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Abstract

Ameloblastoma is a histologically benign but locally aggressive tumor of the jaws. Accurate
preoperative imaging facilitates complete surgical resection with clear margins for long term cure.
Adjuvant radiotherapy is effective for microscopic positive margins. The aim of this study was to
review clinical, radiological and pathological features of the patients with ameloblastoma of the
mandible and maxilla and report outcomes of treatment. A retrospective cohort study was
performed on a consecutive series of 30 patients who had their primary treatment of
ameloblastoma of the mandible or maxilla, at Memorial Sloan Kettering Cancer Center between
1987 and 2013. Data was collected on age, sex, clinical and imaging findings, management,
histologic patterns, surgical margins, length of follow-up, time to recurrence, and treatment of
recurrence. Factors impacting upon recurrence, and the role of radiotherapy were also studied. The
gender and site distribution (mandible / maxilla) were equal. All but two patients, with negative
margins were cured. Adjuvant post operative radiotherapy offered local control in all patients at
high risk of recurrence, or with positive margins. Complete excision with negative margins
remains the mainstay of curative treatment. Post operative radiotherapy is effective in preventing
recurrence in patients with microscopic positive margins

Introduction

Ameloblastoma is the most common benign tumor of the jaws, comprising 1% of all cysts
and tumors of the jaws and approximately 10% of odontogenic tumors (1). Malassez in 1885
first described ameloblastoma, suggesting that it arises from epithelial remnants of the
developing root sheath (2, 3). However, the exact genesis of ameloblastoma largely remains
unknown. The question of whether ameloblastoma originates in dental cysts or whether
ameloblastoma becomes cystic would appear to be not resolvable without delineation of
precise diagnostic criteria concerning ameloblastoma and dental cysts. Ameloblastoma is
classically described as a locally aggressive benign tumor, but it has the potential to rarely
metastasize to lymph nodes and even distant locations (4, 5). It is more common in the
mandible (nearly 80%) and is often asymptomatic (2). The disease occurs at all ages with a

Corresponding Author: Jatin Shah, MD, 1275 York Avenue, New York, NY. 10065, shahj@mskcc.org.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Petrovic et al.

Page 2

peak incidence in the third and fourth decades of life (6). Various authors have shown an
equal gender distribution. In Caucasians, over 50% of cases occur in the molar-ramus region
of the mandible (7). Most mandibular lesions arise in the third molar region. However, a
predilection for mandibular symphysis has been reported in Nigerians and Asian Indians (8).
There are three classic varieties of ameloblastoma: solid/multicystic, unicystic and
peripheral. In a review of 3677 cases, the solid/multicystic type comprised 92% of
ameloblastomas, 6% were unicystic type, and 2% peripheral type (9).

The most common presenting symptom is a painless swelling. Other symptoms include,
loosening of teeth, malocclusion and altered sensation in the teeth and occasionally pain.
Local progression of the tumor, leads to progressive bone destruction, initially within the
bone, but eventually the tumor breaks through the cortical bone and extends in to adjacent
soft tissues. Although the tumor has characteristic radiological features, a biopsy is essential
for accurate diagnosis (10). Surgical resection is the most definitive treatment; however the
extent of surgery is often debated in the literature (11). In a previous report from our
institution by Sehdev et al, complete resection by a segmental or marginal mandibulectomy
was recommended, since local excision or curettage lead to a prohibitively high local
recurrence rate (12). This view has been challenged in the literature, where a more
conservative approach has been recommended by some for early stage, localized
ameloblastomas (13).

The objective of this study was to review a contemporary series of patients with
ameloblastomas of the mandible and maxilla treated at a tertiary care cancer center over a 26
year period, and report the clinical and radiological features, as well as pathological variants
reflecting their biological behavior, treatments employed and long term outcomes.

Materials and Methods:

After obtaining Institutional Review Board approval, we performed a retrospective review of
the records of 42 patients with the diagnosis of Ameloblastoma of the upper and lower jaw
at Memorial Sloan Kettering Cancer Center between the years 1987 to 2013. Of these, 10
patients who received initial treatment elsewhere were excluded and an additional 2 patients
were excluded, because on review of their pathology slides, their tumors were not true
ameloblastomas. This left 30 patients eligible for study. Histological slides were available
for review on 25 patients. All available slides were reviewed by a senior pathologist (RG), to
confirm the diagnosis and classify into various histological variants. The remaining 5
patients were included in the study based on their final pathology report in medical record.

Details on clinical characteristics, pathology characteristics, treatment and outcomes were
collected by retrospective chart review. We collected details on clinical presentation,
symptoms, radiological features, type of surgery performed, status of the margins, adjuvant
treatments employed, and follow up in the long term.

Statistical considerations:

This study is primarily descriptive, reporting a summary of our experience with
ameloblastoma of the head and neck. Using the statistical software SPSS (Version 24.0),
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survival curves were generated by way of Kaplan Meier methods. Recurrence free survival
was calculated as the time from date of surgery to date of recurrence or last disease
assessment. Recurrences consisted of local, regional and distant events.

The median age of patients in the study group was 61.5 years (range 19-81) and 15 were
males. Majority of the patients (80%) were Caucasians, 2 were African Americans, and one
each were Chinese, Indian and Filipino. The distribution of tumors was equal, with 15
patients with tumors in the mandible, and 15 in maxilla.

All patients underwent definitive surgery at our institution. The goal of the treatment was to
achieve a complete resection. In spite of this, 5 patients had positive margins on final
pathological analysis. Twenty-three had clear margins, and margin status was not reported in
two patients. The details of treatment and outcomes are reported separately for mandible and
maxilla.

Details of patients with ameloblastoma of the mandible are shown in Table 1.

Clinical presentation

All tumors were located in the molar region. Symptoms consisted of swelling, tenderness, or
pain in 12 patients. The tumors in the remaining three were discovered incidentally. Previous
unrelated interventions included, tooth extraction or root canal in 5.0ne patient had a history
of odontogenic keratocyst, and one patient had two previous biopsies. Eight patients had no
previous intervention.

Radiological findings

Computer tomography was performed preoperatively in all patients. However, the scans
were not available for review in one patient. The most common diagnostic radiological
feature was that of a “soap bubble” appearance in an expansile lesion (Figure 1).

Surgical treatment

Surgical treatment consisted of segmental mandibulectomy in 10, marginal mandibulectomy
in 3, peroral excision of a peripheral ameloblastoma in 1 and curettage in 1 patient. This
patient was referred after a biopsy proven cystic ameloblastoma, in a cystic lesion measuring
6.7 x 4.6 cm, which appeared to arise from the coronoid process of the mandible and
extending into the ascending ramus. Review of the pathology slides at our institution
indicated it to be a benign dentigerous cyst. Therefore, curettage, of the cystic lesion was
performed. However, the final pathology report showed it to be a unicystic ameloblastoma-
follicular subtype. After discussion with the patient, it was decided to keep her under
surveillance. The surgery was performed in 2007, and at last follow up in 2011, patient
remains free of any evidence of recurrence. 4 patients had supraomohyoid neck dissection
done at the same time, 1 had modified radical neck dissection, and one had parotidectomy

Ear Nose Throat J. Author manuscript; available in PMC 2019 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Petrovic et al.

Page 4

and infratemporal fossa dissection. The surgical resection in 5 patients was performed intra
orally.

All the patients undergoing segmental mandibulectomy had some type of immediate
reconstruction of the mandible. Fibula free flap was used in 9 patients, one patient with
extensive tumor extending to the infratemporal fossa had reconstruction with rectus
abdominis free flap, and the remaining patient with a peripheral ameloblastoma in the cheek
had only split thickness skin graft. Four patients, who had either per oral resection or
marginal mandibulectomy, did not require any specific reconstructive procedure. No major
post operative complications were observed.

Pathological findings

Outcomes

Maxilla

Pathology report showed eleven patients with (73% 11/15) follicular ameloblastoma, 2 had
(13%) acanthomatous, 1 plexiform (7%) and 1 granular (7%) variety.12 patients (80%,
12/15) had negative surgical margins. Ten of the 12 had follicular subtype, and one each had
granular and plexiform subtype. 2 patients (13%) had positive surgical margins; and both of
them had acanthomatous subtype. Margin status was not reported in 1 patient. One patient
with positive margin had advanced disease located in retromolar trigone involving both
mandible and maxilla, with a 3.3X6.3 cm mass involving the medial pterygoid muscle with
destruction of the posterior wall of the maxillary sinus, requiring resection in the infra
temporal fossa. The other was a peripheral ameloblastoma in buccal mucosa. No immediate
treatment was instituted for positive margins in this patient. One of these two patients
developed local recurrence, and received post operative radiotherapy after re resection of
local recurrence.

The Kaplan Meier plot for recurrence free survival is shown in Figure 3.

Two patients developed local recurrence and one of them also developed regional
recurrence. The patient with loco regional recurrence developed it after a year from primary
surgery. He had acanthomatous ameloblastoma and positive soft tissue margin. The other
patient developed local recurrence ten years after initial treatment. She had follicular
subtype and negative margins at initial operation. Her slides were not available for review.
She received further treatment elsewhere, and is lost to follow up. Salvage treatment for the
patient with loco regional recurrence consisted of per oral excision of local recurrence in
conjunction with modified neck dissection, followed by post operative RT (6300cGy). He
remained free of further recurrence for 7 years, and died of other causes.

Details of patients with ameloblastoma of the maxilla are shown in Table 2.

Clinical presentation

There were 15 patients with ameloblastoma in the maxilla. Seven patients had their tumors
located in the molar region, 6 presented with the bulk of the tumor in the maxillary sinus,
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and one each involved the hard palate and pre maxilla. 13 patients (87%) had symptoms
consisting of loose teeth, swelling or nasal obstruction. The tumor was diagnosed
incidentally in one patient. Six patients had previous interventions, which included, tooth
extractions in 4 and one had endoscopic sinus surgery and the other had a Caldwell Luc
procedure.

Radiological imaging

Nearly all patients with tumors in the maxilla had CT or MRI scans performed. The
radiological features of these lesions were similar to those seen in the mandible, with a
unicystic, multicystic / solid presentation (Figure 2).

Surgical treatment

Surgical resections included partial maxillectomy in 10 patients (67%), and total
maxillectomy in the remaining five. Rehabilitation of the maxillectomy defect required a
prosthetic obturator in all.

Pathological findings

Outcomes

Review of the slides showed follicular ameloblastoma in 7 patients (47%), basaloid in two,
desmoplastic in two (13%), and one each were plexiform (7%) and biphasic (plexiform and
granular). Two patients showed ameloblastoma with malignant features. Surgical margins
were negative in 11 patients (73% 11/15); five with follicular subtype, one each of the basal,
biphasic, desmoplastic and plexiform variety. Both patients with ameloblastoma with
malignant features had negative margins. Surgical margins were reported to be positive in 3
patients (one each were basaloid, follicular, and desmoplastic subtype). Information on
surgical margins was not available in 1 patient.

The Kaplan Meier plot for recurrence free survival is shown in Figure 4. There were 3
recurrences (20% 3/15), 2 local and 1 distant. Both patients with local recurrence had a
follicular variety requiring total maxillectomy with orbital preservation. One of these two
had a positive surgical margin. The one with positive margin developed recurrence two years
after primary surgery, and the one with negative margin 7 years after initial surgery. Patient
with distant recurrence developed late solitary pulmonary metastasis, 13 years after
maxillectomy. His primary location was left upper alveolus, and the primary tumor was a
malignant ameloblastoma.

Salvage treatment in the patient with initial positive margin, consisted of excision of the
local recurrence followed by post operative radiation therapy (5580 cGy). The other patient
who developed recurrence after 7 years had only re-resection, and remains free of recurrence
ten years following salvage surgery.

The other patient who developed solitary pulmonary metastasis had a lobectomy performed,
and is alive with no evidence of disease at 20 years after primary surgery and seven years
after lung resection.
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Discussion

Ameloblastoma is a slow growing benign odontogenic tumor. Not much is known about the
cause of ameloblastomas in either human beings or animals. Experimental induction of
ameloblastomas has not been very successful (14) and has not helped clarify the
pathogenesis. Nor has study of the only relatively common spontaneous animal model of
ameloblastoma, the canine acanthomatous ameloblastoma (15). This lesion is known as the
acanthomatous epulis in veterinary medicine but is basically an intraosseous lesion and not
an epulis. The onset of this tumor in the human jaws is very insidious, and it may take years
before development of symptoms. Often the tumor is diagnosed incidentally during routine
dental examination.

Often patients present with the history of a painless swelling of the jaw, and occasionally
with loose teeth. Clinical examination shows a submucosal mass arising from the underlying
mandible or maxilla. The clinical differential diagnosis is usually between odontogenic
cysts, and primary neoplasms of the mandible such as chondro or osteo sarcoma.
Radiological evaluation is absolutely mandatory, for assessment of the features of the tumor
and extent of bone involvement (10). Radiologically ameloblastomas can be unicystic, solid
and/or multicystic, with cortical expansion or peripheral.

Occasionally they may be extra osseous; arising in the soft tissues around the jaws, from
epithelial rests of the odontoma (10). Radiological studies, may involve a simple
orthopantomogram, occlusal films, a CT scan or an MRI. A denta scan (CT scan) gives a
very thorough assessment of the mandible, but CT scan with soft tissue and bone windows is
best for assessment of the maxilla (16). Radiologically there are three classic varieties of
ameloblastomas: solid/multicystic, unicystic and peripheral (extraosseous). The solid/
multicystic and unicystic types have several histologic variants that can have different
biological behavior. Reichart (9) conducted the biggest review of 3677 cases where solid/
multicystic ameloblastoma comprised of 92% of cases, unicystic 6% and peripheral
accounted for 2% In our series, 14 (47%) had multicystic lesions,7 were unicystic, 8 were
solid/multicystic, and one patient had peripheral ameloblastoma. Sixteen patients, (53%),
had extension of tumor outside of the bone into soft tissues.

Tissue diagnosis is crucial before embarking upon definitive treatment. Temptation to extract
teeth and curettage should be avoided. An incisional biopsy harvesting adequate tissue from
an area, which will be encompassed in definitive surgical resection, is desirable.
Consultations with bone pathologists, and or oral pathologists with expertise in odontogenic
lesions are advisable. Nearly all ameloblastomas are histologically benign, but may manifest
locally aggressive behavior, with progressive bone destruction, and even extra 0sseous
extension to adjacent soft tissues.

Histologically, ameloblastomas are classified into, a) follicular, the most common subtype of
the solid/multicystic ameloblastoma, b) acanthomatous, characterized by extensive
squamous metaplasia and keratin production; ¢) plexiform, d) granular cell, commonly seen
in young patients and have an aggressive behavior; €) basal cell, and f) desmoplastic.
Majority of patients in our study had follicular histologic pattern (60%), which was a
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predominant pattern in both mandible and maxilla. Acanthomatous, basal, desmoplastic,
plexiform, and ameloblastoma with malignant features were present in two patients in each
category. There was only one patient each with biphasic (plexiform and granular pattern)
and granular variety. Locally aggressive behavior is often seen in follicular, granular and
acanthomatous variants of ameloblastomas (17). However, in our series, from the 18
follicular ameloblastomas, two patients with the tumor in maxilla recurred after initial
maxillectomy, requiring further surgery in one and surgery with radiotherapy in the other,
and both remain alive without further recurrence. In addition there was one patient with
follicular pattern in the mandible that developed local recurrence 10 years after segmental
mandibulectomy. He received further treatment elsewhere, and is lost to follow up since.
One of the two patients with advanced acanthomatous ameloblastoma of the mandible
required extensive initial surgery, with parotidectomy and resection in the infratemporal
fossa, with free flap reconstruction. He had positive margins of resection, and received post
operative RT, and remains alive with disease at 8 years follow up. On rare occasions
malignant transformation may take place in a benign ameloblastoma, presenting as an
ameloblastic carcinoma. With malignant transformation, the risk of nodal metastases as well
as distant metastases exists, and therefore appropriate pre operative evaluation in such cases
is crucial for proper treatment planning (18). Occasionally, distant metastases have been
reported from histologically benign ameloblastoma (19).Only two patients in our study had
ameloblastoma with malignant features in their final pathology reports. One of them did
develop pulmonary metastasis, thirteen years after initial surgery, underwent lobectomy, and
remains free of disease for seven years since that surgery. However, these are extremely rare
cases.

The term malignant ameloblastoma refers to a lesion with histologic similarity to
conventional ameloblastoma, but it has metastasized. The ameloblastic carcinoma shows
some features of ameloblastoma, but it has histologic features of malignancy. The
ameloblastic carcinoma is considered a more aggressive lesion than conventional
ameloblastoma (4). Metastases are likely to be to the lung or regional lymph nodes
generally, along with reports of metastases to liver, brain, bone, kidneys, and the
gastrointestinal system (20). The reported rate of metastases from ameloblastoma is
approximately 2%. The likelihood of metastases is increased with large initial tumors, delay
in treatment, recurrence, and primary mandibular tumors (21).

The definitive treatment of ameloblastoma is surgical resection. Curettage is not
recommended as definitive treatment. Sehdev (12) reported a 90% recurrence rate of the
solid/multicystic ameloblastoma of the mandible when treated with curettage alone.
Complete excision with negative margins is the hallmark of a curative resection. The goals
of the surgical procedure should be to achieve a curative resection, while minimizing
functional and esthetic consequences of ablative surgery. A radical approach, either marginal
or segmental resection with adequate margin ensures complete removal of solid/multicystic
ameloblastoma, minimizing the recurrence rate (0-10%) and the risk of metastasis (22, 23,
24). Some literature suggests that ameloblastoma can extend into cancellous bone
histologically at a mean of 4.5 mm beyond the radiographic boundary (24) and currently, the
literature recommends the use of 1-1.5 cm resection margins (25). Marx et al showed that
microscopic tumor cells can extend up to 8 mm beyond the radiographic extent of the lesion
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(24). Therefore, the standard treatment of solid/multicystic ameloblastoma is surgical
resection extending a minimum of 1 cm beyond the clinical/radiological extent of the tumor.
All but two patients with negative surgical margins in our series were cured, without any
evidence of recurrence at the time of last follow up. The treatment of malignant
ameloblastoma is primarily surgical, because ameloblastoma is relatively resistant to
irradiation (26). Currently, no chemotherapeutic agent has shown efficacy in ameloblastoma.

Approximately 80% of ameloblastomas occur in the mandible, compared with ~ 20% in the
maxilla (2). Of those that occur in the maxilla, most are in the posterior maxilla. Due to the
thin cortical bone of maxilla, compared to the mandible, these tumors have the ability to
penetrate the cortical bone with earlier soft tissue extension. The maxillary ameloblastoma is
more difficult to visualize clinically, and, on plain radiographs, which may prohibit early
detection (27). When planning treatment of ameloblastoma, imaging with a CT scan with
bone windows is imperative in order to view the tumor extension in three dimensions and to
evaluate for cortical perforation and extraosseous extension of tumor.

Marginal resection for small, solid, multicystic ameloblastoma of the mandible is
advantageous since it preserves the inferior margin of the mandible and avoids the need for a
complex bone reconstruction (20). However, if marginal resection is likely to result in jaw
instability and an increased risk of pathological fracture, segmental resection with bone
reconstruction is the preferred option (28). Furthermore, the unexcised inferior margin of
mandible may present a source of tumor recurrence (20).

Most ameloblastomas of the mandible with invasion of the cancellous part of the mandible
will require segmental resection with adequate margins, (at least 1 cm, beyond the
radiological extent of the tumor), and mandible reconstruction.

In maxillary ameloblastoma, radical resection is especially necessary due to the frequency of
extraosseous extension of tumor into soft tissues. Although less common and histologically
similar to mandibular ameloblastoma, maxillary ameloblastoma manifest clinically more
aggressive behavior, probably due to the thin bony walls of the maxilla, allowing the tumor
to break thru the bone early in the course of the disease. Furthermore, maxillary
ameloblastoma can potentially extend to the skull base and invade the brain. (12, 29, 30) and
in that setting the rate of surgical cure decreases significantly (31). Either partial, total or
extended maxillectomy may be necessary, depending on the extent of the tumor, to achieve a
complete resection with negative margins.

Peripheral ameloblastomas typically occur in soft tissues adjacent to the alveolar process of
the mandible or maxilla. Adequate resection of the soft tissue surrounding the tumor should
be undertaken to get clear margins. If cupping or saucerization of alveolar bone is seen, the
associated periosteum and/or bone should be excised. Recurrence rates of 16% to 19% are
reported, and long-term follow-up is still imperative (32).

Inadequate initial surgical treatment of ameloblastoma yields a high chance of local
recurrence. Positive margins clearly increase the risk of local recurrence. Only 80% of
recurrent ameloblastoma are cured with re resection (12).
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Due to the slow-growing nature of ameloblastoma, many recurrences occur after more than
5 years, and as long as 30 years after the initial treatment. Recurrence of ameloblastoma
typically occurs within a decade from the initial presentation; however, there have been
reports of tumor recurrence 30 years after initial treatment (33). Tumor surveillance in
asymptomatic patients should consist of clinical exams and orthopantomograms every 6
months for 1 year, then once per year for minimum of 10 years. Routine use of computer
tomography (CT) scans for monitoring of maxillary ameloblastomas is reasonable, due to
anatomic overlap of structures in this region. Due to the potential for late recurrence with all
types of ameloblastoma and the importance of long-term and vigorous follow-up, patients
unable or unwilling to follow such recommendations may be candidates for initial radical
resection, regardless of histologic variant of ameloblastoma, to minimize the risk of
recurrence.

The role of radiotherapy (RT) either as initial definitive treatment, or as an adjunct after
surgery has been reported in the literature with conflicting results. Kennedy et al reported on
six cases treated with radiotherapy, and recommended radiation as an adjunct to reduce the
risk of recurrence (34). Koukourakis et al, in their literature review regarding the role of
radiotherapy, concluded that modern methods of delivering radiation including IMRT and
proton beam therapy may have a role in an adjuvant setting after surgery to improve local
control (35). In our series, two patients with positive margins after maxillary resection had
post operative RT, and remain free of recurrence at 9 and 10 years after treatment. In
addition two patients received post op RT after re resection of their local recurrence, and
remained free of recurrence at last follow up. One of them died seven years after re resection
and post op RT, from extensive melanoma, without evidence of recurrent ameloblastoma.
The other patient developed multiple local recurrences, four times. The first three
recurrences were treated by additional surgery. The fourth recurrence was resected, followed
by post op RT. She remained free from further recurrence for 14 years, and has been lost to
follow up since.

Based on this limited experience in these four patients, we can state that post operative
radiotherapy in an adjuvant setting has a role in local control. The indications for post op RT
are microscopic positive margins, when re resection is not feasible or advisable, high risk for
local failure in tumors with extensive invasion of soft tissues, and after salvage surgery for
recurrent tumors.

Ameloblastoma of the mandible and maxilla is generally a benign tumor of the odontoma
with locally aggressive behavior. Occasionally the tumor breaks through cortical bone and
extends into adjacent soft tissues. Complete surgical resection with negative margins is the
hallmark for curative resection. Local recurrences are rare, and usually amenable to re-
resection. Post operative radiotherapy for patients at increased risk of local recurrence
improves local tumor control.
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Figurel.
Unicystic ameloblastoma with cortical erosion (A) and Unicystic ameloblastoma with

medullary expansion(B)
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