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Abstract

Clear Cell odontogenic Carcinomas (CCOC) are rare, aggressive malignant odontogenic tumours which are often misdiag-
nosed as benign odontogenic tumours due to the non-specific histologic appearance, and benign early clinical presentation.
However, due to their propensity to metastasize, the best outcomes are experienced with they are diagnosed early and treated
aggressively. In this paper, we present a case of a CCOC misdiagnosed as a clear cell calcifying epithelial odontogenic tumour
which was only found to be a CCOC after cervical node metastasis. The original diagnosis was questioned and confirmed
to be a CCOC by identification of the chromosomal translocation EWSR1 on fluorescence in situ hybridization. This has
recently been described in CCOC and a wide variety of other mesenchymal and epithelial neoplasms. Previous reports have
demonstrated EWSR1-ATF1 and EWSR1-CREBI fusions in CCOC. Next generation sequencing of this case demonstrated
the EWSR1-CREM fusion gene which has not been previously reported for CCOC. CREM fusion proteins have only recently
been found in several tumour types including the closely associated hyalinizing clear cell carcinoma of salivary glands. This
is discussed in this paper, and the role of the discovery of the CREM fusion protein in CCOC adds to your understating of
the role of CREM in oncogenesis, and the possible link between CCOCs and hyalinizing clear cell carcinomas.

Keywords Clear cell odontogenic carcinoma - Calcifying epithelial odontogenic tumour - Odontogenic tumours - EWSR1—
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Introduction

Clear Cell Odontogenic Carcinomas (CCOCs) are rare,
aggressive malignant odontogenic tumours with a propensity
to metastasize [1, 2]. They were first described by Hansen
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in 1985, and originally recognized by the World Health
Organization (WHO) as “clear cell odontogenic tumour”
[3]. It was reclassified as a malignancy in 2005, due to its
locally aggressive nature, high recurrence rates, and ten-
dency to metastasize to distant sites [4]. CCOCs often have
an inconspicuous clinical and radiological presentation.
Patients develop non-specific symptoms such as expansion,
pain and loosening of teeth, and the radiological appearance
is characterised by ill-defined radiolucencies in the maxil-
lofacial skeleton with potential for dental resorption similar
to any other odontogenic tumour.

CCOCs are also difficult to diagnose and differenti-
ate from other odontogenic lesions on histopathological
examination. They are exceedingly rare, with just over 100
reported cases in the literature [5], and are difficult to dis-
tinguish from the clear cell variants of other odontogenic
tumours, such as calcifying epithelial odontogenic tumours
(CEOT). Three different histological patterns have been
described: biphasic, ameloblastomatous and monomor-
phic [6]. These patterns are often not specific enough to
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be pathognomonic, can closely resemble other odontogenic
tumours, and may co-occur within a single lesion. Addition-
ally, CCOC:s histologically resemble other clear cell tumours
arising from non-odontogenic tissues, including salivary
gland hyalinizing clear cell carcinomas, renal carcinomas
and some sarcomas. These similarities may in fact be causa-
tive rather than coincidental: recent findings suggest that
CCOC may be the bony counterpart of the hyalinizing clear
cell carcinoma of the salivary gland [7], based on evidence
of chromosomal translocation involving EWSR1 (Ewing
Sarcoma RNA Binding Protein 1) in both lesions.

In this paper we present a case of a CCOC which was
misdiagnosed for many years as a CEOT, until it metasta-
sized to the cervical lymph nodes. This case is also the first
recorded case demonstrating a novel fusion gene in clear cell
odontogenic carcinoma, EWSR1-CREM, using next genera-
tion sequencing (NGS).

Case Report

A 63 year old male was referred in 2008 to the Oral and
Maxillofacial Surgery unit with an incidental finding of a
radiolucent lesion in the left posterior maxilla. He had been
diagnosed with an odontogenic tumour in the left maxilla
15 years earlier at another unit, and had undergone surgical
excision at that time. The original pathology was reported as
an odontogenic tumour, and due to the non-specific nature
of the findings, it was reviewed by several expert head and
neck pathologists who concluded that it was an unusual clear
cell variant of a calcifying epithelial odontogenic tumour.
The features were unusual because of the lack of certain
pathognomonic features of CEOT including amyloid deposi-
tion and concentric calcifications known as Liesegang rings.

He had a past medical history of cerebrovascular disease
and hypertension. His regular medications included amlodi-
pine, aspirin and clopidogrel. He was allergic to penicil-
lin. He was a non-smoker and drank alcohol in moderation.
He has a family history of ischaemic heart disease, but no
known family history of cancer.

On presentation to our department (in 2008), he under-
went an enucleation and curettage of the lesion. At this time,
histopathologic features were consistent with the previous
pathology. Over the following 7 years (2008-2015), the
tumour recurred several times, and he underwent 5 resec-
tions of the tumour, culminating in a left posterior maxil-
lectomy and wide excision of the tumour, with a lip-split
mandibulotomy for access. Of note, progressive pathologi-
cal examinations demonstrated increasing clusters of clear
cells amongst the epidermoid cells within the tumour, but
no significant numbers of mitoses or features of malignancy.
The clear cells were negative for mucin following diastase-
PAS, and mucicarmine staining. The clear cells were faintly
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positive for PAS. Hyalinised material was present, and nega-
tive on Congo Red staining.

Two years later (2017), 25 years after his initial diagnosis,
the patient attended clinic complaining of visual disturbance
and left sided headaches. An MRI showed recurrence with
infiltration into the infratemporal fossa and base of skull
(Fig. 1). He underwent endoscopic debulking of the tumour
and 5-fluorouracil packing with some symptomatic relief.
The histopathology showed the same odontogenic tumour as
in previous excisions. with some increased clear cell differ-
entiation and hyalinized material, but no malignant change
(Fig. 4). In November 2018, on clinical review, a palpable
cervical node was noted in the left neck. MRI and CT of the
region (Fig. 2) showed significant base of skull persistent
disease with slow progression of the left infratemporal fossa
tumour, and stable perineural tumour spread at the ipsilat-
eral foramen ovale. These scans (Figs. 2 and 3) also dem-
onstrated an enlarged left cervical level II cervical lymph
node of 19 mm diameter, with pathological features (Fig. 4).

Core biopsy of the lymph node showed a metastatic
odontogenic tumour. Initially, it was thought that this was
a malignant clear cell variant of CEOT, however, the fea-
tures of the lymph node biopsy were most in keeping with
a clear cell odontogenic carcinoma, showing lymphoid tis-
sue focally infiltrated by patchy cohesive sheets of atypical
cells with intermediate sized nuclei, and inconspicuous

Fig.1 MRI T1 weighted coronal view shows the recurrence within
the infratemporal fossa. Laterally the lesion abuts the coronoid pro-
cess of the mandible and abuts the skull base extending into the
orbital apex
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Fig.2 T1 weighted coronal view showing the skull base recurrence
(red arrow) and enlarged left level II lymph node with a necrotic core
(yellow arrow)

nucleoli with abundant vacuolated cytoplasm (Fig. 5).
There was evidence of increased mitoses, apoptotic bod-
ies and focal coagulative type tumour necrosis.

The findings were discussed at the head and neck multi-
disciplinary team. The skull base involvement was consid-
ered too advanced for further resection, and so the patient
was referred to oncology for consideration of radiotherapy
to the primary site and left neck, which the patient initially
declined.

The inconsistency between the original diagnosis of
CEOT and the metastatic lesion led to a series of further
tests to determine if this was a case of malignant transforma-
tion of calcifying epithelial odontogenic tumour, or a clear
cell odontogenic carcinoma.

Further immunohistochemistry staining was performed to
exclude the node being a metastatic lesion of other tumours
with clear cell changes such as a melanoma or a renal cell
carcinoma. Tumour suppressor p53 expression was low
(< 10%) in the tumour and the cervical node, and Ki-67
expression was found to be substantially higher in the cervi-
cal lymph node than in the tumour (50% vs 3%), suggesting
an increased proliferative phenotype. Increased Ki67 expres-
sion has been described in cases of malignant transformation
of CEOT, however it is a nonspecific marker of proliferation.

To exclude clear cell odontogenic carcinoma, fluores-
cence in situ hybridization (FISH) was then performed
on the formalin fixed paraffin wax embedded tissue. 51
cells were examined over a minimum of 4 lesional areas
with Vysis EWSR1 (22q12) dual colour break apart rear-
rangement FISH probe (Abbot laboratories, Illinois, USA)
(Fig. 6). EWSRI1 gene rearrangement was found in 46/51
cells (90%). Reverse transcriptase-PCR was then per-
formed using Qiagen One-step rt-PCR (Qiagen, Vialo,

Fig.3 CT showing posterior maxillary and skull base recurrence (a) and pathologic necrotic level II lymph node (marked by yellow arrow) (b)
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Fig.4 Histopathology of primary recurrent tumour. a H&E stain, X25
magnification. The tumour comprises of islands, cords, trabeculae,
and sheet of neoplastic epithelial cells. b H&E stain, X200 magnifi-
cation, the lesional cells are polyhedral with abundant well-defined

The Netherlands) to analyze for the partner fusion genes
known to be associated with CCOC: EWSR1-ATF1 and
EWSR1-CREBI. Neither ATF1 nor CREB1 were detected.

Next generation sequencing was then performed using the
pan cancer TruSight Tumour 170 kit (Illumina, San Diego,
CA) to investigate tumour DNA and RNA. Data analysis was
performed using custom bioinformatics pipeline: SMP2v3
v1.1.1851, specifically analysing for EWSRI1 (exons 1-19)
and all reported EWSRI1 rearrangements [8]. This analysis
detected a rearrangement in the EWSR1 gene: EWSR1 (exon
9)-CREM (exon 4) [9]. Although this partner gene has never
been described in clear cell odontogenic carcinoma, the find-
ing of EWSRI gene rearrangement confirms that this lesion
was a CCOC rather than malignant transformation of CEOT.

Eight months post-diagnosis of the neck node, he developed
a painful lesion in the left nasolabial fold which was excised
and confirmed to be a further metastasis of the tumour. This
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cytoplasm. No calcifications or amyloid are clearly noted. ¢ H&E
stain, X200 magnification. Clear cell change in the epithelial cells
(glycogen accumulation)

appeared to develop by spread through the infraorbital canal.
Imaging showed some progression of the primary tumour and
cervical node. After excision of the further metastasis, he was
offered radiotherapy again to the primary lesion including the
nasolabial region and the left neck. He agreed to proceed with
radiotherapy which was completed 1 year after diagnosis of
the metastatic neck node. Further imaging after completing
radiotherapy demonstrated multiple bony metastases in the
vertebrae and the pelvis, and the patient was deemed palliative.
The patient died of the disease 6 months after radiotherapy.
(Note: Patient consent was acquired to publish his findings
and imaging).
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Fig.5 Histopathologic slides showing the lymph node core biopsy.
H&E stain, X100 magnification. Demonstrates sheets of polyhedral
epithelial cells adjacent to lymphoid tissue of the lymph node. Red
arrow shows lymphoid tissue. Yellow arrow shows clusters of clear
cells with pleomorphism and hyperchromatic nuclei. Black arrow
shows epithelial cells with pleomorphism and hyperchromatic nuclei
adjacent to the lymphoid tissue. Note also the small blood vessel
within the area with malignant cells surrounding the vessel

Fig.6 The Vysis LSI EWSR1 (22q12) Dual Colour, Break Apart
Rearrangement Probe consists of a mixture of two FISH DNA probes.
The first probe is labelled in SpectrumOrange (~500 kb probe),
flanks the 5’ side of the EWSR1 gene and extends into intron 4. The
second probe is labelled SpectrumGreen (~ 1100 kb probe), flanks the
3’ side of the EWSR1 gene. Between the two probes, there is a 7 kb
gap. The known break points within the EWSR1 gene are restricted
to introns 7 through 10. The majority of cells in the images show a
signal pattern of one fusion, one orange and one green signal. This is
indicative of a rearrangement of one copy of the EWSR1 gene region

Discussion

Clear cell odontogenic carcinoma is a rare malignant
tumour. Although generally considered a low grade malig-
nancy, CCOCs have the potential to be locally destructive
and aggressive, with a high rate of local recurrence and pro-
pensity to metastasize to regional lymph nodes and distant
sites [10]. They can also progress in a very indolent manner
almost behaving like benign tumours, with symptoms last-
ing many years before metastasis, as seen in the current case
[5]. Microscopically, they are characterized by proliferation
of neoplastic epithelial cells with predominantly clear cyto-
plasm, arranged in islands and strands, often with a sur-
rounding fibrotic stroma. Clear cells make diagnosis difficult
because they can be found in several lesions that can present
in a similar manner clinically (Table 1) [11].

Many odontogenic tumours straddle a fine line between
benign and malignant. This can be seen in their expression
of oncogenic signalling pathways also found in malignant
tumours [12]. Even more elusive, in large part due to their
rarity, are benign odontogenic tumours, such as ameloblas-
toma, that demonstrate metastatic behaviour. Metastasising
ameloblastoma is characterized by a cytologically benign
ameloblastoma that metastasises but maintains the character-
istic benign cytological characteristics of the parent tumour.
The molecular signature of these metastasizing ameloblasto-
mas remains unclear [13], but further highlights the unusual
benign/malignant phenotype of odontogenic tumours.

In the presented case, the initial diagnosis was thought
to be a clear cell variant of calcifying epithelial odonto-
genic tumour (CEOT). Although missing certain impor-
tant histologic characteristics including amyloid deposition
and Leisegang rings, several experts felt the features were
most in keeping with a CEOT. After it metastasised, it was
thought to be a case of malignant transformation of CEOT,
which has been previously reported in 7 cases [14-20]. Of
note, all of these cases demonstrated clear features of CEOT

Table 1 The odontogenic tumours in this list are the most difficult
to differentiate from CCOC due to the similar histopathological pat-
terns, similar clinical and radiographical appearance, and potential for
malignancy

Lesions presenting with similar histology to Clear Cell Odontogenic
Carcinoma

Clear cell variant of Calcifying Epithelial Odontogenic Tumour
(CEOT)

Mucoepidermoid Carcinoma

Primary Clear Cell Sarcoma

Melanoma

Metastatic Renal Cell Carcinoma
Hyalinising Clear Cell Carcinoma (HCCC)
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including presence of amyloid. Clear cell variant is consid-
ered by some authors as a more aggressive form of CEOT,
however a recent systematic review demonstrated that this
was not the case [21]. It is unclear if these cases are more
likely to transform into the malignant variant. In one case
of malignant transformation, it was clearly reported that the
lesion was a clear cell variant of CEOT that transformed
[22]. This was considered in our case, however, the meta-
static node demonstrated a malignant clear cell tumour, most
in keeping with a clear cell odontogenic carcinoma. This
prompted a review of the original pathology and FISH was
performed to assess for EWSR1 gene rearrangement.

A review of the literature demonstrates several other
reported cases of CCOC misdiagnosed as a CEOT [7, 23].
Bilodeau et al., reclassified 2 cases of presumed CCOC as
clear cell variant of CEOT after testing negative for EWSR1
[7]. In addition to the case presented in this paper, these
cases cement the role of FISH to look for EWSRI1 gene rear-
rangement to differentiate between CCOC and other odon-
togenic tumours.

Recurrent chromosomal translocations and fusion events
can be uniquely diagnostic as oncologic drivers in certain
tumours. Their role has been well established in sarcomas
[24], but recently they have become central in the diagnosis
and characterization of certain carcinomas, including the
hyalinizing clear cell carcinoma (HCC) of salivary glands.
HCC is a low grade malignant tumour of the salivary glands,
mainly arising in submucosal minor salivary glands. The
pathologic features of this tumour are hard to distinguish
from other salivary gland tumours, or from other clear
cell tumours. Immunophenotypically, they also resemble a
squamous cell carcinoma or mucoepidermoid carcinoma.
The EWSR1-ATF1 fusion oncogene has recently been
demonstrated in over 80% of cases of hyalinizing clear cell
carcinoma, and this is now considered pathognomonic for
diagnosis of this tumour [25, 26]. In 2013, Bilodeau et al.
demonstrated that 5 out of 6 cases of CCOC were positive
for the EWSR1-ATFI rearrangement and fusion protein
[7]. This demonstrated a potential biologic link between
HCC, and importantly provided an additional test to con-
firm the diagnosis of CCOC. Several case reports have since
demonstrated the EWSR1-ATF1 gene fusion in CCOC,
with one case demonstrating a different fusion protein
EWSR1-CREBI1 [27-30].

EWSRI gene rearrangement is an important diagnostic
translocation in several tumour types. It encodes the RNA-
binding protein EWSR1, a member of the TET family of
transcription factors, and increasing evidence is demonstrat-
ing rearrangement of this gene in a variety of mesenchymal
and epithelial neoplasms [31]. It does not appear to affect
one particular lineage of differentiation, and most tumours
that demonstrate EWSR1 rearrangement are of uncertain
lineage (Table 2).
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Table 2 A list of tumours known to be associated with ESWR1 trans-
location. Note that these tumours arise from both mesenchymal and
epithelial tissues

Tumours demonstrating ESWR1 rearrangement

Ewing family of tumours

Angiomatoid Fibrous Histocytoma

Clear Cell Sarcoma

Clear Cell Sarcoma-like tumour of the gastrointestinal tract
Primary pulmonary myxoid sarcoma

Soft tissue myoepithelial tumour

Hyalinising Clear Cell (HCC) carcinoma of salivary glands

EWSRI is considered ‘promiscuous’, with documented
evidence of fusion with a host of different genes. The fusion
of EWSR1 with the CREB family of transcription factors is
particularly remarkable. Cyclic AMP (cAMP)-responsive
element-binding protein (CREB) belongs to the family of
basic leucine zipper (bZIP) transcription factors, which
are expressed in a variety of tissues. The family constitutes
CREB, activating transcription factor-1 (ATF-1) and cAMP
response element modulator (CREM) [31, 32]. These 3
members have a high degree of homology in the C-terminal
bZIP domain, which is responsible for DNA binding and
dimerization. The bZIP domain binds to its target cAMP
response element (CRE) which has been found in many
target genes, and is believed to be involved in a variety of
functions including neuronal development, synaptic plastic-
ity, glucose homeostasis, and cytokine regulation [33]. The
presence of these genes in a wide array of functions partially
explains why they may have a role in different tumours of
different differentiation lines. However, this may not be true
where the histological overlap raises the possibility of a sin-
gle pathologic entity characterized by morphologic diversity
and shared genetics, rather than distinct tumour types with
overlapping gene fusions [32].

To date, EWSR1-ATF]1 [7] and EWSRI1-CREBI1 [28]
have been detected in cases of CCOC. The case presented
in this paper represents the first recorded case with evi-
dence of EWSR1-CREM detected in CCOC. Much less is
known about the CREM fusions and the phenotypic cor-
relations than the ATF1 and CREBI1 fusions [9]. How-
ever, it is becoming increasingly recognised in a variety
of tumour types, demonstrating that CREM fusions also
have a wide array of phenotypic expressions. CREM is
mainly expressed in neuroendocrine tissue, compared with
CREB and ATF1 which are expressed more ubiquitously.
This finding was supported by the expression of EWSR1-
CREM in 2 myxoid mesenchymal tumours in young adults
that preferentially involved intracranial locations [32].
However, the discovery of the EWSR1-CREM fusion in
our case, and in multiple extracranial tumours (includ-
ing extracranial myxoid mesenchymal tumours) without
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neuronal differentiation or preference suggests a more
ubiquitous expression similar to ATF1 and CREB [9, 34].

The possible link between HCC and CCOC was first
suggested by Bilodeau et al., 2013 after the discovery of
EWSRI1-ATF1 fusion in CCOC. Due to the histological
similarities between the two entities, the authors felt that
at least a subset of CCOC cases (Those with EWSRI1 rear-
rangement) may be a central form of HCC rather than an
odontogenic tumour [7]. Although HCC and CCOC are
believed to originate from different differentiation lines
(salivary vs odontogenic respectively), immunohistochem-
ical analysis is, for the most part, not helpful in differen-
tiating them. The discovery of EWSR1 gene rearrange-
ment in both may further cement the link between them.
Although initially hyalinizing clear cell carcinoma was
found to express only the EWSR1-ATF1 fusion, a recent
paper demonstrated the expression of EWSR1-CREM
in 3 cases of HCC [34]. The discovery of expression of
EWSRI1-CREM in both HCC and CCOC further adds
evidence of shared genetics, and a possible relation-
ship between the two tumours. Discovering markers of
odontogenesis to determine if there are in CCOC is in
fact an odontogenic tumour, or whether those that express
EWSRI1 rearrangements are of a different lineage may be
another research path to determine the link. LEF1 expres-
sion seemed a promising immunohistochemical marker of
differentiation between salivary and odontogenic differen-
tiation, however, the variable expression in odontogenic
tumours especially limits its diagnostic utility [35]. Larger
studies evaluating the expression of these mutations in a
large number of each tumour type will be needed to con-
firm these findings, however these studies will be unlikely
due to the rarity of both tumours.

Although the differentiation between HCC and CCOC
is of academic importance, clinically, it does not affect
management, as they are both malignancies and are treated
in a similar manner. Conversely, differentiating between
CEOT and CCOC significantly affects management, and
it is prudent to highlight that in the case reported in this
paper, appropriately diagnosing this lesion as a CCOC
would have prompted early, more aggressive surgical
resection and likely adjuvant radiotherapy. This may have
prevented the eventual metastasis and ultimately, the pre-
mature death of the patient.

This case highlights the importance of FISH and NGS
in looking for known gene rearrangements and fusion pro-
teins to accurately diagnose clear cell lesions of the head
and neck to confirm the pathology, and guide appropriate
treatment.
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