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Abstract

Ghost cell odontogenic carcinoma (GCOC) is a rare malignant tumor of odontogenic origin, with only about 50 cases reported
in the English literature so far. Histologically, it is characterized by ghost cells, dentinoid deposits, high grade malignant
cellular features, and areas of necrosis and invasion. Having common histological features with other odontogenic ghost cell
lesions (OGCL) like calcifying odontogenic cyst (COC) and dentinogenic ghost cell tumors, it is crucial to recognize GCOC
malignant features, as it can be destructive and invasive, sometimes showing distant metastases and high recurrence rate. For
this reason, it may entail more aggressive surgical approach and multimodal therapeutic regimen. Here we present a case
report of GCOC arising in a previous COC, treated with surgical excision that showed persistence and recurrence after two
years. The clinical and histological features of this rare occurrence are presented, in addition to the surgical approach, and
a summary of literature review of OGCL.

Keywords Ghost cell odontogenic carcinoma (GCOC) - Malignant cellular features and invasion - Calcifying odontogenic

cyst (COC) - Dentinogenic ghost cell tumors (DGCT) - Odontogenic ghost cell lesions (OGCL)

Case Report/Introduction
History and Clinical Findings

A 36-year-old African American male presented to the Oral
and Maxillofacial Surgery Clinic with a long-standing his-
tory of right sided facial swelling, difficulty with speech and
right nasal obstruction. Two and a half years prior, after a
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biopsy was taken and proven to be a calcifying odontogenic
cyst (COC), he was treated initially with a decompression
tube placed in the right posterior maxilla. He described that
the decompression tube had recently fallen out and swelling
had increased. The patient did not report any fever, chills,
drainage, or other constitutional symptoms. He reported a
history of tobacco, marijuana, and alcohol use. Physical
exam revealed a large intra-oral mass, that was soft to palpa-
tion, encompassing the right maxilla with significant palatal
expansion crossing the mid-line (Fig. 1A). Multiple loose
teeth and ulcerated palatal mucosa were noted. The mass
was appreciated within the nasal cavity on speculum exam
as well. There was no palpable cervical adenopathy.

Radiologic Findings

The panoramic radiograph (Fig. 1B) showed an ill-defined
predominately radiopaque lesion of the right maxilla extend-
ing from the maxillary incisor/canine area to the right max-
illary tuberosity and into the maxillary sinus, lateral nasal
wall and nasal cavity with appreciable growth and bone
destruction. The computed tomography (CT) scan axial
view bone window (Fig. 1C & D) showed expansion of the
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Fig.1 Clinical and radiographic presentation: A Intra-oral exami-
nation showed diffuse right sided palatal mass crossing the midline
involving the hard and soft palate; B Panoramic radiograph. An ill-
defined, predominantly radiopaque lesion with areas of radiolucency
extending from the right anterior maxillary area and involving the
right maxillary jawbone, right maxillary sinus, lateral nasal wall, and

tumor mass crossing the midline. The sagittal view (Fig. 1E)
showed the tumor occupying the right maxillary sinus with
erosion of the anterior borders and expansion into the nasal
cavity with areas of hyperdense calcific deposits.

Diagnosis and Treatment

A new intra-oral maxillary incisional biopsy was performed.
The gross examination of the submitted specimens revealed
multiple pink-tan irregular fragments of soft tissue. The
histological examination revealed surface epithelium with
underlying fibrous connective tissue stroma containing pro-
liferation of anastomosing cords and strands of hyperchro-
matic basaloid cells, some of which appeared to be lining a
cystic space (Fig. 2A). Some areas showed larger polygonal
cells with scattered ghost cell keratinization, atypical nuclei,
and mitotic figures (Fig. 2B), while other areas showed
sheets of ghost cells and some calcifications (Fig. 2C).
The histological findings of the incisional biopsy led to a

Fig.2 Incisional biopsy (H&E*
staining): A H&E-stained soft
tissue section showed tumor
islands with basaloid hyper-
chromatic cells mixed with
ghost cells; B Hyperchromatic
atypical cells and abnormal
mitotic figure (arrow); C Sheets
of ghost cell keratinization
(*Hematoxylin and eosin)

extending backwards towards the maxillary tuberosity; C-E Com-
puted tomography scan. Bone window; C & D, Axial-bone view
showed expansion of the tumor mass crossing the midline; E Sagittal
view—the tumor mass filling the right maxillary sinus and into nasal
cavity with areas of hyperdense calcific deposits

diagnosis of Ghost Cell Odontogenic Tumor (GCOT) with
uncertain biological potential, with a recommendation for
complete surgical excision and close follow up. The patient
subsequently underwent a right subtotal maxillectomy via
Weber-Ferguson facial splitting approach with intra-opera-
tive frozen section analysis. Simultaneous reconstruction of
the maxillary defect with a fibula-osteocutaneous free flap
was also performed.

The histological examination of the excisional biopsy
revealed proliferating cells in the form of broad sheets and
strands. The tumor cells demonstrated malignant features
such as pleomorphism, foci of comedo-necrosis (Fig. 3A),
hyperchromatism, abnormal mitotic figures, and bizarre
looking cells, intermixed with ghost cell keratinization
(Fig. 3B & C). Areas of dentinoid deposits (Fig. 3D), and
sheets of ghost cell keratinization (Fig. 3E) were noted, as
well as intravascular ghost cells (Fig. 3F) and encroachment
of tumor cells on nerve fibers (Fig. 3G). The medial mar-
gin showed evidence of tumor invasion into the maxillary
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Fig.3 Excisional biopsy and
GCOC histological features
(H&E* staining): A High power
showed malignant cellular fea-
tures with areas of necrosis sur-
rounded by large pleomorphic
cells demonstrating vesicular
nuclei; B & C Large bizarre
looking cells and abnormal
mitotic figures; D areas of denti-
noid deposits; E sheets of ghost
cell keratinization; F intravas-
cular invasion; G tumor cells
encroaching on nerve fiber. H
The medial margin was positive
for tumor islands invasion into
the nasal septum; I COC-like
area of cystic space lined with
delicate odontogenic epithelium
formed of basal ameloblast-
like cells and an upper layer

of stellate reticulum-like cells
with ghost cell keratinization.
(*Hematoxylin and eosin)

alveolar bone and nasal septum (Fig. 3H). Cystic spaces lined
by delicate odontogenic epithelium consisting of ameloblast-
like cells and an overlying stellate reticulum-like layer with
ghost cell keratinization, findings consistent with calcifying
odontogenic cyst (COC), noted towards the Schneiderian
membrane of the maxillary sinus (Fig. 3I). The immunohis-
tochemical (IHC) stain of beta-catenin demonstrated strong
diffuse positivity in the tumor islands (Fig. 4A). Ki67 was
strongly positive with proliferative index of more than 75%
(Fig. 4B). p53 stain was also strongly positive in the tumor
cells (Fig. 4C), revealing focal areas of diffuse nuclear stain-
ing. A final diagnosis of GCOC arising in a previous COC

was determined based on the examined H&E sections and
IHC profile.

The patient was then presented to the multidisciplinary
head and neck tumor board with a recommendation for
re-resection due to the positive medial margin, and adju-
vant radiotherapy. The patient declined the proposed treat-
ment plan and continued with follow-up for approximately
4 months. Surveillance PET/CT imaging at 3 months dem-
onstrated no evidence of disease. The patient was non-com-
pliant with follow-up appointments and returned approxi-
mately 2 years later with new onset swelling and a mass
in the left maxilla. Biopsies performed along with repeat
PET/CT imaging (Fig. 5) were consistent with persistent or

Fig.4 Immunohistochemical profile: Tumor cells showed strong pos-
itive expression for A Beta-catenin (B-Catenin antibody pre-diluted,
clone 14, Cell Marque, VENTANA, Rocklin, CA); B Ki67 (Ki67
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Fig.5 Two years follow up: PET/CT* imaging revealed evidence of
disease in the left maxilla after two years from the excisional biopsy.
(*Positron Emission Tomography—Computed Tomography)

recurrent GCOC. The patient underwent complete left hemi-
maxillectomy, with simultaneous fibula flap reconstruction
and adjuvant proton radiotherapy. He is currently 10 months
from completion of therapy without evidence of disease.

Discussion

The GCOC is a very rare malignant tumor of odontogenic
origin, accounting for approximately 0.23% of all odonto-
genic tumors and less than 3% of all ghost cell lesions [1].
About 50 cases have been reported in the English literature,
with a higher prevalence seen in Asian population, with
almost 38% of the cases being reported in this group [1-3].
It is most commonly seen in the maxilla with a higher pre-
dilection for males (M:F 3.4:1), often affecting patients over
the 4th decade of life [1].

GCOC was first briefly described and presented in the
International Histological Classification of Odontogenic
Tumors by the WHO in 1971 [4, 5]. In 1975 another case of
GCOC arising from COC was published in abstract form,
in Japanese [6]. However, GCOC was first described as a
malignant tumor in 1985 by Ikemura et al., where the previ-
ously described two cases also were referenced [7].

Over the years, different names were used to describe
GCOC: malignant calcifying odontogenic cyst, carcinoma
arising in a calcifying odontogenic cyst, calcifying ghost cell
odontogenic carcinoma, malignant epithelial odontogenic

ghost cell tumor, aggressive epithelial ghost cell odonto-
genic tumor, and malignant calcifying ghost cell odonto-
genic tumor [3, 8].

The term “ghost cells” describes pale, eosinophilic epi-
thelial cells, anucleated or with a very faint shadow of the
nuclei that are mainly seen in COCs or GCOTs, though they
also can be seen in other odontogenic tumors such as odon-
tomas, ameloblastic fibro-odontomas, or even in some nono-
dontogenic entities like craniopharyngiomas and pilomatri-
comas [3]. In two recently published papers, two cases of a
new salivary gland malignancy with a prominent ghost cell
population were described and a new terminology of “sali-
vary ghost cell carcinoma” was proposed and introduced by
Thrler et al. in 2020 [9, 10]. The ghost cells might be a form
of apoptosis in odontogenic epithelium, or an aberrant form
of keratinization [11].

In 2005, Barnes et al. in the WHO International His-
tological Classification of Odontogenic Tumors guideline
included the calcified cyst odontogenic tumors (CCOT), old
terminology for the COC, along with the DGCT and the
GCOT under the category of “GCOT” [12]. In the 2017
edition of the WHO book, the GCOC was classified under
the malignant odontogenic tumors and the DGCT was
included in the benign mixed epithelial and mesenchymal
odontogenic tumors, whereas the COC was redefined as a
developmental cyst, including it under the odontogenic and
non-odontogenic developmental cysts category [3].

Etiologically, GCOC can arise either “de novo”, or from
a previous COC, or in a previous DGCT [13]. Clinically,
GCOC could present as a slow growing tumor, with swell-
ing of the jaw, ulceration, pain, paresthesia, tooth mobility
and root resorption or root displacement in the area, along
with possible invasion of the tumor into the surrounding
soft tissue [14].

Radiologically, it is characterized as an ill-defined radio-
lucent lesion, or mixed radiolucent/radiopaque lesion, with
the opacity caused by dentinoid formation or mineralization
of the ghost cells.

The radiographic differential diagnosis for GCOC can
vary considerably according to the stage of calcification and
due to the ill-defined nature of the lesion. Macroscopically,
the tumor could be solid or multicystic, with a gritty con-
sistency noted upon sectioning [15]. Histologically, GCOC
presents with the following criteria: (i) an infiltrative growth
pattern associated with ghost cell keratinization, (ii) areas
of dentinoid formation may be found, and (iii) evidence of
malignant transformation including pleomorphism, hyper-
chromatism, abnormal mitotic figures, and areas of necrosis
[16]. It could present also with vascular or perineural inva-
sion, like what was seen in our case (Fig. 3 F & G).

GCOC has overlapping microscopic features with COC
and DGCT. The demographic and clinical features of COC,
DGCT and GCOC are represented in the Table 1 [14, 17,
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Table 1 (continued)

GCOC (only about 50 cases®)

DGCT (only about 130 cases®)
- No recurrence (45.4%)

- Recurrence

cocC

OGCL

- No recurrence (43.8%)

- No recurrence (96%)

Recurrence/metastases

- High recurrence rate

- Destructive and aggressive behavior

- Death was end point (in 9 pts.)

- Regional lymph node metastases (2 pts.)

- Distant metastasis (14.6%) to: lungs (5 pts.),
cranium/brain (2 pts.)

- Precursor lesions: COC (25%) or DGCT (8.3%)

- History of previous: A or CEOT

- De novo (45.8%)

(2%); AFO (2%); OKC (1%); OKOC (1%); A

and AOT (1%)
- COC arising in DF of impacted 3rd molars

0O (82%); AF (5%); DC (4%); AOT (3%); A

Cases related to other odontogenic lesions - 28.6% of total no. of COCs occurred with:

(radiolucency) (2%)

- number of cases reported in the English literature up to date, A ameloblastoma, AF ameloblastic fibroma, AFO ameloblastic fibro-odontoma, AOT adenomatoid odontogenic tumor, COC calcifying

odontogenic cyst, CEOT calcifying epithelial odontogenic tumor, DC dentigerous cyst, DF dental follicle, DGCT dentinogenic ghost cell tumor, GCOC ghost cell odontogenic carcinoma, O odon-

toma, OGCL odontogenic ghost cell lesions, OKC odontogenic kerato-cyst, OKOC orthokeratinized odontogenic cyst, pt./pts. patient/patients, RL radiolucent, RO radiopaque [14, 18]

18]. Histologically, the COC (a.k.a. Gorlin cyst/or CCOT)
accounts for less than 1% of all odontogenic cysts, and
histopathologically presents as a simple cyst lined with
lower ameloblastoma-like cells, and upper layers of stellate
reticulum-like cells, containing focal ghost cells that can
be calcified [3, 19]. This entity was described for the first
time by Thoma in 1917 (the first radiological evidence of
CCOT with odontoma) [20]. Later, in 1922 a CCOT radio-
graph was published for the first time, but in 1962 Gorlin
et al. named it COC [21]. DGCT is a benign neoplasm of
odontogenic epithelial origin that presents with ameloblas-
tomatous proliferation, ghost cells and dentinoid deposits.
Some lesions have sheets of basaloid hyperchromatic and
isomorphic cells. Some authors consider it as being the solid
type of COC [22]. DGCT can be locally destructive, with
a recurrence rate of 33% for cases treated with radical sur-
gery and 73% for cases treated with conservative surgery [3].
Approximately 40% of cases are peripheral lesions, mostly
occurring in older patients, presenting as a painless firm
nodule often with underlying “cup-shaped” cortical bone
erosion [18].

In terms of IHC profile, the diagnosis of GCOC versus
GCOT, as illustrated in our case, is favored by the p53 posi-
tive stain present in 2/3 of cases, and a high Ki67 prolifera-
tion marker. Positive beta-catenin stain, has been described
in GCOC, as well as in several other benign and malignant
tumors [3]. Other positive stains in GCOC are p63, pan-
cytokeratin AE1/ AE3, and CAMS5.2 [8]. In the ghost cells
was also found a high expression of AE13, a hair cortex
keratin [23].

In 2015, Bose et al. presented the first case of GCOC with
genomic and exome sequencing [24]. The analysis revealed
multiple alterations in the SHH signaling pathway, a deleted
exon in the UBR5 gene, which has an important role in
cell differentiation and proliferation. UBR5 was described
before as being disrupted in different other cancer types,
for instance the UBR5 gene fusion has also been reported in
head and neck squamous cell carcinoma [25 24].

In 2017, Youkimori et al. showed that mutations in
CTNNBI, the gene that encodes beta-catenin, are involved
in the formation of the ghost cells and are found in COCs
[26]. In 2018, the same group identified the same CTNNBI
mutation in a lesion that was diagnosed between GCOC and
DGCT in a 44-year-old Japanese male patient that presented
with left maxillary swelling and a previous history of maxil-
lary cyst persistent for 25 years [23]. The IHC also showed
strong beta-catenin nuclear positivity for this tumor.

The GCOC tumors could either be slowly growing and
locally invasive carcinoma (the large majority of lesions),
or rapidly growing and very aggressive with metastases
and local recurrence. In our case, recurrence might have
been due to the positive medial margin and persistence
of the tumor cells. In terms of treatment, a wide surgical
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resection is recommended, as this approach was successful
in 2/3 of reported cases.

In a 2017 case report, Gomez et al. emphasized
the importance of 3-dimensional (3D) imaging for a suc-
cessful and precise surgical resection because using a vol-
umetric analysis helps in determining the depth and the
contour of the tumor [27]. A few cases have been treated
with adjuvant radiotherapy, but in some patients this treat-
ment was not effective [15].

In 2015, Ahmed et al. reported the first case treated
successfully with aggressive multimodal therapy in a
10 year old patient with regional lymph node metastasis
that included surgery, adjuvant chemoradiation, and adju-
vant immunotherapy [28].

GCOC has a high recurrence rate of approximately
63%, with destructive and aggressive behavior and distant
metastases documented in three cases (one to the cranium
and two to the lungs) out of 25 cases [29]. Death was
the end point documented in 9 patients [14]. The overall
S-year survival rate was 73% for the first 16 reported cases
in the literature [18].

Conclusion

GCOC has an unpredictable prognosis, due to the wide
variety of growth patterns, the high recurrence rate, and
the very limited number of cases reported in literature. It
is important to report more cases in order to advance our
understanding about this uncommon GCOL. Early recog-
nition of this disease is very important to avoid possible
underdiagnoses since it is an extremely rare tumor that
may arise in otherwise innocuous COC or DGCT, and it
could exhibit aggressive behavior with an uncertain out-
come. For all these reasons, long-term follow-up for these
patients is highly recommended.
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