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Abstract As our knowledge of disease improves, its
classification continually evolves. The last WHO classifi-
cation of odontogenic tumors was 9 years ago and it is time
for revision. We offer the following critique as a con-
structive, thought provoking challenge to those chosen to
provide contemporary insight into the next WHO classifi-
cation of odontogenic cysts, tumors, and allied conditions.
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The latest WHO classification of odontogenic tumors was
published in Pathology and Genetics. Head and Neck
Tumours in 2005 by IARC Press [1]. Chapter 6 dealt with
Odontogenic Tumors. Our knowledge and understanding
continues to evolve and it is clearly time for a more con-
temporary classification and discussion of odontogenic
tumors. It is not our intention to update our knowledge of
each condition; that will be the charge of the new WHO
authors and some of the invited experts selected to
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contribute to this special edition. Rather, our comments
will be more conceptual and will represent our opinions
and constructive criticism as a guide for improvement. The
current version illustrates the challenge of any classifica-
tion as some tumors contain various combinations of tis-
sues that are incompatible with a classification based on the
normal temporal and spatial development of dental hard
tissues. The primary value of the WHO classification is
now to simply list lesions in a logical order and provide
evidence for the validity of each entity. While it does
provide guidance for management, its diagnostic utility and
value however, are significantly limited by its brevity and
lack of accurate terminology. It is also self-evident that a
WHO classification must be designed to function at an
international level. Some countries have well developed
specialties of head and neck or oral/oral and maxillofacial
pathology while others have almost none. The classifica-
tion will become the reference standard for all so that
changes can only be made when supported by good evi-
dence. It is very difficult to reverse changes made in a
WHO classification, although there is precedence for doing
so because the 2005 edition corrected the inaccurate defi-
nitions of malignant ameloblastoma and ameloblastic car-
cinoma from its previous edition. It is interesting that the
introduction of the keratocystic odontogenic tumor cate-
gory has been largely ignored in Europe and North
America but adopted elsewhere, perhaps reflecting differ-
ent perceptions of the classification as definitive, rather
than being a proposal that is continually under review.
We recommend that the text begin with definitions of
basic terms. As a text on tumors, it would be useful to first
define tumor and to set out the intended scope of the
classification. Dorland’s Medical Dictionary [2] defines
tumor as 1. Swelling, one of the cardinal signs of inflam-
mation, 2. Neoplasm. Stedman’s Medical Dictionary [3]
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defines tumor as 1. Any swelling or tumefaction, 2. Neo-
plasm. While many health care providers use tumor today
synonymously with neoplasm, others do not and usage
varies among different countries. The 1971 WHO classi-
fication included “odontogenic tumours, odontogenic cysts
and allied lesions.” In 1992, the classification was titled
“odontogenic tumours” but still included odontogenic
cysts and allied lesions. In 2005 “odontogenic tumours”
continued and although some “allied lesions” were still
included, unfortunately cysts were eliminated. The WHO
classification must follow the uniform structure and ter-
minology used for all other tumors of various tissues and
organ systems and so the usage of ‘odontogenic tumour’
will continue. However, we feel the term must be used in
its broader context as the classification includes malignant
and benign neoplasms and hamartomas.

Confusion has been introduced by reclassifying odon-
togenic keratocyst as a neoplasm, discussed below, when
other cysts seem equally deserving of inclusion in the
classification, though not as neoplasms. We strongly rec-
ommend including the traditional odontogenic cysts
because there are several entities currently excluded that
should be considered in the histological differential diag-
nosis of “odontogenic tumors”, such as glandular odon-
togenic cyst, botryoid odontogenic cyst, and pure “cystic”
variants of the WHOs “calcifying cystic odontogenic
tumors.” The terms cyst and neoplasm should be defined
and it should be clear, when possible, when a lesion is
regarded as developmental or hamartomatous. Because of
the conceptual overlap of cysts and cystic neoplasms, both
should be discussed, clarified, and classified in the same
work. The previous reclassification of odontogenic kera-
tocyst does make this somewhat difficult, but introduction
of a category of cysts and cystic neoplasms might provide a
suitable structure.

The overall classification is fairly universally accepted;
dividing the tumors into benign vs malignant based on their
biologic properties and clinical behavior and into epithe-
lial, epithelial with ectomesenchyme (mixed), and ecto-
mesenchymal with or without epithelium based on their
histogenetic origin. Since some lesions do not fit readily
into this classification, particularly epithelial tumors with
“dentinoid” but no ectomesenchymal component, alterna-
tive classifications could be considered and there could be
advantages to abandoning the developmental framework
and simply listing the odontogenic tumors.

Malignant Odontogenic Tumors
The WHO convention to list malignant neoplasms first

perhaps places too much emphasis on these rare lesions.
There are a few new entities to consider in this group and
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overall the classification works well; its main failing is over
complexity.

There are currently three types of ameloblastic carci-
noma recognized, divided into a primary type, a secondary
(dedifferentiated) intraosseous type and a secondary
(dedifferentiated) peripheral type. Examples of definite
high grade transformation of ameloblastoma are few,
though clearly the process is possible, but there seems no
reason to subdivide the ameloblastic carcinomas them-
selves as they present similarly and behave similarly. Pri-
mary intraosseous squamous cell carcinoma is also
subdivided into a solid type, and those derived from ker-
atocystic odontogenic tumor or from other odontogenic
cysts. Again, significant reasons for differentiating these on
the basis of origin appear lacking and removing the sub-
categories would considerably simplify the classification.

There is a lack of consensus on criteria for malignancy
in odontogenic tumors. Mitotic activity alone is insuffi-
cient, but frequent apoptosis may be more indicative.
Necrosis and overt invasion at the periphery can be difficult
to find or demonstrate and borderline malignant appear-
ances cause significant problems in diagnosis. In one
review of 20 malignant odontogenic tumors, only 9 were
accepted as truly malignant [4]. The criteria given in the
classification for ameloblastic carcinoma are stringent and
comprehensive, but do not address the difficulty of bor-
derline lesions where a decision on malignancy can often
be facilitated with radiological support.

The classification only allows one odontogenic primary
intraosseous carcinoma, squamous cell carcinoma. This
seems restrictive and other patterns of differentiation are
occasionally seen, though squamous is most frequent. It
would seem simpler to reduce this to one category of pri-
mary intraosseous odontogenic carcinoma. Consideration
could be given to include the sclerosing odontogenic car-
cinoma [5], which may show squamous differentiation, if a
review of published cases provides sufficient evidence for
its status as an entity. The area of overlap with squamous
odontogenic tumor also merits discussion. The squamous
odontogenic tumor is poorly defined in terms of behavior
and some reported cases have shown aggressive permeative
spread that could equally be considered to indicate a well
differentiated squamous carcinoma. A further interesting
development is the reporting of a series of tumors, in part
with clear cells characterized by extensive dentinoid for-
mation. Such an inductive effect is not expected in a tumor
composed of cells without requisite odontogenic differen-
tiation and the appearances reported to date are quite var-
iable. Some have been considered benign, but it seems
increasingly likely that all such lesions are low grade
malignant neoplasms. In this special edition, this entity is
reported as odontogenic carcinoma with dentinoid but there
will need to be clarification of the histologic overlap with
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lesions described as adenoid ameloblastoma with dentinoid
[6, 7] and adenomatoid dentinoma [8], which seem equally
deserving of consideration for inclusion in the
classification.

The clear cell odontogenic carcinoma is a well-estab-
lished entity, but may require some adjustment in the next
classification. The description of EWSR1-ATF1 translo-
cations common to several types of clear cell carcinomas
may not prove to be a defining molecular change, but it
does offer a possible route to subdividing those with a
dominant clear cell phenotype from those with minimal
cytoplasmic clearing, or provide molecular support to the
fact that some clear cell carcinomas appear to develop their
clear cell morphology over a period of time in successive
recurrences.

The definition of ghost cell odontogenic carcinoma in
the current classification highlights a problem with defining
lesions by origin in an equivalent benign precursor. As
malignant neoplasms may well show a different pattern of
differentiation from their benign precursor, this defining
characteristic should be removed.

Those responsible for any forthcoming update of the
classification should also consider whether a simple
division of odontogenic tumors into benign and malignant
is adequate. Odontogenic tumors already include a range
from high grade malignant neoplasms to minor develop-
mental malformations and several lesions are not easily
categorized. Many ameloblastomas show peripheral
medullary bone infiltration and since a very small
minority “metastasize”; are these intermediate malignant
neoplasms? Squamous odontogenic tumor includes
aggressive variants. Are all dentinogenic ghost cell
tumors aggressive and at risk of recurrence merely
because they are solid? The sarcomas and some clear cell
lesions are very low grade. The lead taken by the WHO
bone and soft tissue tumor authors merits consideration.
The lead taken by the WHO Bone and Soft Tissue Tumor
classification since 2002 merits consideration. Benign
tumors are considered first in each category, followed by
those which are intermediate (locally aggressive) and
intermediate (rarely metastasizing) and finally those truly
malignant [9].

Finally, we appeal to readers to publish cases of possible
odontogenic carcinosarcomas that have adequate immu-
nohistochemical or molecular support for the diagnosis.
This tumor has been removed from the classification as
most published cases do not meet current diagnostic cri-
teria for the sarcoma component. However, occasional
cases have been reported with adequate immunohisto-
chemical and/or molecular support [10, 11].

Benign Odontogenic Tumors
Epithelial Tumors

Our criticism of the classification of ameloblastoma is
primarily organizational. The authors designate the con-
ventional neoplasm as solid/multicystic. Most conventional
ameloblastomas show cystic degeneration, either micro-
scoptically or macroscopically, and because of the concept
of unicystic ameloblastoma, we believe the term multicy-
stic adds no value, only confusion. We would recommend
that the term “solid/multicystic” is dropped and that
“ameloblastoma” is used without qualification for the
conventional lesions.

The text states that the conventional ameloblastoma has
“virtually no tendency to metastasize” but also states
“Metastasizing ameloblastoma is an ameloblastoma that
metastasizes in spite of a benign histologic appearance.”
These statements are contradictory. They further state that
ameloblastoma “occurs exclusively in the jaws, rarely in
the sinonasal mucosa.” Since ameloblastomas have been
documented rarely in the buccal mucosa [12] as well as the
sinonasal mucosa [13], they do not occur “exclusively” in
the jaws. We believe that the spectrum of ameloblastoma
shows at least six distinct histological patterns; namely,
follicular, plexiform, granular cell, acanthomatous, basal
cell and desmoplastic. Although the demographic features
of desmoplastic ameloblastoma are distinct from the other
histologic subtypes, the radiographic features are a function
of the desmoplasia, and we do not believe it deserves a
separate category. One of the subtypes of plexiform ame-
loblastoma occurs predominantly in the posterior maxilla
[14] and it is not separated as an entity, sO we see no
purpose to separate desmoplastic ameloblastoma other than
to note its distinctive clinical and radiographic features.
The histologic subtypes have no clinical significance. It is
notable that the odontogenic classification remains very
heavily weighted to histological features rather than always
fully integrating the clinical, radiological, molecular and
behavioral characteristics that define a pathological entity.
The authors state the cystogenic ameloblastoma is synon-
ymous with unicystic ameloblastoma. We believe the term
cystogenic ameloblastoma has no distinctive meaning and
adds only confusion.

Unicystic ameloblastoma remains an area of consider-
able debate and confusion, particularly to clinicians. The
text defines unicystic ameloblastoma using the criteria
proposed in the original article by Robinson and Martinez
[15] in 1977 and subdivides them into luminal and mural.
The text does not acknowledge that subsequent authors
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have recommended that mural invasion should be viewed
as conventional ameloblastoma [16-18]. Li et al. [19] in
2000 reported a recurrence rate of 36 % with mural inva-
sion in unicystic ameloblastomas and a recurrence rate of
less than 10 % with the other subtypes. The current WHO
authors further state that treatment will depend on depth of
invasion. With “limited” mural invasion they recommend
follow-up only, but with “deep extension”, further surgery
should be considered. This seems somewhat arbitrary and
needs to be addressed in the new edition. It should be
emphasized that unicystic ameloblastoma cannot be diag-
nosed definitively on an incisional biopsy.

The adenomatoid odontogenic tumor is an example of
the difficulties of classifying odontogenic tumors by their
developmental histogenetic origin. While the AOT is pri-
marily an epithelial tumor, it does produce “dentinoid”,
clearly not a product of odontogenic epithelium. We agree
with the discussion of the remainder of the epithelial
tumors, with the exception of the keratocystic odontogenic
tumor (KCOT) which will be discussed below.

Mixed Tumors

The most confusing section in the mixed tumor category is
the histological spectrum from ameloblastic fibroma,
through ameloblastic fibro-dentinoma, ameloblastic fibro-
odontoma and ultimately to odontoma, because it includes
both neoplasms and hamartomas, and because the lesions
are currently inadequately defined. The ameloblastic
fibroma appears to be a distinct entity, with a potentially
destructive growth pattern. It is conventionally considered
a neoplasm of both epithelial and connective tissue com-
ponents though the evidence for this appears circumstan-
tial.  Unfortunately AF may be histologically
indistinguishable from early developing odontomas and the
lesions currently accepted as ameloblastic fibro-odontoma.

There is evidence that lesions with histologic features
identical to ameloblastic fibromas mature into odontomas if
untreated [18, 19]. Chau et al. [20] suggested that AF is
neoplastic and distinct from AFO and odontoma based on
periostin reactivity. Buchner and Vered [21] pointed out
that AFs that recur before the age of 22 often recurred as a
more mature lesion such as ameloblastic fibro-dentinoma
or AFO, and those that recurred after the age of 22,
invariably recurred as pure AFs. Accordingly, we and
others question the utility of including ameloblastic fibro-
dentinoma and ameloblastic fibro-odontoma as entities, as
these are not two distinct entities and probably represent
developing odontomas [22, 23].

We would recommend revisiting the concept of odon-
toameloblastoma. We would agree with others that the
majority of odontoameloblastomas reported in the litera-
ture do not meet the strict diagnostic criteria for that
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designation [24]. Although ameloblastomas occurring in
association with both unerupted teeth and odontomas are
well documented, is odontoameloblastoma the most
appropriate designation for this entity? Is odontoamelo-
blastoma a unique entity or did the ameloblastoma simply
arise in the odontoma? We believe that ameloblastomas
can arise from epithelial remnants following odontogenesis
and can also arise from those same remnants in odontomas.
If odontoameloblatoma was an entity, it would begin as an
odontoameloblastoma, evolve as an odontoameloblastoma
and recur as an odontoameloblastoma, just as ameloblastic
fibromas do. There appears to be no evidence for this, and
the name has practical implications for surgeons. If odon-
toameloblastoma is an entity, do surgeons understand that
it behaves exactly as an ameloblastoma? Mosqueda-Taylor
et al. [24] concluded that odontoameloblastomas behave as
ameloblastomas and should be treated as ameloblastomas.
The first person that we are aware of to publically express
the concept of ameloblastoma arising in odontomas is Dr.
Harvey Kessler of the USA and we believe that “amelo-
blastoma arising in an odontoma” is a more accurate and
clearer designation for this lesion but it probably does not
merit a separate category in the classification and odonto-
ameloblastoma should be removed.

There also seems to be merit in adding a specific cate-
gory for the peripheral odontogenic tumors. These have
always been recognized in previous classifications and
noted as less aggressive than their intraosseous counter-
parts. While malignant transformation is possible in
peripheral tumors, it appears very rare. Not recognizing
that peripheral tumors are innocuous can lead to over
treatment. The best example is the inclusion of dentino-
genic ghost cell tumor in the last classification with an
important defining characteristic being its solid nature.
Peripheral calcifying odontogenic cysts had been long
recognized as often being solid but probably hamartoma-
tous nodules of no great significance. We have noted cases
submitted for publication and presented where a diagnosis
of dentinogenic ghost cell tumor has been ascribed incor-
rectly on the basis of their solid structure and feel that the
peripheral tumors need to be described more fully to ensure
that patients are correctly treated.

Ectomesenchymal Tumors

The section on mesodermal/ectomesenchymal tumors was
relatively well done. The section on odontogenic fibroma
(OdF) includes two distinct histologic patterns for this
neoplasm; the epithelium poor or “simple type” and the
epithelium rich or “WHO type”. The simple type is
exceedingly rare and controversial but the epithelium poor
tumors often do not contain epithelium at all. Any epi-
thelium present would be coincidental and would be
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irrelevant to the diagnosis. The WHO definition of OdF is a
rare neoplasm characterized by varying amounts of inac-
tive-looking odontogenic epithelium embedded in a mature
fibrous stroma. The simple type however, contains little if
any epithelium and the stroma is not mature. This defini-
tion comes very close to describing hyperplastic dental
follicles. We recommend consideration of eliminating the
“simple type” and defining the OdF as a neoplasm of
mature fibrous connective tissue with variable amounts of
epithelium with or without evidence of calcifications. This
is another lesion in which the growth pattern and radio-
logical features are important to define it as a neoplasm.

The current classification groups together several enti-
ties within the designation of ossifying fibroma, in our
opinion incorrectly. This reflects the confusing terminology
that has developed in the literature over the last 30 years,
during which period a debate raged about the differences
between bone and cementum that placed too much
emphasis on classification by histological appearances. The
literature suggests that the current group contains three
distinctive entities and the only one that appears odonto-
genic is the conventional ossifying fibroma of the jaws. It is
challenging to arrive at an appropriate name for a neoplasm
that secretes variable amounts and morphologic patterns of
matrix of putative odontogenic origin. Ossifying fibroma,
cementifying fibroma, cemento-ossifying fibroma, ossify-
ing odontogenic fibroma and periodontoma have all been
suggested in the past. Despite the fact that all definitions of
cementum include its anatomic association with tooth
roots, we prefer cemento-ossifying fibroma as the best
name for this entity, because it is a well understood term
and because laboratory evidence indicates that periodontal
ligament stem cells can produce bone or cementum [25]
and that the periodontal ligament and inner lamina dura of
the tooth socket probably arise from odontogenic ecto-
mesenchyme. The term cemento-ossifying fibroma also
emphasizes that this is exclusively a lesion of the tooth
bearing areas of the jaws and avoids confusion with similar
long bone tumor terminology. This type should be included
with odontogenic tumors.

Another entity known in the US as juvenile active
ossifying fibroma and in Europe as psammomatoid ossi-
fying fibroma and other complex names is entirely different
and is not odontogenic, affecting both the extragnathic
craniofacial bones as well as the jaws. The term cementum
or “cementicles” is inappropriate to describe the calcifi-
cations in this lesion, despite the histological appearances.
This lesion is less easily enucleated and has greater growth
potential with likelihood of recurrence, perhaps because of
its less well defined periphery. This condition is well
placed in the section on bone related lesions.

The third member of the group, often termed trabecular
ossifying fibroma, perhaps has a better claim to the

description ‘juvenile’ and needs to be distinguished pri-
marily because of its worrying histological appearances
that can mimic osteosarcoma. However, on the basis of
existing evidence, this variant is also well documented in
extragnathic craniofacial sites, as well as the non-tooth
bearing areas of the jaws and also does not appear to be an
odontogenic tumor.

Both “juvenile” variants should be mentioned in the
new classification because of their relationship with other
ossifying fibromas, if in name only. Some have argued that
juvenile should be dropped because both diagnoses are
rendered on unique histologic features and both lesions can
occur later than adolescence. However, the term juvenile
has been associated with these lesions for at least 30 years,
is well recognized, and both variants do have a strong
predilection for children and teens.

The Cyst/Neoplasm Interface

Odontogenic Keratocyst (OKC)/Keratocystic
Odontogenic Tumor (KCOT)

The 2005 WHO classification was the first to exclude a
classification of the odontogenic cysts, especially since one
of the most controversial features of the classification was
the discussion and distinction of the cyst/neoplasm inter-
face, and the reclassification of lesions originally consid-
ered simple or developmental cysts to lesions that some
authors now consider neoplasms. There is much overlap
and controversy between cysts and tumors, both in
terms of histologic features and clinical presentation
(Figs. 1, 2, 3, 4). Additionally, the pathogenesis of a
number of these entities remains unknown and hotly
debated. Many authors avoid this dilemma by referring to
“tumors” without defining whether they mean “neoplasm”
or use the term cyst loosely, or synonymously with “non-
neoplastic” or “developmental.” This debate would be

Fig. 1 Calcifying odontogenic cyst/calcifying cystic odontogenic
tumor: Cyst or neoplasm?
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Fig. 2 Odontogenic keratocyst/keratocystic odontogenic tumor: Cyst
or neoplasm?

Fig. 3 Unicystic ameloblastoma: Cyst or neoplasm?

improved once again with clear definitions of cyst, neo-
plasm and cystic neoplasm. Four conditions require dis-
cussion; odontogenic keratocyst/keratocystic odontogenic
tumor, calcifying odontogenic cyst/calcifying cystic
odontogenic tumor, glandular odontogenic cyst/mucoepi-
dermoid carcinoma and ameloblastoma/multicystic ame-
loblastoma/unicystic ameloblastoma.

In 2005 the WHO reclassified odontogenic keratocyst
(OKC) as a neoplasm and recommended keratocystic
odontogenic tumor (KCOT) as the appropriate designation.
In justifying the reclassification, the authors stressed
“aggressive” behavior, recurrence, the occasional occur-
rence of a “solid” variant, and mutations in the PTCH
gene. However, the original references on mutations were
all on syndromic patients and the 6 WHO references on
non-syndromic cases included syndromic patients. There
were numerous subsequent papers dealing with PTCH
mutations in syndromic and nonsyndromic OKCs, which
have shown mutations in approximately 85 % of syn-
dromic cases and 30 % of non-syndromic cases [26-32].

@ Springer

Fig. 4 Cutaneous keratocyst in a syndromic patient: Cyst or
neoplasm?

The mutations, however, are not clonal or limited to PTCH.
Mutations of p16, P53, MCC, TSLCI1, LTAS2, and FHIT
have also been reported in OKCs [33-35]. In 1999 the
Karolinska Institute designed and made publically avail-
able a PTCH mutation database. As of June of 2010, there
were 291 different mutations. We personally do not find
sufficient evidence to justify reclassifying OKCs as neo-
plastic. While neoplasms are characterized by genetic
aberrations, there is currently no single genetic alteration
that defines neoplasia. For example, fibrous dysplasia is
due to a mutation but it has not been reclassified as a
neoplasm. It is possible that the molecular/genetic alter-
ation that affects some OKCs might affects their biologic
behavior without defining the cyst as a neoplasm and it was
likely intentional that the recent review of OKCs by Gomes
et al. was titled “Review of the molecular pathogenesis of
the odontogenic keratocyts” [36]. Currently the definition
of neoplasia in virtually every general pathology textbook
is based on phenotype and clinical behavior, not molecular
aberrations. The major general pathology texts all define a
neoplasm as a new growth of tissue which is not regulated
by the normal growth regulatory factors and one in which
the neoplasm continues to grow, even if the stimulus which
produced it is removed. Neoplasms are characterized by
growth autonomy and they should not resolve spontane-
ously. OKCs have been well documented to resolve with
decompression [37], which may result in the loss of the
characteristic histologic features that revert to a lining more
like the mucosa of the oral cavity. It has also been shown
that most OKCs produce PTCH exon 1b, but expression
may be lost by decompression [38].

Furthermore, orthokeratinized odontogenic cysts and
dentigerous cysts have been shown to contain PTCH
mutations [38]. Cutaneous cysts in syndromic as well as
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non-syndromic patients have been shown to be histologi-
cally identical to OKCs but they are classified as cysts, not
neoplasms [39, 40]. It is clear therefore, that this debate is
not resolved and the question remains, are these latter cysts
neoplasms also? And what about the OKCs that do not
show mutations, are they neoplastic? And if they are not,
how do we tell histologically which are cysts and which are
neoplasms? One criticism of the current WHO text is the
elimination of the category of odontogenic cysts. This
leaves it unclear whether the authors recommended using
KCOT for all OKCs or only those that show the mutation.
We may reach a point where neoplasms can be defined at
the molecular level and we are open to redefining the
concept of neoplasia, but we are not there yet and we
believe reclassifying OKCs as neoplastic was premature
and a solution to reclassifying them needs to be found.
Therefore we recommend that we revert to the previous
terminology of odontogenic keratocyst.

Calcifying Odontogenic Cyst (COC)/Calcifying Cystic
Odontogenic Tumor (CCOT), Dentinogenic Ghost Cell
Tumor (DGCT), Ghost Cell Odontogenic Carcinoma
(GCOO)

In 2005 the WHO authors also chose to classify all ghost
cell lesions as neoplasms, with little evidence besides the
fact that ghost cell lesions occupy a spectrum from com-
pletely cystic to solid growths of cells. We do not take
exception to the concept that the solid lesions are neo-
plasms, but there appears no evidence that the purely cystic
lesions are neoplastic. In 1981, Praetorius et al. [41] were
one of the first to suggest that ghost cell lesions comprise a
spectrum between true (developmental) cysts and solid
neoplasms. They described three basic variants of the
cystic lesions;

e A cyst with a moderate amount of mural proliferation
of epithelium with limited amounts of dentinoid.

e A cyst in association with an odontoma

e A cyst with extensive “ameloblastoma-like” prolifer-
ation in the wall or lumen of the cyst

For the solid, neoplastic variant, they suggested the term
dentinogenic ghost cell tumor (DGCT). With very little
evidence or justification, the WHO subsequently classified
all ghost cell lesions as neoplasms and suggested calcifying
cystic odontogenic tumor (CCOT) for the cystic lesions
and dentinogenic ghost cell tumor for the solid variant. In
2008, an international collaborative group [42] reviewed
the WHO classification of ghost cell neoplasms and sug-
gested that further work was needed to define more pre-
cisely their biologic behavior. They divided their tumors
into CCOT, DGCT and ghost cell odontogenic carcinoma

(GCOC). They further subdivided the CCOT in four dis-
tinct types;

Type 1: simple cystic

Type 2: CCOT associated with an odontoma

Type 3: with ameloblastomatous-like proliferation
Type 4: associated with other benign odontogenic
tumors other than odontoma.

Interestingly, 87 % of their cases were classified as Type
1 or 2, lesions for which there is minimal if any evidence of
neoplastic potential, and lesions that are biologically non-
aggressive with a recurrence rate of around 5 % [42]. Most
authorities recognize a variant of CCOT with “amelo-
blastomatous-like proliferation” in its wall or lumen and
also recognize ameloblastic COC or ameloblastoma ex
COC. The distinction between true ameloblastoma and
ameloblastoma-like is not objectively defined and none of
the ameloblastic COCs reported to date have recurred as
ameloblastoma [42]. The entire spectrum of ghost cell
lesions needs to be revisited with the great majority of
lesions in this category returned to the nonaggressive cystic
classification and the terminology simplified.

Glandular Odontogenic cyst (GOC)/Central
Mucoepidermoid Carcinoma (CMEC)

GOC and CMEC are both relevant to a classification of
odontogenic cysts and tumors and should be included.
GOCs are well documented as odontogenic cysts and while
there is some evidence for an origin of CMEC from
intraosseous salivary glands, there is also significant evi-
dence demonstrating origin from odontogenic cysts. It is
likely therefore that at least some CMECs are of odonto-
genic origin and consideration needs to be given to their
place in the overall classification of odontogenic cysts and
tumors. However, recent molecular studies have suggested
that GOC and CMEC are distinct and unrelated entities
[43].

Ameloblastoma/Unicystic Ameloblastoma

There is minimal to no debate about the appropriate clas-
sification of ameloblastoma as a neoplasm, regardless of
whether it is unicystic, multicystic or solid. In the original
description of unicystic ameloblastoma, the authors sug-
gested three groups;

e a simple cyst in which the lumen is lined by variable
epithelium but with areas showing ameloblastic differ-
entiation limited to the luminal epithelium

e acyst with intraluminal proliferation of ameloblastoma,
often in a plexiform pattern, but without mural
involvement
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Table 1 Classification of odontogenic cysts, tumours, and allied
conditions

A classification of odontogenic cysts

Cysts of inflammatory origin
Radicular cysts
Inflammatory collateral (paradental) cysts

Cysts of developmental (or unknown) origin
Dentigerous cyst
Odontogenic keratocyst
Lateral periodontal cysts
Gingival cysts
Glandular odontogenic cyst
Calcifying odontogenic cyst
Orthokeratinised odontogenic cyst

A classification of odontogenic tumours and allied lesions

Malignant tumours
Odontogenic carcinomas
Metastasizing (malignant) ameloblastoma
Ameloblastic carcinoma
Primary intraosseous carcinoma NOS
Clear cell odontogenic carcinoma
Ghost cell odontogenic carcinoma
Odontogenic sarcomas
Ameloblastic fibrosarcoma
Odontogenic sarcomas, NOS

Benign tumours
Epithelial odontogenic tumours
Ameloblastoma
Ameloblastoma, unicystic type
Squamous odontogenic tumour
Calcitying epithelial odontogenic tumour
Adenomatoid odontogenic tumor
Mixed odontogenic tumors (epithelial and mesenchymal)
Ameloblastic fibroma
Odontoma and developing odontoma

Mesenchymal odontogenic tumours (with limited or without
odontogenic epithelium)

Odontogenic fibroma

Granular cell odontogenic tumour

Odontogenic myxoma/myxofibroma

Cementoblastoma

Cemento-ossifying fibroma

Peripheral odontogenic tumours
Allied lesions

Psammomatoid ossifying fibroma

Trabecular ossifying fibroma

Fibrous dysplasia

Cemento-osseous dysplasias

Central giant cell granuloma

Cherubism

Aneurysmal bone cyst

Simple bone cyst

Melanotic neuroectodermal tumour of infancy

@ Springer

e a cyst with mural infiltration of ameloblastoma into the
cyst wall but not completely through the entire cyst
wall

The 2005 WHO classification concurs with this group-
ing. However, as pointed out earlier, other authors have
recommend eliminating lesions with mural invasion as a
“unicystic” variant and there is limited evidence that mural
invasion does result in a more biologically aggressive
neoplasm with a higher recurrence rate following conser-
vative treatment. Additional verification is needed but we
recommend that mural invasion should preclude a classi-
fication of “unicystic.” We would therefore recommend
that the category of unicystic ameloblastoma only contain
two variants; the simple neoplastic cyst and the luminal
variant. Lesions with mural infiltration should be regarded
as conventional ameloblastoma until further studies clarify
this dilemma.

The WHO chapter on “odontogenic tumours” concludes
with a discussion of a variety of allied conditions that are
not neoplastic or odontogenic. We concur with this
approach and prefer the original inclusion of odontogenic
cysts with the tumors, and further recommend consider-
ation of expanding the classification to include “Odonto-
genic cysts, neoplasms, and allied condition” as this would
significantly improve the utility of the classification by
including lesions that need to be considered in the differ-
ential diagnosis of odontogenic tumors or resemble them
histologically and provide a more complete overview of
lesions that affect the jaws predominantly or exclusively.

Summary and Conclusions

Lastly, since the latest WHO edition, much has been
published on odontogenic tumors. The new edition will
obviously address new entities and genetic/molecular
alterations in odontogenic tumors, and it was not the intent
of this review to provide updates of all of the tumors but
tumors such as primordial odontogenic tumor [44] and
odontogenic carcinoma with dentinoid (in this special
edition) deserve consideration. Lastly, as we approach the
next iteration of the classification of odontogenic tumors,
we would emphasize that classifications should be simple,
reproducible, have clinical utility, and be easy for non-
specialist pathologists to understand and use. We present a
suggested classification of odontogenic cysts, tumors, and
allied conditions (Table 1).

In writing this opinion piece, the authors have often
struggled to agree on nomenclature, what constitutes an
entity, and at what point the evidence is sufficient to make
a change to the classification. Indeed, there are several
contentious areas where we have not been able to agree and
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a majority view has been adopted. These difficulties
between only four authors experienced with odontogenic
tumors reflect the challenge of this process.
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