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Abstract Ameloblastoma is a rare, locally aggressive

odontogenic neoplasm, accounting for fewer than 1 % of

head and neck tumors. Recent literature suggests that the

initial surgical approach and histologic growth patterns are

the most important prognostic determinants in ameloblas-

toma. The aim of this study was to compare the clinical

presentation, management, and outcomes of patients with

ameloblastoma with data reported in the literature; the

study spanned 2 decades at a single institution. The insti-

tution’s database was searched for all patients with

pathologically confirmed ameloblastoma, diagnosed

between 1990 and 2015. The data collected included sex,

age, clinical and imaging findings, management, histologic

pattern, clearance of surgical margins, length of follow-up,

time to recurrence, and disease-related mortality. The

potential risk factors of recurrence were evaluated using

log-rank test, proportional hazard model, and Fisher exact

test. Review of the database yielded 54 patients with

pathologically confirmed ameloblastoma and follow-up.

Recurrence was noted in 13 (24 %) patients. Surgical

approach was associated with the risk of recurrence (6.1 %

following radical resection vs. 52 % following limited

surgery, p = 0.002). There were trends toward higher

recurrence rate in the group with pathologically docu-

mented positive margins (p = 0.054) and in follicular

ameloblastoma (p = 0.35). Transformation into ameloblas-

tic carcinoma was identified in two patients. There was no

disease-related mortality. Our study confirms the recent

data regarding the importance of radical surgical resec-

tion in management of ameloblastoma. Surgical approach

appears to be the strongest predictor of tumor clearance.
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Introduction

Ameloblastoma is an uncommon odontogenic epithelial

neoplasm, comprising approximately 1 % of all cysts and

tumors of the jaws and from 11 to 59 % of odontogenic

tumors [1, 2].

Four distinct growth variants of ameloblastoma are

recognized in the current 2005 WHO classification for head

and neck tumors: (1) peripheral, in which tumor is extra-

osseous and shows continuity with the oral mucosal strat-

ified squamous epithelium, (2) unicystic, in which a single

cystic intraosseous growth pattern is observed grossly and

radiographically, (3) solid/multicystic, in which invasive

tumor permeates bone marrow spaces and may show

multicystic foci, and (4) desmoplastic, an infiltrative

intraosseous tumor dominated by the stromal component,

radiographically reminiscent of a fibro-osseous lesion [3].

The intraosseous ameloblastomas are collectively termed

‘‘central ameloblastomas’’ [3]. Approximately 80 % of
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central ameloblastomas arise in the mandible, but

involvement of the maxilla is rare [1]. Various histologic

patterns are recognized in unicystic, solid/multicystic, and

peripheral growth variants of ameloblastoma. The two

main histologic patterns are plexiform and follicular. The

follicular ameloblastoma is further subdivided into acan-

thomatous, granular, spindle cell, and basal cell types. The

tumors are classified by the most predominant histologic

pattern present [3, 4].

The benign histology and indolent behavior of

ameloblastoma have led to a traditionally conservative

surgical approach. However, while histologically benign,

ameloblastoma, particularly the solid/multicystic variant, is

characterized by locally aggressive spread with up to 90 %

recurrence rate following conservative excision [1, 3, 4].

Prolonged tumor duration and multiple recurrences have

been associated with metastases of the histologically

benign-appearing ameloblastoma, so called ‘‘metastasizing

ameloblastoma’’ [5]. Additionally, long-standing and

recurrent ameloblastoma has been shown to occasionally

transform into an aggressive ameloblastic carcinoma

[2, 6–8].

Recent data from several centers suggests that the initial

surgical management approach and histologic growth pat-

tern are the most important prognostic determinants in

ameloblastoma [2, 9–11]. Radical surgery can achieve

recurrence rates as low as 0–4.5 % and wider resection

may be required for ameloblastomas with more aggressive

histologic patterns, such as follicular, granular cell, and

acanthomatous variants [9, 11, 12]. Despite these findings,

the debate on an ideal management that would achieve cure

without unnecessary compromise of cosmesis and function,

is ongoing. The continued controversy stems in part from

the outcome data generated by the small retrospective case

series without sufficient patient follow-up [13].

Thus, a thorough understanding of this tumor’s clini-

copathological behavior is essential to avoid the local

morbidity of recurrence and the potential malignant

transformation or metastases from inadequately treated

disease. The aim of this study was to compare the clinical

presentation, surgical management, and outcomes of

patients with ameloblastoma, spanning the course of 2

decades at a single institution, with the data reported in the

literature.

Methods

Following the institutional review board (IRB) approval,

the electronic database of the Hospital of University of

Pennsylvania was searched for all patients with patholog-

ically confirmed ameloblastoma, diagnosed between 1990

and 2015. The data collected included sex, age at the time

of diagnosis, clinical presentation, tumor location, imaging

findings, initial and subsequent management, length of

follow-up, presence of recurrence, time to recurrence,

disease-related mortality, histopathologic diagnosis, pre-

dominant histologic growth pattern, and clearance of sur-

gical margins. The available histopathology slides on

identified tumors were reviewed for concordance with

original diagnosis and for assessment of histologic pattern

(TM). The patients without essential clinical information

(age, sex, tumor location, surgical management, or follow-

up of \1 year) or those with discrepant pathologic diag-

nosis were excluded from the study.

Descriptive analysis of patient characteristics was per-

formed using mean, standard deviation (SD), median and

range for continuous variables and percentage for cate-

gorical variables. The risk of time to recurrence was esti-

mated using Kaplan–Meier method. The potential risk

factors of recurrence were evaluated using log-rank test

and univariate proportional hazard model for calculating

hazard ratio and 95 % confidence intervals (95 % CI). For

the analysis of association between pathology pattern and

recurrence, Fisher exact test was used because there was no

recurrence in several categories of pathology patterns. All

statistical analyses were performed in SAS V9.4 (SAS

Institute Inc, Cary, NC) and two-sided p\ 0.05 was con-

sidered to be statistically significant.

Results

Review of medical records database yielded 113 patients

with pathologically confirmed ameloblastoma. Of these, 54

patients met the study’s inclusion criteria and were selected

for further review. Patient demographics, tumor charac-

teristics, surgical management, and recurrence rates are

summarized in Table 1.

Patient Demographics, Clinical Presentation,

and Their Association with Recurrence

Thirty-nine patients were males (M:F = 2.6:1). The

patients presented at a median age of 56 years (mean

53 years, range 13–88 years). Nineteen (35 %) tumors

were localized to the maxilla and the remainder involved

the mandible (65 %). None of the tumors were peripheral

in location. Information on clinical presentation was

available on 25 patients (17 with mandibular and 8 with

maxillary ameloblastomas). The most common presenting

symptom was regional swelling or mass (14/25, 56 %)

followed by pain (4/25, 16 %). Patients with maxillary

ameloblastoma additionally described symptoms of nasal

obstruction (4/8, 50 %). Three mandibular ameloblastomas

were identified incidentally on a routine dental exam (3/17,
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18 %). Imaging data was available on 30 patients (2 with

unicystic ameloblastoma, 2 with desmoplastic ameloblas-

toma, and 28 with solid-multicystic ameloblastoma). The

appearance of unicystic ameloblastoma on computed

tomography (CT) was that of a unicystic, lytic, and

expansile mass. The solid/multicystic and desmoplastic

ameloblastomas were described as unilocular or multiloc-

ulated, lytic, and sclerotic masses with occasional soft

tissue component. Additionally, all 4 maxillary

ameloblastomas diagnosed in the last 5 years were evalu-

ated pre-operatively with concurrent magnetic resonance

imaging (MRI). Disease recurrence monitoring was most

frequently performed on an annual basis with serial clinical

examinations and imaging studies (CT for maxillary and

mandibular ameloblastomas and CT or MRI for maxillary

ameloblastomas).

Recurrence was noted in 13 (24 %) of 54 patients during

the average of 6.5 years follow-up (median 4.0 years,

range 1–30 years). The average time to first recurrence was

4.6 years (median 4.0 years, range 1–10 years). Six of 13

patients (46 %) had more than 1 recurrence. There was no

significant association between recurrence and patient age

(p = 0.28) or sex (p = 0.97) (Table 1; Fig. 1a). Although

there was no significant association between tumor location

and recurrence (p = 0.26) (Table 1; Fig. 1b), patients with

maxillary ameloblastoma tended to develop more frequent

recurrences (average 2.3 per patient, range 1–4), when

compared to mandibular counterparts (average 1.3 per

patient, range 1–2, p = 0.11). Additionally, patients with

maxillary ameloblastoma had more locally aggressive

disease, requiring radical maxillectomy with skull base

resection (8/19, 42 %), ethmoidectomy and turbinectomy

(2/19, 11 %), orbital soft tissue resection, and orbital

exenteration (2/19, 11 %).

Initial Surgical Management and its Association

with Recurrence

Radical resection as initial surgical approach (segmental

resection, maxillectomy, or mandibulectomy) was

Table 1 Univariate analysis for the predictors of ameloblastoma recurrence (N = 54)

Parameters N Recurrence (%) Hazard ratio (95 % CI) P valuea

Age, years (continuous) 1.02 (0.98, 1.06) 0.28

Gender Male 39 9 (23.1 %) Reference

Female 15 4 (26.7 %) 0.98 (0.29, 3.25) 0.97

Location Maxillary 19 7 (36.8 %) Reference

Mandibular 35 6 (17.1 %) 0.55 (0.18, 1.63) 0.26

Surgical approach Radical resection 33 2 (6.1 %) Reference

Limited resection 21 11 (52.4 %) 11.1 (2.44, 50.2) 0.002

Margins 0.16

Positive 19 8 (42.1 %) Reference

Clear 27 4 (14.8 %) 0.31 (0.09, 1.02) 0.054

N/A 8 1 (12.5 %) 0.67 (0.08, 5.49) 0.71

Pathology pattern 0.35*, 0.48*

Unicystic 4 0 (0.0 %)

Desmoplastic 6 0 (0.0 %)

Solid/Multicystic (overall) 31 8 (25.8 %)

Follicular (overall) 23 7 (30.4 %)

Follicular (conventional) 14 4 (28.6 %)

Basal cell 4 1 (25.0 %)

Acanthomatous 3 1 (33.3 %)

Granular 2 1 (50.0 %)

Plexiform 8 1 (12.5 %)

N/A 13 5 (38.5 %)

N Number of patients, CI confidence interval, N/A not available

* Fisher exact p value was used. Because there was no recurrence in a group of patients, the time to recurrence analysis could not be performed

* p = 0.35 calculated by including all follicular ameloblastoma subtypes into a single group (N = 23)

* p = 0.48 calculated by assessing recurrence by individual subtype
a From the univariate proportional hazard model for time to recurrence analysis
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performed in 33 (61 %) of 54 patients, while the remainder

(21/54, 39 %) were managed with limited surgery [exci-

sion with a narrow margin (17/54, 31.5 %), enucleation (2/

54, 3.7 %), or curettage (2/54, 3.7 %)]. The initial surgical

approach was strongly associated with the risk of recur-

rence (Table 1; Fig. 1c). Two tumors (6.1 %) recurred in

the cohort of 33 patients managed with initial radical sur-

gery as compared to 11 (52 %) tumors in 21 patients

managed with limited surgery (p = 0.002). Of 11 recurrent

tumors in the patients managed by limited surgery, 10 were

excised with a narrow margin.

Pathology Data and its Association with Recurrence

Histopathology slides were available for review on 41

patients (Fig. 2; Table 1). There were no discrepant

histopathologic diagnoses on re-review of the available

material. Histologic growth pattern designation was

rendered in accordance with 2005 WHO classification for

head and neck tumors for 15 ameloblastomas with

unavailable histologic pattern data [3]. Solid/multicystic

ameloblastoma was the most common variant (31/41,

76 %), with follicular histologic pattern most commonly

encountered (23/41, 56 %). There was no significant

association between histologic pattern and tumor recur-

rence (p = 0.48), although there were trends toward higher

recurrence rate in follicular ameloblastoma and lower

recurrence rate in unicystic and desmoplastic ameloblas-

tomas (Table 1). There was a trend toward higher recur-

rence rate in ameloblastomas with pathologically

documented positive margins (defined as tumor present at

the inked margin of oriented specimen), but it reached

borderline statistical significance (p = 0.054) (Table 1;

Fig. 1d). Intraoperative frozen sections were performed on

4 ameloblastomas with confirmed margin clearance on

subsequent permanent sections in all 4 tumors. However,

Fig. 1 Kaplan–Meier curves demonstrating time to first recurrence in 54 patients by gender (a), location (b), initial surgical approach (c), and

microscopic involvement of margins (d)
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one maxillary follicular ameloblastoma recurred despite

intraoperatively confirmed negative margins. Malignant

transformation into ameloblastic carcinoma was identified

in two patients with maxillary ameloblastoma. One patient

had multiple recurrences prior to emergence of malignant

tumor 6 years following the original surgery (Fig. 3a, b).

The second patient had a long-standing history of symp-

tomatic maxillary mass, with a focus of ameloblastic

Fig. 2 Histologic patterns in solid/multicystic ameloblastoma. a Plex-

iform ameloblastoma demonstrates interweaving fascicles of neo-

plastic cells with hyperchromatic columnar nuclei, polarized away

from the basement membrane (‘‘reversed polarity’’, ‘‘piano-key’’

arrangement). b Islands of granular ameloblastoma demonstrate

central stellate reticulum-like cells with abundant eosinophilic

granular cytoplasm. c Acanthomatous ameloblastoma shows squa-

mous-type differentiation of the central stellate reticulum-like cells,

while maintaining the reverse polarization of the nuclei in columnar

cells lining the nests. d Desmoplastic ameloblastoma shows islands of

odontogenic epithelium in abundant desmoplastic stroma. e Follicular

ameloblastoma islands demonstrate peripheral columnar cells exhibit-

ing reversal of polarity and central stellate-reticulum like cells with

cystic degeneration. f Basal cell type ameloblastoma islands contain

basaloid cells with scant cytoplasm and peripheral palisading,

reminiscent of basal cell carcinoma. [H&E stain; original magnifica-

tion 925 (a, b, d, e, f); original magnification 950 (c)]
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carcinoma in a background of benign ameloblastoma

identified in the radical resection specimen (Fig. 3c, d).

Both patients are disease-free with post-operative follow-

up of 2 and 1 years, respectively.

Disease-Related Mortality

None of the patients succumbed to their disease.

Discussion

Ameloblastoma is an uncommon benign, slowly growing

neoplasm of odontogenic origin. The largest combined data

on the demographics and clinical presentation of patients

with ameloblastoma comes from the work by Reichart et al.

[1], who analyzed the available literature on 3677 patients

with this tumor. According to their analysis, ameloblastoma

most commonly presents as swelling over the affected

region (mandible in 80 % of cases) at an average age of

36 years with equal sex distribution. The current series has

greater proportion of patients with maxillary ameloblas-

toma, which may reflect a tertiary, referral nature of our

center. Maxillary ameloblastoma has been shown to occur

at an older age with male predilection, which may explain

the demographics in our patient population [2, 4]. Addi-

tionally, the patients from developed countries have been

noted to present at an older age, which may contribute

further to an older patient age in the current series [1]. The

clinical presenting symptoms of swelling, pain, and nasal

obstruction in our patients are similar to those reported

previously [1, 2, 11].

Fig. 3 Histopathology of the tumors in 2 patients with secondary

ameloblastic carcinoma. a Patient 1. Initial specimen demonstrates

benign-appearing nests of basal cell type ameloblastoma. b Recurrent

tumor 6 years later shows dedifferentiation into ameloblastic carci-

noma. c Patient 2. Nests of follicular ameloblastoma (top) transition

into a sheet-like proliferation of pleomorphic, mitotically active cells

of ameloblastic carcinoma (bottom). d Corresponding ki-67

immunostain highlights the low proliferative activity in ameloblas-

toma component and high proliferative activity in the emergent

ameloblastic carcinoma. [H&E stain (a–c); antibody, ki-67 (d);

original magnification 925]
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The relationship between tumor location and recurrence

risk has been, thus far, controversial. Multiple studies point

to a conclusion that maxillary ameloblastomas are inher-

ently more difficult to manage, with extensive disease at

presentation, multiple recurrences, and locally aggressive

behavior [2, 14, 15]. However, the cumulative data com-

paring recurrence rates of mandibular and maxillary

ameloblastomas do not show significant difference between

the two sites [1, 9]. The current study reconciles these

seemingly conflicting observations. While we similarly did

not find a significant difference in proportion of recurrent

maxillary and mandibular ameloblastomas, maxillary

tumors demonstrated propensity for multiple recurrences

and regionally aggressive behavior, emphasizing the need

for a more aggressive initial surgical intervention.

Radiographic studies play a cardinal role in pre-opera-

tive and post-operative management of patients with

ameloblastoma. Dental X-rays (pantomography) typically

demonstrate a lytic lesion with scalloped margins or a

‘‘soap bubble’’ appearance, which can be associated with

resorption of tooth roots and impacted teeth [1, 4]. Panto-

mography can help detect asymptomatic ameloblastomas, a

finding which was noted in 3 of our patients. CT has

emerged as the most useful diagnostic imaging modality,

demonstrating expansile, lytic, unilocular or multilocular

cystic lesions with or without soft tissue extension. In

addition to CT, MRI has been recommended in evaluation

of patients with maxillary ameloblastoma, because of its

potential to more precisely evaluate the soft tissue extent of

the lesion [4]. The increased reliance on CT and MRI in

both pre-operative and post-operative patient care is

reflected in management of patients in our series.

At the present time, ameloblastoma is regarded as a

surgically managed disease. Multiple studies have consis-

tently indicated that the initial surgical approach most

strongly correlates with tumor recurrence [1, 9–13]. While

curettage and enucleation with or without adjuvant Car-

noy’s solution and marsupialization may be accept-

able therapies for some unicystic ameloblastomas, most

experts currently believe that these treatment modalities

have no role in management of solid/multicystic

ameloblastoma [4, 10]. This shift in paradigm is reflected

in the surgical approach to management of ameloblastoma

in our series. There continues to be a debate on the extent

of recommended surgical margin, however. Histopatho-

logic study of 82 ameloblastoma resections showed that the

tumor extends with a range of 2–8 mm beyond its radio-

graphic margins [16]. Thus, many experts endorse that

solid/multicystic ameloblastomas should be excised with at

least 1–2 cm margin, which typically results in a segmental

resection, maxillectomy or mandibulectomy [4, 9–11]. In a

recent study of 305 patients with ameloblastoma and long-

term follow-up, Hong et al. [9] found that patients managed

by marginal resection demonstrated significantly higher

recurrence rate when compared to those who underwent

segmental resection or maxillectomy (11.6 vs. 4.5 %,

p = 0.004). However, the latest meta-analysis of solid-

multicystic ameloblastomas showed no significant differ-

ence in recurrence rates of tumors managed with a primary

marginal resection and segmental resection (11.9 vs.

12.1 %), while there was a significantly higher recurrence

rate in enucleated and curetted tumors (40 %) [13]. Our

study supports observations of Hong et al. demonstrating

significantly lower recurrence rates (6.1 %) in patients

managed with primary segmental resection, maxillectomy

or mandibulectomy when compared to a marginal excision,

enucleation and curettage (52 %). Thus, it appears that

adherence to the recommended 1–2 cm margin is prudent.

While most surgeons rely on preoperative imaging to

correlate the tumor boundaries with identifiable surgical

landmarks, the use of intraoperative imaging has been

advocated by some experts as a useful adjunct for assessing

tumor clearance, particularly when a narrow margin is

desired or intraoperative frozen section is not available

[4, 16, 17]. Analogously, intraoperative consultation has

been advocated in a setting where intraoperative imaging is

not available, when a narrow margin is desired, or when a

soft tissue component is noted [4, 16]. Intra-operative

frozen sections on jaw bones demonstrate 62–98 % accu-

racy, defined as agreement with the permanent section

diagnosis [18–20]. However, there is scant data on long-

term outcomes of patients with ameloblastoma and intra-

operatively cleared margins. Despite the high accuracy of

frozen sections in our series, one tumor recurred, sugges-

tive of inadequate sampling. Similarly, we found only

borderline association between the risk of recurrence and

assessment of surgical margins on permanent sections. This

may be related to a small sample size, a sampling error, or

may potentially reflect the use of adjuvant therapies, such

as Carnoy’s solution, in lesions with grossly or micro-

scopically positive margins.

Four growth variants of ameloblastoma are recognized:

solid/multicystic, which comprises approximately 90 % of

the tumors, desmoplastic, unicystic and, the least common,

peripheral [1, 3]. Additionally, the histologic patterns in

ameloblastoma include plexiform, follicular and, less fre-

quently, acanthomatous, granular cell, basal cell, and

spindle cell [4]. The distribution of the tumor subtypes and

histologic patterns in our study is similar to what has been

reported in the literature. Several studies point to higher

recurrence rates of follicular ameloblastomas when com-

pared with plexiform, peripheral, and unicystic counter-

parts [1, 9]. The current study similarly demonstrates a

trend toward higher recurrence in follicular ameloblastoma,

while there were no recurrences of desmoplastic and uni-

cystic variants, supporting prior observations. However,
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the relatively small patient number in our case series is

insufficient for a definitive conclusion.

Ameloblastoma is, in essence, a lifelong disease.

Although most tumors recur within 5 years of original

diagnosis, late recurrences are not uncommon, and were

seen in 23 % of the patients in the current study. While

neglected and recurrent ameloblastoma can cause signifi-

cant morbidity, mortality is extremely rare and is seen

typically in a setting of maxillary ameloblastoma extending

into the cranium [2, 14, 15]. The rare metastasizing

ameloblastoma and ameloblastic carcinoma, each descri-

bed in up to 2 % of patients with ameloblastoma, can also

infrequently lead to mortality [2, 4, 5, 8, 21].

The role of radiotherapy and chemotherapy as adjuvant

or sole treatment modalities in management of locally

aggressive ameloblastoma, metastasizing ameloblastoma,

and secondary ameloblastic carcinoma has been debated,

though recent studies have shown promising outcomes with

novel therapies, such as Gamma Knife stereotactic radio-

surgery and carbon ion therapy [4, 8]. Additionally, several

investigators identified a high incidence of mutually

exclusive mutations in mitogen-activated protein kinase

(MAPK) pathway genes (FGFR, BRAF V600E, and RAS

family) and sonic hedgehog (SHH) signaling pathway gene

SMO in ameloblastomas, providing potential avenues for

targeted therapies with RTK, MEK, BRAF, and SMO

inhibitors [22].

In summary, ameloblastoma is a locally aggressive

neoplasm, which can be associated with substantial local

morbidity and, rarely, mortality. Despite the promising

emerging therapies, management of ameloblastoma at

present remains primarily surgical. Our data indicate that a

radical surgical approach, such as segmental resection,

maxillectomy or mandibulectomy, is the strongest predic-

tor of recurrence-free survival in patients with ameloblas-

toma. Ameloblastoma’s propensity for delayed recurrence

emphasizes the need of life-long monitoring.
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