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Abstract
Background  Optically clear cytoplasm may occur in neoplastic and non-neoplastic conditions, either as a characteristic 
feature of a disease entity or as a morphologic rarity, potentially creating diagnostic dilemmas in various organ systems. In 
the head and neck, clear cell change can occur in lesions of salivary, odontogenic, thyroid, parathyroid, or sinonasal/skull 
base origin, as well as in metastases to these regions.
Methods  This review elaborates the top ten clear cell lesions in the head and neck, emphasizing their distinguishing 
histologic, immunohistochemical, and molecular attributes, and presents a rational approach to arriving at an accurate 
classification.
Results  Cytoplasmic pallor or clearing may be caused by accumulations of glycogen, lipid, mucin, mucopolysaccharides, 
water, foreign material, hydropic organelles, or immature zymogen granules. Overlapping morphologic features may present 
a diagnostic challenge to the surgical pathologist. Similarity in immunohistochemical profiles, often due to common cell 
type, as well as rare non-neoplastic mimics, furthers the diagnostic conundrum.
Conclusions  The top ten lesions reviewed in this article are as follows: (1) clear cell carcinoma (salivary and odontogenic), 
(2) mucoepidermoid carcinoma, (3) myoepithelial and epithelial-myoepithelial carcinoma, (4) oncocytic salivary gland 
lesions, (5) squamous cell carcinoma, (6) parathyroid water clear cell adenoma, (7) metastatic renal cell carcinoma (espe-
cially in comparison to clear cell thyroid neoplasms), (8) sinonasal renal cell-like adenocarcinoma, (9) chordoma, and (10) 
rhinoscleroma.

Keywords  Head and neck · Clear cell · Salivary · Thyroid · Odontogenic · Sinonasal · Skull base

Introduction

Optically clear cytoplasm may occur in neoplastic and non-
neoplastic conditions, either as a characteristic feature of a 
disease entity or as a morphologic rarity, potentially creating 
diagnostic dilemmas in various organ systems. Cytoplasmic 
pallor or clearing may be caused by accumulations of glyco-
gen, lipid, mucin, mucopolysaccharides, water, foreign mate-
rial, hydropic organelles, or immature zymogen granules 
[1, 2]. In the head and neck, clear cell change can occur in 
lesions of salivary gland, odontogenic, thyroid gland, para-
thyroid gland, or sinonasal/skull base origin, as well as in 

metastases to these regions [1–6]. Overlapping morphologic 
features may present a diagnostic challenge to the surgical 
pathologist. Similarity in immunohistochemical profiles, 
often due to common cell type, as well as rare non-neoplas-
tic mimics, furthers the diagnostic conundrum. This review 
elaborates the top ten clear cell lesions in the head and neck, 
emphasizing their distinguishing histologic, immunohisto-
chemical, and molecular attributes, and presents a rational 
approach to arriving at an accurate diagnosis. These top ten 
lesions include (1) clear cell carcinoma (salivary gland and 
odontogenic), (2) mucoepidermoid carcinoma, (3) myoepi-
thelial and epithelial-myoepithelial carcinoma, (4) oncocytic 
salivary gland lesions, (5) squamous cell carcinoma, (6) 
parathyroid water clear cell adenoma, (7) metastatic renal 
cell carcinoma (especially in comparison to clear cell thyroid 
neoplasms), (8) sinonasal renal cell-like adenocarcinoma, 
(9) chordoma, and (10) rhinoscleroma (Table 1 and Fig. 1).
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Clear Cell Carcinoma (Salivary Gland 
and Odontogenic)

Introduction and Epidemiology

Hyalinizing clear cell carcinoma (HCCC) is a malignant 
infiltrative neoplasm composed of clear to eosinophilic cells 
in a variably hyalinized stroma. It occurs over a wide age 
range, in minor salivary gland locations such as soft palate, 
base of tongue, and floor of mouth, among others [7]. Clear 
cell odontogenic carcinoma (CCOC) is a morphologically 

similar neoplasm that occurs in the gnathic bones, with the 
mandible being involved three to four times more frequently 
than maxilla [8].

Histologic, Immunohistochemical, and Molecular 
Findings

Histologically, both are infiltrative neoplasms composed 
of nests, cords, and trabeculae of small cells with clear to 
pale eosinophilic cytoplasm and monotonous small round 
to wrinkled nuclei with inconspicuous nucleoli, infrequent 

Fig. 1   Differential diagnosis summary of head and neck clear cell lesions
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mitoses, and mild pleomorphism (Fig. 2) [7]. Often, the 
tumor is composed entirely of eosinophilic cells. Squamous 
differentiation, intracellular mucin, occasional ducts, paget-
oid spread into the adjacent epithelium, pseudo-sebaceous 
cells, and intranuclear pseudoinclusions may be seen [7]. 
The stroma is densely hyalinized to fibrocellular, with hya-
linization being more prominent at the center than at the 
periphery of the tumor. CCOC has three morphological 
subtypes: biphasic: the most common, consisting of a dual 
population of clear and eosinophilic cells; monophasic: only 
clear cells; and ameloblastic: columnar cells showing evi-
dence of ameloblastic differentiation [8]. Peripheral palisad-
ing and basaloid cells are variably present. Despite the bland 
morphology of tumor cells, perineural invasion is frequent 
in both tumors.

HCCC and CCOC are immunopositive with both low 
and high molecular weight keratin (HMWK), CK19, 
CK7, epithelial membrane antigen (EMA), p63, and p40; 

myoepithelial markers including smooth muscle actin 
(SMA), S100 protein, and calponin are negative [9]. Tumor 
cells contain intracytoplasmic PAS-positive diastase sen-
sitive glycogen, at least focally. Diffuse p16 positivity has 
been identified in HCCC, with potential for misdiagnosis as 
human papillomavirus (HPV)-associated squamous cell car-
cinoma (SCC); however, negative RNA in situ hybridization 
(ISH) for high-risk HPV confirms the absence of virus [10]. 
Both HCCC and CCOC show EWSR1 gene rearrangements, 
most commonly EWSR1::ATF1 and rarely EWSR1::CREM 
gene fusions, which aid in differentiating them from most 
other clear cell tumors [11–13].

Differential Diagnosis and Clinical Implications

Differential diagnosis of HCCC includes SCC, mucoepider-
moid carcinoma (MEC), and myoepithelial carcinoma rich 
in clear cells, all of which are discussed in detail below. 

Fig. 2   Hyalinizing clear cell 
carcinoma is composed of cords 
of polygonal clear cells with 
small wrinkled nuclei (a). In 
areas, tumor cells have pale 
eosinophilic cytoplasm and 
are arranged in large nests (b). 
Stroma varies from hyalinized 
(c) to fibrocellular (d). Tumor 
cells are positive for p40 (e) and 
contain intracytoplasmic PAS-
positive material (f)
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HCCC lacks cystic spaces lined by mucous cells as seen in 
classic MEC, but the differential is more difficult in cases of 
clear cell MEC, which may lack cystic structures. Proving 
rearrangement of EWSR1 (HCCC) versus MAML2 (MEC) 
would be diagnostic. HCCC generally lacks the nuclear 
pleomorphism, frequent mitoses, and overlying epithelial 
dysplasia present in SCC. CCOC must be differentiated from 
clear cell calcifying epithelial odontogenic tumor (CEOT), 
odontogenic carcinoma with dentinoid (OCD), and meta-
static carcinomas, particularly those with clear cells (i.e., 
renal cell carcinoma (RCC)). Clear cell CEOT would display 
foci of conventional CEOT, with polygonal epithelial cells 
with prominent intercellular bridges in sheets, amyloid-like 
material that stains positive with Congo Red, and calcifica-
tions [14]. OCD is a recently described tumor composed of 
cords and sheets of polygonal clear to squamoid cells with 
small vesicular nuclei; columnar cells with palisaded nuclei 
may be seen [15]. The presence of acellular eosinophilic 
dentinoid is the striking feature that facilitates its diagnosis, 
which is aided by immunopositivity for ß-catenin conse-
quent to CTNNB1 or APC mutations [16]. EWSR1 rearrange-
ments have not been described in clear cell CEOT or OCD.

Clear Cell Mucoepidermoid Carcinoma

Introduction and Epidemiology

MEC, the most common malignant salivary gland neoplasm, 
is an epithelial tumor composed of a varying proportion 
of squamoid/epidermoid, intermediate, and mucous cells 
arranged in solid-cystic patterns. However, several other 
cell types may be seen in MEC, including clear cells, onco-
cytic cells, ciliated columnar cells, and granular acinar cells. 
Although rare, MEC with a predominance of clear cells is 
referred to as clear cell MEC, and accounts for around 3% 
of all MEC [17]. It has been described in the buccal mucosa, 
palate, floor of mouth, and tongue, developing over a wide 
age range [18].

Histologic, Immunohistochemical, and Molecular 
Findings

Clear cell MECs display clear cells arranged in a nested 
pattern and may be devoid of cysts or glandular structures 
(Fig. 3). Cell borders are distinct; cytoplasm is abundant, 
optically clear and contains glycogen demonstrable on PAS 
staining with diastase digestion; nuclei are small to medium 
sized with conspicuous nucleoli [19]. Stromal hyalinization, 
when present, can lead to resemblance to HCCC. Epider-
moid cells are rare to absent [20]. Tumor-associated lym-
phoid proliferation frequently present in conventional MEC 
has not been described in clear cell MEC [18, 19]; however, 

foci of calcification have been reported [21]. The neoplastic 
clear cells are immunopositive for squamous markers p63, 
p40, and CK5/6. If present, mucous cells would be posi-
tive for low molecular weight keratins, mucicarmine, and 
Alcian blue-PAS. They also retain PAS after diastase diges-
tion. Currently, recommendations on grading of clear cell 
MEC do not exist, but when using the Brandwein system, 
these tumors would be at least intermediate grade due to the 
lack of an intracystic component [19, 22].

Differential Diagnosis and Clinical Implications

Differential diagnosis includes salivary clear cell carcinoma 
(CCC), primary and metastatic clear cell-rich squamous 
cell carcinoma (SCC), and myoepithelial cell neoplasms 
with prominent clear cells. Up to 80% of MEC harbor 
CRTC1/3::MAML2 fusion genes, while CCC is character-
ized by EWSR1::ATF1 fusion [20]. While clear cell MEC 
and clear myoepithelial cell-rich neoplasms both stain posi-
tively with squamous/basal markers p40 and p63, negativity 
for SOX10 and myoepithelial markers (i.e., SMA, calponin, 
glial fibrillary acidic protein (GFAP) and S100 protein) 
serves to distinguish clear cell MEC from clear myoepi-
thelial cell-rich neoplasms [23]. Clear cell-rich SCC may 
show features of squamous differentiation such as keratini-
zation and squamous pearls. As its immunohistochemical 
profile is identical to that of clear cell MEC, demonstration 
of CRTC1/3::MAML2 rearrangement can confirm the diag-
nosis as clear cell MEC in challenging cases. These gene 
rearrangements can be demonstrated by FISH, RT-PCR, or 
next generation sequencing (NGS). While surrogate immu-
nohistochemical markers are increasingly becoming avail-
able for diagnosis of salivary gland neoplasms that harbor 
characteristic gene rearrangements, the fusions in both 
MEC and CCC lack fusion proteins that are demonstrable 
by immunohistochemistry, thus necessitating molecular 
testing. Metastatic renal cell carcinoma (RCC) may also be 
considered in the differential diagnosis, as discussed below. 
Interestingly, focal CD10 positivity has been described in 
clear cell MEC and should be interpreted with caution, in 
conjunction with more specific immunohistochemical stains 
like PAX8, CAIX, and RCC antigen [18].

Clear Cell‑Rich Myoepithelial Carcinoma 
and Epithelial‑Myoepithelial Carcinoma

Introduction and Epidemiology

Myoepithelial carcinoma (MEca) is a rare invasive malig-
nancy of salivary glands that is composed almost entirely of 
myoepithelial cells and lacks a ductal/luminal component. 
Epithelial-myoepithelial carcinoma (EMC) is a biphasic 
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malignant tumor with inner luminal ductal cells and outer 
abluminal myoepithelial clear cells. Both tumors are seen 
most frequently in the parotid gland, followed by minor sali-
vary gland locations [24, 25]. Nearly half of all MEca and 
EMC are reported to arise ex pleomorphic adenoma [26, 27].

Histologic, Immunohistochemical, and Molecular 
Findings

Histologically, MEca demonstrates myoepithelial cells with 
a variety of morphological phenotypes, including epithe-
lioid, spindled, clear, plasmacytoid, and vacuolated (Fig. 4) 
[24]. These are embedded in a variably myxoid, hyaline, 
and, rarely, mucinous stroma. An epithelial component, 
by definition, should be limited to only rare ductal struc-
tures, which may show squamous metaplasia. When MEca 
is composed predominantly of clear cells, it shows nests of 
polygonal cells with well-defined cytoplasmic borders and 

round vesicular nuclei; thus, it is not easily distinguished 
from other clear cell tumors. A helpful feature favoring the 
diagnosis of MEca over others is a zonation pattern with the 
tumor being hypercellular at the periphery and hypocellular 
toward the center. Further, the presence of hyaline droplets 
of basement membrane material is also characteristic [28]. 
A minor spindle cell component may be present in clear cell 
MEca. MEcas have a single cell population immunopositive 
for keratin and myoepithelial markers including S100 protein 
(most sensitive), SMA, SOX10, calponin, myosin, GFAP, 
and p40/p63. Due to variable staining with each of the lat-
ter, it is advisable to include more than one myoepithelial 
marker to confirm the diagnosis of MEca [24].

In EMC, the luminal cells are cuboidal with eosinophilic 
cytoplasm, while the abluminal myoepithelial cells have 
clear cytoplasm, more often due to a tissue processing arti-
fact rather than the presence of intracytoplasmic glycogen 
[25]. In rare double-clear EMCs, accounting for 2–3% of 

Fig. 3   Clear cell-predominant 
mucoepidermoid carcinoma 
can grow in large nests (a) with 
stromal sclerosis reminiscent of 
hyalinizing clear cell carcinoma 
(b). This mucoepidermoid car-
cinoma consists predominantly 
of large polygonal cells with 
clear cytoplasm (c) and small 
to medium sized nuclei (d). 
Squamoid cells (e) and cystic 
structures containing mucin, 
focally lined by mucous cells (f) 
are seen in other areas
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EMC cases, the luminal cells also have clear cytoplasm. 
Myoepithelial overgrowth in EMC may lead to areas of the 
tumor comprised almost entirely of clear myoepithelial cells, 
mimicking clear cell myoepithelial tumors. In such cases, 
the biphasic nature of EMC is inconspicuous on hematoxy-
lin and eosin staining, and immunohistochemistry serves to 
highlight the rare ducts. The luminal/ductal cells stain with 
CK7, CK19, EMA, CD117, and CEA, while the abluminal/
myoepithelial cells are positive for SMA (most sensitive and 
specific), calponin, S100 protein, SOX10, and p63/p40 (less 
sensitive and specific) [25].

In summary, MEca is distinguished from EMC based on 
the biphasic appearance and the presence of ductal struc-
tures in the latter. Interestingly, MEca and EMC both harbor 
PLAG1 rearrangements, in up to 53% and 33% of cases, 
respectively [27, 29, 30]. EMC also may show HMGA2 rear-
rangement, described in 26% [27]. HRAS Q61R mutation is 
seen in 66% of EMC; when present, it can be detected by 

immunopositivity for RAS Q61R mutant-specific antibody, 
aiding in diagnosis. Alternatively, HRAS mutation can be 
detected by sequencing.[31].

Differential Diagnosis and Clinical Implications

Differential diagnosis of both MEca and EMC includes pleo-
morphic adenoma (PA) with clear cells. Although PAs are 
benign tumors, pseudopods often extend through the cap-
sule and may be seen as satellite nodules outside it. Chon-
droid stroma is supportive of a PA. Conversely, MEca and 
EMC generally do not have frankly chondroid stroma. They 
may have a pseudocapsule with a multilobular pattern of 
invasion, and the border may not demonstrate small nested 
infiltration. Additionally, MEca and EMC may have bland 
cytomorphology, making it hard to characterize them as 
malignant. PLAG1 immunohistochemistry and gene rear-
rangement are not helpful, as a significant proportion of 

Fig. 4   A myoepithelial 
carcinoma shows polygonal 
cells with clear cytoplasm 
arranged in trabeculae and 
nests (a). Other areas show 
spindle-shaped tumor cells (b). 
Epithelial-myoepithelial car-
cinoma (EMC) has a biphasic 
pattern and clear myoepithelial 
cells (c). Another EMC where 
almost all cells appear clear 
and only occasional ductal 
structures (arrow) are seen (d). 
Pleomorphic adenoma (PA) 
may contain clear myoepithelial 
cells (e) and ductal structures 
positive for CK7 (f), similar to 
that seen in EMC. However, 
circumscription and the pres-
ence of chondromyxoid stroma 
may aid in distinguishing PA 
from EMC
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MEca and EMC arise ex PA, and de novo EMC also demon-
strate PLAG1 or HMGA2 alterations and immunopositivity, 
as do benign PAs. HCCC and clear cell MEC are excluded 
from the differential diagnosis as they lack a myoepithe-
lial cell component, and are therefore immunonegative for 
myoepithelial-type markers. EWSR1 rearrangement char-
acteristic of HCCC has also been identified in a subset of 
MEca enriched for cases with clear cell morphology and 
associated with poor prognosis [32]. However, the same 
group subsequently showed that EWSR1 fusion transcripts 
were absent on NGS, and suggested that EWSR1 alterations 
in MEcas may represent passenger and not driver mutations 
[30]. Thus, sequencing may be the best molecular technique 
to distinguish MEca from HCCC. This distinction is clini-
cally relevant as MEca is associated with higher rates of 
recurrence and metastasis [30].

Clear Cell Oncocytic Lesions of Salivary 
Gland

Introduction and Epidemiology

Oncocytic lesions of salivary gland (aside from Warthin 
tumors) may consist of oncocytomas, nodular oncocytic 
hyperplasia (NOH), or oncocytic metaplasia in other pri-
mary salivary-type neoplasms. Oncocytes contain abun-
dant mitochondria, imparting a granular eosinophilic char-
acter to the cytoplasm. However, a relative predominance 

of glycogen in the cytoplasm of such cells confers a clear 
cytoplasmic appearance [33, 34]. Oncocytomas are thought 
to represent 1–2% of all salivary neoplasms, most often 
occur in the parotid gland, and are associated with radiation 
exposure in up to 20% of patients [35]. Nodular oncocytic 
hyperplasia occurs overwhelmingly in the parotid gland, 
either bilaterally or unilaterally, and most often in adults 
in the 5–6th decades [36]. Clear cell change in such onco-
cytic lesions can be focal, multifocal, or diffuse, occasionally 
obscuring their true oncocytic nature.

Histologic, Immunohistochemical, and Molecular 
Findings

Grossly, oncocytic lesions appear characteristically tan-
brown, but clear cell-rich lesions can be increasingly yel-
low. Clear cell-predominant oncocytomas are well-cir-
cumscribed or encapsulated and composed of large cells 
arranged in nests (occasionally with central cellular dys-
cohesion creating the appearance of a lumen) surrounded 
by thin vascular septa (Fig. 5). The extent of clear cell 
change can range from diffuse to patchy, with some cells 
retaining eosinophilic cytoplasm, especially adjacent to 
the cell membrane [33]. Ultrastructurally, mitochondria 
and other organelles are pushed to the periphery of the 
cell, but the nuclei remain small, dark, and centrally 
located [34]. Nodular oncocytosis or NOH consists of 
variably sized unencapsulated nodules of eosinophilic 
or clear cell oncocytes sprinkled throughout the gland. 

Fig. 5   Grossly, oncocytic 
salivary neoplasms may appear 
variably yellow to brown, 
depending on the ratio of clear 
to eosinophilic cells, respec-
tively (a). This oncocytoma 
contains an admixture of pale 
eosinophilic to clear cells in 
nests (b). Nodular oncocytic 
hyperplasia shows scattered, 
unencapsulated proliferations of 
oncocytes throughout salivary 
parenchyma (c). Oncocytic 
lesions can show cytoplasmic 
clearing, in this case, with vari-
able amounts of optically clear 
to pale granular eosinophilic 
cytoplasm and round nuclei 
with inconspicuous nucleoli (d)
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Non-lesional acini, ducts, or fat cells may be entrapped 
within the nodules. On occasion, a nodule can proliferate 
to an extent that it appears to represent an oncocytoma 
arising in oncocytic hyperplasia [36]. In both oncocyto-
mas and NOH, basally located cells are positive for p63 
[37]. Genetic drivers remain largely unknown.

Differential Diagnosis and Clinical Implications

The differential diagnosis includes metastatic renal cell 
carcinoma, which, unlike salivary clear cell oncocytic 
lesions, would be negative for p63 and positive for PAX8 
[37]. Clear cell/oncocyte-rich mucoepidermoid carcinoma 
would express p63 more diffusely, and the presence of 
MAML2 rearrangement would be diagnostic. Clear cell 
carcinoma would diffusely express p63 and CK5/6, and 
harbor EWSR1::ATF1 rearrangement. Additionally, 
expression of markers of myoepithelial differentiation 
(S100 protein, SOX10, SMA, calponin) would favor clear 
cell-rich pleomorphic adenoma or myoepithelioma [23].

Prognostically, most oncocytomas are benign with low 
likelihoods of recurrence or malignant transformation. 
NOH has never been reported to transform. However, it 
has been shown that clear cell phenotype of oncocytic 
lesions is associated with bilateral disease and recurrence 
[35].

Glycogenated Squamous Cell Carcinoma

Introduction and Epidemiology

An exhaustive discussion of SCC of the mucosal sites of the 
head and neck is beyond the scope of this article; however, 
excessive cytoplasmic glycogen deposition in a SCC may 
make diagnosis challenging due to morphologic overlap 
with other carcinomas discussed in this chapter. Clear cell 
change only occasionally occurs in mucosal SCCs, but is 
more common in cutaneous SCCs [38–40]. However, due 
to patterns of lymphatic drainage, head and neck cutaneous 
SCCs metastasize to intra- and peri-parotid lymph nodes and 
can mimic primary salivary gland carcinomas [41]. Of all 
head and neck cutaneous sites, primary carcinomas of the 
cheek, pinna, temple, and forehead demonstrate the highest 
rates of metastasis to the parotid gland and its associated 
lymph nodes [42].

Histologic, Immunohistochemical, and Molecular 
Findings

Clear cell-rich SCC may, at least focally, retain histologic 
evidence of squamous differentiation in the form of cyto-
plasmic keratinization, keratin pearls, and prominent inter-
cellular bridges (Fig. 6). Occasionally, the clear cytoplasm 
can displace the nucleus so as to resemble an adipocyte or 
manifest as multiple vacuoles resembling sebaceous cells 

Fig. 6   Metastatic squamous cell 
carcinoma involving the parotid 
gland can be grossly infiltrative 
and demonstrates a firm, white 
cut surface in contrast to the 
background lobulated orange-
yellow parotid parenchyma (a). 
This carcinoma (a cutaneous 
metastasis) shows variably sized 
nests of clear to amphiphilic 
cells with intervening fibrous 
bands (b). In areas, nests show 
evidence of squamous dif-
ferentiation in the form of dense 
eosinophilic keratin (arrow) 
(c). Cells contain abundant 
intracytoplasmic glycogen and 
hyperchromatic nuclei with 
wrinkled contours (d)
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[40]. Features of malignancy (infiltrative growth, pleomor-
phism, mitoses) should be evident. Expression of conven-
tional squamous markers is retained (p63, p40, high molecu-
lar weight cytokeratins). In cases of cutaneous carcinomas 
infiltrating or metastasizing to salivary glands, evidence of 
sun exposure via ultraviolet (UV) signature mutations can 
be detected [41].

Differential Diagnosis and Clinical Implications

When present in salivary glands, SCC may mimic HCCC 
both morphologically and immunohistochemically (both 
expressing p63, p40, high molecular weight keratins). How-
ever, HCCC is often of lower histologic grade (with dark, 
wrinkled or round nuclei and infrequent mitoses), contains 
more prominent stromal fibrous bands, lacks a UV signature, 
and can be confirmed with EWSR1::ATF1 rearrangement 
[23]. In rare intraparotid SCCs, a site of origin cannot be 
determined based on UV signature or history, and may rep-
resent an undiagnosed mucosal site primary. These patients 
have been shown to have worse prognosis than those with 
cutaneous metastases to the parotid gland [41].

Parathyroid Water Clear Cell Adenoma

Introduction and Epidemiology

Parathyroid adenomas account for more than 80% of pri-
mary hyperparathyroidism, with a peak incidence in the 5th 
and 6th decades and a 2:1 female: male ratio [43]. While 
parathyroid adenomas are most frequently composed of 
chief cells with an admixture of oncocytic (oxyphil) cells 
and clear cells, some adenomas (3–6%) are composed 
entirely of oncocytic cells and rare adenomas are composed 
entirely of clear cells, so-called water clear cell adenomas 
(WCCA) [44]. The first case of a solitary parathyroid lesion 
composed entirely of clear cells was described by Grenko, 
et al., in 1995, in a patient with hyperparathyroidism [45]. 
Some studies suggest that water clear cell adenomas have a 
higher (6:1) female preponderance, larger size, and lower 
rates of biochemical hyperparathyroidism [46]. Parathy-
roid adenomas can occur within normally located glands, 
ectopic glands (including within the thyroid), or supernu-
merary glands. Additionally, clear cell-predominant lesions 
can occur in a single gland, two glands, or multiple glands, 
raising the possibility of multi-gland WCCA versus water 
clear cell hyperplasia (WCCH) [46, 47]. However, as under-
standing of the genetic underpinnings of parathyroid disease 
increases, multiglandular parathyroid disease is being recog-
nized as multi-gland adenomas rather than hyperplasia [44]. 
Whether the rare multi-gland WCCH represents multi-gland 
WCCAs or true hyperplasia is yet to be determined.

Histologic, Immunohistochemical, and Molecular 
Findings

Parathyroid WCCAs consist of nests, cords, or sheets of cells 
with distinct cell borders and abundant clear or vacuolated 
cytoplasm (Fig. 7). The nuclei are often located at the basal 
aspect of the cell. They can be small and hyperchromatic to 
medium in size with inconspicuous nucleoli. There is deli-
cate stromal vasculature separating nests of tumor cells and 
minimal to absent stromal fat. A normal, compressed, or 
atrophic rim of parathyroid tissue (consisting of chief cells 
admixed with fat) may be present at the periphery, indicating 
the neoplastic nature of the lesional clear cell population.

Water clear cells express parathyroid hormone (PTH), 
GATA3, and chromogranin (confirming parathyroid origin) 
and are negative for calcitonin [46, 48, 49]. While non-clear 
cell parathyroid adenomas/hyperplasias have been shown 
to occasionally express TTF1, monoclonal, or polyclonal 
PAX8, WCCAs have been demonstrated by some authors to 
be negative for TTF1 and monoclonal PAX8 [46, 50]. Ki67 
proliferation index is low (< 2%). Loss of parafibromin (as 
can be seen in other atypical parathyroid neoplasms, gener-
ally with eosinophilic cytoplasm) has not been documented 
in WCCAs [46, 47, 51]. Electron microscopic examination 
of the water clear cells demonstrates variably sized mem-
brane-bound vesicles containing flocculent material, dense 
core granules, and mitochondria [45, 52].

There is limited knowledge of the molecular profile of 
WCCAs. Conventional chief cell adenomas and WCCAs 
have been shown to have protein expression patterns more 
similar to each other than to oxyphilic cell adenomas, and 
many consider water clear cells as morphologic variants of 
chief cells [53].

Differential Diagnosis and Clinical Implications

The differential diagnosis of a parathyroid WCCA, espe-
cially if closely associated with the thyroid or even intrathy-
roidal, includes metastatic clear cell RCC, a clear cell thy-
roid neoplasm, or a medullary thyroid carcinoma. RCC 
expresses monoclonal PAX8 and CAIX, while parathyroid 
WCCA does not. Clear cell thyroid neoplasms strongly 
express monoclonal PAX8, TTF1, and thyroglobulin. Para-
thyroid WCCAs are negative for thyroglobulin, TTF1, and 
monoclonal PAX8 (in contrast so some non-clear cell para-
thyroid lesions which can express TTF1 or PAX8) [50, 54]. 
A single case of clear cell parathyroid carcinoma has been 
reported, in this case, mimicking medullary thyroid carci-
noma in light of the nested growth pattern, clear to finely 
vacuolated cytoplasm, and stippled chromatin [55]. The 
absence of calcitonin expression and the presence of para-
thyroid immunomarkers are diagnostically useful in cases 
with this differential diagnostic dilemma.
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Excision of a WCCA is generally curative. The largest 
study of such tumors to date has demonstrated that they are 
often large, biochemically indolent (non- or poorly secret-
ing), and may not be detected with Sestamibi scintigraphy 
[46].

Metastatic Clear Cell Renal Cell Carcinoma

Introduction and Epidemiology

Renal cell carcinoma (RCC) occasionally metastasizes to 
the head and neck, with the cervical lymph nodes and thy-
roid gland the most common sites affected. However, other 
sites have included the skin, craniofacial bones, sinuses, oral 
mucosa, and major salivary glands [56–59]. Head and neck 
metastases have been documented as the initial presenta-
tion of occult RCC, discovered at the time of diagnosis of 

known primary RCC, and as late sequelae of RCC. Males 
are generally more affected than females. Of patients with 
RCC, it is estimated that only 1% have metastases confined 
to the head and neck [58]. Considering metastases to the 
thyroid gland, RCC (specifically, clear cell type) is the most 
common (20–30%), followed by carcinomas of the lung, 
lower gastrointestinal tract, and breast [60–62]. Of all thy-
roid gland malignancies, metastasis is still very rare (0.36% 
of malignancies and 0.1% of all neoplasms) [60, 63].

Histologic, Immunohistochemical, and Molecular 
Findings

The gross appearance of metastatic RCC is bright yellow 
to orange, similar to primary intrarenal carcinomas. The 
morphology of clear cell RCC recapitulates that within the 
kidney: nests and tubules of cells with optically clear cyto-
plasm and a richly vascular network of stromal capillaries 

Fig. 7   Grossly, this water 
clear cell parathyroid adenoma 
(WCCA) is pale tan-red with a 
thin, red rim (left side) repre-
senting non-neoplastic paren-
chyma (a). The neoplastic cells 
grow in nests with fine fibrovas-
cular septa and lack of adipose 
tissue. Background normocel-
lular parenchyma with admixed 
adipose tissue is in the top left 
(b). Both adenoma cells and 
non-neoplastic cells are positive 
for parathyroid hormone (c) and 
negative for monoclonal PAX8 
(d). WCCA cells have abundant 
optically clear cytoplasm. 
Nuclei can vary from enlarged 
and wrinkled (random endo-
crine atypia) (e) to small, round, 
and regular (f)
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surrounding tumor cell nests (Fig. 8). Nuclei vary depend-
ing on tumor grade and can range from small and round 
with homogenous chromatin to large and ovoid with variably 
prominent nucleoli [59]. Regarding intrathyroidal metasta-
ses, tumors can be uni- or multifocal, and can occasionally 
involve pre-existing thyroid gland lesions, including neo-
plasms. While PAX8 is expressed in tumors of both renal 
and thyroid origin, TTF1 is negative in RCC and can aid 
in diagnosis. Additionally, CAIX expression can support 
clear cell RCC [64]. An exhaustive immunohistochemical 
and molecular review of renal cell neoplasms is beyond the 
scope of this article, and readers are referred to other com-
prehensive resources [64–66].

Differential Diagnosis and Clinical Implications

The differential diagnosis of metastatic clear cell RCC var-
ies depending on metastatic site affected. Within the thyroid 

gland, considerations include primary thyroid neoplasms 
with clear cell change (thyroglobulin, PAX8, and TTF1 posi-
tive) (Fig. 9a–b) or water clear cell parathyroid adenomas 
(monoclonal PAX8 and TTF1 negative) [67, 68]. Within the 
major and minor salivary glands (including oral mucosa) and 
jaws, clear cell carcinoma of salivary or odontogenic origin 
may be considered. These tumors would express markers of 
basaloid/squamoid differentiation (p63, p40, CK5/6), and 
most harbor EWSR1::ATF1 fusion [23]. Clinically, mean sur-
vival time from diagnosis of RCC metastatic to the head and 
neck has been reported as 38 months (range 12–83 months) 
[56]. Median survival of RCC metastatic to the thyroid is 
20 months (range 3–171 months) in patients who under-
went resection versus 12 months (range 1–228 months) in 
those who did not [61, 63]. Thyroid carcinomas with clear 
cell change represent a low percentage of all thyroid gland 
carcinomas (0.5%) and most tend to be RAS-like follicular 
neoplasms [67].

Fig. 8   Metastatic clear cell 
renal cell carcinoma (RCC) to 
the thyroid (a) or parotid gland 
(b) maintains the characteristic 
gross yellow-orange appearance 
of RCC and may be unifocal or 
multifocal. This intrathyroidal 
metastasis is circumscribed and 
can mimic a primary thyroid 
neoplasm (c). Cells are nested 
with clear to pale eosinophilic 
cytoplasm (d). PAX8 immu-
nostain is positive in the metas-
tasis (left side) and background 
thyroid parenchyma (right side) 
(e), while TTF1 is only positive 
in the thyroid parenchyma (f)
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Sinonasal Renal Cell‑Like Adenocarcinoma

Introduction and Epidemiology

Sinonasal renal cell-like adenocarcinomas (SRCLA) are 
a rare subtype of non-intestinal-type sinonasal adenocar-
cinoma. First described in 2002 as a mimic of RCC meta-
static to the sinus [69], RCC is the most common neoplasm 
to metastasize to this site, followed by lung [70]. However, 
sinus metastasis is thought to occur in up to 1% of patients 
with RCC, and may occasionally be the presenting sign of 
an occult RCC [71]. Discriminating between SRCA and 
metastatic RCC, even in the absence of a known RCC, is 
therefore clinically important. Epistaxis is the most com-
mon presenting sign in both cases [71, 72].

Histologic, Immunohistochemical, and Molecular 
Findings

SRCLA is composed of uniform cuboidal cells arranged 
in a nested and gland-like growth pattern with fibrovascu-
lar septae. (Fig. 9c–f) Cytoplasm is abundant and clear to 
pale eosinophilic without evidence of mucin production. 
Nuclei are often small and dark with occasional charac-
teristic intranuclear vacuoles or pseudoinclusions [72]. 
Ultrastructurally, the cytoplasm contains glycogen as well 
as occasional lipid vacuoles and cholesterol [69]. High 
grade features (including necrosis, high mitotic activity, 
perineural or lymphovascular invasion, and significant 
nuclear pleomorphism) have not been described. Expect-
edly, these carcinomas are negative for PAX8 and RCC 

Fig. 9   On occasion, follicular 
thyroid neoplasms can show 
prominent clear cell change 
and can be difficult to distin-
guish from metastatic renal cell 
carcinoma (RCC). A conven-
tional oncocytic area is seen in 
the top right and can point to 
the underlying thyroid origin 
of the lesion (a). In this thyroid 
neoplasm, cells are nested with 
finely granular cytoplasm and 
there is a paucity of colloid 
(b). Sinonasal renal cell-like 
adenocarcinoma (SRCLA) is 
a subtype of sinonasal non-
intestinal type adenocarcinoma 
(c). It can grow in small nests 
and microcysts resembling RCC 
(d). The stroma is collagenous 
to vascular (e) and cells have 
optically clear cytoplasm with 
round, dark nuclei (f). [Thyroid 
images contributed by Dr. 
Shipra Agarwal]
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marker. However, they do express CK7, CAIX, and CD10 
[73].

Differential Diagnosis and Clinical Implications

The most salient differential diagnostic consideration, met-
astatic RCC, can be distinguished from SRCLA based on 
expression of PAX8, RCC marker, and vimentin and lack of 
expression of CK7. Unlike clear cell-rich SCC or salivary 
gland neoplasms (oncocytoma, mucoepidermoid carcinoma, 
clear cell carcinoma), SRCLA has not been documented 
to express p63 or smooth muscle actin. SRCLA does not 
express TTF1, unlike thyroid carcinomas with clear cell 
change [73]. Clinically, SRCLA has not been shown to 
recur or metastasize following surgical resection [72, 74]. 
The genetics remain unknown.

Chordoma

Introduction and Epidemiology

Chordoma is a rare malignant bone tumor that recapitulates 
the notochord and arises in the axial skeleton at cranial, spi-
nal, and sacrococcygeal sites. A third of all chordomas occur 
in the skull base (particularly clivus) and cervical spine; 
rare extra-axial head and neck locations include the naso-
pharynx, sinonasal tract, oropharynx, and soft tissues of the 
neck [75]. Chordomas are seen across all age groups, most 
often between 40 and 60 years of age, with a male prepon-
derance [76, 77]. In children and young adults, skull base 
chordomas are more common than those at other sites [76, 
78]. On imaging, chordomas appear as midline solitary lytic 
destructive lesions; matrix calcification may be present [79].

Histologic, Immunohistochemical, and Molecular 
Findings

Grossly, chordomas are solid, lobulated, gelatinous tumors 
that often extend beyond the cortex of the involved bone 
into the adjacent soft tissue. Histologically, chordomas are 
of four subtypes: conventional, chondroid, poorly differenti-
ated, and dedifferentiated (Fig. 10). Conventional chordo-
mas are characterized by tumor lobules separated by fibrous 
septa, with cords and nests of epithelioid cells with clear 
vacuolated to pale eosinophilic cytoplasm embedded in a 
myxoid extracellular matrix [79]. Physaliphorous cells are 
large, with voluminous bubbly, vacuolated cytoplasm and 
small hyperchromatic to large vesicular nuclei [78]. Nuclear 
atypia and pleomorphism may be minimal with only occa-
sional mitoses, to marked with high mitotic activity. Chon-
droid chordoma contains matrix that closely resembles neo-
plastic hyaline cartilage [78]. Poorly differentiated chordoma 

consists predominantly of sheets of epithelioid cells with 
large vesicular nuclei and prominent nucleoli, with a vari-
able proportion of rhabdoid cells; physaliphorous cells are 
absent and myxoid stroma is scant [77, 78]. Dedifferenti-
ated chordomas display a high-grade sarcoma juxtaposed 
with conventional chordoma. Chordomas are immunoposi-
tive for keratin, epithelial membrane antigen, S100 protein, 
and brachyury (encoded by the TBXT gene), the latter being 
most specific. Loss of INI-1 expression is a feature of poorly 
differentiated chordoma, attributed to homozygous deletion 
of SMARCB1.

Differential Diagnosis and Clinical Implications

Differential diagnoses include chondrosarcoma, myoepithe-
lial tumors of bone and soft tissue (BST), and primary and 
metastatic carcinomas. While chondroid chordoma mim-
ics classical chondrosarcoma, conventional chordoma can 
resemble clear cell chondrosarcoma, as the latter consists 
of cells with abundant clear to pale eosinophilic cytoplasm. 
Clear cell chondrosarcoma, however, has distinct cytoplas-
mic borders, and woven bone and osteoclastic giant cells are 
often present. While chondrosarcomas are also immunoposi-
tive for S100 protein and may show keratin and EMA stain-
ing, negative brachyury distinguishes them from chordomas; 
SOX9 may be positive in chordoma and does not help in 
this differential diagnosis [75]. Although clear cell chon-
drosarcoma accounts for only 2–3% of all chondrosarcomas, 
this histologic subtype is associated with significantly worse 
outcome, warranting its accurate distinction from chordoma 
[80].

BST myoepithelial tumors, i.e., myoepithelioma and 
myoepithelial carcinoma, are rare neoplasms that reca-
pitulate the histologic and immunohistochemical features 
of their salivary gland counterparts. In the head and neck, 
they have been described in the sinonasal and periorbital 
regions, and in the clivus [81, 82]. They are composed of 
epithelioid to spindled cells with clear to eosinophilic cyto-
plasm embedded in a myxoid, chondromyxoid, or collagen-
ous stroma, rendering considerable similarity to chordoma 
[82]. Immunohistochemically, they are positive for S100 
protein and EMA with variable keratin, GFAP, and myo-
genic marker expression. A subset of myoepithelial carcino-
mas show loss of INI-1 expression. Molecular testing may be 
of value as EWSR1 or FUS rearrangements may be present in 
BST myoepithelial tumors; of note, EWSR1::POU5F1 fusion 
is identified in a subset of tumors with predominantly clear 
cells that occur in children and young adults [81]. Rarely, 
chordoid meningioma may occur in the skull base, with 
similar cords of vacuolated cells in a myxoid background, 
and variably positive keratin and EMA [83]. Admixed foci 
of classical meningioma, lymphoplasmacytic infiltrate, and 
immunopositivity for SSTR2A and progesterone receptors 
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aid in distinction from chordoma. SRCLA has similar nested 
cuboidal clear tumor cells but does not have a myxoid matrix 
and is immunopositive for CAIX and CD10. Brachyury is 
negative in each of these differential diagnoses, aiding in 
accurate classification of chordoma.

Rhinoscleroma

Introduction and Epidemiology

Rhinoscleroma is a rare, persistent, progressive chronic 
infectious granulomatous disease of the upper respiratory 
tract which is endemic in tropical and sub-tropical coun-
tries (Africa, South-East Asia, India, Central and South 
America, parts of Eastern Europe, and the Middle-East) 
[84, 85]. Although extremely rare in non-endemic countries, 
global travel and immigration may lead to its occurrence 

in non-endemic regions. Rhinoscleroma is caused by Kleb-
siella rhinoscleromatis, a gram-negative bacterium with an 
airborne route of infection. Socio-economic factors such as 
malnutrition, poor hygiene, and overcrowding contribute to 
the spread of disease. It affects a wide age range, however, 
is most frequent in young adults, with a slight female pre-
ponderance. Nasal and nasopharyngeal mucosa are almost 
always involved; rarely, larynx, trachea, bronchi, palate, 
nasolacrimal duct, and skin may also be involved [85]. In 
late stages of infection, patients present with mucosal thick-
ening, hypertrophy, and formation of a locally destructive 
mass often mimicking malignancy clinically [84].

Histologic, Immunohistochemical, & Molecular 
Findings

On histology, the initial catarrhal stage shows squa-
mous metaplasia of the nasal mucosa with a neutrophilic 

Fig. 10   Conventional chordoma 
of the clivus is composed of 
nests of tumor cells destroy-
ing bone (A). Tumor cells 
have abundant clear to bubbly 
vacuolated cytoplasm and small 
hyperchromatic nuclei with 
evident mitotic activity (B) and 
show nuclear expression of with 
S100 protein (C) and brachyury 
(D). Chondroid chordoma has 
abundant matrix that resembles 
hyaline cartilage (E). However, 
tumor cells are positive for kera-
tin (F). [Chondroid chordoma 
images contributed by Prof. M. 
C. Sharma]
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infiltrate; however, this is rarely biopsied (Fig. 11). The 
hypertrophic stage is characterized by the pathognomonic 
Mikulicz cells: large, mononuclear cells with clear vacu-
olated or foamy cytoplasm and peripheral nuclei, often 
arranged in a nested pattern, and accompanied by a 
plasma cell-rich infiltrate with easily identifiable Rus-
sel bodies, lymphocytes, and a few neutrophils. Miku-
licz cells contain numerous gram-negative bacilli, high-
lighted by Giemsa, Warthin-Starry, and Steiner stains 
[84]. Immunohistochemistry for Klebsiella antigens may 
also be performed. Culture studies, PCR-based assays, 
and 16 s rRNA gene sequencing can detect the organism 
in tissue culture or nasal swabs for confirmation of diag-
nosis. Systemic antibiotics and surgical debridement are 
mainstays of treatment.

Differential Diagnosis and Clinical Implications

Differential diagnosis includes histiocyte-rich lesions, as 
well as neoplasms with clear cells. Rosai-Dorfman disease 
(RDD) may involve the sinonasal tract and shows a histio-
cyte- and plasma cell-rich infiltrate. Emperipolesis, a char-
acteristic feature of nodal RDD, is often absent at extranodal 
sites, and has also been described in rhinoscleroma [86]. 
The histiocytes in RDD are immunopositive for S100 pro-
tein, while Mikulicz cells are negative. Lepromatous leprosy 
also shows sheets of foamy histiocytes, lacks the presence 
of plasma cells, and shows numerous intracytoplasmic acid-
fast bacilli. Rhinoscleroma can easily be distinguished from 
neoplasms with clear cells (e.g., myoepithelioma, CCC, and 
MEC), as the neoplasms are immunopositive for keratins.

Fig. 11   Rhinoscleroma shows 
sheets of clear cells interrupted 
by fibrovascular septa (A). 
Many plasma cells with promi-
nent Russel bodies are seen (B). 
Cells have abundant clear vacu-
olated to foamy cytoplasm (C) 
and demonstrate intracellular 
bacilli on Warthin-Starry stain 
(D). Histiocytes in Rosai-Dorf-
man disease have pale pink, 
foamy cytoplasm (E) and may 
demonstrate emperipolesis (F)
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Conclusions

Optically clear cytoplasm may occur in neoplastic and 
non-neoplastic conditions, either as a characteristic feature 
of a disease entity or as a morphologic rarity, potentially 
creating diagnostic dilemmas in various organ systems 
[1, 2]. [1–6] Overlapping morphologic features may pre-
sent a diagnostic challenge in surgical pathology mate-
rial. This review elaborates the top ten clear cell lesions 
in the head and neck, emphasizing their distinguishing 
histologic, immunohistochemical, and molecular attrib-
utes, and presents a rational approach to arriving at an 
accurate diagnosis. These top ten lesions are as follows: 
(1) clear cell carcinoma (salivary gland and odontogenic), 
(2) mucoepidermoid carcinoma, (3) myoepithelial and 
epithelial-myoepithelial carcinoma, (4) oncocytic salivary 
gland lesions, (5) squamous cell carcinoma, (6) parathy-
roid water clear cell adenoma, (7) metastatic renal cell 
carcinoma (especially in comparison to clear cell thyroid 
neoplasms), (8) sinonasal renal cell-like adenocarcinoma, 
(9) chordoma, and (10) rhinoscleroma (Table 1, Fig. 1).
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