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Abstract
Clear cell odontogenic carcinoma (CCOC) is a rare odontogenic tumor associated with aggressive clinical behavior, metastasis and
low survival. To date, only 67 cases have been described in the English language literature, and an understanding of the behavior of
CCOC has been based on limited case reports. The aim of the research was to further reveal the features of CCOC.We report 5 new
cases of CCOC, with a mean age of 52.4 years. The clinical and histopathologic data of the disease obtained from earlier literature
(95 cases) and the 5 new cases were analyzed. Data were extracted, including demographics, histopathologic findings, clinical
presentation, primary treatment and outcomes. Immunohistochemical results revealed that the cancer is positive for AE1/AE3, EMA
and CK19, negative for smooth muscle actin SMA, Vim and S-100. EWSR1 translocation was also observed in the new cases,
which may help in the diagnosis of CCOC.Metastases of CCOCwere rare, but the local recurrence rate of CCOC rose to 42%. The
best treatment for patients with CCOC is wide local excision combined with regional lymph node dissection.
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Introduction

Clear cell odontogenic carcinoma (CCOC) is a rare
odontogenic tumor that was classified as a benign neoplasm.
However, WHO has reclassified it as malignant tumor because
of its aggressive clinical behavior, including an invasive growth
pattern, local lymph node and distant metastasis and common
recurrence [1, 2]. In 1985, Hansen et al. first described 3 cases

of clear cell odontogenic tumor (CCOT) with local invasive
ability and remarkably clear cell components [3]. After more
than 30 years, it has again been reported, but little is known
about CCOC because of the small sample size. Controversies
remain regarding the epidemiology, histologic features, tumor
cell differentiation, predictive factors of recurrence and out-
comes of CCOC. Therefore, additional cases, especially recur-
rent cases, could help in the better understanding of the tumor
biology of CCOC. Hence, this report includes 5 additional
cases, including 3 cases with multiple recurrence. We analyzed
the histopathological and immunohistochemical features in all
5 cases to examine the predictors of recurrence. Meanwhile, a
comprehensive review was performed of the previously report-
ed patients with CCOC, focusing mainly on clinical and histo-
pathologic analysis of the reported patients along with the ad-
ditional 5 patients from our data.

Materials and Methods

Case Series

The database of the department of oral pathology, Ninth
People’s Hospital, Shanghai Jiao Tong University School of
Medicine, was searched systematically for the information of
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all patients with clear cell odontogenic carcinoma (CCOC)
between 2002 and 2011. Patient charts who met these criteria
were reviewed for pathological diagnosis. Available patholog-
ical slides were obtained and reviewed to confirm the diagno-
sis of CCOC.

Immunohistochemistry

Immunohistochemistry was performed on unstained sections
using selected antibodies (Table 2). Briefly, 5 μm-thick sec-
tions were cut and mounted on adherent glass slides, dewaxed
in xylene and rehydrated in graded ethanol. Endogenous per-
oxidase activity was blocked by immersion in 0.3% aqueous
peroxide for 15 min, followed by 2 washes in 1 phosphate-
buffered saline (PBS) for 5 min each. The slides were treated
with 0.6 M sodium citrate buffer and heated in a microwave to
100 °C. Endogenous proteins were blocked by incubation in a
2% solution of bovine serum albumin in PBS for 20 min.
Then, the sections were incubated for 1 h at room temperature,
with the primary antibody diluted in PBS. This was followed
by 2 washes in PBS and incubation with a hapten/peroxidase
secondary antibody complex (Envision Plus; Dako Corp.,
Carpinteria, Calif) for 30 min. The bound complexes were
observed by the application of either aminoethylcarbazole or
diaminobenzadine (Sigma Chemical Company, St. Louis,
Mo) containing 0.3 hydrogen peroxide as a substrate. After
incubation, the sections were washed and lightly counter-
stained with hematoxylin, and a cover slip was placed.
Negative controls consisted of omitting the primary antibody
in the selected sections.

Literature Review

We conducted a comprehensive computer search of the
English language literature in the National Institutes of
Health PubMed database using combinations of the terms
“clear cell odontogenic carcinoma,” “clear cell carcinoma”
and “clear cell” to search for studies published between
1981 and December 2016. After a careful review of each
published case, tumors were selected for inclusion if diag-
nosed as CCOC and/or showed the morphological, clinical,
histochemical and immunohistochemical features typical of
CCOC. Then, the data of demographics, clinical presentation,
management and outcomes were extracted.

Statistical Analysis

Data from patients in our database and those in the literature
review were abstracted and combined. Statistical analysis was
performed with the SPSS 17.0 software package. The Pearson
chi-square test was performed to assess the evaluation of fac-
tors that affect the risk of overall recurrence (α = 0.05).

Results

Clinical Features of our Files

From the review of our database, 5 patients with a CCOC
diagnosis were identified. Clinical findings are summarized
in Table 1. The mean age at the time of diagnosis was 58 years
(range, 40–78 years) (3 women and 2 men). All patients were
in an advanced stage, with a mean tumor size of 5.6 cm (range
4.5–8 cm). The main clinical symptoms included unhealed
wounds after extraction, pain, loosened teeth and labial expan-
sion of the alveolar bone. Tumor locations were mandible (4
tumors) and maxilla (1 tumor). Radiographically, all the pa-
tients presented with extensive bone resorption with well-
defined to irregular margins. One patient had clinical subman-
dibular lymph node metastasis on presentation. None had ev-
idence of distant metastasis.

The Outcome of our Files

All patients were treated with wide excision. One patient
underwent neck dissection at the time of resection, because
of preoperative lymphadenopathy. Furthermore, histological
evidence exhibited metastasis. Three patients had multiple
recurrences, two patients had a first recurrence during enucle-
ation five years and one year later respectively, while another
patient had a first recurrence during block resection one year
later. One patient who had positive lymph nodes and large
bulky primary disease underwent adjuvant radiation therapy.
No patients underwent chemotherapy. Follow-up ranged be-
tween 3 and 8 years. No distant metastases have been identi-
fied, and no deaths have occurred from the disease so far.

Histological and Immunohistochemical Features
of our Files

Microscopically, all cases demonstrated similar patterns of
lobules, trabeculae, and sheets of neoplastic cells (Fig. 1a).
All cases demonstrated a background composed of a connec-
tive fibrous stroma that separated the tumor cells. The shape of
the tumor cell was oval or polyhedral with small, eccentric,
and dark-staining nuclei. In one tumor, rare mitosis and focal
necrosis were observed (Fig. 2). Perineural invasion (PNI, Fig.
1b) was also identified in the same patient, who had multiple
recurrences.

The immunohistochemical results of the 5 tumors are sum-
marized in Table 2. Tumor cells were positive for AE1/AE3
(5/5) (Fig. 3), epithelial membrane antigen (EMA) (5/5),
CK19 (5/5) and CK8 (1/5). Tumor cells were negative for
smooth muscle actin (SMA) (0/5), Vim (0/5) and S-100
(0/5). Four cases showed EWSR1 translocation (Fig. 4).
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Literature Review of CCOC

All 95 cases of CCOC reviewed were well documented.
Epidemiology, treatment and outcomes of this sample popu-
lation are summarized in Table 3, including the 5 new cases
reported in our study (N = 100 cases). The average age of the
patients was 52 years, and 61% of the reported CCOC oc-
curred in women. The most common primary location was
the posterior mandible (74%), followed by the maxilla
(26%), and most of the patients were diagnosed in at an ad-
vanced stage. The most common symptom was swelling, and
other signs included pain and tooth mobility. Overall, the pre-
operative lymph node status of 89 patients was available, and
only 17 (17/89) had clinical lymphadenopathy on presenta-
tion. Ten patients presented with distant metastases.

The most common management of CCOC involved gross
total resection. Overall, 85 patients underwent original treat-
ment, and of these, 81 underwent gross total resection.

Although, the curative effect of radiotherapy and chemother-
apy was not clear, 22 patients were treated with radiotherapy
as an adjuvant therapy, and 5 patients received chemotherapy.

The postoperative outcomes of 77 patients were document-
ed. Of these, 57 were alive and disease-free, 10 were alive
with disease and 10 had died from the disease. Metastases
were rare, but the local recurrence rate of CCOC was 42%
(35/83).

Discussion

Odontogenic tumors are rare tumors of the jaws that are pre-
dominantly composed of clear cell components. The initial
report of aggressive and malignant clear cell odontogenic tu-
mors was put forwarded by Hansen et al. [3], and few cases
have been documented since. The most recent review of the
English literature reported a total of 95 cases of CCOC [4–6].

Table 1 Clinical characteristics of the patients with clear cell odontogenic carcinomas

Case
No.

Age/
Sex

Location Size(cm) Clinical Presentation Initial Surgery and
Postoperative Course

Metastasis Present Follow-up

1 57/F Mandible:left incisor
to molra region

5 Unhealing wound after
extraction of the left
premolar,pain,swelling

Enucleation REC (5 y), Block
resection(4y), wide
resection

none 3 y following the
last surgery, no
recurrence

2 78/M Mandible:left molar to
right molar

8 Unhealing wound after
extraction of the left
premolar,pain

Block resection REC (1 y),
neck resection, wide
resection, radiotherapy

Submandibular
lymph node
metastasis

3 y following the
last surgery, no
recurrence

3 40/F Mandible:symphyseal
region

5 Swelling,pain Enucleation REC (1 y), Block
resection(6y), wide
resection

none 4 y following the
last surgery, no
recurrence

4 53/F Mandible:right
premoer area

4.5 Gingival swelling,bleeding,
loosen-ing of the
premolars

Semimaxillectomy none 8 y following
initial surgery,
no recur-rence

5 62/M Mandible:left incisor
to premolar

5.5 Left labial expansion of the
alveolar bone

Partial maxillectomy none 3 y following
initial surgery,
no recurrence

REC indicates recurrence, Times cited within parentheses indicate the interval following the previous surgery

Fig. 1 a Classic histologic
findings with hematoxylin-eosin
stain of the tumor nests are
composed of clear cells with well-
defined cell borders and are
separated by a thin fibrous
stroma. b Vascular invasion
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The clinicopathologic features of this entity were first ana-
lyzed by Muramatsu et al. [7] The incidence of these tumors
peaked in the fifth to seventh decades (mean age, 56.5 years;
range, 17–89 years), with a female preponderance (M/F ratio,
10:17) and a prevalent localization in the anterior segments of
the jaws. The mandible is affected more commonly than the
maxilla.

Most patients complained of a painless swelling, tooth ab-
normalities or slow-growing progressive swelling over several
months to years [8]. Radiologically, these tumors manifested
as radiolucent lesions with irregular margins, with root resorp-
tion in most cases [9]. The differential diagnosis from the
radiographic image includes squamous cell carcinoma, minor
salivary gland carcinomas and metastatic tumors to the jaws.
The clinical features of the present series were consistent with
those of the previous reports. However, our data showed pa-
tients at a relatively younger age (mean 42.4 years) at diagno-
sis and a more apparent predilection for females (4:1). The
most common location of the tumor was the anterior or pre-
molar areas of the jaws (4 of 5 cases), and only one case was
located in the mandibular molar and ramus regions, which are
the typical sites for ameloblastomas.

The main histological differential diagnosis of CCOC in-
cludes other head and neck tumors with a conspicuous clear
cell component. These may originate from sources including
ameloblastoma, calcifying epithelial odontogenic tumors,
squamous cell carcinoma and salivary gland tumors such as

mucoepidermoid carcinoma, myoepithelial carcinoma and
hyalinizing clear cell carcinoma.

Histopathologically, CCOCs show 3 patterns: biphasic,
monophasic and ameloblastomatous. The most common pat-
tern is biphasic, which comprises nests of cells with clear
cytoplasm admixed with cells containing eosinophilic cyto-
plasm [10]. The 5 new cases reported were of typical biphasic
pattern. The histologic features of CCOC are unique, and the
presence of clear cells has been pathognomonic. Clear cell
odontogenic carcinomas often demonstrate peripheral palisad-
ing nuclei, monotonous nuclear size with occasional raisinoid
nuclei, stromal hyalinization and perineural invasion. Atypical
mitoses were absent, and necrosis, neuronal and vascular in-
vasions appear rare [11, 12]. In our cases, rare mitoses and
focal necrosis were observed in the patient with multiple re-
currences. Perineural invasion (PNI, Fig. 1b) was also identi-
fied in the same patient. The argument that the more aggres-
sive examples of CCOC are often associated with transforma-
tion to high grade histology (areas of focal necrosis) was ac-
cepted. A similar phenomenon was also observed in
Hyalinizing Clear Cell Carcinoma of the salivary gland
(HCCC, data not shown). The relationship between focal ne-
crosis and recurrence needs further confirmation, as, currently,
its mechanism is not clear and the sample size is too small to
draw conclusions.

Immunohistochemical and molecular analyses help to
identify the tumors. CK14, CK19 and EMA immunostaining

Fig. 2 Mitosis and necrosis in
CCOC

Table 2 Histochemical and
immunohistochemical profile Case No. Pan-cytokeratin (AE1/AE3) EMA CK19 CK8 SMA Vimentin S-100

1 + + + + – – –

2 + + + – – – –

3 + + + – – – –

4 + + + – – – –

5 + + + – – – –

AE1/AE3 wide-spectrum cytokeratins, CK cytokeratin, EMA epithelial membrane antigen, SMA Smooth muscle
actin
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patterns and cellular distribution may help in the definitive
diagnosis of CCOC, and the negativity of CK7, vimentin
and SMA remained important in the exclusion of other tumors
presenting clear cells [13, 14]. Our cases also demonstrated
the immunohistochemical expression of cytokeratins (AE1/
AE3and CK19) and EMA. Several reports demonstrated that
EWSR1 translocation status remained helpful in the diagnosis
of CCOC [15, 16]. Four of the 5 cases showed EWSR1 trans-
location. Most of the cases from our literature review were
treated before EWSR1 testing and may not be CCOC but
other entities such as clear cell mucoepidermoid carcinomas.
EWSR1-rearrangement may occur in other subtypes of soft
tissue tumors, such as mucoepidermoid carcinomas and sar-
comas. Therefore, combined immunohistochemistry and
EWSR1 rearrangement can improve the diagnostic precision
for CCOC.

Surgical excision is the mainstay of treatment for CCOC.
Examination of regional lymph nodes and radiological exam-
ination to exclude distant metastasis are recommended. Wide
local excision and extensive lymph node dissection remains
useful if lymph node involvement is suspected. Proper jaw

reconstruction is important and should be performed simulta-
neously with resection. Fibular free flap is the best choice for
the reconstruction of jaw defects in the mandible because of its
advantages of adequate bone length, ease of graft dissection
and contouring and long pedicles with proper vessels. The
patients who underwent conservative therapy, such as enucle-
ation or curettage, had higher local recurrence than those who
underwent initial treatment by resection [17]. Therefore, sur-
gical resection with negative bony margins remains the rec-
ommended treatment for CCOC because curettage or enucle-
ation virtually guarantees local and/or regional recurrence.
Although the curative effect of radiotherapy and chemothera-
py is not clear, adjuvant radiotherapy could be considered for

Fig. 3 Positive CK19 and AE1/
AE3 in CCOC

Table 3 Clinical features
of patients with CCOC
reported within the
literature

Characteristic No. of patients

Sex ratio M:F 39:61

Mean age, y 52

Location (n)

Maxilla 26(26%)

Mandible 74(74%)

Metastasis on presentation

Nodal 17/89(19%)

Distant 10/89(11%)

Signs and symptoms

Swelling 74/82(90%)

Pain 27/82(33%)

Tooth mobility 23/82(28%)

Initial treatment (100 patients)

Resection 81/85

Radiotherapy 22/85

Chemotherapy 5/85

Local recurrence 35/83(42%)

Outcome

Alive with NED 57/77

Alive with disease 10/77

Dead with disease 10/77
Fig. 4 EWSR1 translocation in CCOC
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patients with soft tissue infiltrations and positive lymph nodes,
especially if tumor-free margins are unclear.
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