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Abstract

Background The study aims to analyse the non-calcifying/Langerhans cell rich (NCLC) subtype of calcifying epithelial
odontogenic tumour (CEOT).

Method The features of cases of the NCLC subtype of CEOT noted in the English literature by PubMed as well as 3 new
cases were reviewed.

Results Overall, twenty-one cases were noted. Many were women in the fourth to sixth decades (male-to-female ratio =1 to
2). Radiologically, the lesion is often unilocular with resorption of the affected teeth. Nineteen of the 21 cases occurred in the
maxilla, especially the anterior portion. On pathological examination, epithelial cells are noted in non-calcifying amyloid-
rich fibrous stroma. The main differential diagnosis is the amyloid subtype of central odontogenic fibroma. Immunohisto-
chemical studies revealed the tumour epithelial cells were positive for cytokeratins and p63 and contained CD1a, S-100, and
langerin-positive Langerhans cells. On a median follow-up of 2 years, one patient had a recurrence one year after curettage.
Conclusion The NCLC subtype of CEOT is unique as it contains significant numbers of Langerhans cells and has clinico-
pathological features distinctive from classic CEOT.
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alam@griffith.edu.au known as the Pindborg tumour, is a benign odontogenic
Nan Xie epithelial tumour that accounts for less than 1% of all
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chenzip75@mail2.sysu.edu.cn were “ameloblastoma of unusual type with calcification,”
Yi Liu “adenoid adamantoblastoma,” “cystic complex odontoma,”
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Jingbin Huo described the tumour in detail by reporting three new cases
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tumours into ameloblastoma and CEOT [3]. In 1963, Shafer
first applied the name “Pindborg tumour” for CEOT [4]. In
1971, CEOT was included in the first edition of the World
Health Organisation (WHO) histological typing of odonto-
genic tumours, jaw cysts and allied lesions [5].

To date, approximately 430 cases of CEOT have been
reported in the literature [6—10]. About two-thirds of all the
reported cases were in the mandible, most often in the pos-
terior areas. Radiographically, the tumour exhibits either a
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unilocular or a multilocular defect. The lesion is entirely
radiolucent or contains calcified structures of varying size
and density. The histological hallmarks of CEOT are dis-
crete islands, strands, or sheets of polyhedral epithelial cells
in a fibrous stoma. Also common are multiple concentric
Liesegang ring calcifications and the deposits of amyloid-
like material which are positive for Congo Red.

In addition to conventional CEOT, other variants have
been reported successively, such as the clear cell variant
[11], the non-calcifying Langerhans cell rich (NCLC) vari-
ant [12], cystic variant [13], and the pigmented variant [14].
In the section on odontogenic tumours of the latest 5 WHO
classification of head and neck tumours published in 2022
[15], CEOT is divided into the clear cell, cystic/microcystic
and NCLC subtypes. Lesions with mixed CEOT and adeno-
matoid odontogenic tumour (AOT) features should be clas-
sified as AOT subtypes [16].

Amongst the three subtypes of CEOT, only a small but
not negligible number of case reports have been published
on the NCLC subtype. The NCLC subtype of CEOT is rare
and was first reported by Asano et al. in 1990 [17]. The
unique clinical, imaging, and pathological manifestations
of the CEOT, NCLC subtype distinguish it from the con-
ventional CEOT. Furthermore, the pathological differentia-
tion of CEOT, NCLC subtype from odontogenic fibromas,
amyloid subtype is still controversial. The amyloid subtype
of odontogenic fibroma is characterised by small dispersed
epithelial nests embedded in a fibrous stroma, with amyloid
deposits and Langerhans cells [15]. Thus, in this paper, we
reported three original cases and critically reviewed all the
cases with NCLC CEOT reported in the English literature to
investigate their demographic characteristics, clinicopatho-
logical manifestations, and differentiation from the amyloid
subtype of odontogenic fibroma for accurate diagnosis and
management of patients with this entity.

Materials and Methods

The keywords searched included “calcifying epithelial odon-
togenic tumour,” “Pindborg tumour,” “Langerhans cell,”
“clear cell,” and “non-calcifying” in PubMed. In addition,
recent literature on the related entity “amyloid subtype of
odontogenic fibroma” was also searched. All the found lit-
erature and the references of the retrieved literature were
browsed and filtered. If the same case occurs in different
pieces of literature, we selected only one entry. Meanwhile,
we included three original cases from the Hospital of Stoma-
tology, Sun Yat-sen University, China obtained by searching
the pathology database.

The included cases were reviewed in their clinical, path-
ological, and imaging data, as well as the follow-up and
prognosis information. All statistical calculations were
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performed by SPSS software (29.0, International Busi-
ness Machines Corporation [IBM], Armonk, NY, USA). A
p-value of <0.05 (two-tailed) was considered statistically
significant.

Results
Epidemiology

Twelve articles have been published to date on this rare
entity [7, 8, 12, 17-26]. The span of the years of publication
ranges from 1990 to 2022. A total of twenty-one cases were
identified, including 18 published cases plus three new ones.
The cases were mainly from Asia, including China (includ-
ing Taiwan) (n=11), Japan (n=2), South Korea (n=2), and
India (n=1). A few cases were from North America, includ-
ing the United States of America (n=4) and Canada (n=1).
The NCLC subtype of CEOT was found in patients across a
wide age range from 20 to 58 years (mean 43 years, median
41 years) (Fig. 1). Majority of the cases (except two cases)
were discovered in the fourth to sixth decades of life. There
was a female predilection (Fourteen females; seven males)
with a male-to-female ratio of 1 to 2.

Clinical Features

The clinical features of NCLC CEOT cases are summarized
in Table 1.

The chief complaints at the presentation were described
in fourteen patients (67%, 14/21). Most presented as a
slow-growing swelling with or without pain (57%, 8/14).
The patient’s clinical symptoms came from the effects
of the mass, including mucosal ulceration or indenta-
tion, tooth loosening and pain, and incomplete healing
of the tooth extraction wound. Twelve patients described
the time from the earliest onset of symptoms to visiting

8 7

¢ 6 6
5 6
&
U 5
G
Cq
2
g3 2
Z 2

0

10-19 20-29 30-39 40-49 50-59 60-69
Age Group

Fig. 1 Frequency of non-calcifying/Langerhans cell-rich calcifying
epithelial odontogenic tumour disease presentation in published lit-
erature and local cases per decade



1013

Head and Neck Pathology (2023) 17:1011-1020

ASBI MIN #

Inown} proudpe oruaSojuopQ  LVO ‘1540 o1uaSojuopQ DO ‘BWOISL[qO[AWY Y ‘Inown] J1uasouopo 10
‘sewo[nueI3 [[90 JURIZ [BNUD HHH)) ‘SISOIAI0NSIY [[90 sueyIa3ue] )7 D[qe[IeA. Jou YN ‘Jorsod g ‘IoLoue Y “B[[IXew X7y ‘Q[qIpuet (Jjy ‘WS ¥ ‘WYSTI 7 ‘SNOSSO-BNXD 7 ‘SNOISSORIIUL |

uondiosar sjoo1

arered 191 oy

# NV NV~ JUSON[OIPBIIBINOO[IU)  JO UOHRIUSPUL BSOONIA © vtz 4V XN 1 I W c¢ BUIYD/ECOCAIX 1T
uondiosar sjoo1 Paudsoo|
# NV 1O  JUedN[OIper IE[noO[Iu)  [loo) ‘FUI[[oms [EATSUID) © vtz dV XN 1 I W 9 BUIYD/ETOT/PIX 0T
uondiosar sjo01 uoneIad[n ‘orefed
# 1O DODD 0 HYT “IUSdN[OIpRI IB[AJO[D[N]A  JO UONBIUSPUI BSOINIA 9 9zc-1z dV XN 1 I 4 BUID/ETOCAIX 61
8 VN VN  ju9onjoIpel fe[ndojtuny UOISU)SIp 9re[ed (S) zz—¢1 V XIN 41 I 4 8¢ BUIYD/CCOT/VT 81
8 LVO 10 AV VN  Jusdn[olpel Je[ndofrun uorssardop ajered (©)sz-17 4V XN 1 I N €S BUIYD/CCOT/MT L1
L VN VN VN VN (@ 11-01 vV XN d I d Ly VSN/120T/s¥o0ppy 91
L VN VN VN VN VN VN XN VN I d e VSO/120g/syoppny G
ersayysoered
194 VN VN JuRdN[OIpel A5 Ie ] Jo uotsuedxa Kuoq oN W) STtz 4V XN 1 I 4 6¢ VSn/610c/ysoues -yl
¥C VN VN  Juoon[oIpel re[noojrury VN VN VN XN d 1 4 Iy BaIOY YINOS/910¢/T €1
e VN VN  Juoon[oIpel re[noojrury VN (©) €1-11 vV XN d 1 d 6¢  BAIOY YINOS/9T0C/™T Tl
uondiosar sjoox ured (109} 'UIYD
€C VN VN ‘Judonjorper 1e[noofrup) ‘$3501S0X3 JUSUIOI] (€)St—€T dV XN 1 I W T ‘UeMIBL/GTOT/SUSSL, 1T
a3pux
9C VN VN uolsory JIeJO9A[E JomO[ UO 9[NPON UON vV dN T 4 4 Le VSO/F10z/ueusoyy Q1
uondiosar sjoo1 PauLsoo] 100}
Cl VN VN Judon[oIpel fe[noo[nniA ‘U0Qq Te[OJAR JO SSO] 6)TT-L1 IV XN d—1 I W 8¢ BUIYD/YT0C/USYD 6
uondiosal sjoo1 PaU2s00] 100}
Cl 20 VN ‘JUS0N[OIpRI Ie[ndo[1uN) ‘U0q IRJOSAR JO SSOT M vI-11 4V XN d I 4 0y BUIYD/Y10T/UYD 8
ssewr
[44 VN VN onssn 1jos SUIKJISSO-UON  9[NPOU [BSOONWIQNS PIEH auou vV XN 4 H 4 0¢ BIPUI/E€T0T/Z01V L
1T VN VN VN VN VN vV XN 1 1 4 ¢S epeUR)/C1QC/eNRURD 9
BUIYD
0c VN VN  juoon[oIpel Je[ndofiuf) uorssaidop areed (©) €1-11 vV XN d 1 4 s ‘UBMTE]//00T/SUBA\ S
BAISUIS
61 VN VN VN 9[NQNISIA UO [NPON VN d XN T 4 4 6¢ BUTYD/900T/SUBA 14
61 WV VN  Jusdn[olpel Je[ndofrun VN () snwel- d dN d I W 8¢ BUTYD/900T/SUBM €
81 VN VN  JUOnjOIpel IB[nOO[Iuf) QuOoq Ie[OdA[E JO SSOT] (€) Szt 4V XN 1 | N 8¢ uede(/c661/e1eeE], C
uondiosal sjo01
L1 NV VN  ‘Jueonjolper renoo[ruf)  Sulssiur rejowrdid 1sIng ©91-11 dV X p: | I d v uedef/0661/0uLsY I
BAIy QNS 9pIS mef

SJoy SIsougeIp [edIuI[d  sisouserp surdewy

surpurq o15o[oIpey

UONBUIIEXS [BOISAYJ  (U) PIAJOAUL JOO],

Quog Iopuon) 93y

Anunoo/reak/zoyiny  ase)

LOAD Jo 2dA1qns D TON a1 Y sjuaned jo viep [eoruro pue [eorsojorwapidy | 3jqel

pringer

a's



1014

Head and Neck Pathology (2023) 17:1011-1020

the doctor. The time duration was from one to 60 months
(mean = 18 months, median =9 months).

Physical examinations were revealed in fifteen patients
(76%, 16/21). They presented swelling of the gingival or
hard palate submucosally, localized depression of the
mucosa, and teeth loosened or missing. Two extraosseous
cases resembled a firm, well-circumscribed, ovoid-shaped
nodule submucosally. Nineteen of the 21 cases occurred
in the maxilla (, 90%). Eighteen cases were intraosseous
(18/21, 85%). The most frequent clinical diagnosis was
ameloblastoma. The other clinical diagnoses included odon-
togenic cysts and other odontogenic tumours.

Radiographically, many of the tumours exhibited a uni-
locular radiolucent defect (81%, 13/16), two cases showed
multilocular radiolucent, while the remaining two showed
a non-ossifying soft tissue mass. None of them were radio-
paque. The margins of many of these defects were well-
defined whereas four cases had an ill-defined periphery
(25%, 4/16). The maximum dimension of the lesion ranged
from 10 to 34 mm (mean=21 mm, median =20 mm).
Teeth involvement was seen in 15 cases, a total of 63 teeth
(mean =4 teeth, median =4 teeth). Six cases only involved
the anterior tooth area of the maxilla, two cases were in
the posterior tooth area of the mandible, one in the anterior
mandible and ten cases involved both the anterior and poste-
rior tooth area of the maxilla. Overall, 84% (16/19) affected
the anterior maxilla. Root resorption in the lesion-involved
area was described in 44% (7/16). In three cases, there was
jaw resorption involving the maxillary sinus, nasal floor,
and hard palate. In the three newly reported cases, we also
observed the alveolar bone resorption in the affected area.
Because of the lack of calcification, the lesions were origi-
nally diagnosed to be Langerhans cell histiocytosis, central
giant cell granulomas, ameloblastoma or benign odontogenic
cysts by radiologists.

Figure 2 is the imaging appearance of case 21. The patient
is a 32-year-old male. Panoramic radiograph showed an
unilocular radiolucent involved in the left maxilla, approxi-
mately 17.6x12.7x10.4 mm in size and locally lobulated
(Fig. 2A). Tooth resorptions were seen in 22, 23, 24. Cone
beam computed tomography (CBCT) showed a cystic lesion
with a scalloped margin and well-defined (Fig. 2B, 2C). In
this case, the surgeon and radiologist made the clinical diag-
nosis of ameloblastoma.

Pathology and Diagnosis

Microscopically, the histopathological presentation of the
NCLC subtype of CEOT is unique compared to the con-
ventional CEOT. The NCLC subtype of CEOT has discrete
small nests or islands of polyhedral epithelial cells in an
abundant fibrous stroma. The eosinophilic cytoplasm and
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Fig.2 Imaging presentation of NCLC-CEOT (case 21). The patient
is a 32-year-old male. A Panoramic radiograph appearance of
the unilocular radiolucent involving left maxilla, approximately
17.6x12.7x10.4 mm in size and locally lobulated. Root resorptions
were seen in teeth 22, 23, and 24. B and C CBCT illustrate a cystic
lesion with a scalloped margin and well-defined located between
22-24, caused resorption of alveolar crest bone and tooth root

intercellular bridges can be noted (Fig. 3A). Meanwhile,
clear cells constitute a portion of some epithelial compo-
nents (Fig. 3B). There is mild to moderate infiltration of
chronic inflammatory cells in the fibrous stroma (Fig. 3C).
Abundant amyloid are seen in the fibrous connective tis-
sue, which shows a homogeneous, red-stained appearance
but lack calcification. A portion of the amyloid material
shows a concentric ring-like appearance, but no identified
calcifying mass (Fig. 3D).

Immunohistochemistry staining of pan-cytokeratin
(CK), p63, cytokeratin (CK) 5/6 or p-catenin was done
to identify odontogenic epithelial cells. The odontogenic
epithelial cells in all the cases were strongly positive for
one of the antibodies. Case 21 was positive for CK5/6,
pan-CK and p63. Cases 19, and 20 were positive for pan-
CK (Fig. 3E). Immunohistochemistry staining of S-100,
CDla or langerin was used to detect the clears cells in
nineteen cases. The clear cells were positive for at least
one of those antibodies. As shown in Fig. 3, scattered
langerin, S-100 or CD1a-positive Langerhans cells were
present in the tumour stroma (Fig. 3F, 3G, 3H). Amyloid
was confirmed with Congo red staining ( brick red under
light microscopy and an apple-green when viewed with
birefringence). (Fig. 31).
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Fig.3 Pathology features of NCLC-CEOT (Case 19). A Small, scat-
tered tumour epithelial masses (insert) and abundant amyloid materi-
als are seen within the fibrous connective tissue (40 x). B Cells with
clear cytoplasm (insert) can be noted in epithelium component (40
%) C Mild to moderate chronic inflammatory cell infiltration in the
fibrous stroma (20 X) with higher magnification (insert) showing the

Treatment and Prognosis

Treatment information was available in eighteen cases.
Three cases of extraosseous NCLC subtype of CEOT were
completely resected with adequate margin. In the sixteen
cases of intraosseous NCLC subtype of CEOT, nine cases
were performed conservative local resection, seven cases
were treated with curettage. Follow-up records were avail-
able in 16 cases. The time scope of follow-up was from
one month to 120 months (mean 35.2 months, median
24 months). From the pooled data of the literature, only one
lesion was reported to have recurred one year after curettage.
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lymphocytes. D Amyloid material with concentric rings (insert) (40
X). E Tumour epithelia were positive for pan-CK (40 x). F Langer-
hans cells were positive for langerin (40 X). G Langerhans cells were
positive for S-100 (40 x). H Langerhans cells were positive for CD1a
(40 x). I The amyloid materials were brick-red by Congo red staining
(40 x)

The overall prognosis appears good. No malignant transfor-
mation or regional and distant metastasis had been reported.
The pathological features and prognosis information of the
NCLC CEOT cases were summarized in Table 2.

Discussion

CEOT occurs over a wide age range with maximum preva-
lence in the 4™ decade and no gender predisposition [15].
In contrast, on review of the literature, the NCLC subtype
of CEOT was found mainly in the 4th to 6th decades of life

@ Springer
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Table 2 Pathological features, treatment and prognosis of patients with the NCLC subtype of CEOT

Case size (mm) Immunohistochemical studies Treatment Recurrence Follow-
up
(month)
Langerhans cells Tumour cells
1 NA S-100, lysozyme, MT 1, LN-3, pan-CK Partial maxillectomy NA NA
OKT 6
2 NA S-100 pan-CK Curettage No 120
3 NA CDla, CD68, HLA-DR, S-100 NA Partial mandibulectomy No 30
4 NA CDla, CD68, HLA-DR, S-100 NA Partial maxillectomy No 24
5 24 CDla pan-CK Partial maxillectomy, right suprao- NA NA
mohyoid neck dissection
6 NA NA NA Curettage Yes (one year) 12
7 10 S-100 pan-CK Excisional biopsy with an adequate No 6
margin
8 NA CDla, S-100, langerin NA Curettage No 60
NA CDla, S-100, langerin NA Partial maxillectomy No 120
10 20x10 CDla, S-100, langerin MNF-116, CK19 Excision No 18
11 NA CDla, S-100 NA Partial maxillectomy, extraction of NA NA
23-25
12 20x15%x20 CDla, S-100 AEI/AE3, CKS5, Partial maxillectomy No 1
Cam5.2, CK19,
34BE12, p63,
f-catenin
13 NA CDla, S-100 AE1/AE3, CKS5, Partial maxillectomy No 29
Cam5.2, CK19,
34BE12, p63,
[-catenin
14 NA CD1a, Langerin MNF-116 Partial maxillectomy No 18
15 NA CDla NA NA NA NA
16 NA CDla NA NA NA NA
17 25x17x13 CDla, S-100 CK5/6, CK8/18, P63 Curettage No 12
18 34x17x12 CDla, S-100 CK5/6, CK8/18, P63 Curettage No 24
19 NA CDla, S-100, langerin pan-CK Partial maxillectomy, extraction of No 38
23,24
20 16x15x8 langerin pan-CK Curettage, extraction of 22-24 No 20
21 18x13x10 langerin pan-CK, CK5/6, P63 Curettage, extraction of 22, 24 No 14

NA not available

and with a female predominance. Radiologically, classic
CEQT often occurs in the posterior mandible, mostly asso-
ciated with an impacted tooth and 30% were multilocular. In
the NCLC subtype of CEOT, 90% occurred in the anterior
maxilla and caused root resorption of the affected teeth. It
mostly presents a well-defined unilocular radiolucent area
on radiographs and without radiopaque. Therefore, the imag-
ing diagnosis and clinical impression are often odontogenic
cysts or ameloblastoma.

Classic CEOT consists of islands and sheets of polyhedral
epithelial cells with eosinophilic homogenous amyloid sub-
stance, and calcified tissue. When it comes to the NCLC sub-
type of CEOT, its most distinctive microscopic feature is the
existence of very small nests and cords of neoplastic cells
containing a few clear cells, and the presence of abundant
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amyloid material without calcification. The presence of clear
cells and the absence of calcification in the cases posed a
diagnostic challenge.

Three articles revealed the ultrastructure of NCLC CEOT
by electron microscopy [17-19]. The epithelial cells con-
tained bundles of tonofilaments. Many interdigitating micro-
villi were present between tumour cells and desmosomes
were occasionally found in adjacent cells. Some epithelial
nests contained a small number of Langerhans cells con-
taining indented nuclei and Birkbeck’s granules. No des-
mosomes were observed between them and neighbouring
epithelial cells.

The significance of Langerhans cells in this neoplasm
and their effects on tumour behaviour remains to be
resolved. Langerhans cells derive from bone marrow and
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migrate into the skin and oral mucosa serving as antigen-
presenting cells and are positive for CD1a, S-100 and lan-
gerin in immunohistochemistry staining. Since both oral
and odontogenic epithelial cells originate from the same
oral ectoderm, Langerhans cells may also migrate to tumo-
rigenic odontogenic epithelial nests [20]. This speculation
has been proved in some kinds of odontogenic cysts and
tumours [27, 28]. Mello et al. found that CD1a-positive
Langerhans cells were present in 55% of ameloblastomas,
78% of odontogenic keratotic cysts (OKC) and 100% of
odontogenic calcified cysts [28].

Langerhans cells also can be seen in the conven-
tional CEOT, with a ratio of Langerhans cells to epithe-
lial tumour cells of 1.7:100 and 0.8:100, respectively,
reported in two cases by Chen et al. [12]. However, in
the NCLC subtype of CEOT, the number of Langerhans
cells was significantly higher, with a ratio of 82.7:100 and
42.1:100 [12]. The authors believed the increased number
of Langerhans cells might be associated with inflamma-
tion. The ratio of Langerhans cells to tumour epithelial
cells in the three newly reported cases is similar (47:100,
43:100, 39:100). According to Lin et al., the antigenicity
of amyloid stimulates Langerhans cell's migration from
the bloodstream to odontogenic epithelial nests [29]. How-
ever, in classic CEOT, calcifications in tumours restrict the
migration of Langerhans cells as mineralization in amyloid
leads to a decrease or loss of its antigenicity [29]. At the
periphery of the lesion, mild to moderate inflammatory
cell infiltration was often noted. The infiltrating inflam-
matory cells may be caused by abrasion, for the mucosal
swelling due to intraosseous tumour. No matter whether
the increase of Langerhans cells is driven by antigenic-
ity of amyloid materials or other reason(s), it is inter-
esting when accompanied by the absence or decrease in
calcification.

The eosinophilic homogeneous material of amyloid has
been shown to contain several ameloblast-associated pro-
teins, the most consistently odontogenic ameloblast-associ-
ated protein (ODAM) [30]. In classic CEOT, calcifications
develop within the amyloid materials and form concentric
rings (Liesegang ring calcifications). These tend to fuse and
form large, complex masses. Krolls et al. speculated that the
presence of calcification and amyloid-like material in CEOT
probably indicates higher levels of cell differentiation and
accounts for the more self-limiting behaviour of CEOT com-
pared with ameloblastoma [31]. The reason for the absence
of calcification in the NCLC subtype of CEOT has been
suggested to be related to the appearance of Langerhans cells
[18]. Thus, CEOT without calcification may be in its early
stage of maturation and amyloid material may calcify as the
lesion progresses. This is because small epithelial masses
can also be observed located in the connective tissue in the
marginal areas of the classic CEOT. Owing to the paucity of

this subtype of CEOT, the consequence of a non-calcifying
lesion needs further investigation.

Since the NCLC subtype of CEOT occurs mostly in the
anterior maxilla, which is like the site of central odontogenic
fibroma, some researchers have suggested that the NCLC
subtype of CEOT is an amyloid subtype of odontogenic
fibroma [32]. Furthermore, smaller, scattered nests seen in
this tumour are more consistent with central odontogenic
fibroma versus the large sheets in CEOT [33, 34]. In addi-
tion, many have reported the presence of Langerhans cells
within the epithelial nests of the amyloid subtype of odon-
togenic fibroma [35, 36]. Zhou et al. concluded that the
percentage of Langerhans cells in epithelial nests of CEOT
was no more than 2%, whereas it was approximately 40% in
central odontogenic fibroma [37]. We examined immuno-
histochemical staining for Langerhans cells in the published
literature and found that the proportion of Langerhans cells
was greater than 2% in all cases. Nevertheless, whether the
NCLC subtype of CEOT is the same disease as the amyloid
subtype of central odontogenic fibroma is debated. More
accumulative data are needed to further confirm this specific
subtype. Besides, other odontogenic and maxillofacial bone
tumours need to be considered in the differential diagnoses.
The main differential diagnoses with the NCLC subtype of
CEOT and their epidemiological and clinical features are
listed in Table 3.

It is worth noting that some cases of CEOT reported in
the literature were labelled as non-calcifying CEOT [38—-40]
as no calcium deposits could be demonstrated. However, in
these cases, no Langerhans cells were demonstrated, and
these cases were excluded from the analysis in the current
study.

Pindborg initially suggested that CEOT originated from
the reduced enamel epithelium of unerupted teeth [2]. Later,
Chomette et al. found that the tumour cells bear a close mor-
phological resemblance to the cells of the stratum interme-
dium of the enamel organ [41]. However, in half of the cases,
CEOT was not associated with an unerupted tooth, and the
existence of extraosseous cases, and other possible origins
had to be considered. Philipsen suggested that the dental
lamina complex or its remnants were the most possible can-
didate [42]. The disintegration of dental laminae gives rise
to a countless number of epithelial remnants throughout the
jaw bones and gingiva after the completion of odontogen-
esis. The three newly reported cases were also not related to
impacted teeth and resulted in root resorption manifesting
from the apical side. Therefore, the remnant of the dental
lamina is a more reasonable source of the tumour.

The molecular pathology of CEOT is uncertain to date.
However, a small number of articles have been published
on the pathogenesis of CEOT. It proposed that amelo-
blastin (AMBN) gene alterations might be relevant to
the pathogenesis of CEOT [43]. It found that the DNA
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