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Abstract
Clear cell odontogenic carcinoma (CCOC) is a rare and aggressive malignant epithelial neoplasm, which occurs most fre-
quently in the mandible of elderly patients. Morphologically, CCOC shares similar characteristics with other clear cell tumors, 
especially hyalinizing clear cell carcinoma of the salivary glands (HCCC). Both CCOC and HCCC are known to harbor 
EWSR1 rearrangements, especially the EWSR1–ATF1 gene fusion, which indicates a possible link between the two lesions. 
So far, this fusion has been demonstrated in five cases of CCOC in the literature. Herein, we add another CCOC case to the 
literature, which arose in the mandible of an 82-year-old female patient and was proven to harbor the EWSR1–ATF1 gene 
fusion. Immunohistochemically, this case was focally positive for CK7, CK14, CK19 and p63. The patient was referred to 
surgical treatment; however, she died of disease 2 months after the diagnosis, thereby demonstrating the aggressive nature 
of this tumor.
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Introduction

First described by Hansen et  al. in 1985 [1], clear cell 
odontogenic carcinoma (CCOC) is considered to be a rare 
and aggressive malignant odontogenic tumor. Previously 

recognized by WHO under the denomination “clear cell 
odontogenic tumor”, this tumor was reclassified as a malig-
nancy in 2005 [2] and it is still denominated CCOC in the 
2017 classification [3].

CCOC is recognized as a locally aggressive tumor, with 
high recurrence rates and the capacity to metastasize to dis-
tant sites [4, 5]. Its clinical and radiological features are not 
specific, although this tumor often presents itself as osteo-
lytic lesions with ill-defined limits [4, 6]. Morphologically, 
CCOC shares similar characteristics with other clear cell 
tumors, especially hyalinizing clear cell carcinoma of the 
salivary glands [5]. Due to the rarity of these lesions, they 
often pose a diagnostic dilemma for the pathologists. Immu-
nohistochemistry and molecular biology techniques are typi-
cally important tools in the diagnostic process of CCOC, as 
well as complete clinical and radiographic information. In 
this work, we report a case of CCOC in the mandible of a 
female patient in which the EWSR1–ATF1 fusion gene was 
detected.
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Case Report

An 82-year-old woman was referred to a Maxillofacial Sur-
gery service for facial asymmetry, right mandible swelling 
and pain. The symptoms were present for approximately 

10 months prior to the consultation. Intraoral examina-
tion revealed that the swelling had a soft consistency and 
was covered by healthy-appearing mucosa. A computed 
tomography exam was performed and it revealed an ill-
defined and destructive lesion extending from the man-
dible body to the ramus and coronoid process (Figs. 1, 

Fig. 1  Computed tomography 
images in coronal (a, b) and 
sagittal (c, d) views evidenced 
an ill-defined and destructive 
lesion extending from the right 
mandible body and ramus to the 
coronoid process

Fig. 2  Computed tomography 
3D reconstruction in coronal (a) 
and sagittal (b) views evidenc-
ing the destructive nature of the 
lesion
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2). At this point, diagnosis of ameloblastoma, myxoma or 
ameloblastic carcinoma were considered by the surgeons 
and an incisional biopsy was performed.

Histopathological examination revealed proliferation of 
neoplastic epithelial cells with predominantly clear cyto-
plasm, which were surrounded by hyalinized connective 
tissue. The cells had polygonal morphology, with round 
to ovoid nuclei, arranged in nests and islands. Cells with a 
lightly eosinophillic cytoplasm were seen admixed with the 
clear cells in some areas (Figs. 3, 4).

Immunohistochemistry was performed for cytokeratins 
(CK) 7, 14 and 19 and p63. All antibodies were focally posi-
tive in the neoplastic cells. Additionally, the histochemistry 
revealed clear cells to be positive for Periodic acid-Schiff 
(PAS) and sensitive to diastase (PAS-D) (Fig. 5).

Real-time polymerase chain reaction (PCR) confirmed 
the presence of the EWSR1–ATF1 fusion gene in this tis-
sue sample. For this analysis, total RNA was isolated from 
formalin-fixed paraffin-embedded tissue using the MagMAX 
FFPE DNA/RNA Ultra Kit (A31881 Applied Biosystems, 

Carlsbad, CA, USA), and first-strand cDNA was synthe-
sized using the High Capacity cDNA Reverse Transcrip-
tion Kit (Thermo Fisher, Waltham, Massachusetts, USA) 
according to the manufacturer’s instructions. In order to 
detect EWSR1–ATF1 fusion gene transcripts, real-time PCR 
was performed using the thermocycler 7500 real-time PCR 
System (Applied Biosystems, Carlsbad, CA, USA) and the 
fluorophore Sybr Green PCR Master Mix (Applied Biosys-
tems, Carlsbad, CA, USA). The used primers were 5′-CAA 
GGA TTA AAT GAC AGT GTG ACT C-3′ (forward) and 
5′-CTT TCT GTG AGG AGC CTA TG-3′ (reverse) (Inte-
grated DNA Technologies, Coralville, Iowa, USA).

The clinical, radiographic, histopathological, immuno-
histochemical and molecular features together supported the 
diagnosis of clear cell odontogenic carcinoma.

The patient was indicated for radical surgical treatment 
with a Head and Neck surgical team; however, she died of 
the disease 2 months after the diagnosis, before receiving 
treatment.

Discussion

The presence of a significant clear cell component in odonto-
genic neoplasms is very rare. These cells possibly originate 
from the dental lamina and are often a result of cytoplasmic 
accumulation of water, glycogen, mucopolysaccharides, 
mucin and lipids [7, 8]. Clear cells may also be a result of 
fixation artifacts or paucity of cellular organelles, intermedi-
ate filaments and immature zymogen granules [7]. In odon-
togenic lesions, cells with cytoplasmic clearing are found 
to contain PAS positive diastase labile material, which is 
indicative of glycogen accumulation [9].

A recent systematic review found 107 well-documented 
cases of CCOC in the English literature [10]. This tumor is 
most often reported in female patients in the sixth decade 
of life and posterior mandible is the most affected site, with 
no ethnic predilection. Local symptoms of CCOC are fre-
quently described as swelling, with or without pain, tooth 
mobility and ulceration/bleeding. Radiological aspects are 

Fig. 3  Clear cell odontogenic carcinoma showing proliferation of epi-
thelial cells with predominantly clear cytoplasm embedded in a hya-
linized stroma (Hematoxylin and eosin, ×100 in the original)

Fig. 4  High-power view of clear 
cell odontogenic carcinoma 
showing a biphasic pattern. a 
Cells with clear cytoplasm. b 
Cells with light eosinophilic 
cytoplasm. (Hematoxylin and 
eosin, ×400)
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unspecific, but X-ray images are almost always radiolucent 
and poorly defined [4, 10]. The duration of symptoms prior 
to diagnosis ranges from a few months to many years, which 
is uncommonly long for a malignancy [10]. CCOC shows 
high rates of recurrence; therefore, early and aggressive sur-
gical treatment with clear margins are recommend for these 
patients [4, 6, 10].

Microscopically, CCOC is characterized by the prolifera-
tion of neoplastic epithelial cells with predominantly clear 
cytoplasm arranged in islands and strands. This lesion may 
present itself in three different variants: (1) monophasic: 
composed almost entirely of clear cells with well-defined 
borders and centrally located nuclei; (2) biphasic: composed 
of one population of clear cells and another population of 
hyperchromatic polygonal cells with eosinophilic cytoplasm; 
(3) ameloblastic: characterized by predominantly columnar 
cells with ameloblastic differentiation at the periphery of 
tumor islands [4–6, 10]. In the reported case, we observed 
a biphasic histology.

Differential diagnosis of CCOC includes benign odon-
togenic tumors, such as ameloblastoma and the clear cell 
variant of calcifying epithelial odontogenic tumor; meta-
static tumors, as renal clear cell carcinoma and melanoma; 
tumors of salivary origin, as mucoepidermoid carcinoma 
and, especially, hyalinizing clear cell carcinoma (HCCC) [5, 
11]. Immunohistochemistry is a valuable aid to differenti-
ate some of those lesions (i.e. metastatic tumors). However, 
findings indicate that both CCOC and HCCC show a high 
degree of morphologic and immunophenotypic overlap, 
thereby making it impractical and challenging to distinguish 

them [5]. Facing this, tumor location (in the jaws versus in 
oral mucosa/salivary glands) is the most important differen-
tiating criterion between CCOC and HCCC [5].

In 2011, Antonescu et al. [12] demonstrated a specific 
gene fusion in a group of HCCC, which was not present 
in other salivary gland tumors: the EWSR1–ATF1. 2 years 
later, the same research group [13] observed that CCOC 
also harbors EWSR1 rearrangements and they even showed 
a CCOC case that harbored the EWSR1–ATF1 gene fusion, 
thus establishing a link between HCCC and CCOC despite 
different tumor origins. Since then, four cases of CCOC 
harboring EWSR1–ATF1 fusion and one case present-
ing EWSR1–CREB1 fusion have been reported in the lit-
erature [14–16]. Now, we add a new case of CCOC to this 
group, where EWSR1–ATF1 was confirmed. The findings 
strengthen the relationship between CCOC and HCCC and 
reinforce the question whether both lesions represent the 
same entity or whether at least a subgroup of CCOC are 
actually a central variant of HCCC [13].

As previously reported, the identif ication of 
EWSR1–ATF1 is useful for differentiating between CCOC 
and other tumors with clear cell changes, especially in 
small biopsy specimens, i.e., clear cell variants of calci-
fying epithelial odontogenic tumor or central squamous 
cell carcinoma with clear cell features [13]. However, in 
our experience, molecular analysis is not mandatory for 
diagnosing CCOC. This diagnosis may be achieved with 
adequate material for histopathological and radiographi-
cal analysis, patient’s medical history and the aid of 
immunohistochemistry.

Fig. 5  Immunohistochemical and histochemical aspects. Clear cell 
odontogenic carcinoma exhibiting focal immunopositivity for CK7 
(a), CK14 (b), CK19 (c) and p63 (d) (immunohistochemistry, ×400). 

The lesion was positive for PAS (e) and negative for PAS-diastase (f) 
(histochemistry, ×400)
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In summary, we have presented a case of CCOC that 
shows an aggressive clinical course and poor prognosis, 
which was proven to harbor the EWSR1–ATF1 fusion gene. 
Further studies would be required to unveil the frequency of 
this fusion in CCOC and its relation to salivary HCCC. The 
identification of these gene rearrangements can be helpful in 
determining targeted therapies for these lesions in the future.
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