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Abstract

Background Despite their rarity, malignant odontogenic tumors (MOT) represent an important group of oral lesions char-
acterized by their variable clinical presentations and sometimes unexpected biological behavior.

Objectives The purpose of this retrospective cross-sectional study was to evaluate the number, types, and frequency of MOT
and to investigate the relative rate of malignant transformation in recurrent odontogenic tumors (OT).

Methodology The records of patients diagnosed with OT in the hospital of the Faculty of Dentistry, Cairo University, were
reviewed over 10 years (2013-2022). The OT were investigated for frequency, age, gender, site, and recurrence. The data
were recorded and then analyzed using SPSS software version 25.

Results Among 5543 oral excisions, 357 cases of them were OT, including 336 benign (94.1%) and 21 malignant neoplasms
(5.9%). Among the odontogenic malignancies, 18 lesions (85.7%) appeared de novo, and 3 lesions (14.3%) developed as
recurrent of previously classified benign tumors. A high incidence was observed in the middle and old age groups (90.4%)
with a median age being 42. Slight male predilection (1.3:1) was noticed. The mandible was the highly affected site but all
recurrent cases were diagnosed in the maxilla as ghost cell odontogenic carcinoma (n = 2, 66.6%) and primary intraosseous
carcinoma (n = 1, 33.3%).

Conclusion Retrospective analysis of the relative frequency of MOT and the documentation of the unusual recurrence of
benign OT as a malignancy enhances our understanding of OT behavior and the need for appropriate therapy and clinical
follow-up.

Keywords Recurrent odontogenic tumors - Odontogenic malignancy - Malignant transformation - Odontogenic neoplasms -
Epidemiology

Introduction

Odontogenic tumors (OT) comprise a large group of hetero-
geneous lesions arising from odontogenic (epithelial and/or
mesenchymal) tissues of the tooth-forming apparatus [1].
Mostly, OT develop either de novo or within pre-existing
odontogenic cysts. They possess different clinical behavior
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and histopathological features ranging from non-neoplastic
lesions, hamartomas, benign neoplasia, and locally infiltra-
tive and malignant neoplasia. Malignancies account for < 1%
of all neoplastic lesions, except for metastatic odontogenic
lesions, within the maxillofacial bones or in the soft tissue
overlying tooth-bearing areas [2].

Attributable to their origin, OT usually show epithe-
lial-mesenchymal interactions and subsequently inductive
changes. These interactions were reflected in the World
Health Organization’s most recent classification of OT,
which categorizes them into epithelial, mesenchymal, or
mixed lesions, depending on which component of the odon-
togenic apparatus gives rise to the tumor [3].

Malignant odontogenic tumors (MOT) are a rare entity
that comprises carcinomas, sarcomas, or carcinosarcoma
[3]. Certain benign odontogenic lesions are well-known for
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their high recurrence rate including odontogenic keratocyst
(OKC) and ameloblastoma (AB) [4]. However, the prob-
ability of malignant transformation of these lesions when
recurred is still unclear.

This retrospective cross-sectional study aimed to assess
the number, types, and frequency of MOT diagnosed de
novo or as a recurrence from previous benign OT over 10
years (2013-2022), at the Dental Educational Hospital of the
Faculty of Dentistry, Cairo University, based on the classi-
fication of WHO of Head and Neck Tumors in 2022, as this
information has not been reported previously in Egypt. The
results are compared with the available global reports [5].

Methodology

This study proposal was revised and approved by the
Research Ethics Committee, Faculty of Dentistry, Cairo
University (no.13 2 22). All methods were permitted to be
done in accordance with the relevant guidelines and regula-
tions of the Research Ethics Committee. Patients’ names
included in the histopathological reports were kept confiden-
tial and were not utilized in this study. Given the retrospec-
tive, anonymized nature of the study, informed consent was
waived by our internal review board.

Retrospective archival records of the Oral and Maxillofa-
cial Pathology Department at the Educational Dental Hos-
pital, Faculty of Dentistry, Cairo University, were examined
for the cases that were diagnosed as MOT between 2013
and 2022. Inclusion criteria involved all MOT diagnosed in
the selected period with complete data and clear confirmed
diagnosis.

Clinical, radiological, and histopathological reports of
the included cases were checked manually and electroni-
cally. Data regarding the patients’ age, sex, and anatomical
location of OT was extracted. The history of each case was
also studied to find the recurrent cases and the time interval
between primary and recurrent lesions was recorded.

For all cases, Hematoxylin and Eosin stained tissue sec-
tions of MOT were re-examined under light microscopy by
three experienced pathologists. In recurrent cases, the ini-
tial lesions were also retrieved and re-examined. The final
diagnosis was confirmed or modified based on the WHO
classification of Head and Neck Tumors in 2022 [5].

Descriptive statistical analysis was performed with all
collected data using SPSS software, (version 25; SPSS, Inc,
Chicago, IL). The graph was used to describe the distri-
bution pattern of MOT according to the year of diagnosis.
Tables were used to allocate the distribution of MOT con-
cerning the different age groups, sex, and site. Recurrent
cases of MOT were tabulated according to age, sex, site,
clinical and radiographic features, the primary tumors, and
the time interval between primary and recurrent tumors.
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Results

Frequency and Distribution of MOT During
the Studied Period

Among the 5543 oral biopsies diagnosed in the Oral and
Maxillofacial Pathology Department in the period between
2013 and 2022, 6.4% (n=357) were diagnosed as OT.
Within this percentage, 94.1% (n=336) were benign,
whereas 5.9% (n=21) were MOT with a predominance of
carcinomas, accounting for 95.2% (n=20). The greatest
incidence rate was in 2021 with 5 cases (25%), followed
by 2022 with 4 cases (20%). No MOT was diagnosed in
2014 (Fig. 1).

Table 1 shows the number and percentage of each MOT
type. The two most commonly occurring tumor types were
primary intra-osseous carcinoma (PICO NOS) (n=10,
47.6%) and ameloblastic carcinoma (AC) (n=35, 23.8%),
followed by clear cell odontogenic carcinoma (CCOC)
(n=3, 14.3%), ghost cell odontogenic carcinoma (GCOC)
(n=2, 9.5%) and ameloblastic fibrosarcoma (AFS) (n=1,
4.7%).

Frequency of MOT According to Patient Sex

Table 2 shows the number of MOT according to sex
showing (57.1%) slight male predominance (1.3:1). PIOC
NOS and AC occurred more frequently in male patients,
whereas CCOC and GCOC occurred more frequently in
female patients. The only diagnosed AFS occurred in a
female patient.

Distribution of MOTs in the studied years
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Fig. 1 Distribution of malignant odontogenic tumors (MOT) between
2013 and 2022
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Table 1 Characteristics of malignant odontogenic tumors (MOT) in the studied period 2013-2022

Type of MOTs ~ Number Sex Age groups Site
M F 10-19  20-29 30-39 4049 50-59 60-69 70-79 Mandible Maxilla
PIOC NOS 10(47.6) 6 4 - - - 6 2 2 - 5 5
AC 5(23.8) 5 0 - 1 2 - 1 - 3
CCcocC 3(14.2) 1 2 - - - 1 - 1 3
GCOC 2(9.5) 0 2 1 - - - - - - 2
AFS 1(4.7) 0 1 - - - - - - -
Total 21 12 9 1 1 9 3 3 1 11 10
Percentage 571%  429% 4.7% 4.7% 143% 429% 143% 143% 4.7% 52.4% 47.6%

PIOC NOS primary intraosseous carcinoma, AC ameloblastic carcinoma, CCOC clear cell odontogenic carcinoma, GCOC ghost cell odonto-

genic carcinoma, AF'S ameloblastic fibroscarcoma

Table 2 Frequency of malignant

. Type of MOT Mandible Maxilla
odontogenic tumors (MOT) by
location Right side(n) Left side (n) Crossing Right Left side (n) Crossing
midline (n)  side (n) midline
()

PIOC NOS 2 2 1 1 2 2
AC 3 - - 1 1 -
CCOC 2 - 1 - - -
GCOC - - - - 2 -
AFS - - - - 1 -
Total 7 2 2 2 6 2

n number of cases, PIOC NOS primary intraosseous carcinoma, AC ameloblastic carcinoma, CCOC clear
cell odontogenic carcinoma, GCOC ghost cellodontogenic carcinoma, AF'S ameloblastic fibrosarcoma

Frequency of MOT According to Patient Age

The reported frequency according to the age ranged from
10 to 79 years with the elevated incidence observed in the
middle and old age groups of patients (n=19, 90.4%) with
a median age being 42. PIOC NOS was the most com-
mon tumor type diagnosed in 40s patients followed by 50s
(Table 3).

Frequency of MOT According to Site

A slight predilection of the mandibular cases recorded as
55% (n=11) was noted in the comparison to the maxillary
cases recorded as 45% (n=9).

Frequency of Recurrent MOT

Across all MOT (n=21), 85.7% (n=18) of cases appeared
de novo while 14.3% (n=3) were recurrent cases of OT.
Subgroup analysis identified the average patient age at 38.2
years (range 30—44 years) with 66.66% male and 33.33%

female. All recurrent MOT appeared in the maxilla. Two
cases were diagnosed as GCOC while the last one was PIOC
NOS.

After a rigorous examination of these cases, detailed
information was reported with proper radiographic pres-
entation as seen in Fig. 2. The first case was completely
excised with safety margins and diagnosed as a hybrid odon-
togenic tumor composed of adenomatoid odontogenic tumor
(AOT) and ameloblastoma (AB) (Figs. 3, 5) and recurred
as GCOC (Figs. 4, 5). The second case was diagnosed as
dentinogenic ghost cell tumor (DGCT), which was entirely
removed by enucleation but it recurred after 18 months as
GCOC (Figs. 3-5).

Regarding the third case, the available data on the pri-
mary lesion revealed that the patient had slowly growing
swelling related to non-vital anterior maxillary teeth. The
radiographic picture was described as a well-defined radio-
lucency with slight bony expansion. It was also reported
that a clear straw-like fluid was found in the aspirate. The
excisional biopsy was performed in a private clinic and the
excised tissue was cystic on the cut section. The differential
diagnosis of an odontogenic cyst was given but the lesion
was not submitted for histological confirmation. When the
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Fig.2 The radiographic presentation of the 3 recurrent MOT cases.
a the first case was GCOC in the maxilla extending from the second
premolar till maxillary tuberosity causing severe expansion and per-
foration of buccal bone, b the second case was GCOC in the max-
illa extending from the left lateral incisor till the first molar causing
obvious destruction of bone and perforation and, ¢ the third case was
PIOC NOS in the maxilla extending from the right first premolar to
the left canine causing expansion and thinning of cortical plates of
bone. MOT malignant odontogenic tumor, GCOC ghost cell carci-
noma, PIOC NOS primary intraosseous carcinoma

Fig.3 Photomicrographs of histological sections of primary benign
OT, a case of hybrid odontogenic tumor showing areas of plexus of
odontogenic epithelial cells (black arrow) as seen in AB, in addition
to whorls of spindle cells (blue arrows) and some duct-like structures
(green arrows) as seen in AOT (a; H&Ex100& b: H&Ex200), a
case of DGCT showing odontogenic epithelial cells with some ghost
cells (yellow arrows) and large areas of dentinoids (red arrows)(c;
H&Ex100& d: H&E x200). OT odontogenic tumor, AB ameloblas-
toma, AOT adenomatoid odontogenic tumor, DGCT dentinogenic
ghost cell tumor

lesion recurred, it was excised and diagnosed as PIOC NOS
(Figs. 4, 5). The detailed description of the recurrent cases
is summarized in Table 3. The treatment of these recurrent

Fig.4 photomicrographs of histological sections of recurrent MOT,
a case of PIOC NOS showing masses of discohesive malignant epi-
thelial cells (yellow arrow) and cells showing single-cell keratiniza-
tion (black arrows) (a; H&Ex100& b: H&E % 200), a case of GCOC
showing odontogenic epithelial cells with prominent dysplastic fea-
tures, some ghost cells (green arrow) and areas of dentinoids (red
arrows) (¢; H&Ex100& d: H&Ex200). MOT malignant odonto-
genic tumor, PIOC NOS primary intraosseous carcinoma, GCOC
ghost cell carcinoma

Fig.5 Higher magnified photomicrographs of histological sections
of primary and recurrent MOT cases, a case of hybrid odontogenic
tumor showing plexus of odontogenic epithelium (black arrow) sur-
rounded by delicate connective tissue stroma, b PIOC NOS case
showing malignant squamous epithelial cells (yellow arrow) and
malignant multinucleated giant cell (blue arrow), ¢ a case of DGCT
showing odontogenic epithelial cells (black arrow) with scattered
ghost cells (yellow arrow) and areas of dentinoids (blue arrow), d
GCOC showing a mass of malignant odontogenic epithelium form-
ing whorls pattern in some areas (red arrows) (a,b,c &d H&E x200).
MOT malignant odontogenic tumor, OT odontogenic tumor, PIOC
NOS primary intraosseous carcinoma, DGCT dentinogenic ghost cell
tumor, GCOC ghost cell carcinoma
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MOT cases was extensive surgical removal with safety
margins with frequent and close follow-up visits (every 3
months) to minimize the chances of recurrence and metas-
tasis. No recurrence was reported in the follow up reports
of these patients till now. Most OT are well-known in the
scientific literature for high recurrence rates, thus follow-up
visits may be needed for years [5].

Discussion

MOT are extremely rare intraoral entities that arise either
de novo from elements of the tooth-forming apparatus or
as a malignant transformation of a pre-existing oral lesion
such as a benign OT or cyst [6]. In the latest updates of the
Head and Neck WHO classification, our understanding of
the evolution of MOT is expanded [5].

According to the current literature, the frequency of
development of malignancy in recurrent benign OT has not
been well studied. Therefore, we aimed to investigate the
prevalence of MOT and to report the relative rate of malig-
nant transformation in recurrent benign OT.

Generally, OT comprised a quite small fraction of intra-
oral lesions. In this study, we found that OT accounted for
only 6.4% of the cases in which oral biopsies had been
performed. The majority of OT was benign accounting
for 94.1% of the studied cases. The frequency of MOT
accounted for only 5.8% which is consistent with the stud-
ies conducted in Brazil (5.5%) [7], Turkey (5.5%) [8], China
(6.1%) [9], as well as the United Kingdom (5.7%) [10].
However, a lower fraction was stated in studies conducted
in Malaysia (1.2%) [11]. On the other hand, a higher fre-
quency was observed to be nearly 8.9% of all oral tumors in
Africa and Asia [12, 13].

In our study, we found that benign tumors were the most
frequent among all cases of OT (benign 94.1%, malignant
5.9%). MOT are rare, and only 21 (5.9%) patients with such
tumors were recognized in this study similar to a previously
performed study [14]. The most common MOT was detected
in this study to be PIOC NOS, which was in agreement with
the previously reported studies [1, 10], followed by AC,
CCOC, and GCOC. Qur noted finding was unlike most of
the earlier performed studies that showed AC was the most
frequently reported MOT. In addition our finding was con-
sistent with the case series described in 2010 by Gupta and
Ponniah [15].

The least common histological diagnosis was documented
to be AFS, a subtype of odontogenic sarcoma, as defined
in the most recent WHO classification [5]. Over the last 10
years, a single case of odontogenic sarcomas was observed
but without any reported case of odontogenic carcinosar-
comas, emphasizing the relative scarcity of this type of OT
compared to carcinomas of odontogenic origin [5]. The
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reason for the absence of carcinosarcoma in this current
study and many others can be attributed to being an unrec-
ognized entity until the updated classification of WHO of
head and neck tumors in 2017 [16].

The observed differences in the distribution of MOT
might be due to the geographical and cultural variation
among different study populations. Among the MOT, the
incidence of odontogenic carcinoma is much higher than
sarcomas accounting for 95.2% of cases which is in accord-
ance with other studies [16]. Generally, the current study
documented a recent increase in the frequency of MOT in
Egypt. Our reported finding may be due to socioeconomic
and cultural standards that obscure both the incidence and
reporting of tumor types. Decreased reporting and delayed
medical attention, of course, would affect the rate of recur-
rence and the ability to report neoplastic malignant transfor-
mation in such cases.

Although MOT may be found in any age group, their
highest incidence was reported in patients in at least the
fifth decade with more than 75% of cases occurring in those
aged >40 years [2, 16, 17]. In this study, the overall male-to-
female ratio among patients with MOTSs was approximately
1.5:1. The male predominance detected in this study agrees
with other published studies [18, 19]. Conversely, few stud-
ies have stated equal proportions of patients of both genders
[20].

Across all the MOT, 85.7% (n=18) were de novo while
only 14.3% (n=3) developed recurrence. Our study showed
a marked maxillary involvement of recurrent MOT. All these
tumors occurred as intra-osseous jaw lesions. The average
patient age of recurrent MOT was 38.4 years with a slight
male predilection (66.6%).

Among the recurrent MOT, two cases were diagnosed
as GCOC. GCOC is a rare MOT and is considered to arise
either de novo or from a calcifying odontogenic cyst (COC)
or (DGCT) [21]. The first case in our study was GCOC
which recurred from DGCT after its malignant transforma-
tion. Such a finding was documented previously from studies
that highlighted that the development of GCOC from DGCT
might take several years [22, 23].

The second case was developed from a previously diag-
nosed hybrid odontogenic tumor formed of AB and AOT.
Hybrid odontogenic tumor types have been first documented
by Yamazaki et al. in 2014, who stated that their occurrences
are rare [24]. To the best of our knowledge, this is the second
documentation of GCOC arising in a previously diagnosed
hybrid tumor of AB and AOT [25].

GCOC was twice as often reported in the maxilla with
a predilection to males in their fourth decade. Patients
typically present with signs of a rapid painful swelling
and mucosal ulcer which is in accordance with our study
[26-28]. Findings related to radiographic examination
were confirmed to be a powerful tool during the malignant
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transformation of such cases. Those cases were more likely
to present as expansile lesions with ill-defined margins,
causing destruction and perforation of the cortex of jaw
bones similar to our documented cases [28 & 29].

We reported only one recurrent case of PIOC NOS from
a long-standing undiagnosed well-defined cystic lesion in
the anterior maxillary tooth-bearing area. PIOC NOS of
the jaw is a rare neoplasm that can arise either from the
lining epithelium of long-lasting odontogenic cysts or
de novo from odontogenic epithelial rests [29, 30]. The
commonly associated cysts with PIOC NOS are odonto-
genic keratocysts, residual, and dentigerous cysts [31-33].
Unfortunately, in our study, the initial occurrence of the
lesion in our case was undiagnosed.

The peak incidence of PIOC NOS is in the sixth dec-
ade of life; however, it has a wide age range from 14 to
80 years [5]. A male predilection with a ratio (2:1) has
been witnessed by many authors similar to our study [5,
33]. The lower jaw was more clinically affected (especially
the posterior region) than the upper jaw [32, 33]. In the
current study, the incidence in an unusual location in the
anterior maxilla extending from the left canine area to the
right first premolar area crossing the midline was detected.
Many authors accredited that the chronic inflammatory
process is the main prompting factor for PIOC NOS devel-
opment [34, 35]. This may explain the presence of a puru-
lent aspirate and necrosis caused by tumorigenesis.

Radiographic imaging showed an ill-defined radiolucent
lesion with cortical bone thinning and perforation simu-
lating another previous case series [34, 35]. Clinically,
the early stage of PIOC NOS might frequently be asymp-
tomatic or might cause mild dental disorders. Therefore,
lymph node metastasis may already be present during the
biopsy, which was an obvious finding in our case [36]. In
the end, one limitation of this study is that the included
cases are from one institute; this was attributed to the lack
of a standard patient filing system in many governmental
hospitals in addition to the lack of patient awareness of the
importance of follow-up visits.

Conclusion

Subtypes of OT vary according to genetic and/or envi-
ronmental (epigenetic) factors. Any primary or recur-
rent lesions showing rapid growth and ill-defined borders
radiographically should be biopsied in a timely fashion.
Following the excision of any OT, clinical follow-up is
essential, especially in older patients, given the risk of
recurrence or malignant transformation.

Acknowledgements We would like to thank all oral surgeons, oral
pathologists, and pathology lab technicians in the Faculty of Dentistry,
Cairo University, for helping us to complete this work.

Author Contributions Conceptualization: [MW]; Methodology: [MW
and HS]; Formal analysis and investigation: [AE & MW], Writing—
original draft preparation: [HS & AE] review and editing: [MW & HS].
Authors have read and approved this manuscript.

Funding Open access funding provided by The Science, Technology &
Innovation Funding Authority (STDF) in cooperation with The Egyp-
tian Knowledge Bank (EKB). This work is self-funded by the authors.

Data Availability The datasets generated during the current study are
not publicly available [patients’ data was kept confidential] but are
available from the corresponding author upon reasonable request.

Code Availability Not applicable.

Declarations

Conflict of interest All the authors declare that they have no conflict of
interest regarding this submitted manuscript

Ethical Approval This study proposal was revised and approved by the
Research Ethics Committee, Faculty of Dentistry, Cairo University
(no.13 2 22). All methods were permitted to be done in accordance
with the relevant guidelines and regulations of the Research Ethics
Committee of the Faculty of Dentistry, Cairo University.

Informed Consent This study is a retrospective, single-center cross-
sectional study, therefore the Research Ethics Committee of the Faculty
of Dentistry; at Cairo University approved this study and waived the
informed consent.

Consent for Publication It is not required as Patients’ names included
in the histopathological reports were kept confidential and were not
utilized in this study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Villegas KM, Paparella ML (2022) Malignant odontogenic
tumors. A report of a series of 30 cases and review of the litera-
ture. Oral Oncol 134:1060-1068

2. Mascitti M, Togni L, Troiano G, Caponio VC, Sabatucci A, Baler-
cia A, Rubini C, Lo Muzio L, Santarelli A (2020) Odontogenic
tumours: a 25-year epidemiological study in the Marche region
of Italy. Eur Arch Oto-Rhino-L 277:527-538

@ Springer


http://creativecommons.org/licenses/by/4.0/

76

Page 8 of 8

Head and Neck Pathology (2024) 18:76

e

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Soluk-Tekkesin M, Wright JM (2022) The world health organi-
zation classification of odontogenic lesions: a summary of
the changes of the 2022 (5th) edition. Turk Patoloji Derg
38(2):168-184

Yilmaz O, Sagnak-Yilmaz Z, Balaban E, Candirli C (2020) Man-
agement of recurrence of ameloblastoma and odontogenic kerato-
cyst: a cross-sectional study. Odovtos 22:3

Vered M, Wright JM (2022) Update from the 5th edition of the
world health organization classification of head and neck tumors:
odontogenic and maxillofacial bone tumours. Head Neck Pathol
16(1):63-75

Sathasivam HP, Saw CL, Lau SH (2021) Clinico-pathological
study of malignant odontogenic tumours from a national referral
centre. BMC Oral Health 21:1-7

-da-Costa DO, Mauricio AS, de-Faria PA, da-Silva LE, Mosqueda-
Taylor A, Lourengo SQ (2012) Odontogenic tumors: a retrospec-
tive study of four Brazilian diagnostic pathology centers. Med
Oral Patol Oral Cir Bucal 17(3): €389

Sekerci AE, Nazlim S, Etoz M, Deniz K, Yasa Y (2015) Odonto-
genic tumors: a collaborative study of 218 cases diagnosed over
12 years and comprehensive review of the literature. Med Oral
Patol Oral Cir Bucal 20(1):e34

Lu Y, Xuan M, Takata T, Wang C, He Z, Zhou Z, Mock D, Nikai
H (1998) Odontogenic tumors: a demographic study of 759 cases
in a Chinese population. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 86(6):707-714

Siriwardena BS, Crane H, O’ Neill N, Abdelkarim R, Brierley
DJ, Franklin CD, Farthing PM, Speight PM, Hunter KD (2019)
Odontogenic tumors and lesions treated in a single specialist oral
and maxillofacial pathology unit in the United Kingdom in 1992—
2016. Oral Surg Oral Med Oral Radiol 127(2):151-166

Ismail S, Lynn SC (2018) A clinicopathologic study of 173 odon-
togenic tumours in Northern Peninsular Malaysia (2007-2014).
Malays J Pathol 40(2):129-135

Mamabolo M, Noffke C, Raubenheimer E (2011) Odontogenic
tumours manifesting in the first two decades of life in a rural
African population sample: a 26 year retrospective analysis. Den-
tomaxillofac Radiol 40(6):331-337

Siriwardena BS, Tennakoon TM, Tilakaratne WM (2012) Relative
frequency of odontogenic tumors in Sri Lanka: analysis of 1677
cases. Pathol Res Pract 208(4):225-230

Servato JP, De Souza PE, Horta MC, Ribeiro DC, de Aguiar
MC, De Faria PR, Cardoso SV, Loyola AM (2012) Odontogenic
tumours in children and adolescents: a collaborative study of 431
cases. Int J Oral Maxillofac Surg 41(6):768-773

Gupta B, Ponniah I (2010) The pattern of odontogenic tumors
in a government teaching hospital in the southern Indian state of
Tamil Nadu. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
110(1):e32-e39

Reichart P, Sciubba JJ, Philipsen HP (2018) Splitters or lumpers:
the 2017 WHO Classification of Head and Neck Tumours. J Am
Dent Assoc 149(7):567-571

Martinez Martinez M, Mosqueda-Taylor A, Carlos R, Delgado-
Azaiiero W, De Almeida OP (2014) Malignant odontogenic
tumors: a multicentric Latin American study of 25 cases. Oral
Dis 20(4):380-385

Kebede B, Tare D, Bogale B, Alemseged F (2017) Odontogenic
tumors in Ethiopia: eight years retrospective study. BMC Oral
Health 17(1):1-7

Lawal AO, Soyele OO, Akinyamoju AO (2015) A retrospective
study of 21 cases of malignant odontogenic tumours from two
tertiary health centres in Nigeria. Pan Afr med j 20:371-380
Mosqueda-Taylor A, Delgado-Azanero W, Martinez MM, de
Almeida OP, Carlos R (2014) Malignant odontogenic tumors:
a multicentric latin american study of 25 cases. Oral Dis
20(6):280-286

Springer

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Li BB, Gao Y (2009) Ghost cell odontogenic carcinoma trans-
formed from a dentinogenic ghost cell tumor of maxilla after mul-
tiple recurrences. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 107(5):691-695

Guastaldi FP, Faquin WC, Gootkind F, Hashemi S, August M,
Iafrate AJ, Rivera MN, Kaban LB, Jaquinet A, Troulis MJ (2019)
Clear cell odontogenic carcinoma: a rare jaw tumor. A summary of
107 reported cases. Int J Oral Maxillofac Surg 48(11):1405-1410
Park SY, Park J, Jeon J, Kim SM, Myoung H, Lee JH (2017) Ghost
cell odontogenic carcinoma on right mandible and its respective
surgical reconstruction: a case report. J Korean Assoc Oral Maxil-
lofac Surg 43(6):415

Yamazaki M, Maruyama S, Abé T, Babkair H, Fujita H, Takagi
R, Koyama JI, Hayashi T, Cheng J, Saku T (2014) Hybrid amelo-
blastoma and adenomatoid odontogenic tumor: report of a case
and review of hybrid variations in the literature. Oral Surg Oral
Med Oral Radiol 118(1):e12—e18

Siar CH, Ng KH (1994) Aggressive (malignant?) epithelial odon-
togenic ghost cell tumour of the maxilla. JLO 108(3):269-271
Gomes JP, Costa AL, Chone CT, Altemani AM, Altemani JM,
Lima CS (2017) Three-dimensional volumetric analysis of ghost
cell odontogenic carcinoma using 3-D reconstruction software:
a case report. J Oral Med Oral Surg Oral Pathol Oral Radiol
123(5):e170-e175

Ledesma-Montes C, Gorlin RJ, Shear M, Torius FP, Mosqueda
Taylor A, Altini M et al (2008) International collaborative study
on ghost cell odontogenic tumours: calcifying cystic odontogenic
tumour, dentinogenic ghost cell tumour and ghost cell odonto-
genic carcinoma. J Oral Pathol Med 37(5):302-308

Jia MQ, Jia J, Wang L, Zou HX (2019) Ghost cell odontogenic
carcinoma of the jaws: report of two cases and a literature review.
World J Clin Cases 7(3):357

Gallego L, Junquera Gutiérrez LM, Villareal Renedo PM, Fresno
Forcelledo MF (2010) Primary de novo intraosseous carcinoma:
report of a new case. Med Oral Patol Oral Cir Bucal 15(1):e48-51.
https://doi.org/10.4317/medoral.15.e48

Bodner L, Manor E, Shear M, Van der Waal I (2011) Primary
intraosseous squamous cell carcinoma arising in an odontogenic
cyst—a clinicopathologic analysis of 116 reported cases. Oral
Pathol Med 40(10):733-738

Sukegawa S, Matsuzaki H, Katase N, Kanno T, Mandai T,
Takahashi Y, Asaumi JI, Furuki Y (2015) Primary intraosseous
squamous cell carcinoma of the maxilla possibly arising from an
infected residual cyst: a case report. Oncol Lett 9(1):131-135
Marchal A, Gérard E, Curien R, Bourgeois G (2020) Primary
intraosseous carcinoma arising in dentigerous cyst: case report.
IJSCR 76:530-533

Mohanty S, Bansal N, Verma A, Urs AB (2023) Mandibular pri-
mary intraosseous carcinoma arising from long standing odon-
togenic keratocyst. Oral Surg Oral Med Oral Pathol Oral Radiol.
https://doi.org/10.1016/j.0000.2023.07.012

Huang JW, Luo HY, Li Q, Li TJ (2009) Primary intraosseous
squamous cell carcinoma of the jaws: clinicopathologic presenta-
tion and prognostic factors. Arch Path Lab 133(11):1834-1840
de Morais EF, Carlan LM, de Farias Morais HG, Pinheiro JC,
Martins HD, Barboza CA, de Almeida FR (2021) Primary intra-
osseous squamous cell carcinoma involving the jaw bones: a sys-
tematic review and update. Head Neck Pathol 15:608-616
Cariati P, Fernandez AB, de Perceval Tara MP, Solis JF, Lara IM
(2017) Primary intraosseous odontogenic squamous cell carci-
noma of the mandible. J Oral Maxillofac Pathol 21(1):182

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.4317/medoral.15.e48
https://doi.org/10.1016/j.oooo.2023.07.012

	Malignant Recurrence of Benign Odontogenic Tumors (A Single Center Cross-Sectional Study)
	Abstract
	Background 
	Objectives 
	Methodology 
	Results 
	Conclusion 

	Introduction
	Methodology
	Results
	Frequency and Distribution of MOT During the Studied Period
	Frequency of MOT According to Patient Sex
	Frequency of MOT According to Patient Age
	Frequency of MOT According to Site
	Frequency of Recurrent MOT

	Discussion
	Conclusion
	Acknowledgements 
	References




