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EDITORIAL

Paul Michael Speight!'* |

Odontogenic cysts and tumours comprise about
40% of all lesions encountered in the oral and maxil-
lofacial regions and more than 80% of lesions of the
Jawbones. Although the majority are simple odontogenic
cysts a significant subset pose diagnostic and therapeutic
challenges due to their variable histological features and
unpredictable clinical behaviour. Despite hundreds of
years of research and investigation, the classification
and pathogenesis of these lesions is still poorly under-
stood and widely debated. Recent advances in molecular
analysis have begun to improve our understanding of
odontogenic lesions and have led to advances in diag-
nostics and in the field of targeted therapies.

Lesions in the jawbones have been recognised
and described in the medical and dental literature for
well over 250 years. X-rays were not invented until the
1890s, so early lesions were identified as swellings with
characteristic clinical features or unusual findings after
surgery. The first description of a “dental cyst” has
been ascribed to John Hunter in his book “The natural
history of the human teeth” written in 1771'. More de-
tailed descriptions of dental lesions followed and by the
mid-1800s a number of odontogenic tumours and cysts
had been described using terms that we may recognise
today. Ameloblastoma was first described by Cusack in
18277 but was then called adamantinoma before being
designated as ameloblastoma in the 1930s. The odonto-
genic keratocyst was probably first described in 1813
by Barnes (reviewed by Ide et al.?) but at the time the
terminology used related to the contents of the cyst
or to comparisons of other known lesions. Barnes
first called it “lardaceous cyst” after the contents, but
later it was named the “buttery cyst™. Other terms
included “cholesteatoma cyst” or names such as der-
moid or epidermoid as comparisons to more commonly
encountered skin lesion. Many authors used the term
“dentigerous cyst” for all cyst types in the jaws, simply
because of their close association to the teeth. By the
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mid-1800s however Oral Pathology as a specialty had
begun to develop and the dental literature began to
contain many reports and more accurate descriptions
of odontogenic lesions*. A number of workers began
to develop classifications of odontogenic cysts and
tumours, but detailed classifications based on consen-
sus and consultation did not emerge for many years,
most notably those of Robinson in 1945° and Thoma
in 1949°. These early classifications led directly to the
classifications and terminology that we use today.

However, even after 250 years there is still no
single satisfactory classification of odontogenic cysts
and tumours. This is because terminology varies across
the world, and authors use classification systems to
serve different purposes. Surgeons prefer simple clas-
sifications that place lesions into prognostic groups
that inform management decisions, while pathologists
tend to subdivide lesions into multiple variants based
on histological or clinical features. The Oral Patholo-
gy literature contains many detailed descriptions of
variants of most types of cysts and tumours. Although
this may lead to confusion over terminology and cate-
gorisation, detailed analyses of variants are useful for
research, and occasionally a well-recognised variant
may eventually emerge as a new entity. A good exam-
ple of this is the first reports of an orthokeratinised
variant of the odontogenic keratocyst’ that over time
has been shown to be a distinctive entity with specific
clinicopathological features — the orthokeratinised
odontogenic cyst. Other variants however, such as the
bay or pocket variant of the radicular cyst, are of ac-
ademic interest but do not affect clinical management.
The best classifications should be simple, should use a
universally agreed terminology and should be relevant
for clinicians who treat the lesions. Pathologists should
also agree the criteria for diagnosis so that lesions are
correctly reported and communication between clinical
specialties is accurate.
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Appropriate international standards for classifica-
tions were first developed by the World Health Organiza-
tion (WHO) in 1952 (reviewed by Sobin®). Classifications
were developed by groups of international experts who
reviewed multiple cases and agreed a uniform termi-
nology and described practical and clinically relevant
criteria for diagnosis. The first WHO classification of
odontogenic cysts and tumours’ was developed by a
large group of experts that included a number of pa-
thologists who have become household names within our
profession — they were led by Jens Pindborg and Ivor
Kramer, and included Barbosa, Dahlin, Gorlin, Lucas,
Shear and Shafer. This first edition was a comprehensive
classification of all cysts and tumours of the odontogenic
tissues with clear and concise descriptions of the clinical,
radiological and histological features, as well as descrip-
tions of known histological variants. The 2" edition'
was published 20 years later, and also included cysts of
the jaws, but inexplicably, the 3™ edition'' omitted cysts
and restricted the classification to tumours and selected
“tumour-like” lesions. Subsequently however the 4™ and
5™ editions'*"” include odontogenic cysts and have re-
stored the status of the book as a complete classification
of lesions of the odontogenic tissues.

It is important to note that the WHO classifica-
tions have changed little over the half century since the
first edition, and still maintain the original principles of
simplicity, relevance and a uniform and well recognised
terminology. The most significant change in the most
recent editions is the inclusion of molecular data and
its potential role in our understanding of pathogenesis,
diagnostics and therapeutics.

Over the previous two or three decades, there
have been many important advances in our molecular
understanding of the odontogenic lesions'*'". A consis-
tent finding is that many odontogenic cysts and tumours
show genetic changes in the signalling pathways that
regulate normal tooth development. Most commonly
these aberrations involve the MAPK, Sonic Hedgehog
(SHH) and WNT/B-catenin signalling pathways and
the most commonly affected genes are BRAF, PTCH
and CTNNBI respectively. In all cases the changes ac-
tivate the signalling pathways leading to persistent and
aberrant cell proliferation, growth and differentiation.
Many other, although less common, genetic changes have
been found including mutations or activation of F'GFR2,
KRAS, NRAS and HRAS in the MAPK pathway, PTCH2,
SMO, GLII and GLI2 in the SHH pathway. Changes
have also been found in a wide range of lesions including
adenomatoid odontogenic tumour, calcifying epithelial

odontogenic tumour, glandular odontogenic cyst, clear
cell odontogenic carcinoma and even in dentigerous and
radicular cysts'>'®. Although these molecular findings
have informed our understanding of the pathogenesis of
these lesions they are not yet sufficiently well studied or
specific to be used in the overall classification of odon-
togenic cysts and tumours. They have however driven
the debate regarding the possible neoplastic origin of
a number of lesions that have always been regarded as
developmental cysts. This includes the calcifying odon-
togenic cyst (CT'NNBI mutations) and most notably
the odontogenic keratocyst (P7TCH mutations). A major
problem however is that there is no clear molecular defi-
nition of neoplasia and the finding of a single mutation
or gene change cannot be regarded as a defining criteria
for neoplasia. In the case of the keratocyst however there
is some good evidence that at least a subset of lesions
maybe neoplastic. A number of studies have shown
that keratocysts may occasionally show mutations in
both copies of the PTCH gene'**. More recently it has
been shown that biallelic loss of PT'CHI may be found
in 80% of sporadic keratocysts®'. This meets the “two-
hit hypothesis” of Knudson® that suggests that loss of
both alleles of a gene is a key driver of neoplasia, and
provides some good evidence that at least some kera-
tocysts may be neoplastic. Keratocysts in patients with
the naevoid basal cell carcinoma syndrome are probably
more likely to be truly neoplastic because these patients
have a PTCH gene germline mutation, and are much
more likely to have a second mutation. It remains to be
determined however if there are clinicopathological or
behavioural differences between cysts with and without
biallelic changes.

There are also examples where molecular stud-
ies have been valuable with regards to classification or
diagnostics. Adenoid ameloblastoma has always been
thought of as a variant or subtype of ameloblastoma'’,
but histological diagnosis is difficult because it has
few clear diagnostic criteria and shares features with
ameloblastoma, adenomatoid odontogenic tumour and
dentinogenic ghost cell tumour. Recent molecular studies
have shown that it does not share BRAF mutations with
ameloblastoma nor KRAS mutations with adenomatoid
odontogenic tumour. It does however share features
with ghost cell lesions including the presence of ghost
cells, nuclear B-catenin expression and activation of
the WNT/B-catenin signalling pathway via CTNNB1
mutations. Ior these reason it has been recognised as a
new entity in the latest WHO classification'>'". Because
it is not related to ameloblastoma, and the evidence
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suggests that it may be a member of the family of ghost
cell lesions a good case can be made for a change of name.

An example of the diagnostic utility of molecular
analysis is clear cell odontogenic carcinoma. This le-
sion shows an E/WSR1 gene rearrangement in 80% to
100% of cases. Although this rearrangement is seen
in a number of non-odontogenic clear cell carcinomas,
including some of salivary origin, it is not found in
clear cell variants of other odontogenic tumours or
in clear cell variant of intraosseous mucoepidermoid
carcinoma. Mucoepidermoid carcinoma however often
shows a MAMIL2 translocation. These findings can be
very useful in the differential diagnosis when faced with
an intraosseous clear cell lesion.

Another ongoing debate relates to ameloblastic
fibroma (AF), ameloblastic fibro-odontoma (AIFO) and
ameloblastic fibrodentinoma (AFD). In the 4™ edition of
the WHO classification'?, AFO and AFD were removed
as entities because they were regarded as developing
odontoma. Molecular studies however have shown that
about 50% of AF harbour BRAF mutations common
with ameloblastoma. Furthermore, a subset of AFO and
AFD show the same mutation. Odontomas do not show
changes in BRAF. This suggests that at least some AFFO
and AFD are true neoplasms related to AF, and these
lesions are now included as variants of AL in the latest
WHO classification'®. On the other hand, AF, AFO and
AFD with wild-type BRAF are probably developing
odontoma, but at present there are no histological fea-
tures that can be used to differentiate between neoplastic
and non-neoplastic lesions. The debate will continue, but
it may never be possible to differentiate between these
lesions until molecular testing becomes commonplace
or new markers are developed.

A further, and more exciting application of these
molecular findings is the opportunities for targeted per-
sonalised medicine. Already, there have been a number
of small trials using signalling pathway blockers to treat
odontogenic lesions. Most studies have been on ameloblas-
tomas and have concentrated on the MAPK pathway using
inhibitors targeting lesions with BRAF mutations*>*".
Almost all lesions have shown a treatment response with
occasional complete remission. Similar targeted therapies
are being proposed for odontogenic keratocyst, using
inhibitors of the SHH pathway®. It seems certain that
in the future targeted therapy will be increasingly used
for the treatment of odontogenic lesions, and will be par-
ticularly useful for the management of large inoperable
ameloblastomas or ameloblastic carcinomas, or for lesions
that are unusually aggressive or metastatic.
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