tumors, however, clear cells constitute the major cellular component, and it is in 

this situation that the diagnostic challenge is greatest. Clear cells are usually the principal 

diagnostic feature in two salivary gland neoplasms, EMC and hyalinizing clear cell carcinoma 

(CCC). In addition, salivary gland neoplasms composed predominantly of clear cells could also 

include clear cell variants of well defined salivary neoplasms such as MEC, myoepithelial 

carcinoma (MC), myoepithelioma and oncocytoma, but their specific histological features can 

be hidden and only apparent in a limited non-clear cell component of the tumor.  

Diagnosing predominantly clear cell salivary gland tumors is difficult because many 

different tumor types may share similar morphologic features, and the same tumor entity may 

have a wide range of other histologic presentations (Table 1). Moreover, the immunoprofiles 

of predominantly clear cell salivary tumors of different entities may overlap, such as 

p63/p40/HMW cytokeratin positive and S100/SOX10 negative immunostaining in hyalinizing  

CCC, MEC, and squamous cell carcinoma (SCC) (5).  

Over the past decade, a significant development in molecular techniques and understanding 

of the genomic landscape of salivary gland neoplasms has taken place (6-8). Several salivary 

gland tumors were characterized by recurrent genomic alterations, including gene fusions 

involving the ETV6 gene in secretory carcinoma (9-11), the MYB and MYBL1 genes in adenoid 

cystic carcinoma (12), the MAML2 gene in MEC (13-14), and the fusion EWSR1::ATF1 in 

hyalinizing CCC (15). In addition, HRAS exon 3 mutations were seen in most cases of EMC 

(16), and rearrangement of the gene EWSR1 was described in a significant proportion of clear 

cell myoepithelial carcinomas (17-18), respectively. Thus, along with conventional histologic 

examination and immunoprofiling, molecular and genetic tests can facilitate the diagnosis of 

salivary gland clear cell tumors by demonstrating genetic alterations specific to them. 
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2. Major primary clear cell neoplasms of salivary glands 

2.1. Hyalinizing clear cell carcinoma  

Hyalinizing CCC is a low-grade salivary gland malignancy that was originally described 

by Batsakis in 1980 (19), and the concept was later refined by Simpson et al (20) and Milchgrub 

et al (21). While it is possible that hyalinizing CCC rarely arises also in major salivary glands, 

it occurs most commonly in minor salivary glands, usually in the palate or the base of the tongue 

(21)  (Fig. 1). Until recently, hyalinizing CCC was regarded not as a distinct entity but rather 

as a diagnosis of exclusion. Uncertainty about the true nature and identity of hyalinizing CCC 

was reflected in the frequently changing designations of this tumor type. Originally described 

as “clear cell carcinoma” (19, 20), it was later designated as “hyalinizing clear cell carcinoma” 

(21). Then, in the 2005 World Health Organization Classification (WHO) of Head and Neck 

Tumors it was renamed as “clear cell carcinoma, not otherwise specified” (22), and in the 2008 

Armed Forces Institute of Pathology Fascicle of Salivary Gland Tumors as “clear cell 

adenocarcinoma” (23). The term “clear cell carcinoma” then re-appeared in the 2017 WHO 

Classification of Head and Neck Tumors (24), and finally the neoplasm is called “hyalinizing 

clear cell carcinoma” again in the upcoming 5th edition of WHO classification in 2022 (25). 

The discovery that most hyalinizing CCCs harbor EWSR1::ATF1 fusion that is not 

found in any other type of salivary gland tumor, strongly supports the present view that 

hyalinizing CCC is a distinct tumor entity (15). Microscopically, hyalinizing CCC is typically 

composed of clear cells, arranged in anastomosing trabeculae, cords, nests, or solid sheets 

surrounded by a stroma of spindle-shaped fibroblasts and dense hypocellular hyalinized tissue 

sometimes with myxoid foci (Fig. 2). Hyalinizing CCCs have invasive borders, even 

occasionally exhibiting perineural infiltration, and the tumor cells display minimal nuclear 

pleomorphism with a very low mitotic and proliferative index. Histologically, there is a 

relatively wide range of appearances of hyalinizing CCC tumor cells: whilst a predominance of 

clear cells is seen in most examples, sometimes a variable proportion of the tumor cells may 

have pale eosinophilic rather than clear cytoplasm. Generally however, many hyalinizing CCCs 

display a mixture of both cell types. Tumors with virtually no clear cells can occasionally be 

seen, but they usually retain the same overall growth pattern as typical clear cell examples of 

hyalinizing CCC (5). A very characteristic feature of hyalinizing CCC is the appearance of the 

stroma comprising abundant hyalinized basement membrane-like material. It is often sharply 
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demarcated from the desmoplastic or fibrocellular stroma that sometimes appears myxoid and 

may mimic a pleomorphic adenoma (5). The presence of these two stroma types is essentially 

pathognomonic for the diagnosis of hyalinizing CCC and is seen in most, but not all cases. The 

finding of hyalinized stroma in a tumor with a cribriform architecture may mimic other more 

common salivary gland tumors, such as AdCC and PA, particularly if the hyalinizing CCC has 

only a minor clear cell component. 

The presence of a diagnostic molecular marker, the EWSR1::ATF1 fusion, in hyalinizing 

CCC has allowed for a more complete appreciation of its histologic spectrum. This, in turn, has 

disclosed pitfalls in diagnosing carcinomas with clear cell morphology on the basis of  histology 

alone (Fig. 2). For example, hyalinizing CCC sometimes exhibits overt squamous 

differentiation (26), and they may not be hyalinized, and they may not even be dominated by 

clear cells. Thus, without molecular confirmation, the diagnosis of hyalinizing CCC would 

hardly be possible (5). Immunophenotypically hyalinizing CCC has similarities to SCC and 

MEC with positive immunostaining for high–molecular-weight keratins and p63 and negative 

immunostaining for markers of myoepithelial differentiation. Focal mucinous differentiation is 

known to occur in up to 50% of cases of hyalinizing CCC (27-28). The distinction of hyalinizing 

CCC from clear cell mucoepidermoid carcinoma (MEC) can be truly challenging, and 

hyalinizing CCC may be misclassified as the more common MEC (27-28). In one recent study, 

the presence of an alternative EWSR1::CREM fusion in a salivary clear cell carcinoma with a 

very prominent mucinous component and an original diagnosis of MEC, finally convinced 

pathologists of a revised diagnosis of hyalinizing CCC (29). This is a critical distinction as a 

solid nested MEC would be classified as high-grade malignancy with a worse prognosis and 

more aggressive treatment, while hyalinizing CCC usually behaves as a low-grade tumor. 

2.2. Epithelial-myoepithelial carcinoma  

Epithelial-myoepithelial carcinoma (EMC) is a rare salivary gland malignancy that 

comprises about 1–2 % of all salivary gland tumors and 2–5 % of malignant salivary gland 

tumors (30). Initially described by Donath et al. in 1972 (31), EMC was likely recognized as 

early as 1956 and reported under a variety of names such as adenomyoepithelioma, clear cell 

adenoma, tubular solid adenoma, monomorphic clear cell tumor, glycogen-rich adenoma, 

glycogen-rich adenocarcinoma, and clear cell carcinoma (32-34).  

EMC represents a typical example of a biphasic salivary gland neoplasm. Histologically, 

it is composed of a tubular to nested bi-layered arrangement of inner (luminal) ductal cells, and 
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outer (abluminal) myoepithelial cells. The ductal component is typically composed of small 

lightly eosinophilic cuboidal cells forming tubules. The abluminal myoepithelial component 

consists of larger polygonal cells, usually with clear cytoplasm. This outer layer in turn is 

surrounded by a basement membrane of varying thickness; this can be so marked that the 

predominant histological appearance of the tumor becomes that of a paucicellular hyaline mass 

with only scanty bi-layered neoplastic ducts. (35) The vast majority of EMCs have low grade 

cytomorphologic features, but up to one third may show perineural invasion (36). 

Angiolymphatic invasion and necrosis, which appear to correlate with local recurrence, are less 

frequent (36).  

Most EMCs have a predominant clear cell abluminal myoepithelial layer with a well 

delineated luminal ductal non-clear cell component. A double-clear variant of EMC is rare 

(3.3%) (36); in this subtype, the cytoplasm of both the epithelial and myoepithelial cells is clear, 

(hence “double-clear”), thus obviously making morphological distinction from hyalinizing 

CCC difficult. However, while the clear cells of hyalinizing CCC may look similar to the clear 

cells in EMC, the latter will have, at least focally, also a population of small dark ductal 

epithelial cells and a clear cell abluminal component with myoepithelial phenotype. The latter 

population may be identified with actin, smooth muscle myosin heavy chain, calponin, p63, or 

(less specifically) S100 antibodies (36). EMC can on occasions lack clear cells altogether; then 

immunohistochemistry for CK7 and p63 will reveal an unexpected biphasic pattern in a 

challenging undiagnosed carcinoma, which is then rightfully recognized as EMC.  One other 

pointer in differentiating EMC from hyalinizing CCC is that the former with its biphasic cell 

population occurs most frequently in the parotid gland, whereas hyalinizing CCC composed of 

one neoplastic cell type only usually arises in minor salivary glands, particularly the palate. 

In distinguishing EMC from other salivary gland tumors with biphasic differentiation 

immunohistochemistry is of limited value. However, a molecular test that can lead to an 

accurate diagnosis of EMC is now available (16, 37). Mutations in codon 61 of HRAS gene 

have been detected in a vast majority of EMC, independent of histologic variants, the anatomic 

location and clinicopathologic parameters (16, 37). This genetic alteration was consistently 

lacking from the histologic mimics of EMC. Thus, the assessment of HRAS mutations can 

contribute to correct diagnosis of EMC in challenging histopathological settings. 

 

3. Clear cell variants of well defined salivary neoplasms 
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3.1. Clear cell mucoepidermoid carcinoma 

Mucoepidermoid carcinoma (MEC) is the most common type of salivary gland 

carcinoma and it is found in both the major and minor salivary glands. It is typically composed 

of varying numbers of epidermoid, intermediate, and mucin-producing cells. Rarely, clear cells 

predominate over the other cell types, and these most often represent intermediate cells; tumors 

where this occurs are termed the clear cell variant of MEC (38-40). This variant is almost 

exclusively composed of cells with abundant optically clear cytoplasm, only mild to moderate 

nuclear enlargement, and a nested growth pattern (Fig. 3). In the clear cell variant of MEC 

tumor cells containing cytoplasmic mucin are rare and difficult to discern. The clear cytoplasm 

of the tumor cells is stained by periodic acid–Schiff (PAS) with some granularity indicating the 

presence of glycogen, while the mucinous cells are stained by PAS even after diastase digestion 

indicating mucin (40). Intracellular mucins are also stained blue by Alcian blue.  

Immunohistochemical positivity for p63 and p40 and negativity for S100 and SOX10 may be 

helpful in differential diagnosis between MEC and the clear-cell variant of myoepithelial 

carcinoma and myoepithelioma. However, the immunoprofile of hyalinizing CCC is identical 

to that of MEC. Approximately 60-80% of MECs harbor a tumor type-specific translocation 

t(11;19)(q21;p13) and its CRTC1::MAML2 fusion gene or a rare variant translocation 

t(11;15)(q21;q26) with CRTC3::MAML2 fusion (13, 41-42). Among the various salivary gland 

tumors, CRTC1/3::MAML2 fusion is specific for MEC and it can be used in diagnostic workup 

(Fig. 3). In selected problematic cases, demonstration of MAML2 rearrangement is 

recommended to confirm the diagnosis of MEC, particularly in examples of the oncocytic or 

clear cell variants of MEC, or in differential diagnosis from pleomorphic adenomas with 

extensive oncocytic or mucinous metaplasia (40, 43-44).  In such cases, demonstration of 

MAML2 rearrangement may be critical for the correct diagnosis. Obviously, only positive 

results are informative. 

 

3.2. Clear cell myoepithelial carcinoma  

Myoepithelial carcinoma (MC) is a malignant salivary neoplasm that is almost 

exclusively composed of myoepithelial cells and has an invasive growth pattern (45). Most 

MCs occur in the parotid gland followed by the palate, and the submandibular gland (45, 18). 

In earlier studies, MC was reported to account for < 2% of all salivary gland malignancies (46-
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47), but currently the incidence of MC is suspected to be higher. This is mainly because MC is 

easily underrecognized given its broad histologic spectrum and overlapping morphologic 

features with other salivary gland tumors, benign or malignant (48). MC may arise in the 

context of a preexisting pleomorphic adenoma (MC ex-PA) or de novo, and it may affect major 

or minor salivary glands.  

Microscopically, morphologic heterogeneity is a typical histologic feature of MC, with 

tumors mostly displaying a mixture of different cell types and growth patterns, and this 

spectrum includes a clear cell variant (17-18, 49).  The neoplastic myoepithelial cells in MC 

exhibit considerable variation, and although most tumors show a mixture of different cells, one 

type often predominates. Most commonly, this is the epithelioid cell type (79%), followed by 

spindle cells (19%), basaloid-type cells with high nuclear to cytoplasmic ratio (15%), and 

plasmacytoid cells (15%). Clear cells as the predominant cell type are relatively rare (8%) (45).  

Myoepithelial cells in various salivary gland neoplasms commonly undergo clear cell 

transformation, for example in EMC, but the clear cell variant of myoepithelial carcinoma 

(CCMC) composed exclusively of neoplastic cells with water clear cytoplasm is rare (17-18, 

49). CCMCs are composed of compact nests of large polyhedral cells with abundant clear 

cytoplasm divided by fibrous septa (Fig. 4). Histologically, the most characteristic feature of 

CCMC is its multinodular architecture and its zonal cellular arrangement. The latter consists of 

a hypercellular peripheral rim of tumor cells surrounding a hypocellular sometimes necrotic 

center of the tumor islands. These two features help differentiate MC from benign tumors like 

pleomorphic adenoma and myoepithelioma, and malignancies such as hyalinizing CCC. CCMC 

characteristically is stained variably positive with p40, p63, SOX10, S-100 protein, high 

molecular weight cytokeratin, muscle specific actin, and alpha smooth muscle actin antibodies. 

Calponin, which is considered the most sensitive and specific marker of myoepithelial cells, is 

however rarely expressed in CCMC (17).  

In the differential diagnosis of CCMC,  hyalinizing CCC must be considered. This 

distinction is important since CCMC tends to behave more aggressively with a 50% recurrence 

rate and 40% metastatic rate (50). In one recent study, patients with CCMC developed distant 

and lymph node metastases in 33% and 24% of cases, respectively (18). Positive 

immunostaining for cytokeratin, p40, and p63 is shared by CCMC and hyalinizing CCC. 

Although the immunoprofile may vary considerably between cases, the minimal requirement 

for diagnosis of myoepithelial carcinoma of salivary gland is co-expression of 

cytokeratin/EMA, SOX10, S100 protein, and/or at least one other myoepithelial marker.  



10 
 

EWSR1 gene rearrangement has been identified in approximately one third of MCs, 

which have predominantly clear cell morphology and aggressive clinical behavior (17, 51). 

However, it was reported recently that none of the MCs with EWSR1 rearrangement identified  

by FISH, showed an EWSR1 fusion transcript in sequencing, and consequently this type of 

EWSR1 abnormality in MCs may actually represent a passenger mutation with minor effect 

(18). The most common fusion transcripts in all subtypes of MC included FGFR1::PLAG1 and 

TGFBR3::PLAG1 (52), and LIFR::PLAG1, CTNNB1::PLAG1, FGFR1::PLAG1, and 

CHCHD7::PLAG1 (18),  respectively. 

 

3.3. Clear cell variant of oncocytoma 

 

Oncocytomas are benign encapsulated neoplasms composed of large epithelial cells 

with abundant eosinophilic granular cytoplasm due to the accumulation of mitochondria 

(oncocytes). p63 positive basal-like cells are an obligate component in oncocytoma. 

Oncocytomas may be multifocal and bilateral and constitute approximately 1% of all salivary 

gland tumors with marked tendency for parotid gland involvement and a much lower 

occurrence in the minor glands (53). Clear cells may occasionally predominate in some lesions 

and may be attributed to intracytoplasmic glycogen deposition or to fixation artifact (54). Clear 

cell oncocytoma is composed almost entirely of oncocytes with clear cytoplasm (55). It is 

important to mention that clear cell oncocytoma of the salivary gland is a benign tumor with 

excellent prognosis, when compared to other salivary tumors with exclusively or predominantly 

clear cell features, which are mostly malignant (55). 

 

  

4. Non-salivary clear cell neoplasms in differential diagnosis 

4.1. Odontogenic clear cell carcinoma 

Antonescu et al (15) reported a recurrent EWSR1::ATF1 fusion in hyalinizing CCC of 

minor salivary glands. Identical EWSR1 and ATF1 gene rearrangements have also been 

identified in clear cell odontogenic carcinoma (CCOC), providing molecular evidence for a link 

between hyalinizing CCC and CCOC (56). CCOC is an odontogenic carcinoma characterized 

by nests, sheets, and cords of clear cells in a fibrocellular or hyalinized stroma. These tumors 

develop in the jaw bones with three quarters occurring in the mandible, most frequently in the 

posterior body and lower ramus (57). EWSR1 rearrangements have been reported in over 80% 
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of cases of CCOC (54). ATF1 is the most common fusion partner of EWSR1, while CREB1 and 

CREM have been found less frequently (56, 58-59). CCOCs are histomorphologically and 

immunohistochemically similar to salivary gland hyalinizing CCC, and the two tumor types 

share EWSR1 rearrangement suggesting that they share a related form of pathogenesis (15). 

There are not any specific markers for odontogenic clear cell carcinoma. The differential 

diagnosis of CCOC includes other clear cell-rich gnathic neoplasms such as clear cell calcifying 

epithelial odontogenic tumor, amyloid-rich central odontogenic fibroma, and both primary and 

metastatic intraosseous salivary tumors such as intraosseous clear cell mucoepidermoid 

carcinoma (60). Metastatic tumors containing clear cells include most likely renal cell 

carcinoma, clear cell breast carcinoma or thyroid carcinoma and, therefore, in addition to 

clinical history, the immunomarkers RCC, CD10, PAX8, CAIX, GATA3, ER/PR, TTF-1 are 

useful to rule out metastatic tumors (61).  

4.2. Primary cutaneous tumors with clear cell morphology 

Primary salivary squamous cell carcinoma (SCC) is very rare, and the diagnosis can 

only be established by excluding metastatic SCC. A clear cell variant of cutaneous squamous 

cell carcinoma (SCC), also referred to as hydropic SCC, is a very rare variant of SCC with 

extensive hydropic changes of keratinocytes (62). The hydropic degeneration of neoplastic cells 

and the accumulation of intracellular fluid and not the accumulation of glycogen, lipid, or 

mucin, results in its clear cell appearance. All cases reported so far have been in the head and 

neck region with the mandible being the most common site (63). Other differential diagnoses 

of cutaneous origin may include clear cell acanthoma, clear cell hidradenoma, clear cell 

hidradenocarcinoma, tricholemmoma, and pilar tumor. In the latter tumor the clear cells have a 

high content of cytoplasmic glycogen. These tumors are, however, found in to the skin and do 

not represent a major differential diagnostic problem with salivary clear cell tumors.  

4.3. Clear cell malignant melanoma and other soft tissue clear cell neoplasms 

Clear cell sarcoma is an rare aggressive malignant neoplasm with morphologic and 

immunohistochemical similarities to malignant melanoma. Although both malignant melanoma 

and clear cell sarcoma display melanin pigment and melanocytic markers,  the two disorders 

are genetically distinct (64). Cases of malignant melanoma may contain BRAF mutations (65), 

whereas clear cell sarcoma lacks this mutation (66) and characteristically exhibits the reciprocal 

translocation t(12;22)(q13;q12) resulting in a rearrangement of the EWS RNA binding protein 

1 (EWSR1) gene. Clear cell sarcomas of the head and neck are uncommon (67-68). Tumors 
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arising from the salivary glands are extremely rare but have been described in the parotid and 

submandibular glands, respectively (69, 64).  

 

5. Metastatic neoplasms with clear cell morphology 

Between 15–35% of all parotid gland tumors are malignant and 21– 42% of these 

represent metastatic disease. The majority of metastatic parotid tumors are derived from skin 

malignancies of the head and neck, usually squamous cell carcinomas in 45% and melanomas 

in 37%, respectively. A carcinoma metastatic to salivary glands and originating from a primary 

tumor located below the clavicle is uncommon, but the kidney is one of the more common 

infraclavicular primary sites of such tumors. The most common clear cell malignancy 

metastatic to the oral mucosa and the jaws is renal cell carcinoma. However, metastases of 

melanoma and malignant clear cell tumors of the prostate, bowel, thyroid, and liver must also 

be considered, and in the absence of clinical information, excluded with appropriate 

immunohistochemical markers. Distinguishing primary salivary tumors from metastatic tumors 

with clear cell features has important diagnostic, therapeutic, and decision-making 

considerations.  

 

5.1. Metastatic renal cell carcinoma  

Several metastatic renal cell carcinomas (RCC) have been reported in salivary glands, 

and the discovery of a metastasis may be the first indication of a primary RCC (3-4). Although 

the similarity with primary hyalinizing CCC is in most cases minimal, occasionally 

distinguishing it or even clear cell oncocytoma from metastatic RCC in the salivary gland can 

be challenging. RCC is considerably more vascular and displays generally either solid growth 

or has a crowded nested pattern. Small capillaries may be evident in hyalinizing CCC, but in 

RCC, the vascular channels are often conspicuous, dilated, and even sinusoidal. Hemorrhage 

and hemosiderin are generally more prominent in metastatic RCC. The nuclei are larger and 

more atypical than in hyalinizing CCC, and there is never squamous differentiation, or the dual 

type of stroma of hyalinizing CCC. Nevertheless, both primary hyalinizing CCC and metastatic 

RCC may be glycogen positive, and they may have a solid, organoid growth pattern, exhibit 

infiltrative growth, have little cytological atypia and few mitotic figures, and may be composed 
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almost entirely of clear cells. Mucicarmine positivity would favor a salivary gland primary 

tumor, but primary hyalinizing CCC of salivary gland is usually negative for intracytoplasmic 

mucin as well.  In addition, immunohistochemistry can help, as clear cell RCC rarely expresses 

CK7 and virtually never is positive for p63, which is almost always expressed in hyalinizing 

CCC (70). Overall, RCC usually presents a more heterogeneous architecture and is more 

vascular than primary salivary clear cell carcinomas. The more pleomorphism and cytological 

atypia, the less likely the tumor is a primary hyalinizing CCC. Despite this, in some cases, it 

may not be possible confidently to differentiate between primary and metastatic carcinoma, and 

a clinical and imaging evaluation for a renal primary tumor should be performed (3, 4). Finally, 

it must never be forgotten that a metastatic RCC is always included in a list of clear cell salivary 

differential diagnosis (5, 21).  

 

6. Conclusion 

Clear cell neoplasms of salivary glands are diagnostic challenges. They comprise a 

diverse group of benign and malignant tumors with variable clinicopathological characteristics. 

The distinction between different tumors of this group and this differential diagnosis from 

metastatic disease is essential and can be facilitated by a combination of thorough clinical 

evaluation, histological, immunohistochemical stainings as well as molecular genetic 

characteristics in selected cases. 
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Figure Legeds. 

Fig. 1. Hyalinizing clear cell carcinoma (HCC) of left base of the tongue. 

A: Gadolinium-enhanced MRI of clinical stage cT3N1 HCCC. The left panel shows the primary 

tumor and a level II lymphadenopathy on axial images. The right panel shows a sagittal T1-

weighted image of the base of tongue tumor filling the vallecula and pushing the epiglottis 

down. 
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B: Transoral robotic resection and ipsilateral comprehensive neck dissection resulted in a 

pathological stage pT3N2b HCCC.  

 

Fig. 2. Hyalinizing clear cell carcinoma with EWSR1::ATF or EWSR1::CREM fusion 

A: Hyalinizing clear cell carcinoma with EWSR1::ATF1 gene fusion shows solid-alveolar 

nests of uniform clear cells with round to oval nuclei and decent chromatin, separated by 

gently cellular and hyalinized septa.  

B: Tumor cells are positive for p63.  

C: Tumor cells are negative for S100 protein, peripheral nerves serve as positive control 

D: The fusion joining of EWSR1 gene exon 8 with ATF1 gene exon 4 is illustrated. Protein 

domains are depicted. 

E: The fusion joining of EWSR1 gene exon 14 with CREM gene exon 6 is illustrated. Protein 

domains are depicted. 

Fig. 3. Clear Cell Mucoepidermoid Carcinoma 

A: The tumor was composed predominantly of cells with large and watery clear cytoplasm 

although more classic areas of mucoepidermoid carcinoma in the form of cystic structures 

with mucous cells are present as well. 

B: The presence of scattered mucous cells is highlighted Periodic-acid-Shiff positivity, while 

clear cells showed loss of PAS staining. 

C: p63 was positive predominantly positive in clear cells. 

D: The fusion joining of CRTC1 gene exon 1 with MAML2 gene exon 2 is illustrated. Protein 

domains are depicted. 

E: The fusion joining of CRTC3 gene exon 1 with MAML2 gene exon 2 is illustrated. Protein 

domains are depicted. 

 

Fig. 4. Clear Cell Myoepithelial Carcinoma (CCMC) 

A: CCMC with CTNNB::PLAG1 fusion is composed of compact nests of large polyhedral 

cells with abundant clear cytoplasm divided by fibrous septa 

B: A case of CCMC with LIFR::PLAG1 fusion shows multifocal squamous metaplasia.  
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C: The fusions joining of CTNNB gene, exon 1, CHCHD7 gene, exon 1, and LIFR gene, exon 

1 with PLAG1 gene, exon 2 are illustrated. Protein domains are depicted. 
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Abstract. 

This review focuses on the heterogenous group of clear cell neoplasms of salivary glands 

and attempts to identify major differential diagnostic features. Within the head and neck region, 

clear cells are found most commonly in salivary gland tumors, but may also be seen in tumors 

of squamous or odontogenic epithelial origin, primary or metastatic carcinomas, benign or 

malignant melanocytic lesions, or benign or malignant mesenchymal tumors. Clear cells occur 
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fairly commonly among a wide variety of salivary gland neoplasms, but mostly they constitute 

only a minor component of the tumor cell population. Clear cells represent a major diagnostic 

feature in two salivary gland neoplasms, epithelial-myoepithelial carcinoma and hyalinizing 

clear cell carcinoma. In addition, salivary gland neoplasms composed predominantly of clear 

cells could also include clear cell variants of other salivary neoplasms, such as mucoepidermoid 

carcinoma and myoepithelial carcinoma, but their tumor type-specific histological features may 

only be available in limited non-clear cell areas of the tumor.  

Diagnosing predominantly clear cell salivary gland tumors is difficult because the 

immunoprofiles and morphological features may overlap and the same tumor entity may also 

have a wide range of other histologic presentations. Many salivary gland tumors are 

characterized by  tumor type-specific genomic alterations, particularly gene fusions of the ETV6 

gene in secretory carcinoma, the MYB and MYBL1 genes in adenoid cystic carcinoma, the 

MAML2 gene in mucoepidermoid carcinoma, the EWSR1 gene in hyalinizing clear cell 

carcinoma, and others. Thus, along with conventional histopathologic examination and 

immunoprofiling, molecular and genetic tests may be important in the diagnosis of salivary 

gland clear cell tumors by demonstrating genetic alterations specific to them. 

 

 

1. Introduction. 

 

This review focuses on the heterogenous group of clear cell neoplasms of salivary glands 

and attempts to clarify some of the features that help to differentiate one neoplasm from another. 

Optically clear cells may be found as incidental histologic findings in any of a multitude of 

benign or malignant tumors from different cells of origin including epithelial, melanocytic, 

mesenchymal, or hematopoietic. They may be a result of many different processes, such as 

fixation artifact, degeneration of cellular organelles, or accumulation of substances within the 

cells - most commonly glycogen, but sometimes mucopolysaccharides, mucin, or lipids (1). 

Within the head and neck region, clear cells are found most commonly in salivary gland tumors, 

but may also be seen in tumors of squamous or odontogenic epithelial origin, primary or 

metastatic carcinomas, benign or malignant melanocytic lesions, or benign or malignant 



4 
 

mesenchymal tumors (2). Even metastatic clear cell tumors, such as renal cell carcinoma, can 

be difficult to differentiate from primary clear cell neoplasms of the salivary glands (3, 4). 

Clear cells occur fairly commonly among a wide variety of primary salivary gland 

neoplasms, including pleomorphic adenoma (PA), myoepithelioma/myoepithelial carcinoma, 

oncocytoma, mucoepidermoid carcinoma (MEC), acinic cell carcinoma, epithelial-

myoepithelial carcinoma (EMC), and adenoid cystic carcinoma (AdCC). In most cases, clear 

cells constitute only a minor component of the cell population of these neoplasms, and the 

appropriate classification of the tumors is easily established on the basis of typical features that 

are apparent.  

In some tumors, however, clear cells constitute the major cellular component, and it is in 

this situation that the diagnostic challenge is greatest. Clear cells are usually the principal 

diagnostic feature in two salivary gland neoplasms, EMC and hyalinizing clear cell carcinoma 

(CCC). In addition, salivary gland neoplasms composed predominantly of clear cells could also 

include clear cell variants of well defined salivary neoplasms such as MEC, myoepithelial 

carcinoma (MC), myoepithelioma and oncocytoma, but their specific histological features can 

be hidden and only apparent in a limited non-clear cell component of the tumor.  

Diagnosing predominantly clear cell salivary gland tumors is difficult because many 

different tumor types may share similar morphologic features, and the same tumor entity may 

have a wide range of other histologic presentations (Table 1). Moreover, the immunoprofiles 

of predominantly clear cell salivary tumors of different entities may overlap, such as 

p63/p40/HMW cytokeratin positive and S100/SOX10 negative immunostaining in hyalinizing  

CCC, MEC, and squamous cell carcinoma (SCC) (5).  

Over the past decade, a significant development in molecular techniques and understanding 

of the genomic landscape of salivary gland neoplasms has taken place (6-8). Several salivary 

gland tumors were characterized by recurrent genomic alterations, including gene fusions 

involving the ETV6 gene in secretory carcinoma (9-11), the MYB and MYBL1 genes in adenoid 

cystic carcinoma (12), the MAML2 gene in MEC (13-14), and the fusion EWSR1::ATF1 in 

hyalinizing CCC (15). In addition, HRAS exon 3 mutations were seen in most cases of EMC 

(16), and rearrangement of the gene EWSR1 was described in a significant proportion of clear 

cell myoepithelial carcinomas (17-18), respectively. Thus, along with conventional histologic 

examination and immunoprofiling, molecular and genetic tests can facilitate the diagnosis of 

salivary gland clear cell tumors by demonstrating genetic alterations specific to them. 
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2. Major primary clear cell neoplasms of salivary glands 

2.1. Hyalinizing clear cell carcinoma  

Hyalinizing CCC is a low-grade salivary gland malignancy that was originally described 

by Batsakis in 1980 (19), and the concept was later refined by Simpson et al (20) and Milchgrub 

et al (21). While it is possible that hyalinizing CCC rarely arises also in major salivary glands, 

it occurs most commonly in minor salivary glands, usually in the palate or the base of the tongue 

(21)  (Fig. 1). Until recently, hyalinizing CCC was regarded not as a distinct entity but rather 

as a diagnosis of exclusion. Uncertainty about the true nature and identity of hyalinizing CCC 

was reflected in the frequently changing designations of this tumor type. Originally described 

as “clear cell carcinoma” (19, 20), it was later designated as “hyalinizing clear cell carcinoma” 

(21). Then, in the 2005 World Health Organization Classification (WHO) of Head and Neck 

Tumors it was renamed as “clear cell carcinoma, not otherwise specified” (22), and in the 2008 

Armed Forces Institute of Pathology Fascicle of Salivary Gland Tumors as “clear cell 

adenocarcinoma” (23). The term “clear cell carcinoma” then re-appeared in the 2017 WHO 

Classification of Head and Neck Tumors (24), and finally the neoplasm is called “hyalinizing 

clear cell carcinoma” again in the upcoming 5th edition of WHO classification in 2022 (25). 

The discovery that most hyalinizing CCCs harbor EWSR1::ATF1 fusion that is not 

found in any other type of salivary gland tumor, strongly supports the present view that 

hyalinizing CCC is a distinct tumor entity (15). Microscopically, hyalinizing CCC is typically 

composed of clear cells, arranged in anastomosing trabeculae, cords, nests, or solid sheets 

surrounded by a stroma of spindle-shaped fibroblasts and dense hypocellular hyalinized tissue 

sometimes with myxoid foci (Fig. 2). Hyalinizing CCCs have invasive borders, even 

occasionally exhibiting perineural infiltration, and the tumor cells display minimal nuclear 

pleomorphism with a very low mitotic and proliferative index. Histologically, there is a 

relatively wide range of appearances of hyalinizing CCC tumor cells: whilst a predominance of 

clear cells is seen in most examples, sometimes a variable proportion of the tumor cells may 

have pale eosinophilic rather than clear cytoplasm. Generally however, many hyalinizing CCCs 

display a mixture of both cell types. Tumors with virtually no clear cells can occasionally be 

seen, but they usually retain the same overall growth pattern as typical clear cell examples of 

hyalinizing CCC (5). A very characteristic feature of hyalinizing CCC is the appearance of the 

stroma comprising abundant hyalinized basement membrane-like material. It is often sharply 
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demarcated from the desmoplastic or fibrocellular stroma that sometimes appears myxoid and 

may mimic a pleomorphic adenoma (5). The presence of these two stroma types is essentially 

pathognomonic for the diagnosis of hyalinizing CCC and is seen in most, but not all cases. The 

finding of hyalinized stroma in a tumor with a cribriform architecture may mimic other more 

common salivary gland tumors, such as AdCC and PA, particularly if the hyalinizing CCC has 

only a minor clear cell component. 

The presence of a diagnostic molecular marker, the EWSR1::ATF1 fusion, in hyalinizing 

CCC has allowed for a more complete appreciation of its histologic spectrum. This, in turn, has 

disclosed pitfalls in diagnosing carcinomas with clear cell morphology on the basis of  histology 

alone (Fig. 2). For example, hyalinizing CCC sometimes exhibits overt squamous 

differentiation (26), and they may not be hyalinized, and they may not even be dominated by 

clear cells. Thus, without molecular confirmation, the diagnosis of hyalinizing CCC would 

hardly be possible (5). Immunophenotypically hyalinizing CCC has similarities to SCC and 

MEC with positive immunostaining for high–molecular-weight keratins and p63 and negative 

immunostaining for markers of myoepithelial differentiation. Focal mucinous differentiation is 

known to occur in up to 50% of cases of hyalinizing CCC (27-28). The distinction of hyalinizing 

CCC from clear cell mucoepidermoid carcinoma (MEC) can be truly challenging, and 

hyalinizing CCC may be misclassified as the more common MEC (27-28). In one recent study, 

the presence of an alternative EWSR1::CREM fusion in a salivary clear cell carcinoma with a 

very prominent mucinous component and an original diagnosis of MEC, finally convinced 

pathologists of a revised diagnosis of hyalinizing CCC (29). This is a critical distinction as a 

solid nested MEC would be classified as high-grade malignancy with a worse prognosis and 

more aggressive treatment, while hyalinizing CCC usually behaves as a low-grade tumor. 

2.2. Epithelial-myoepithelial carcinoma  

Epithelial-myoepithelial carcinoma (EMC) is a rare salivary gland malignancy that 

comprises about 1–2 % of all salivary gland tumors and 2–5 % of malignant salivary gland 

tumors (30). Initially described by Donath et al. in 1972 (31), EMC was likely recognized as 

early as 1956 and reported under a variety of names such as adenomyoepithelioma, clear cell 

adenoma, tubular solid adenoma, monomorphic clear cell tumor, glycogen-rich adenoma, 

glycogen-rich adenocarcinoma, and clear cell carcinoma (32-34).  

EMC represents a typical example of a biphasic salivary gland neoplasm. Histologically, 

it is composed of a tubular to nested bi-layered arrangement of inner (luminal) ductal cells, and 
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outer (abluminal) myoepithelial cells. The ductal component is typically composed of small 

lightly eosinophilic cuboidal cells forming tubules. The abluminal myoepithelial component 

consists of larger polygonal cells, usually with clear cytoplasm. This outer layer in turn is 

surrounded by a basement membrane of varying thickness; this can be so marked that the 

predominant histological appearance of the tumor becomes that of a paucicellular hyaline mass 

with only scanty bi-layered neoplastic ducts. (35) The vast majority of EMCs have low grade 

cytomorphologic features, but up to one third may show perineural invasion (36). 

Angiolymphatic invasion and necrosis, which appear to correlate with local recurrence, are less 

frequent (36).  

Most EMCs have a predominant clear cell abluminal myoepithelial layer with a well 

delineated luminal ductal non-clear cell component. A double-clear variant of EMC is rare 

(3.3%) (36); in this subtype, the cytoplasm of both the epithelial and myoepithelial cells is clear, 

(hence “double-clear”), thus obviously making morphological distinction from hyalinizing 

CCC difficult. However, while the clear cells of hyalinizing CCC may look similar to the clear 

cells in EMC, the latter will have, at least focally, also a population of small dark ductal 

epithelial cells and a clear cell abluminal component with myoepithelial phenotype. The latter 

population may be identified with actin, smooth muscle myosin heavy chain, calponin, p63, or 

(less specifically) S100 antibodies (36). EMC can on occasions lack clear cells altogether; then 

immunohistochemistry for CK7 and p63 will reveal an unexpected biphasic pattern in a 

challenging undiagnosed carcinoma, which is then rightfully recognized as EMC.  One other 

pointer in differentiating EMC from hyalinizing CCC is that the former with its biphasic cell 

population occurs most frequently in the parotid gland, whereas hyalinizing CCC composed of 

one neoplastic cell type only usually arises in minor salivary glands, particularly the palate. 

In distinguishing EMC from other salivary gland tumors with biphasic differentiation 

immunohistochemistry is of limited value. However, a molecular test that can lead to an 

accurate diagnosis of EMC is now available (16, 37). Mutations in codon 61 of HRAS gene 

have been detected in a vast majority of EMC, independent of histologic variants, the anatomic 

location and clinicopathologic parameters (16, 37). This genetic alteration was consistently 

lacking from the histologic mimics of EMC. Thus, the assessment of HRAS mutations can 

contribute to correct diagnosis of EMC in challenging histopathological settings. 

 

3. Clear cell variants of well defined salivary neoplasms 
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3.1. Clear cell mucoepidermoid carcinoma 

Mucoepidermoid carcinoma (MEC) is the most common type of salivary gland 

carcinoma and it is found in both the major and minor salivary glands. It is typically composed 

of varying numbers of epidermoid, intermediate, and mucin-producing cells. Rarely, clear cells 

predominate over the other cell types, and these most often represent intermediate cells; tumors 

where this occurs are termed the clear cell variant of MEC (38-40). This variant is almost 

exclusively composed of cells with abundant optically clear cytoplasm, only mild to moderate 

nuclear enlargement, and a nested growth pattern (Fig. 3). In the clear cell variant of MEC 

tumor cells containing cytoplasmic mucin are rare and difficult to discern. The clear cytoplasm 

of the tumor cells is stained by periodic acid–Schiff (PAS) with some granularity indicating the 

presence of glycogen, while the mucinous cells are stained by PAS even after diastase digestion 

indicating mucin (40). Intracellular mucins are also stained blue by Alcian blue.  

Immunohistochemical positivity for p63 and p40 and negativity for S100 and SOX10 may be 

helpful in differential diagnosis between MEC and the clear-cell variant of myoepithelial 

carcinoma and myoepithelioma. However, the immunoprofile of hyalinizing CCC is identical 

to that of MEC. Approximately 60-80% of MECs harbor a tumor type-specific translocation 

t(11;19)(q21;p13) and its CRTC1::MAML2 fusion gene or a rare variant translocation 

t(11;15)(q21;q26) with CRTC3::MAML2 fusion (13, 41-42). Among the various salivary gland 

tumors, CRTC1/3::MAML2 fusion is specific for MEC and it can be used in diagnostic workup 

(Fig. 3). In selected problematic cases, demonstration of MAML2 rearrangement is 

recommended to confirm the diagnosis of MEC, particularly in examples of the oncocytic or 

clear cell variants of MEC, or in differential diagnosis from pleomorphic adenomas with 

extensive oncocytic or mucinous metaplasia (40, 43-44).  In such cases, demonstration of 

MAML2 rearrangement may be critical for the correct diagnosis. Obviously, only positive 

results are informative. 

 

3.2. Clear cell myoepithelial carcinoma  

Myoepithelial carcinoma (MC) is a malignant salivary neoplasm that is almost 

exclusively composed of myoepithelial cells and has an invasive growth pattern (45). Most 

MCs occur in the parotid gland followed by the palate, and the submandibular gland (45, 18). 

In earlier studies, MC was reported to account for < 2% of all salivary gland malignancies (46-
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47), but currently the incidence of MC is suspected to be higher. This is mainly because MC is 

easily underrecognized given its broad histologic spectrum and overlapping morphologic 

features with other salivary gland tumors, benign or malignant (48). MC may arise in the 

context of a preexisting pleomorphic adenoma (MC ex-PA) or de novo, and it may affect major 

or minor salivary glands.  

Microscopically, morphologic heterogeneity is a typical histologic feature of MC, with 

tumors mostly displaying a mixture of different cell types and growth patterns, and this 

spectrum includes a clear cell variant (17-18, 49).  The neoplastic myoepithelial cells in MC 

exhibit considerable variation, and although most tumors show a mixture of different cells, one 

type often predominates. Most commonly, this is the epithelioid cell type (79%), followed by 

spindle cells (19%), basaloid-type cells with high nuclear to cytoplasmic ratio (15%), and 

plasmacytoid cells (15%). Clear cells as the predominant cell type are relatively rare (8%) (45).  

Myoepithelial cells in various salivary gland neoplasms commonly undergo clear cell 

transformation, for example in EMC, but the clear cell variant of myoepithelial carcinoma 

(CCMC) composed exclusively of neoplastic cells with water clear cytoplasm is rare (17-18, 

49). CCMCs are composed of compact nests of large polyhedral cells with abundant clear 

cytoplasm divided by fibrous septa (Fig. 4). Histologically, the most characteristic feature of 

CCMC is its multinodular architecture and its zonal cellular arrangement. The latter consists of 

a hypercellular peripheral rim of tumor cells surrounding a hypocellular sometimes necrotic 

center of the tumor islands. These two features help differentiate MC from benign tumors like 

pleomorphic adenoma and myoepithelioma, and malignancies such as hyalinizing CCC. CCMC 

characteristically is stained variably positive with p40, p63, SOX10, S-100 protein, high 

molecular weight cytokeratin, muscle specific actin, and alpha smooth muscle actin antibodies. 

Calponin, which is considered the most sensitive and specific marker of myoepithelial cells, is 

however rarely expressed in CCMC (17).  

In the differential diagnosis of CCMC,  hyalinizing CCC must be considered. This 

distinction is important since CCMC tends to behave more aggressively with a 50% recurrence 

rate and 40% metastatic rate (50). In one recent study, patients with CCMC developed distant 

and lymph node metastases in 33% and 24% of cases, respectively (18). Positive 

immunostaining for cytokeratin, p40, and p63 is shared by CCMC and hyalinizing CCC. 

Although the immunoprofile may vary considerably between cases, the minimal requirement 

for diagnosis of myoepithelial carcinoma of salivary gland is co-expression of 

cytokeratin/EMA, SOX10, S100 protein, and/or at least one other myoepithelial marker.  
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EWSR1 gene rearrangement has been identified in approximately one third of MCs, 

which have predominantly clear cell morphology and aggressive clinical behavior (17, 51). 

However, it was reported recently that none of the MCs with EWSR1 rearrangement identified  

by FISH, showed an EWSR1 fusion transcript in sequencing, and consequently this type of 

EWSR1 abnormality in MCs may actually represent a passenger mutation with minor effect 

(18). The most common fusion transcripts in all subtypes of MC included FGFR1::PLAG1 and 

TGFBR3::PLAG1 (52), and LIFR::PLAG1, CTNNB1::PLAG1, FGFR1::PLAG1, and 

CHCHD7::PLAG1 (18),  respectively. 

 

3.3. Clear cell variant of oncocytoma 

 

Oncocytomas are benign encapsulated neoplasms composed of large epithelial cells 

with abundant eosinophilic granular cytoplasm due to the accumulation of mitochondria 

(oncocytes). p63 positive basal-like cells are an obligate component in oncocytoma. 

Oncocytomas may be multifocal and bilateral and constitute approximately 1% of all salivary 

gland tumors with marked tendency for parotid gland involvement and a much lower 

occurrence in the minor glands (53). Clear cells may occasionally predominate in some lesions 

and may be attributed to intracytoplasmic glycogen deposition or to fixation artifact (54). Clear 

cell oncocytoma is composed almost entirely of oncocytes with clear cytoplasm (55). It is 

important to mention that clear cell oncocytoma of the salivary gland is a benign tumor with 

excellent prognosis, when compared to other salivary tumors with exclusively or predominantly 

clear cell features, which are mostly malignant (55). 

 

  

4. Non-salivary clear cell neoplasms in differential diagnosis 

4.1. Odontogenic clear cell carcinoma 

Antonescu et al (15) reported a recurrent EWSR1::ATF1 fusion in hyalinizing CCC of 

minor salivary glands. Identical EWSR1 and ATF1 gene rearrangements have also been 

identified in clear cell odontogenic carcinoma (CCOC), providing molecular evidence for a link 

between hyalinizing CCC and CCOC (56). CCOC is an odontogenic carcinoma characterized 

by nests, sheets, and cords of clear cells in a fibrocellular or hyalinized stroma. These tumors 

develop in the jaw bones with three quarters occurring in the mandible, most frequently in the 

posterior body and lower ramus (57). EWSR1 rearrangements have been reported in over 80% 
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of cases of CCOC (54). ATF1 is the most common fusion partner of EWSR1, while CREB1 and 

CREM have been found less frequently (56, 58-59). CCOCs are histomorphologically and 

immunohistochemically similar to salivary gland hyalinizing CCC, and the two tumor types 

share EWSR1 rearrangement suggesting that they share a related form of pathogenesis (15). 

There are not any specific markers for odontogenic clear cell carcinoma. The differential 

diagnosis of CCOC includes other clear cell-rich gnathic neoplasms such as clear cell calcifying 

epithelial odontogenic tumor, amyloid-rich central odontogenic fibroma, and both primary and 

metastatic intraosseous salivary tumors such as intraosseous clear cell mucoepidermoid 

carcinoma (60). Metastatic tumors containing clear cells include most likely renal cell 

carcinoma, clear cell breast carcinoma or thyroid carcinoma and, therefore, in addition to 

clinical history, the immunomarkers RCC, CD10, PAX8, CAIX, GATA3, ER/PR, TTF-1 are 

useful to rule out metastatic tumors (61).  

4.2. Primary cutaneous tumors with clear cell morphology 

Primary salivary squamous cell carcinoma (SCC) is very rare, and the diagnosis can 

only be established by excluding metastatic SCC. A clear cell variant of cutaneous squamous 

cell carcinoma (SCC), also referred to as hydropic SCC, is a very rare variant of SCC with 

extensive hydropic changes of keratinocytes (62). The hydropic degeneration of neoplastic cells 

and the accumulation of intracellular fluid and not the accumulation of glycogen, lipid, or 

mucin, results in its clear cell appearance. All cases reported so far have been in the head and 

neck region with the mandible being the most common site (63). Other differential diagnoses 

of cutaneous origin may include clear cell acanthoma, clear cell hidradenoma, clear cell 

hidradenocarcinoma, tricholemmoma, and pilar tumor. In the latter tumor the clear cells have a 

high content of cytoplasmic glycogen. These tumors are, however, found in to the skin and do 

not represent a major differential diagnostic problem with salivary clear cell tumors.  

4.3. Clear cell malignant melanoma and other soft tissue clear cell neoplasms 

Clear cell sarcoma is an rare aggressive malignant neoplasm with morphologic and 

immunohistochemical similarities to malignant melanoma. Although both malignant melanoma 

and clear cell sarcoma display melanin pigment and melanocytic markers,  the two disorders 

are genetically distinct (64). Cases of malignant melanoma may contain BRAF mutations (65), 

whereas clear cell sarcoma lacks this mutation (66) and characteristically exhibits the reciprocal 

translocation t(12;22)(q13;q12) resulting in a rearrangement of the EWS RNA binding protein 

1 (EWSR1) gene. Clear cell sarcomas of the head and neck are uncommon (67-68). Tumors 
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arising from the salivary glands are extremely rare but have been described in the parotid and 

submandibular glands, respectively (69, 64).  

 

5. Metastatic neoplasms with clear cell morphology 

Between 15–35% of all parotid gland tumors are malignant and 21– 42% of these 

represent metastatic disease. The majority of metastatic parotid tumors are derived from skin 

malignancies of the head and neck, usually squamous cell carcinomas in 45% and melanomas 

in 37%, respectively. A carcinoma metastatic to salivary glands and originating from a primary 

tumor located below the clavicle is uncommon, but the kidney is one of the more common 

infraclavicular primary sites of such tumors. The most common clear cell malignancy 

metastatic to the oral mucosa and the jaws is renal cell carcinoma. However, metastases of 

melanoma and malignant clear cell tumors of the prostate, bowel, thyroid, and liver must also 

be considered, and in the absence of clinical information, excluded with appropriate 

immunohistochemical markers. Distinguishing primary salivary tumors from metastatic tumors 

with clear cell features has important diagnostic, therapeutic, and decision-making 

considerations.  

 

5.1. Metastatic renal cell carcinoma  

Several metastatic renal cell carcinomas (RCC) have been reported in salivary glands, 

and the discovery of a metastasis may be the first indication of a primary RCC (3-4). Although 

the similarity with primary hyalinizing CCC is in most cases minimal, occasionally 

distinguishing it or even clear cell oncocytoma from metastatic RCC in the salivary gland can 

be challenging. RCC is considerably more vascular and displays generally either solid growth 

or has a crowded nested pattern. Small capillaries may be evident in hyalinizing CCC, but in 

RCC, the vascular channels are often conspicuous, dilated, and even sinusoidal. Hemorrhage 

and hemosiderin are generally more prominent in metastatic RCC. The nuclei are larger and 

more atypical than in hyalinizing CCC, and there is never squamous differentiation, or the dual 

type of stroma of hyalinizing CCC. Nevertheless, both primary hyalinizing CCC and metastatic 

RCC may be glycogen positive, and they may have a solid, organoid growth pattern, exhibit 

infiltrative growth, have little cytological atypia and few mitotic figures, and may be composed 
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almost entirely of clear cells. Mucicarmine positivity would favor a salivary gland primary 

tumor, but primary hyalinizing CCC of salivary gland is usually negative for intracytoplasmic 

mucin as well.  In addition, immunohistochemistry can help, as clear cell RCC rarely expresses 

CK7 and virtually never is positive for p63, which is almost always expressed in hyalinizing 

CCC (70). Overall, RCC usually presents a more heterogeneous architecture and is more 

vascular than primary salivary clear cell carcinomas. The more pleomorphism and cytological 

atypia, the less likely the tumor is a primary hyalinizing CCC. Despite this, in some cases, it 

may not be possible confidently to differentiate between primary and metastatic carcinoma, and 

a clinical and imaging evaluation for a renal primary tumor should be performed (3, 4). Finally, 

it must never be forgotten that a metastatic RCC is always included in a list of clear cell salivary 

differential diagnosis (5, 21).  

 

6. Conclusion 

Clear cell neoplasms of salivary glands are diagnostic challenges. They comprise a 

diverse group of benign and malignant tumors with variable clinicopathological characteristics. 

The distinction between different tumors of this group and this differential diagnosis from 

metastatic disease is essential and can be facilitated by a combination of thorough clinical 

evaluation, histological, immunohistochemical stainings as well as molecular genetic 

characteristics in selected cases. 

 

Acknowledgements. Martina Baněčková, MD, PhD is acknowledged for expert technical 

assistence. 

 

References. 

 

1. Maiorano E, Altini M, Favia G. Clear cell tumors of the salivary glands, jaws, and 

oral mucosa. Semin Diagn Pathol. 1997;14(3):203-12.  

2. Jain A, Shetty DC, Juneja S, et al. Molecular Characterization of Clear Cell Lesions 

of Head and Neck. J Clin Diagn Res. 2016;10(5):ZE18-23.  



14 
 

3. Majewska H, Skálová A, Radecka K, et al.. Renal clear cell carcinoma metastasis to 

salivary glands - a series of 9 cases: clinico-pathological study. Pol J Pathol. 

2016;67:39-45.  

4. Morita Y, Kashima K, Suzuki M, et al. Differential Diagnosis between Oral 

Metastasis of Renal Cell Carcinoma and Salivary Gland Cancer. Diagnostics (Basel). 

2021;11(3):506. 

5. Weinreb I. Hyalinizing clear cell carcinoma of salivary gland: a review and update. 

Head Neck Pathol. 2013;7 Suppl 1(Suppl 1):S20-9.  

6. Skalova A, Stenman G, Simpson RHW, et al. The role of molecular testing in the 

differential diagnosis of salivary gland carcinomas. Am J Surg Pathol. 2018; 42:11-

27. 

7. Stenman G. Fusion oncogenes in salivary gland tumors: molecular and clinical 

consequences. Head Neck Pathol. 2013; 7: S12-19. 

8. Moutasim KA, Thomas GJ. Salivary gland tumours: update on molecular diagnostics. 

Diagnostic Histopathology. 2021; 26: 159-164. 

9. Skalova A, Vanecek T, Sima R, et al. Mammary analogue secretory carcinoma of 

salivary glands, containing the ETV6-NTRK3 fusion gene: a hitherto undescribed 

salivary gland tumor entity. Am J Surg Pathol. 2010;34:599–608. 

10. Skalova A, Vanecek T, Martinek P, et al. Molecular Profiling of Mammary Analog 

Secretory Carcinoma Revealed a Subset of Tumors Harboring a Novel ETV6-RET 

Translocation: Report of 10 Cases. Am J Surg Pathol. 2018; 42:234-246.  

11. Majewska H, Skálová A, Stodulski D, et al. Mammary analogue secretory carcinoma 

of salivary glands: first retrospective study of a new entity in Poland with special 

reference to ETV6 gene rearrangement. Virchows Arch. 2015;466:245–254. 

12. Fujii K, Murase T, Beppu S, et al. MYB, MYBL1, MYBL2 and NFIB gene alterations 

and MYC overexpression in salivary gland adenoid cystic carcinoma. Histopathology. 

2017; 71:823-834.  

13. Jee KJ, Persson M, Heikinheimo K, et al. Genomic profiles and CRTC1-MAML2 

fusion distinguish different subtypes of mucoepidermoid carcinoma. Mod Pathol. 

2013; 26:213-22. 

14. Okumura Y, Miyabe S, Nakayama T, et al. Impact of CRTC1/3-MAML2 fusions on 

histological classification and prognosis of mucoepidermoid carcinoma. 

Histopathology. 2011;59:90-7. 



15 
 

15. Antonescu CR, Katabi N, Zhang L, et al. EWSR1-ATF1 fusion is a novel and 

consistent finding in hyalinizing clear-cell carcinoma of salivary gland. Genes 

Chromosomes Cancer. 2011; 50:559-70. 

16. Urano M, Nakaguro M, Yamamoto Y, et al. Diagnostic significance of HRAS 

mutations in epithelial-myoepithelial carcinomas exhibiting a broad histopathologic 

spectrum. Am J Surg Pathol. 2019;43:984-994.  

17. Skálová A, Weinreb I, Hyrcza M, et al. Clear cell myoepithelial carcinoma of salivary 

glands showing EWSR1 rearrangement: molecular analysis of 94 salivary gland 

carcinomas with prominent clear cell component. Am J Surg Pathol. 2015;39:338–

348. 

18. Skálová A, Agaimy A, Vanecek T, et al. Molecular Profiling of Clear Cell 

Myoepithelial Carcinoma of Salivary Glands With EWSR1 Rearrangement Identifies 

Frequent PLAG1 Gene Fusions But No EWSR1 Fusion Transcripts. Am J Surg Pathol. 

2021;45:1-13.  

19. Batsakis JG. Clear cell tumors of salivary glands. Ann Otol Rhinol Laryngol 1980;89 

(2 Pt 1):196-197. 

20. Simpson RHW, Sarsfield PT, Clarke T, Babajews AV. Clear cell carcinoma of minor 

salivary glands. Histopathology 1990; 17:433-438. 

21. Milchgrub S, Gnepp DR, Vuitch F, et al. Hyalinizing clear cell carcinoma of salivary 

gland. Am J Surg Pathol 1994; 18:74–82.   

22. Ellis, G. Clear cell carcinoma, not otherwise specified. In: Barnes, L.Eveson, JW. 

Reichart, P., et al., editors. World Health Organization Classification of Tumours: 

Pathology and Genetics of Head and Neck Tumours. Lyon, France: IARC Press; 

2005. p. 227-228. 

23. Ellis, GLA., P, L. AFIP Atlas of Tumor Pathology: Tumors of the Salivary Glands. 

Washington, D.C: ARP Press; 2008. Clear cell adenocarcinoma; p. 301-309. 

24. Wenig, BM., Bell, D., Chiosea, S., et al. Clear cell carcinoma. In: El-Naggar, 

AK.Chan, JKC.Grandis, JR., et al., editors. WHO Classification of Head and Neck 

Tumours. Lyon, France: IARC Press; 2017. p. 168-169.  

25. WHO Classification of Tumours Editorial Board. Head and Neck Tumours. Lyon 

(France): International Agency for Research on Cancer; 2022. (WHO Classification 

of Tumours Series, 5th ed.; vol. 9). https://publications.iarc.fr/ 

https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpublications.iarc.fr%2F&data=04%7C01%7Cjames.lewis%40vumc.org%7C7851e02f3add433d4e6108d98e653ffa%7Cef57503014244ed8b83c12c533d879ab%7C0%7C0%7C637697387793829419%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=Rk37HWcKX1azi8L4u6rc8nqUp%2BdvQVDIHWDRHptThWs%3D&reserved=0


16 
 

26. Dardick I, Leong I. Clear cell carcinoma: review of its histomorphogenesis and 

classification as a squamous cell lesion. Oral Surg Oral Med Oral Pathol Oral Radiol 

Endod. 2009;108:399-405.  

27. Hsieh MS, Wang H, Lee YH, et al. Re-evaluation of MAML2 fusion-negative 

mucoepidermoid carcinoma: a subgroup being actually hyalinizing clear cell 

carcinoma of the salivary gland with EWSR1 translocation. Hum Pathol. 2016;61:9–

18. 

28. Tanguay J, Weinreb I. What the EWSR1-ATF1 fusion has taught us about hyalinizing 

clear cell carcinoma. Head Neck Pathol. 2013;7: 28–34. 

29. Chapman E, Skalova A, Ptakova N, et al. Molecular profiling of hyalinizing clear cell 

carcinomas revealed a subset of tumors harboring a novel EWSR1-CREM fusion: 

Report of 3 cases. Am J Surg Pathol. 2018;42:1182-1189.  

30. Seethala RR. Oncocytic and apocrine epithelial myoepithelial carcinoma: novel 

variants of a challenging tumor. Head Neck Pathol. 2013;7 Suppl 1(Suppl 1):S77-84. 

31. Donath K, Seifert G, Schmitz R. Diagnosis and ultrastructure of the tubular carcinoma 

of salivary gland ducts. Epithelial-myoepithelial carcinoma of the intercalated ducts. 

Virchows Arch A Pathol Pathol Anat. 1972;356:16–31.  

32. Corridan M. Glycogen-rich clear cell adenoma of the parotid gland. J Pathol 

Bacteriol. 1956;72:623–6. 

33. Feyrter F. On glycogen-rich reticular adenoma of the salivary glands. Z Krebsforsch. 

1963;65:446–54. 

34. Saksela E, Tarkkanen J, Wartiovaara J. Parotid clear-cell adenoma of possible 

myoepithelial origin. Cancer. 1972;30:742-8. 

35. Simpson RHW, Clarke TJ, Sarsfield PTL, Gluckman PGC.  Epithelial-myoepithelial 

carcinoma of salivary glands.  J Clin Pathol 1991; 44: 419-423. 

36. Seethala RR, Barnes EL, Hunt JL. Epithelial-myoepithelial carcinoma: a review of 

the clinicopathologic spectrum and immunophenotypic characteristics in 61 tumors 

of the salivary glands and upper aerodigestive tract. Am J Surg Pathol. 2007;31: 44–

57.  

37. Nakaguro M, Nagao T. Epithelial-Myoepithelial Carcinoma. Surg Pathol Clin. 

2021;14:97-109.  



17 
 

38. Terada T, Ikeuchi S, Inomoto C, Shimamura K. Mucoepidermoid carcinoma of the 

palate composed exclusively of clear cells (clear cell variant). Virchows Arch. 

2004;445:541-3.  

39. Yang S, Chen X. Calcifications in clear cell mucoepidermoid carcinomas. Oral Surg 

Oral Med Oral Pathol Oral Radiol Endod. 2010;109:274-5.  

40. Tajima S, Namiki I, Koda K. A clear cell variant of mucoepidermoid carcinoma 

harboring CRTC1-MAML2 fusion gene found in buccal mucosa: report of a case 

showing a large clear cell component and lacking typical epidermoid cells and 

intermediate cells. Med Mol Morphol. 2017;50:117-121.  

41. Seethala RR, Dacic S, Cieply K, et al. A reappraisal of the MECT1-MAML2 

translocation in mucoepidermoid carcinomas. Am J Surg Pathol. 2010; 34:213-222. 

42. Okamura Y, Nakano S, Murase T, et al. Prognostic impact of CRTC1-MAML2 fusions 

in salivary gland mucoepidermoid carcinoma. A multi-institutional retrospective 

study. Cancer Sci. 2020;111:4195-4204. 

43. Bishop JA, Cowan ML, Shum CH, et al. MAML2 rearrangements in variant forms of 

mucoepidermoid carcinoma: ancillary diagnostic testing for the ciliated and Warthin-

like variants. Am J Surg Pathol. 2018;42:130–136. 

44. Skálová A, Agaimy A, Stanowska O, et al. Molecular profiling of salivary oncocytic 

mucoepidermoid carcinomas helps to resolve differential diagnostic dilemma with 

low-grade oncocytic lesions. Am J Surg Pathol. 2020; 44:1612-1622.  

45. Kong M, Drill EN, Morris L, et al. Prognostic factors in myoepithelial carcinoma of 

salivary glands: a clinicopathologic study of 48 cases. Am J Surg Pathol. 

2015;39:931-8.  

46. Savera AT, Sloman A, Huvos AG, et al. Myoepithelial carcinoma of the salivary 

glands: a clinicopathologic study of 25 patients. Am J Surg Pathol. 2000;24:761–774. 

47. Di Palma S, Guzzo M. Malignant myoepithelioma of salivary glands: 

clinicopathological features of ten cases. Virchows Arch A Pathol Anat Histopathol. 

1993;423:389–396. 

48. Xu B, Mneimneh W, Torrence DE, et al. Misinterpreted myoepithelial carcinoma of 

salivary gland: a challenging and potentially significant pitfall. Am J Surg Pathol. 

2019;43:601–609. 

49. Michal M, Skálová A, Simpson RH, et al. Clear cell malignant myoepithelioma of the 

salivary glands. Histopathology. 1996;28:309-15.  



18 
 

50. Zarbo RJ. Salivary gland neoplasia. A review for the practicing pathologist. Mod 

Pathol. 2002;15:298–323. 

51. Ni H, Zhao P-Y, Wang X-T, et al. EWSR1 rearrangement is present in a subset of 

myoepithelial tumors of salivary glands with variable morphology and does not 

correlate with clinical behavior. Ann Diagn Pathol. 2017;28:19–23 

52. Dalin MG, Katabi N, Persson M, et al. Multi-dimensional genomic analysis of 

myoepithelial carcinoma identifies prevalent oncogenic gene fusions. Nat Commun. 

2017;8:1197.  

53. Damm DD, White DK, Geissler RH, et al. Benign solid oncocytoma of intraoral minor 

salivary glands. Oral Surg Oral Med Oral Pathol. 1989;67:84–6 

54. Ellis GL. Clear cell neoplasms in salivary glands: clearly a diagnostic challenge. Ann 

Diagn Pathol. 1998;2:61–78. 

55. Ellis GL. "Clear cell" oncocytoma of salivary gland. Hum Pathol. 1988;19(7):862-7.  

56. Bilodeau EA, Weinreb I, Antonescu CR, et al. Clear cell odontogenic carcinomas 

show EWSR1 rearrangements: a novel finding and biologic link to salivary clear cell 

carcinomas. Am J Surg Pathol. 2013;37:1001–1005. 

57. Liu L, Zhang JW, Zhu NS, et al. Clear cell odontogenic carcinoma: a 

clinicopathological and immunocytochemical analysis. Pathol Oncol Res. 2020 

Jul;26:1559-1564.  

58. Vogels R, Baumhoer D, van Gorp J, et al. Clear Cell Odontogenic Carcinoma: 

Occurrence of EWSR1-CREB1 as Alternative Fusion Gene to EWSR1-ATF1. Head 

Neck Pathol. 2019;13:225-230.. 

59. Breik O, Higginson J, Al-Ajami AK, et al. Clear cell odontogenic carcinoma: First 

report of novel EWSR1-CREM fusion gene in case of long-term misdiagnosis. Head 

Neck Pathol. 2021;15:1391-1398.  

60. Siriwardena BSMS, Speight PM, Franklin CD, et al. CEOT Variants or Entities: Time 

for a Rethink? A Case Series with Review of the Literature. Head Neck Pathol. 

2021;15:186-201. 

61. Eversole LR. On the diferential diagnosis of clear cell tumours of the head and neck. 

Eur J Cancer B Oral Oncol. 1993;29B:173–9. 

62. Kuo T. Clear cell carcinoma of the skin. A variant of the squamous cell carcinoma 

that simulates sebaceous carcinoma. Am J Surg Pathol 1980;4:573-83. 



19 
 

63. Lawal AO, Adisa AO, Olajide MA, et al. Clear cell variant of squamous cell 

carcinoma of skin: A report of a case. J Oral Maxillofac Pathol 2013;17:110-2. 

64. Obiorah IE, Ozdemirli M. Clear cell sarcoma in unusual sites mimicking metastatic 

melanoma. World J Clin Oncol 2019; 10: 213-221. 

65. Mesbah Ardakani N, Leslie C, Grieu-Iacopetta F, et al. Clinical and therapeutic 

implications of BRAF mutation heterogeneity in metastatic melanoma. Pigment Cell 

Melanoma Res 2017; 30: 233-242.   

66. Panagopoulos I, Mertens F, Isaksson M, et al. Absence of mutations of the BRAF gene 

in malignant melanoma of soft parts (clear cell sarcoma of tendons and aponeuroses). 

Cancer Genet Cytogenet 2005; 156: 74-76. 

67. Feasel PC, Cheah AL, Fritchie K, et al. Primary clear cell sarcoma of the head and 

neck: a case series with review of the literature. J Cutan Pathol 2016; 43: 838-846.   

68. Hicks MJ, Saldivar VA, Chintagumpala MM, et al. Malignant melanoma of soft parts 

involving the head and neck region: review of literature and case report. Ultrastruct 

Pathol 1995; 19: 395-400.   

69. Zhang L, Jia Z, Mao F, et al. Whole-exome sequencing identifies a somatic missense 

mutation of NBN in clear cell sarcoma of the salivary gland. Oncol Rep 2016; 35: 

3349-3356.   

70. McHugh JB, Hoschar AP, Dvorakova M, et al. p63 immunohistochemistry 

differentiates salivary gland oncocytoma and oncocytic carcinoma from metastatic 

renal cell carcinoma. Head Neck Pathol. 2007;1:123-31.  

 

 

 

 

Figure Legeds. 

Fig. 1. Hyalinizing clear cell carcinoma (HCC) of left base of the tongue. 

A: Gadolinium-enhanced MRI of clinical stage cT3N1 HCCC. The left panel shows the primary 

tumor and a level II lymphadenopathy on axial images. The right panel shows a sagittal T1-

weighted image of the base of tongue tumor filling the vallecula and pushing the epiglottis 

down. 
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B: Transoral robotic resection and ipsilateral comprehensive neck dissection resulted in a 

pathological stage pT3N2b HCCC.  

 

Fig. 2. Hyalinizing clear cell carcinoma with EWSR1::ATF or EWSR1::CREM fusion 

A: Hyalinizing clear cell carcinoma with EWSR1::ATF1 gene fusion shows solid-alveolar 

nests of uniform clear cells with round to oval nuclei and decent chromatin, separated by 

gently cellular and hyalinized septa.  

B: Tumor cells are positive for p63.  

C: Tumor cells are negative for S100 protein, peripheral nerves serve as positive control 

D: The fusion joining of EWSR1 gene exon 8 with ATF1 gene exon 4 is illustrated. Protein 

domains are depicted. 

E: The fusion joining of EWSR1 gene exon 14 with CREM gene exon 6 is illustrated. Protein 

domains are depicted. 

Fig. 3. Clear Cell Mucoepidermoid Carcinoma 

A: The tumor was composed predominantly of cells with large and watery clear cytoplasm 

although more classic areas of mucoepidermoid carcinoma in the form of cystic structures 

with mucous cells are present as well. 

B: The presence of scattered mucous cells is highlighted Periodic-acid-Shiff positivity, while 

clear cells showed loss of PAS staining. 

C: p63 was positive predominantly positive in clear cells. 

D: The fusion joining of CRTC1 gene exon 1 with MAML2 gene exon 2 is illustrated. Protein 

domains are depicted. 

E: The fusion joining of CRTC3 gene exon 1 with MAML2 gene exon 2 is illustrated. Protein 

domains are depicted. 

 

Fig. 4. Clear Cell Myoepithelial Carcinoma (CCMC) 

A: CCMC with CTNNB::PLAG1 fusion is composed of compact nests of large polyhedral 

cells with abundant clear cytoplasm divided by fibrous septa 

B: A case of CCMC with LIFR::PLAG1 fusion shows multifocal squamous metaplasia.  
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C: The fusions joining of CTNNB gene, exon 1, CHCHD7 gene, exon 1, and LIFR gene, exon 

1 with PLAG1 gene, exon 2 are illustrated. Protein domains are depicted. 

 

 

 



Table 1. Key morphologic, immunohistochemical and molecular findings in differential 

diagnosis of clear cell neoplasms of salivary glands. 

 

 Morphology Immunoprofile Molecular 

profiling 

Hyalinizing CCC Trabecular, diffuse 

or glandular pattern 

of clear/eosinophilic 

epithelial cells with 

hyalinizing 

collagenous and/or 

fibrocellular stroma 

Cytokeratin+, 

p63+, SMA-, 

calponin- 

S-100- 

SOX10- 

EWSR1::ATF1 

EWSR1::CREM 

Epithelial-

myoepithelial 

carcinoma  

Biphasic pattern of 

luminal epithelial 

and abluminal 

myoepithelial cells 

with invasive growth  

CK7+ in 

epithelium; 

p63+, SMA+, 

calponin+, 

SMMHC+,   

S-100+ in 

myoepithelium 

HRAS codon 61 

mutations 

Myoepithelial 

carcinoma 

Multinodular pattern 

of myoepithelial 

cells with invasive 

growth 

Variably 

p40+, p63+, 

SOX10+, S-

100+, MSA+, 

SMA+, 

cytokeratin+ 

EWSR1 

rearrangements 

and mutations 

PLAG1 fusions 

with variable 

partners 

Mucoepidermoid 

carcinoma 

Mucous cells, 

intermediate cells, 

squamoid cells 

p63+, p40+, S-

100-, SOX10- 

CRTC1::MAML2 

CRTC3::MAML2 

Oncocytoma Solid pattern of 

oncocytic cells 

p63+ in basal-

like cells 

 

Clear cell odontogenic  

carcinoma (CCOC) 

Nests, sheets or 

cords of clear cells 

in hyaline stroma 

Cytokeratin+, 

p63+, SMA-, 

calponin- 

S-100- 

EWSR1::ATF1 

EWSR1::CREB 

EWSR1::CREM 

Squamous cell 

carcinoma 

Squamous, often 

keratinizing cells 

with invasive growth 

p40+, p63+ Multiple somatic 

mutations, esp. 

TP53 mutations 

frequent 

Malignant melanoma Pleomorphic clear 

cells with invasive 

pattern 

Melan A+,     

S-100+, 

cytokeratin- 

BRAF mutations 

Metastatic renal cell 

carcinoma 

Solid or nested 

pattern of clear cells 

with conspicuous 

blood vessels 

RCC+, 

CD10+, 

vimentin+, 

CK7-, p63-,  

Multiple somatic 

mutations 
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