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Abstract

BACKGROUND

Ameloblastic fibromas and ameloblastic fibrosarcomas are rare odontogenic
tumors, and controversy exists in the classification of cases presenting hard-tissue
production: Ameloblastic fibrodentinoma (AFD) and ameloblastic fibro-odontoma
(AFO). These cases are currently considered “developing odontomas” (hamarto-
matous lesions).

AIM
To analyze the clinicopathologic features of these lesions and discuss the changes
in the 2017 World Health Organization classification.

METHODS

An electronic literature search was performed in the PubMed/MEDLINE
database. An electronic search of the English language literature was performed
and last updated in September 2020 in the PubMed/MEDLINE database using the
following terms: “ameloblastic fibroma”, “ameloblastic fibrodentinoma”,
“ameloblastic fibro-odontoma”, “ameloblastic sarcoma”, “ameloblastic
fibrosarcoma”, “ameloblastic fibrodentinosarcoma”, “ameloblastic fibroodon-
tosarcoma” and “odontogenic carcinosarcoma”. The inclusion criteria were
odontogenic tumor series, case reports and systematic reviews that provided
sufficient clinical, radiological and microscopic documentation to confirm the
diagnosis.

RESULTS
The database search strategy resulted in 947 papers. Articles focusing on other
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topics, articles that were not in English, duplicate articles, and articles without
fulfilling the inclusion criteria were excluded. Finally, 96 publications were
included in this review to describe and discuss the main features of the searched
entities. Several aspects of AFO and AFD, such as biological behavior, age of
occurrence, amount of hard tissue, and potential for malignant transformation
into odontogenic sarcomas, support the neoplastic nature in most of the reported
cases. Considering the clinical, radiographic, histopathological and molecular
characteristics of odontogenic lesions with hard tissue production, we suggest
that these types of lesions should continue to be recognized as odontogenic
tumors by maintaining the classically used terms.

CONCLUSION

This recommendation will be relevant for future clinical, microscopic, and
molecular studies to better understand the biology of these interesting
odontogenic tumors.

Key Words: Ameloblastic fibroma; Ameloblastic fibrosarcoma; Odontogenic carci-
nosarcoma; Odontogenic tumors

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We consider that the recent 2017 World Health Organization classification
does not clarify the subject when considering ameloblastic fibrodentinoma (AFD) and
ameloblastic fibro-odontoma (AFO) as “developing odontomas”. According to the
clinical, radiographical, histopathological and molecular features of the cases reviewed,
we suggest that AFD and AFO should continue to be considered benign neoplasms.
Thus, the nomenclature of these mixed benign odontogenic tumors would be congruent
with the classification of ameloblastic/odontogenic sarcomas. Additionally, further
studies are warranted to compare these interesting odontogenic tumors and finally
better clarify and understand their similarities and differences.

Citation: Sanchez-Romero C, Paes de Almeida O, Bologna-Molina R. Mixed odontogenic
tumors: A review of the clinicopathological and molecular features and changes in the WHO
classification. World J Clin Oncol 2021; 12(12): 1227-1243

URL: https://www.wjgnet.com/2218-4333/full/v12/i12/1227 .htm

DOI: https://dx.doi.org/10.5306/wjco.v12.i112.1227

INTRODUCTION

Ameloblastic fibroma (AF) is a rare, benign odontogenic tumor formed by odontogenic
ectomesenchyme that resembles the dental papilla, has embedded epithelial strands
and nests, and is similar to dental lamina and enamel organs but without the presence
of hard tissues. If the lesion has dentinoid material, it must be denominated as
ameloblastic fibrodentinoma (AFD); when it produces enamel/enamel matrix, it is
known as ameloblastic fibro-odontoma (AFO), independent of the amount of hard
tissue present[1]. In 2005, WHO classified AF and AFD together, making no
distinctions regarding epidemiological and clinical features. Microscopically, the only
difference between AF and AFD is the presence of dentinoid in the latter. AFO affects
younger patients and has shown a better prognosis than AF/AFD[1]. However, the
WHO classification of 2017 states that AF rarely produces dental hard tissues and
cases formerly considered AFD/AFO rather represent developing odontomas|[2].

This group of mixed odontogenic tumors (AF and related-lesions) histologically
resembles different tooth formation stages, particularly when dentin and enamel are
produced, sharing similar morphologic features with the so-called “developing
odontoma”, which is considered a tumor-like malformation or hamartoma by WHO.
Nevertheless, unlike odontomas, these mixed tumors present characteristics that
support the concept of a true neoplasm, such as biological behavior, age of occurrence,
and well-documented cases of malignant transformation into odontogenic sarcomas,
namely, ameloblastic fibrosarcoma (AFS), ameloblastic fibrodentinosarcoma (AFDS)
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and ameloblastic fibro-odontosarcoma (AFOS). Moreover, the recent publication of a
few reports of odontogenic carcinosarcomas led to its inclusion as a specific tumor by
WHO in 2017[2-4].

This review is based on the WHO classification of 2005, because most of the
literature is based on this nomenclature, and it was performed to analyze the
clinicopathologic features of these lesions to discuss the changes in the 2017 WHO
classification.

MATERIALS AND METHODS

An electronic search of the English language literature was performed and last
updated in September 2020 in the PubMed/MEDLINE database using the following

”oou ”oou

terms: “ameloblastic fibroma”, “ameloblastic fibrodentinoma”, “ameloblastic fibro-
odontoma”, “ameloblastic sarcoma”, “ameloblastic fibrosarcoma”, “ameloblastic
fibrodentinosarcoma”, “ameloblastic fibroodontosarcoma” and “odontogenic
carcinosarcoma”.

Previous cases that did not use the current terminology for these tumors, recently
identified as AF, AFD, AFO, AFS, AFDS or AFOS, were also found and evaluated for
possible inclusion.

The inclusion criteria were odontogenic tumor series, case reports and systematic
reviews including AF, AFD, AFO, AFS, AFDS or AFOS, which provided sufficient
clinical, radiological and microscopic documentation to confirm the diagnosis. Reports
without this information were excluded.

RESULTS

The database search strategy resulted in 947 papers. Articles focusing on other topics,
articles that were not in English, duplicate articles, and articles without fulfilling the
inclusion criteria were excluded. Finally, 96 publications were included in this review
to describe and discuss the main features of the searched entities.

AF

Clinical characteristics: This uncommon benign mixed odontogenic tumor occurs
preferentially in children and young adults, with a mean age of 14.9 years, ranging
from 7 wk to 57 years. Only 20% of the cases are diagnosed in patients older than 20
years. Considering all odontogenic tumors, AF represents only 0.6% to 3.1% of these
neoplasms. Most of the cases affect the mandible, with a slight predilection for male
patients, with a male/female ratio of 1.4:1. The size of AF when diagnosed varies from
0.7 to 16 cm (mean of 4.05 cm)[5].

Most cases present as painless jaw swelling or are discovered during routine
radiographical examination due to delayed tooth eruption, eventually causing cortical
expansion and facial asymmetry. Approximately 80% of AF involves the posterior
region of the mandible but has also been found on the posterior maxilla and rarely in
the anterior region of the jaws|[5,6].

Radiographic features: Radiographically, AF presents as a well-defined, unilocular
(56%) or multilocular (44 %) radiolucent lesion, with regular and well-defined margins,
typically sclerotic (94%). Tumors measuring less than 5 cm usually tend to be
unilocular. Approximately 80% of cases are associated with a single or several
unerupted teeth, usually of permanent dentition. Root resorption and cortical
perforation are uncommon and described in 8.1% and 5.2% of cases, respectively[5,6].

Histopathology: Microscopically, AF is a mixed tumor with variable amounts of
epithelial and ectomesenchymal components in different areas of the same lesion. The
ectomesenchyme resembles the embryonic dental papilla, comprising a myxoid cell-
rich stroma involving odontogenic epithelial elements that may present different
patterns: epithelial strands, comprising a double layer of cuboidal cells (Figure 1A);
cords with tooth bud-like projections of cuboidal cells (Figure 1B); epithelial follicles
comprising a layer of peripheral tall columnar ameloblast-like cells and a central area,
displaying more loosely arranged stellate/spindle-shaped cells, similar to the stellate
reticulum of the enamel organ (Figure 1C); clefts of mesenchymal tissue surrounding
follicular epithelial proliferation can be present (Figure 1D); and smaller epithelial
rosette-like islands that resemble remnants of dental lamina may be observed
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Figure 1 Diverse aspects of the odontogenic epithelium in ameloblastic fibromas within the cell-rich myxoid stroma. A: Epithelial strands,
comprising a double layer of cuboidal cells (HE, 20x); B: Epithelial proliferation with primitive appearance that resembles tooth bud-like structures (HE, 20x); C:
Epithelial component with a follicular pattern comprising columnar cells at the periphery of the nests with central stellate reticulum-like cells (HE, 10x); D: Clefts of
mesenchymal tissue surrounding follicular epithelial proliferations (HE, 20x); E: Mild hyalinization surrounding the basal layer of the epithelial nest (left). Smaller
epithelial rosette-like islands resemble remnants of dental lamina (right) (HE, 40%); F: A very low rate of proliferation in both mesenchymal and epithelial components,
showing the benign behavior of ameloblastic fibromas (IHC for Ki-67, 20x).

JBaishideng®

(Figure 1E). Mitotic figures in either the epithelium or mesenchyme are uncommon, a
finding consistent with the benign nature of the tumor. According to the 2005 WHO
classification, no hard tissues, such as enamel or dentin, are present[1]. In the 2017
classification, AF rarely presented dental hard tissue formation that eventually
reached an exceptional size[2]. According to the histopathological criteria of 2005, 280
cases of AF were identified in the literature. The proliferation rate is low, with a Ki-67
Labeling index generally lower than 3% (Figure 1F)[5-7].

Treatment and prognosis: Most reported AFs were treated conservatively by
enucleation and curettage. Radical surgery is used in more extensive tumors or
recurrent lesions. Recurrence was reported in 16.3% of cases, and malignant
transformation into AFS was cited in 6.4%. Recurrence seems to be more common in
younger patients and malignant transformation more common in older patients[5].

AFD

Clinical characteristics: AFD is a rare benign odontogenic tumor with histopatho-
logical features of AF and the formation of dysplastic dentin. The WHO classification
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of 2005 describes AF and AFD together, without further considerations of the latter,
beyond the presence of dentin/dentinoid. No strong evidence of differences in the
biological behavior of AF and AFD is available[1,8]. However, the 2017 WHO classi-
fication of tumors cited that lesions referred to as AFDs are more likely “developing
odontomas”, and the editors suggest that they are no longer being considered mixed
odontogenic tumors, as in the previous classification[2].

AFD is rare, corresponding to less than 1% of all odontogenic tumors in most
reported series. It usually presents as asymptomatic swelling, more frequently at the
posterior mandible (mandible/maxilla ratio of 2.4:1), often associated with a
permanent unerupted tooth. When a deciduous tooth is involved, the lesions are
generally located in the incisor area. From the 45 cases reviewed, we found a slight
male predilection, corresponding to 59.5% of cases, usually in the first and second
decades of life; however, 17 of 45 (37.7%) cases occurred in the third decade and
beyond. The mean age was 17.8 years, with an age range of 1 to 63 years (Table 1).

Radiographic features: Radiographically, AFD presents as a well-defined radi-
olucency with varying degrees of radiopacity, depending on the amount of calcified
dentinoid. In 2012, Giraddi and Garg[9] reported a large and aggressive AFD with
irregular borders, with considerable expansion and perforation of the cortical bone;
however, the possibility of eventual foci of malignant transformation to AFDS should
be considered in this case.

Histopathology: Microscopically, AFD is formed by odontogenic epithelium and
ectomesenchyme arranged in an indistinguishable pattern from AF, in addition to the
presence of dentinoid (Figure 2A, B). The epithelial cords and islands resemble the
dental lamina and enamel organ, lying in myxoid cell-rich ectomesenchymal tissue
with stellate-shaped fibroblasts resembling dental papilla. The amount of dentinoid
material is variable, but minimal evidence is sufficient for the diagnosis to be accepted
[1]. We found only 45 cases of AFD in the English literature according to these charac-
teristics. Similar to AF, the Ki-67 index in AFD is low in both epithelial and
mesenchymal components[8].

Treatment and prognosis: The treatment of choice is surgical, with enucleation of the
lesion and unerupted tooth involvement. Recurrence is uncommon (9%) and likely a
consequence of incomplete surgical removal. Radical surgery has been used in
aggressive, atypical or recurrent lesions[9]. AFD rarely progresses into ameloblastic
fibrodentinosarcoma, in which only the mesenchymal component shows malignant
transformation. Only 4 cases of AFDS with a preexisting benign lesion have been
described in the English literature (Table 2).

AFO

Clinical characteristics: AFO is a slow-growing, expansive, benign mixed odontogenic
tumor that is histologically similar to AFD but also contains enameloid material in
variable amounts[1]. Similar to AFD, the term AFO was excluded from the latest WHO
classification, in which lesions with these characteristics are considered developing
odontomas[?].

According to the literature, AFO occurs mainly in children, with a mean age of 9.6
years. It has a male predilection, with a ratio of 1.85:1 and an average size of 3.3 cm,
ranging from 0.8 to 14 cm. More than 80% of cases affect the posterior portion of the
mandible, eventually causing facial asymmetry[10,11]. To our knowledge, 222 cases
have been reported in the English literature, among which 211 were reviewed by
Chrcanovic ef al[5] and 11 additional cases were published later[12-22], including one
peripheral case[23]. One case was associated with paresthesia of the chin and lower lip
in a 12-year-old girl[22].

Radiographic features: AFO usually appears as a well-defined unilocular mixed
radiolucent-radiopaque lesion, frequently in close association with the crown of an
unerupted tooth. It commonly causes painless cortical expansion but no perforation
[10,11].

We reviewed the literature and found 82 cases with optimal radiographic
documentation, among which 22 (26.8%) presented radiographically as a single large
opaque mass similar to odontoma and 11 (13.4%) presented several foci of opacities;
however, most cases were poor in hard tissues, with 43 cases presenting few opacities
(52.4%) and 6 cases appearing as radiolucent lesions (7.3%).

Histopathology: Similar to AF, AFO comprises odontogenic epithelium and ectomes-
enchyme, but it also contains hard dental tissues in variable amounts and degrees of
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Table 1 Reported 45 cases of ameloblastic fibrodentinoma found in the English language literature

Case Ref. Year Sex/age Location
1 Straith[42] 1936 F/30 Posterior mandible
2 Field and Ackerman[43] 1942 NA/9 Posterior mandible
8 Stafne[44] 1943 F/25 Posterior mandible
4 Stafne[44] 1943 NA/23 Posterior mandible
5 Stafne[45] 1946 NA NA
6 Thoma and Goldman[46] 1946 M/6 Maxillary sinus area
7 Ingham[47] 1952 F/19 Posterior mandible
8 Sirsat[48] 1952 M/36 Maxillary sinus area
9 Husted and Pindborg[49] 1953 M/4 Anterior maxilla
10 Husted and Pindborg[49] 1953 F/63 Posterior mandible
11 Hitchin and White[50] 1955 M/4 Anterior mandible
12 Pindborg[51] 1955 M/20 Posterior mandible
13 Gorlin et al[52] 1961 F/4 Anterior maxilla
14 Gorlin ef al[52] 1961 F/13 Posterior mandible
15 Gorlin et al[52] 1961 M/8 Posterior mandible
16 Azaz et al[53] 1967 M/4.5 Anterior mandible
17 Manning and Browne[54] 1970 F/55 Posterior mandible
18 Hoggins and Browne[55] 1976 M/24 Posterior mandible
19 Gulmen et al[56] 1976 M/30 Anterior mandible
20 Godjesk et al[57] 1980 M/3.5 Anterior mandible
21 Rennie and Critchlow[58] 1981 M/7 Posterior maxilla
22 van Wyk and van der Vyver[59] 1983 M/8 Posterior mandible
23 Villafafie et al[60] 1986 F/22 Posterior maxilla
24 Lukinmaa et al[61] 1897 M/11 Posterior mandible
25 Anker and Radden[62] 1989 F/24 Posterior mandible
26 Ulmansky et al[63] 1994 M/60 Posterior maxilla
27 Ulmansky et al[63] 1994 M/8 Posterior maxilla
28 Cassidy et al[64] 1987 M/12 Posterior maxilla
29 Akal et al[65] 1997 M/9 Posterior mandible
30 Akal et al[65] 1997 M/22 Mandible
31 Takeda et al[66] 2000 M/21 Mandibular retromolar area
32 Karasu et al[67] 2004 F/21 NA
33 Bhargava et al[68] 2011 M/51 Anterior maxilla
34 Giraddi and Garg[9] 2012 F/17 Mandible
35 Bologna-Molina et al[8] 2013 F/15 Mandible
36 Sankireddy et al[69] 2013 M/14 Anterior maxilla
37 Salehinejad et al[70] 2013 F/13 Anterior mandible
38 Ikeda et al[71] 2014 F/8 Posterior mandible
39 Lee et al[72]" 2014 F/4 Anterior mandible
40 Unsal et al[73] 2014 M/11 Anterior mandible
41 Joseph et al[74] 2015 M/12 Anterior Maxilla
WJCO | https://www.wjgnet.com 1232 December 24,2021 | Volume12 | Issuel2 |
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42 Costa et al[75] 2015 F/12 Posterior mandible
43 Bhargava ef al[76] 2016 M/1 Anterior mandible
44 Bavle et al[77] 2017 F/14 Posterior mandible
45 Sabu et al[78] 2018 M/20 Mandible (left body to right parasymphysis)

1 Associated with calcifying cystic odontogenic tumor, only dentinoid production.
F: Female; M: Male; NA: Not available.

Table 2 Main data of 21 cases reported of ameloblastic fibrodentinosarcoma/ameloblastic fibro-odontosarcoma in the literature

. Mineralized . .
Case Ref. Sex/age  Location . Preexisting tumor Progression
tissues

1 Villa[79] F/20 yr Posterior Enamel Yes (NA) Recurrence
mandible

2 Forman and Garret[80] M/17 yr Posterior Dentin and enamel No No recurrence
mandible

3 Altini and Smith[81] M/27 yr Mandible Dentin No NA

4 Takeda et al[32] M/19 yr Maxilla Dentin AF Recurrence and death

5 Howell and Burkes[31] F/18 yr Posterior Dentin and enamel AFO Recurrence, metastasis and death
mandible

6 Howell and Burkes[31] M/36 yr Posterior Dentin AFO Recurrence
mandible

7 Altini et al[41] M/25yr Mandible Dentin No No recurrence

8 Takeda et al[33] M/23 yr Mandible Dentin and enamel No Recurrence and death

9 Corominas-Villafafie etal ~ M/12 yr Mandible NA AF No recurrence

[52]

10 Herzog et al[83]" F/14 yr Mandible NA AFO NA

11 Bregni et al[25] M/32yr Mandible Dentin No NA

12 Muller et a[84] M/83 yr Mandible Dentin and enamel AFO Recurrence

13 Zabolinejad et al[35] M/4 mo Maxillary sinus Dentin No No recurrence

14 Mainenti et al[34] F/12yr Mandible Dentin and enamel AFO No recurrence

15 Wang et al[30] F/45yr Posterior Dentin and enamel No No recurrence
mandible

16 Reiser et al[85] F/6yr Mandible Dentin and enamel No No recurrence

17 Khan et al[86] F/17 yr Mandible NA No NA

18 Gatz et al et al[87] F/14 yr Maxilla Dentin AFO Recurrence

19 Chen et al[88] M/4 yr Mandible Dentin and enamel No No recurrence

20 Niu et al[89] F/31yr Mandible Dentin and enamel No No recurrence at 3 months, lost

follow-up
21 Atarbashi-Moghadam et al F/32yr Mandible Dentin No Recurrence and metastasis

[90]

1Article in German, abstract in English.
F: Female; M: Male; AF: Ameloblastic fibroma; AFO: Ameloblastic fibro-odontoma; AFDS: Ameloblastic fibrodentinosarcoma; AFOS: Ameloblastic
fibroodontosarcoma; NA: Not available.

maturation, such as enameloid and dentinoid (Figure 2C-F). Frequently, Ki-67 is lower
than 1% in epithelial and mesenchymal cells[1,24].

Treatment and prognosis: The treatment of choice is conservative surgery through
enucleation and curettage, with removal of the unerupted tooth. Recurrence is
uncommon, and malignant transformation is very rare, with only 6 cases reported to
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Figure 2 Mineralized tissue formation in ameloblastic fibrodentinoma and ameloblastic fibro-odontoma. A, B: Dentinoid induction by epithelial
cells in ameloblastic fibrodentinoma; note the presence of tubules in (A) (HE, 20%); C: Prominent proliferation of soft tissue similar to ameloblastic fibromas and focal
areas of dentinoid and enamel matrix production in close relationship with the epithelial component in ameloblastic fibro-odontoma (HE, 2.5%; inset 20x); D:
Structures similar to tubules are observed in the dentinoid (arrowhead), which can be associated with odontogenic epithelium or ectomesenchymal tissue, while
enamel matrix (arrow) associated with columnar odontogenic appears more basophilic, with different patterns of deposition that can resemble prisms or globules (HE,
20x); E: Calcificated material, compatible with enameloid, in direct relationship with epithelial cells of the stellate reticulum-like area (HE, 20x); F: Details of the
columnar ameloblast-like cells with reverse polarization producing enamel matrix in which the “fish scale” pattern is visible. Flattened cells between the columnar cells
and stellate reticulum-like area resemble the stratum intermedium of the tooth germ, which is believed to assist the ameloblast in producing enamel during

odontogenesis (HE, 40x).

JBaishideng®

date[5,10].

AFS

Clinical characteristics: AFS is a very rare malignant odontogenic tumor, considered
the malignant counterpart of AF, in which the ectomesenchymal component shows
features of sarcoma, while the odontogenic epithelium remains bland[1]. To date, up to
100 cases of AFS have been reported in the English language literature. The mean age
of the affected patients was 28 years (range: 3 to 89 years), with a slight predilection for
male patients (male-to-female ratio: 1.6:1). AFS is more frequent in the mandible, and
up to one-third of the cases have been derived from previously documented AF.
Patients with AFS originating from AF have a mean age of 33 years, and those with de
novo AFS (previous AF not demonstrated) are one decade younger. AFS usually
appears as painful swelling, and paraesthesia may be present[5,25,26].
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Radiographic features: As with most malignant intraosseous tumors, AFS presents as
expansive ill-defined unilocular or multilocular radiolucency with bone destruction
areas, perforation of cortical areas, irregular margins and occasional root resorption. It
can be associated with unerupted teeth and eventually cause diffuse expansion and
thinning of the cortex[2,27].

Histopathology: Histologically, AFS is similar to AF; however, the ectomesenchyme is
hypercellular and malignant, while the epithelial component tends to decrease and
virtually disappears in recurrent tumors (Figure 3A-C)[1,28]. Epithelial nests and cords
remain inactive, presenting an immunohistochemical profile similar to AF and
positivity for AE1/AE3[15-17] (Figure 3E). Proliferation-related markers such as Ki-67
and p53 can help distinguish AF and AFS, because they are virtually negative in the
mesenchymal component and epithelium of AF and positive in a variable percentage
in the malignant cells of AFS (Figure 3F).

Treatment and prognosis: Because AFS is locally very aggressive, with a high
tendency to relapse, treatment includes wide surgical removal and long-term follow-
up. Adjuvant radiotherapy has been used in some cases with favorable results[29],
while the usefulness of chemotherapy has not been confirmed[26]. Recurrence occurs
in approximately 20% and metastasis in only 4.5% of cases, but the mortality after 5
years of treatment is relatively high, estimated in 25.4% of cases[1,25,27].

Ameloblastic fibrodentinosarcoma/ameloblastic fibro-odontosarcoma
In the 2005 and 2017 WHO classifications of tumors, AFDS/AFOS are described
together as tumors with histological features of AFS presenting dentinoid

(fibrodentinosarcoma) or dentinoid and enameloid (fibro-odontosarcoma) (Figure 3D)
[1,2].

Clinical and histopathological features: Clinically, AFDS/AFOS present as painful
swelling of the jaws, with only 21 cases reported in the literature, as summarized in
Table 2[9,30]. From these cases, 10 described enameloid formation, corresponding to
AFOS. The age range of the reported cases was from 4 mo to 83 years, with a peak in
the third decade. Approximately 40% of the cases recurred, two developed metastasis,
and three patients died because of aggressive local invasion[31-33].
Immunohistochemically, AFDS/AFOS are similar to AFS, with odontogenic
epithelium positive for AE1/AE3, facilitating the localization of epithelial nests in
cases of mesenchymal predominance, excluding the diagnosis of other sarcomas. As
discussed previously, proliferation markers such as Ki-67 and p53 confirm the aggress-

iveness of the lesion, helping to differentiate it from its respective benign counterpart
[30,34,35].

Radiographic features: Radiographically, they appear as a uni- or multilocular
radiolucency with variable dense opacities associated with impacted teeth. Irregular
borders, expansion and perforation of the cortex are common, indicating a malignant
tumor[34].

Treatment and prognosis: Treatment is based on wide local surgical excision, and
long-term follow-up is advised[30]. We found 21 cases of AFDS/AFOS in the English
language literature, 8 of which (38%) recurred, 2 developed distant metastasis, and 3
cases (15%) caused death.

Molecular characterization of mixed odontogenic tumors

To date, few studies have investigated the genetic/molecular profiling of mixed
odontogenic tumors. Molecular testing (polymerase chain reaction followed by direct
sequencing and next-generation sequencing) has revealed that 33% to 100% of benign
mixed odontogenic tumors (AF, AFD, and AFO) and 71% of AFS harbor BRAF p.
V600E mutation in their mesenchymal component (and rare cases in both
components), unlike odontomas, which are BRAF wild-type. This finding suggests
that a subset of AF, AFD and AFO differs molecularly from odontomas, likely
supporting the distinct nature of these entities (neoplastic vs hamartomatous). The
BRAF p.V600E mutation is involved in the pathogenesis of several tumors, including
ameloblastoma, playing a role as a downstream activator of the MAPK signaling
pathway, which regulates several cell processes, such as proliferation, survival and
apoptosis[36-38].Confirming these findings, immunohistochemical reactions against
BRAFV600E exhibited specific staining only in the stromal component, supporting the
role of this mutation as a driver of the malignant stromal component[38]. Although the
BRAF p.V600E mutation seems to be present in most AFSs in the study of Agaimy et al
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Figure 3 Histopathological aspects of ameloblastic fibromas and ameloblastic fibro-odontosarcoma. Marked pleomorphism and atypia in
mesenchymal cells (HE, 20x) (A-C). A: Several mitotic figures, nuclear hyperchromatism and multinucleated and aberrant cells are seen in a highly pleomorphic
sarcomatous component of ameloblastic fibromas, while epithelial islands remain benign; B: A follicular benign epithelial island is surrounded by hypercellularized
sarcomatous proliferation; C: Malignant mesenchymal tissue resembling a storiform pattern and haphazard disposition of sarcomatous cells around an epithelial
branching cord; D: Production of enamel matrix (arrowhead) and dentinoid (arrow) as well as malignant mesenchymal tissue (left side) are components of this
ameloblastic fibro-odontosarcoma (A-D: HE, 20x); E: Cytokeratins can help to localize odontogenic epithelial cells within dominant sarcomatous proliferation (IHC for
AE1/AE3, 20x); F: Most mesenchymal malignant cells show nuclear positivity for p53 antigen (IHC for p53, 20x).

[38], the NRAS p.GIn61Lys mutation was also detected in one AFS case, and another
case was wild type.

DISCUSSION

AF, AFD and AFO present similar clinical, radiographic and microscopic features and
were accepted as different entities until the 2017 WHO classification, which considers
these entities as representing diverse stages of maturation of a developing odontoma,
as suggested by Cahn and Blum in the past[39]. In summary, we suggest that the
lesions referred to as AFD and AFO are more likely “developing odontomas” and are
no longer considered mixed odontogenic tumors, as in the previous classifications of
odontogenic tumors.

We consider that the WHO classification of these tumors in 2017 is unclear because
it states that it is not possible to differentiate histologically between AF (true
neoplasms) and early-stage odontomas before they differentiate and mature; therefore,
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the existence of both lesions is accepted. However, no evidence has shown that AF
matures to odontoma. If maturation of AF occurred, it would be expected that AF
(immature lesion) would be diagnosed at an earlier age than AFO (mature lesion).
However, an opposite trend has occurred: as the mean age of diagnosis of AFO is 9.6
years and that of AF is 14.9 years. However, because several AFOs have been reported
in children in areas of odontogenesis, some cases might represent odontomas.
Nevertheless, some cases of AFD/AFO arise in age groups that are not consistent with
a hamartoma: from the 45 reviewed cases of AFD, 17 cases (37.7%) were aged > 20
years, and 7 cases (15.5%) were aged 2> 30 years, 4 of which were in the sixth and
seventh decades of life.

The terms AFD and AFO were practically discarded from the latest WHO tumor
classification, considering that once hard tissues are produced, these tumors are more
likely to form odontomas[2,40]. Nevertheless, in this WHO classification, AFD and
AFO might conceptually be neoplastic when reaching an exceptionally large size but
without establishing a measure for this statement[2].

To avoid concepts that may be confusing and that are not appropriately supported
by scientific evidence, we suggest not using the term developing odontomas and
simply continuing to use odontomas if the clinical, radiographical and microscopic
characteristics support this well-established diagnosis. Cases of a typical odontoma
associated with AF could be termed AF associated with odontoma because odontomas
can eventually be associated with other odontogenic tumors.

We accept that some cases are difficult to classify as AFO or odontoma because of
the large amounts of hard dental tissues and because some cases of odontoma have
been diagnosed as AFO. However, a cut off could be considered based on the
proportion of hard and epithelial-ectomesenchymal tissues, as well as clinical (size,
location, age, and clinical behavior) and radiographic features.

No evidence exists that all AF/AFD/AFO are “developing odontomas” because
each of these tumors has its own clinicopathological features. AF is a well-recognized
entity, and it should also be emphasized that no evidence is available that AF matures
and forms small or large amounts of hard dental tissues, even in cases of recurrence.

AFD has no potential to produce enamel/enameloid; therefore, it cannot mature to
an odontoma. However, some AFOs can produce large amounts of hard dental tissues
and may mimic radiographically and microscopically odontomas; nevertheless, most
AFOs present relatively few calcified areas. We reviewed 82 cases in the English
literature with adequate radiographic documentation, most of which had small
amounts of hard tissues: 59.8% presented few opacities or radiolucent images, 13.4%
showed a higher number of scattered opacities, and only 26.8% presented a single
opaque mass similar to odontoma. Even considering these cases rich and poor in
calcified dental tissues diagnosed as AFO, evidence exists that cases poor in dental
calcified structures evolve to those that mimic odontomas.

Recent molecular studies have shown genetic differences (principally, BRAFV600E
mutation) between odontoma (BRAF wild type) and a subset of AF, AFD, AFO and
most AFS, supporting that these lesions may represent distinct entities with a
neoplastic nature[36-38].

In summary, we propose to continue to use the classical terms AFD and AFO
because it is part of the 2017 WHO classification for malignant counterparts. This
recommendation can be relevant for future clinical, microscopic and molecular studies
to better clarify the subject and better understand the biology of these interesting
odontogenic tumors.

Several aspects support the neoplastic nature of AF, AFD and AFO, such as their
biological behavior, significant frequency of BRAF mutation, age of occurrence,
amount of hard tissue and potential for malignant transformation into odontogenic
sarcomas with or without the production of dental hard tissues. Among the 18 cases of
AFDS/ AFOS reported in the literature, 6 were related to a preexisting AFO, and this
malignant transformation would not be expected in a hamartomatous lesion as a
developing odontoma. The 2017 WHO classification accepts AFS, AFDS and AFOS as
entities, and they can be de novo or derived from AF. This inconsistency in the
nomenclature between benign and malignant corresponding tumors probably
occurred because the topics of “odontogenic sarcomas” and “ameloblastic fibroma”
were written by different authors in the 2017 WHO classification.

Odontogenic carcinosarcoma was added to the 2017 WHO classification based on 6
case reports, considering that it may arise de novo or can be derived from previous AF
or AFS. However, we also found in the literature that, in two cases, ameloblastoma
and malignant ameloblastoma were reported as the preceding tumors (Table 3). In
contrast to AFS, in which metastasis is rare, 33% (3 cases) of odontogenic/ameloblastic
carcinosarcomas presented biphasic metastasis (epithelial and sarcomatous
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Table 3 Main data of 9 cases reported of ameloblastic/odontogenic carcinosarcoma in the literature

Case Ref. Sex/age Location Preexisting tumor Progression

1 Tanaka et al[91] M/63 Maxilla Malignant ameloblastoma Recurrence, metastasis and death

2 Slama et al[92]" F/26 Mandible  AF Metastasis and death

3 Kunkel et al[3] M/52 Mandible  No Recurrence, metastasis and death

4 DeLair et al[93] F/19 Mandible  AF No recurrence

5 Chikosi et al[94] F/9 Mandible  Ameloblastoma Recurrence and death

6 Kim et al[4] M/61 Mandible  No No recurrence

7 Dos Santos et al[95] M/42 Maxilla No Unknown

8 Soares et al[96] M/22 Mandible  No No recurrence

9 Soares et al[96] F/19 Mandible ~ Rhabdomyosarcoma (parotid region)* Post-surgical systemic infection and death

1 Article in French, abstract in English.
“Thirteen years before, treated with surgical resection followed by radiotherapy.
M: Male; F: Female; AF: Ameloblastic fibroma.

components), and 5 of 9 cases resulted in death[3]. Thus, this entity was recently
recognized at the present WHO classification. Inmunohistochemically, positivity for
p53 and a Ki-67 index > 45% in both carcinomatous and sarcomatous components can
be useful to confirm the diagnosis[2].

It is reasonable to consider that basic benign and malignant neoplasms are AF and
AFS and that the presence of small amounts of dental hard tissues does not
significantly alter the biological characteristics and clinical behaviors of these entities
[1,13]. Although not clearly established, the presence and higher amount of hard
tissues may indicate less aggressiveness and possibly lower potential of malignant
transformation. In this context, AFO should have a better prognosis than AF/AFD,
with a lesser tendency for malignant transformation. AFDS/AFOS seem to have a
similar rate of recurrence as AF; however, the metastasis and mortality indexes seem
to be higher in AFSs. Additionally, the number of cases of AFD/AFO and AFDS/
AFOS reported is very small, making comparisons of these tumors with AF/AFS
difficult.

Reports of AFSs have been present for several years, possibly as AF/ AFO/AFD that
have suddenly followed an aggressive course before being treated, indicating a
possible malignant transformation[25,41].

CONCLUSION

In summary, we reviewed the principal clinical, histopathological and molecular
characteristics of AF, AFD and AFO and their malignant counterparts. Odon-
togenic/ameloblastic carcinosarcoma was cited because, according to reports, it can
arise from preexisting AF. We consider that the recent 2017 WHO classification does
not clarify the subject when considering AFD and AFO as developing odontomas.
According to the clinical, radiographical, histopathological and molecular features of
the cases reviewed, we suggest that AFD and AFO should continue to be considered
benign neoplasms. Thus, the nomenclature of these mixed benign odontogenic tumors
would be congruent with the classification of ameloblastic/odontogenic sarcomas.
Additionally, further studies are warranted to compare these interesting odontogenic
tumors and finally better clarify and understand their similarities and differences.

ARTICLE HIGHLIGHTS

Research background

Ameloblastic fibromas and ameloblastic fibrosarcomas are rare odontogenic tumors,
and controversy exists in the classification of cases presenting hard-tissue production:
Ameloblastic fibrodentinoma (AFD) and ameloblastic fibro-odontoma (AFO). These
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cases are currently considered “developing odontomas” (hamartomatous lesions).
There is still controversy as to whether they are true hamartomas or neoplasms.

Research motivation

The authors consider that the recent 2017 WHO classification does not clarify the
subject when considering AFD and AFO as “developing odontomas”. According to the
clinical, radiographical, histopathological and molecular features of the cases
reviewed, we suggest that AFD and AFO should continue to be considered benign
neoplasms.

Research objectives
The objective was to analyze the clinicopathologic features of these lesions and discuss
the changes in the 2017 WHO classification.

Research methods

For this systematic review an electronic literature search was performed in the
PubMed/MEDLINE database. An exhaustive search was made of all the existing
information on these mixed odontogenic tumors.

Research results

Several aspects of AFO and AFD, such as biological behavior, age of occurrence,
amount of hard tissue, and potential for malignant transformation into odontogenic
sarcomas, support the neoplastic nature in most of the reported cases.

Research conclusions

Considering the clinical, radiographic, histopathological, and molecular characteristics
of odontogenic lesions with hard tissue production, we suggest that these types of
lesions should continue to be recognized as odontogenic tumors by maintaining the
classically used terms. This recommendation will be relevant for future clinical,
microscopic, and molecular studies to better understand the biology of these
interesting odontogenic tumors. This new information will be relevant for the clinical
conduct to be followed in these tumors.

Research perspectives

Future research should be focused on the comparative molecular study between these
odontogenic neoplasms and odontomas; trying to clarify molecular differences
between neoplasia and hamartoma.
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