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Simple Summary: Ameloblastomas are rare, benign, progressively growing epithelial odontogenic
tumors with a high tendency to relapse. Although numerous studies concerning the treatment of
these tumors have been published, there is still no unanimity. This study seeks to confirm whether
radical surgery is more effective in avoiding relapses. We included 55 patients affected by complex
ameloblastoma, characterized by recurrence, soft-tissue involvement, erosion of internal/external
cortical walls with involvement of the inferior margin of the mandible, and/or invasion of the
maxillary sinus or nasal cavity. All patients underwent wide surgical resection and were then
followed for an average of 108 months, with a recurrence rate of 10.9%. Maxillary ameloblastoma has
an increased risk of recurrence, especially in patients who underwent previous surgical treatments.
Our results suggest that complete resection could prevent the onset of relapse. However, this
treatment seemed less effective in preventing recurrences in the soft tissues or maxillary sinus.

Abstract: Ameloblastoma is a rare, benign, odontogenic tumor of epithelial origin, characterized
by locally aggressive, expansive growth. Treatment is controversial due to the risk of relapse. The
aim of this multicenter retrospective study was to evaluate the effectiveness of complete resection in
cases of complex ameloblastoma, which is considered at a higher risk of recurrence. Patients who met at
least one of these criteria were included: recurrence, soft-tissue involvement, complete erosion of
internal/external cortical walls with involvement of the inferior margin of the mandible, and invasion
of the maxillary sinus or nasal cavity. Demographic data, tumor site, type of surgery, histological
features, and follow-up information were collected for each patient. The cohort included 55 patients
with a mean follow-up of 108 ± 66 months. A multivariate logistic model was used to evaluate
variables independently associated with relapse. There were six soft-tissue or maxillary sinus relapses,
with a recurrence rate of 10.9%. Most of them arose in patients previously treated. The statistical
analysis identified the maxillary location as a fundamental relapse risk factor. En bloc resection with
large surgical safety margins seemed to be effective in preventing the relapses. However, complete
resection was less effective in preventing recurrences in the soft tissues or maxillary sinus.
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1. Introduction

Ameloblastoma is a rare benign odontogenic tumor of epithelial origin, with an
estimated annual incidence of about 0.92 cases per million [1], characterized by locally
aggressive, expansive growth, and a high tendency for relapse. Malignant transformation
represents 2% of the cases, with a not negligible ability to metastasize [2,3]. This type of tu-
mor generally affects the mandible (80% of cases), with no predilection for males or females,
and the median age of presentation is approximately 35 years [4,5]. Ameloblastoma is gen-
erally asymptomatic: it may be discovered incidentally during imaging studies performed
for other reasons. As the size of the lesion increases, the earliest manifestations include a
slow-growing, generally painless swelling, followed by changes in the surrounding dental
elements, invasion of the soft tissues of the mouth with subsequent facial deformities,
functional limitations, and, in some cases, paresthesia and alterations in sensitivity [6]. The
treatments currently recognized in the scientific literature include wide surgical excision
with large resection margins, which may or may not be associated with reconstruction, and
conservative surgery [7–9]. Often the diagnosis of ameloblastoma occurs after conservative
surgical treatment because a differential diagnosis from odontogenic cysts is difficult, these
lesions are locally less aggressive, and, therefore, do not require a wide surgical resection.
However, in the latter case, there is a high incidence of recurrence (60–80% of cases) [10].
More than 50% of relapses occur within five years after surgery, but it is advisable to
consider a life-long follow-up [5] because some relapses have been described even more
25 years after the resective treatment. The treatment of recurrent ameloblastoma often
requires a very extensive resection, which involves more bone segments than the primary
resection. Soft tissues are also more often involved. Furthermore, relapses that extend to
the intracranial level always have important resective and reconstructive limits. Both the
resection and the reconstruction, if, and when, it is necessary to treat this type of relapse,
become very complex [11]. However, mutational status analysis is enabling new therapeu-
tic perspectives, especially in the case of mutations in the BRAF gene, which is the gene
most frequently connected with metabolic alterations that give rise to the disease. Some
authors do, indeed, affirm that the use of BRAF inhibitors could result in tumor regression,
allowing for less invasive surgery with organ and bone preservation [12–15]. Recently,
many case series have been published, but only a few articles investigate the outcomes of
radical surgical treatments and subsequent reconstructive options in ameloblastomas that
could be defined as complex—namely, requiring a resection on safety margins because of
their extension and site or characterized by multiple relapses and, therefore, with a greater
risk of further recurrence [9,10,16,17]. We classified as complex ameloblastomas the cases
that met at least one of these characteristics: recurrence, involvement of the soft tissues
of the mouth, erosion of internal/external cortical walls with involvement of the inferior
margin of the mandible, and invasion of the maxillary sinus or nasal cavity. Consistent
with this line of thought [10,18,19], this study aims to evaluate the effectiveness of com-
plete resection in preventing relapses in a subgroup of ameloblastomas characterized by
a greater risk of recurrence. Secondly, clinical and histopathological characteristics of the
neoplasms included in our sample have been analyzed in order to identify possible risk
factors for relapse.

2. Materials and Methods

A retrospective, multicenter, observational study was conducted on patients who
underwent extensive surgical ablation treatment, following a diagnosis of complex ameloblas-
toma of the jaw, at the Operative Unit of Maxillofacial Surgery of the ASST Monza San
Gerardo Hospital at the University of Milano Bicocca and at the Maxillofacial Surgery Unit
of the Policlinico Umberto I at the Sapienza University of Rome, in the period between
January 1997 and December 2019. This research study was conducted retrospectively from
data obtained for clinical purposes. We consulted extensively with the members of our
Institutional Review Board, who determined that our study did not need ethical approval.
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The study was conducted in accordance with the Declaration of Helsinki, and written
informed consent was obtained from all subjects involved in the study.

In accordance with the characteristics of complex ameloblastoma, the following were
included: (1) recurrence of ameloblastoma, (2) involvement of the soft tissues of the mouth,
(3) erosion of internal/external cortical walls with involvement of the inferior margin of the
mandible, and (4) invasion of the maxillary sinus or nasal cavity. Patients without a mini-
mum follow-up of 12 months were not included in our study. We analyzed medical records,
outpatient records, reports of surgical interventions, and radiological documentation of
each patient. Demographic data, characteristics of the surgery (anatomical site affected,
extent of bone resection, absence or presence of reconstruction, and type of reconstruction
performed), morphological and histological conditions of the disease (histological type,
size, and negativity or positivity of resection margins), and postoperative information
(follow-up duration and possible relapses) were collected. Statistical analysis was con-
ducted using absolute numbers and percentages in the case of categorical parameters, while
continuous variables were summarized using mean value, standard deviation, median,
and interquartile range.

The association between variables and outcomes, intended as the efficacy of the
therapy in terms of relapse rate, was studied through Fisher’s exact test for dichotomous
and categorical variables and Wilcoxon’s rank test for continuous variables. Stata software
9.0 (Stata Corporation, College Station, TX, USA) was used for performing statistical
analysis (D.P.E.).

3. Results

A cohort of 55 patients was included in the study. The characteristics of the sample are
summarized in Table 1: mean age was 47.2 ± 17.2 years (range: 16–85 years); 30 patients
were male (54.5%) and 25 patients were female (45.5%).

Table 1. Cohort characteristics.

Categories Data

Age ≤40 17 (30.9%)
>40 38 (69.1%)

Gender
Male 30 (54.5%)

Female 25 (45.5%)

Site
Mandible 44 (80.0%)

Maxilla and Infratemporal fossa 10 (18.2%)
Fronto-ethmoidal region 1 (1.8%)

Twenty-seven of the patients included in our sample (49.1%) came to our attention
with a relapse, after having been treated in other centers. In all cases, it was possible
to gather information on the therapeutic interventions they had previously undergone,
as shown in Table 2. As already mentioned, after histological confirmation obtained by
incisional biopsy, all patients underwent en bloc resection with large macroscopic margins
on healthy tissue.

Table 2. Previous treatments in patients with ameloblastoma relapse.

Variables Categories Data

History of ameloblastoma Yes 27 (49.1%)
No 28 (50.9%)

Previous treatments
Conservative treatment 18 (66.7%)

Radical surgery 5 (18.5%)
Conservative treatment + radical surgery 4 (14.8%)
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The sizes of the ameloblastomas are indicated in Table 3, together with the involvement
of the resection margins, which were evaluated in 52 cases (94.6%), and the histological
patterns [20].

Table 3. Size, resection margins, and histological patterns of the ameloblastomas.

Variables Categories Data

Size
Mean ± SD (range) 3.4 ± 1.6 cm (0.8–7.5 cm)

Median (IQR) 3.0 cm (2.5–4.0 cm)

Resection margins
Negative 45 (81.8%)
Positive 7 (12.7%)

Not known 3 (5.5%)

Histological patterns
Follicular type 30 (54.6%)
Plexiform type 7 (12.7%)

Other 18 (32.7%)

As illustrated in Table 4, 44 patients (80.0%) underwent immediate reconstructive
surgery (reconstructive plates, bone grafts, temporalis muscle flaps, and free flaps). Eleven
patients (20.0%) did not undergo any reconstruction.

Table 4. Type of reconstruction.

Variables Categories Data

Type of reconstruction

Free flap 25 (56.8%)
Bone graft 11 (25.0%)

Temporalis muscle flap 5 (11.4%)
Reconstruction plate 3 (6.8%)

Information about the postoperative follow-up is available for all patients, with an
average time of 108 ± 66 months (range: 12–244 months; median: 102 months; IQ range:
45–166 months). Table 5 highlights the main differences between the patients who devel-
oped relapses and those who remained disease-free. Analyzing the six cases of relapse in
the cohort under study (10.9%) and the relationship between relapse and disease localiza-
tion, we can state that in four cases (66.7%), the relapse arose in the context of the maxillary
bone, and in the mandible in two cases (33.3%). In three of the six cases of recurrence (50%),
the relapse arose in soft tissues, despite the wide surgical excision with safety margins
previously performed. In the remaining three cases (50%), the relapse arose in the maxillary
sinus, and the cranial base was also involved.

Table 5. The main differences between patients who developed relapses and patients who remained
disease-free.

Variables Categories Relapse No Relapse p-Value

Age ≤40 1 (16.7%) 16 (32.7%)
0.39>40 5 (83.3%) 33 (67.3%)

Sex
M 3 (50.0%) 22 (44.9%)

0.573F 3 (50.0%) 27 (55.1%)

History of
ameloblastoma

Yes 5 (83.3%) 22 (44.9%)
0.088No 1 (16.7%) 27 (55.1%)

Site
Maxilla 4 (66.7%) 6 (12.2%)

0.013Mandible 2 (33.3%) 42 (85.7%)
Fronto-ethmoidal 0 1 (2.1%)
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Table 5. Cont.

Variables Categories Relapse No Relapse p-Value

Size

Mean ± SD 3.2 ± 1.8 cm 3.5 ± 1.6 cm

0.657
(Range) (1.2–6.0 cm) (0.8–7.5 cm)
Median 3.0 cm 3.0 cm
(IQR) (1.7–4.8 cm) (2.5–4.0 cm)

Histotype
Follicular 2 (33.3%) 28 (57.1%)

0.383Plexiform 1 (16.7%) 6 (12.2%)
Other 3 (50.0%) 15 (30.7%)

Margins
Negative 5 (83.3%) 40 (81.6%)

0.47Positive 0 7 (14.3%)
Not known 1 (16.7%) 2 (4.1%)

Reconstruction

Free flap 2 (33.3%) 23 (49.0%)

0.057
Temporalis muscle flap 2 (33.3%) 3 (6.1%)

Bone graft 1 (16.7%) 9 (18.4%)
Plate 0 3 (6.1%)

No reconstruction 1 (16.7%) 10 (20.4%)

In Figure 1, disease-free survival is displayed with a Kaplan–Meier plot. Furthermore,
by stratifying the sample by age—using 40 years as the cut-off age—and site, it is possible
to plot the Kaplan–Meier curves (Figures 2 and 3).
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Finally, a multivariate logistic model was used to evaluate what variables may be
independently associated with relapse: the characteristics of the patients (age and anam-
nesis), disease (site, size, and histological type), and surgical treatment. We discovered
that the only variable independently associated with the onset of relapse is the anatomical
site, the maxillary location in particular. Table 6 displays the odds ratios (OR)—relating to
the variables described with a confidence interval of 95%—and the p-values for both the
univariate and multivariate logistic analyses.
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Table 6. Univariate and multivariate logistic analyses.

Variables
Univariate Analysis Multivariate Analysis

OR (95% CI) p-Value OR (95% CI) p-Value

Age 2.4 (0.3–22.5) 0.436 0.8 (0.0–13.3) 0.876
Anamnesis 6.1 (0.7–56.5) 0.109 75.3 (0.8–6932.2) 0.061

Site 7.0 (1.6–29.6) 0.009 54.5 (1.7–1716.2) 0.023
Size 0.9 (0.5–1.7) 0.705 0.7 (0.3–1.8) 0.416

Histotype 0.7 (0.2–2.7) 0.592 2.4 (0.3–17.8) 0.382

4. Discussion

Ameloblastoma is an odontogenic tumor and, unlike most benign tumors, has char-
acteristics that often complicate the patient’s clinical status in the long term: a marked
tendency to relapse (8–90%), the possibility of malignant degeneration (2%), and the ability
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to metastasize at a distance (<1%) [2,3,21,22]. Notably, ameloblastomas can cause recur-
rence after disease-free intervals of even 25 years [20]; indeed, a case report describes a
relapse that arose 50 years after the first diagnosis [23]. For this reason, it is necessary
to refer patients to long-lasting follow-ups [24]. According to many authors, the global
recurrence rate of ameloblastoma is around 10% and increases to values between 55%
and 90% in the case of conservative surgical treatment [10,25–31]. This behavior can be
explained by the fact that the smallest amount of residual disease is sufficient to cause its
recurrence. Therefore, extensive en bloc resection with appropriate reconstruction is the
best course of action to lower recurrence rates. This claim is also confirmed by McClary
et al. [32], who examined different studies and highlighted how radical treatment has a
significantly lower relapse rate, equal to 11%, compared to conservative treatment, with a
relapse in 65% of cases. The recent meta-analysis conducted by Hendra et al. [18] states
that, in solid pattern tumors, radical treatment leads to a relapse rate of about 8%, whereas
conservative treatment leads to relapse in 41% of cases. However, they do not describe
whether the cases treated are primary or secondary. The aim of our study was to evaluate
radical treatment in cases of complex ameloblastoma, providing criteria for identifying when
radical treatment is absolutely necessary to reduce the risk of recurrence. We classified as
complex ameloblastoma the cases that met at least one of these characteristics: recurrence,
involvement of the soft tissues of the mouth, erosion of internal/external cortical walls with
involvement of the inferior margin of the mandible, and invasion of the maxillary sinus or
nasal cavity. According to Yang et al. [26], soft-tissue invasion and maxillary sinus involve-
ment are risk factors for recurrence. Another fundamental factor in predicting the risk of
recurrence is the tumor site; in fact, the contiguity of the maxilla with the pterygopalatine
fossa, the infratemporal fossa, and the skull base makes this bone a more common site
of recurrence [11]. Our data—four out of the six cases of relapse in our cohort (66.7%)
arose in the context of the maxilla—together with the univariate and multivariate analyses
we performed, confirm this concept. The management of the lesions in these districts
always represents a challenge, especially in obtaining wide free resection margins and
performing a satisfactory reconstruction [11]. The relapse rate that emerges from our study,
equal to 10.9%, seems to agree with the data in the literature, despite our cohort having a
higher risk of recurrence. Hong et al. point out that the histological pattern is also related
to the risk of recurrence: the follicular histotype seems to have the highest relapse rate
(26.3%) according to Armocida et al. [11], followed by the plexiform histotype (21.7%) [33].
Taking into consideration the six patients with relapse presented in our study, two of them
presented a follicular histotype (33.3%), and one presented a plexiform histotype (16.7%);
the remaining three patients (50.0%) presented other histotypes. Therefore, although not
statistically significant, the data presented here would seem to be in line with the scientific
literature previously cited. Yang et al. also demonstrated the association of tumor size with
recurrence rate: the greater the size and the invasion of adjacent structures, the more likely
the recurrence [10]. In this case, the sample in our study, probably because of the reduced
number of relapses involved, would seem to go against this statement; in fact, there is
no difference in the size of ameloblastomas with a tendency to relapse (3.2 cm ± 1.8 cm)
and the size of neoplasms that do not recur (3.5 cm ± 1.6 cm). Finally, our data suggest
the absence of a correlation between age and relapse; the only trend that can be inferred
concerns an earlier relapse in young patients, as shown in Figure 2. However, we have
found no difference between young and elderly patients in the long term.

Ameloblastomas have a low incidence [1], which makes it difficult to obtain statistically
significant results. The benignity of these lesions often suggests a less aggressive treatment,
but the course of treatment should be carefully planned in consideration of the high rate of
relapse. It is not currently possible to consider any approach as the most appropriate for
this reason. However, en bloc tumor resection with wide free surgical margins, followed
by simultaneous or deferred reconstruction, is considered by experts the gold standard
of care [10,18,26,27,34,35]. The type of reconstruction varies according to the location and
extent of the defect. The reconstructive techniques we used in our cohort ranged from
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reconstructive plates to locoregional flaps (such as the temporal muscle flap) to the harvest
of free revascularized flaps. Immediate reconstruction with microsurgical flaps guarantees
the best aesthetic and functional result. The bone flaps, such as the fibula free flap and
the iliac crest flap, allow the restoration of bone. As affirmed by many authors, fibula-free
flaps guarantee a satisfying result in reconstruction, with a higher success rate, greater
stability, and greater reliability for dental rehabilitation [36–42]. Furthermore, the use of
revascularized bone flaps allows implant-prosthetic rehabilitation, which is correlated with
a significant improvement in the quality of life of the patients [42].

In any case, the professionals must consider both the characteristics of the pathology,
such as size, site, and local invasiveness, and the characteristics of the patient, such as age
and comorbidities, when choosing the best procedure to perform.

Our study supports the line of thought that radical surgery is more effective than the
conservative approach in preventing the onset of relapse. However, in multi-recurrent
cases, not even wide surgical excision is fully adequate, especially when it is used to treat
relapses in the soft tissues or paranasal sinus: five out of the six cases (83.3%) of relapse
involved in our study were multi-recurrent ameloblastomas, characterized by a long history
of treatments prior to being referred to our departments.

This study has some limitations: some data are not statistically significant because of
the small number of patients enrolled, as it often happens in rare tumors. Also, as this is a
retrospective study, many cases were not included because the information available to us
was incomplete. Moreover, molecular and genetic analyses were not processed due to a
lack of clinical use. Finally, the quality of life of patients after surgery was not assessed by
questionnaires evaluating the impact of surgical treatments.

5. Conclusions

Ameloblastoma is a rare disease that influences the lives of the affected patients
because of its innate tendency to recur. Our study allows us to conclude that a radical
treatment guarantees a lower possibility of recurrence, even in complex cases with a
higher risk of relapse, classified as complex ameloblastoma the cases that met at least one of
these characteristics: recurrence, involvement of the soft tissues of the mouth, erosion of
internal/external cortical walls with involvement of the inferior margin of the mandible,
and invasion of the maxillary sinus or nasal cavity. Our multivariate logistic model confirms
that recurrences are certainly favored by a maxillary location and often arise in the soft
tissues or maxillary sinus. In such cases, not even a wide surgical resection with safety
margins is fully effective in erasing the risk of relapse in the long term. However, given the
limitations of our research, collaboration and sharing of homogeneous data from several
departments involved in collective studies could be fundamental to carrying out detailed
and unequivocal assessments, performing multivariate statistical analyses, and examining
in depth the impact of this pathology and its treatments on the patient’s life.

Author Contributions: Conceptualization, D.S. (Davide Sozzi) and A.C.; methodology, E.D.P.; vali-
dation, E.D.P.; formal analysis, E.D.P.; investigation, M.M., R.P. and D.S. (Davide Spadoni); resources,
D.S. (Davide Sozzi), G.N. and V.V.; data curation, M.M., R.P. and G.C.; writing—original draft prepa-
ration, M.M. and R.P.; writing—review and editing, D.S. (Davide Sozzi), A.C. and M.M.; visualization,
E.D.P., M.M. and G.C.; supervision, G.N. and G.C.; project administration, D.S. (Davide Sozzi) and
V.V. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This research study was conducted retrospectively from data
obtained for clinical purposes. We consulted extensively with our Institutional Review Board who
determined that our study did not need ethical approval. The study was conducted in accordance
with the Declaration of Helsinki.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.



Cancers 2022, 14, 4608 9 of 10

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Hendra, F.N.; Van Cann, E.M.; Helder, M.N.; Ruslin, M.; De Visscher, J.G.; Forouzanfar, T.; De Vet, H.C. Global incidence and

profile of ameloblastoma: A systematic review and meta-analysis. Oral Dis. 2020, 26, 12–21. [CrossRef] [PubMed]
2. Odukoya, O.; Effiom, O.A. Clinicopathological study of 100 Nigerian cases of ameloblastoma. Niger. Postgrad. Med. J. 2008,

15, 1–5. [PubMed]
3. Cardoso, A.; Lazow, S.K.; Solomon, M.P.; Berger, J.R.; Rock, A. Metastatic Ameloblastoma to the Cervical Lymph Nodes: A Case

Report and Review of Literature. J. Oral Maxillofac. Surg. 2009, 67, 1163–1166. [CrossRef]
4. Mendenhall, W.M.; Werning, J.W.; Fernandes, R.; Malyapa, R.S.; Mendenhall, N. Ameloblastoma. Am. J. Clin. Oncol. 2007, 30,

645–648. [CrossRef]
5. Reichart, P.; Philipsen, H.; Sonner, S. Ameloblastoma: Biological profile of 3677 cases. Eur. J. Cancer B Oral Oncol. 1995, 31, 86–99.

[CrossRef]
6. Milman, T.; Ying, G.-S.; Pan, W.; Livolsi, V. Ameloblastoma: 25 Year Experience at a Single Institution. Head Neck Pathol. 2016, 10,

513–520. [CrossRef]
7. Shatkin, S.; Hoffmeister, F.S. Ameloblastoma: A rational approach to therapy. Oral Surg. Oral Med. Oral Pathol. 1965, 20, 421–435.

[CrossRef] [PubMed]
8. Müller, H.; Slootweg, P.J. The ameloblastoma, the controversial approach to therapy. J. Maxillofac. Surg. 1985, 13, 79–84. [CrossRef]

[PubMed]
9. Becelli, R.; Carboni, A.; Cerulli, G.; Perugini, M.; Iannetti, G. Mandibular Ameloblastoma: Analysis of Surgical Treatment Carried

Out in 60 Patients Between 1977 and 1998. J. Craniofacial Surg. 2002, 13, 395–400. [CrossRef]
10. Yang, R.; Liu, Z.; Gokavarapu, S.; Peng, C.; Cao, W.; Ji, T. Recurrence and cancerization of ameloblastoma: Multivariate analysis

of 87 recurrent craniofacial ameloblastoma to assess risk factors associated with early recurrence and secondary ameloblastic
carcinoma. Chin. J. Cancer Res. 2017, 29, 189–195. [CrossRef]

11. Armocida, D.; Berra, L.V.; Pucci, R.; Battisti, A.; Della Monaca, M.; Valentini, V.; Santoro, A. Ameloblastoma and Intracranial
Involvement: The Current Challenge of the Radical Surgical Treatment. Comprehensive Review of the Literature and Institution
experience. J. Maxillofac. Oral Surg. 2021, 21, 34–43. [CrossRef] [PubMed]

12. Brown, N.A.; Rolland, D.; McHugh, J.B.; Weigelin, H.C.; Zhao, L.; Lim, M.S.; Elenitoba-Johnson, K.S.; Betz, B.L. Activating
FGFR2–RAS–BRAF Mutations in Ameloblastoma. Clin. Cancer Res. 2014, 20, 5517–5526. [CrossRef] [PubMed]

13. Kurppa, K.J.; Catón, J.; Morgan, P.R.; Ristimäki, A.; Ruhin, B.; Kellokoski, J.; Elenius, K.; Heikinheimo, K. High frequency of BRAF
V600E mutations in ameloblastoma. J. Pathol. 2013, 232, 492–498. [CrossRef] [PubMed]

14. Hirschhorn, A.; Campino, G.A.; Vered, M.; Greenberg, G.; Yacobi, R.; Yahalom, R.; Barshack, I.; Toren, A.; Amariglio, N.; Rechavi,
G. Upfront rational therapy in BRAF V600E mutated pediatric ameloblastoma promotes ad integrum mandibular regeneration. J.
Tissue Eng. Regen. Med. 2021, 15, 1155–1161. [CrossRef] [PubMed]

15. Duarte-Andrade, F.; Silva, A.M.B.; Vitório, J.; Canuto, G.A.B.; Costa, S.F.S.; Diniz, M.G.; Fernandes, A.P.; De Toledo, J.S.; André,
L.C.; Gomes, C.C.; et al. The importance of BRAF-V600E mutation to ameloblastoma metabolism. J. Oral Pathol. Med. 2019, 48,
307–314. [CrossRef]

16. Vayvada, H.; Mola, F.; Menderes, A.; Yilmaz, M. Surgical Management of Ameloblastoma in the Mandible: Segmental Mandibulec-
tomy and Immediate Reconstruction With Free Fibula or Deep Circumflex Iliac Artery Flap (Evaluation of the Long-Term Esthetic
and Functional Results). J. Oral Maxillofac. Surg. 2006, 64, 1532–1539. [CrossRef]

17. Hu, Y.; Cao, R.; Wang, Z.; Hong, W.; Zheng, C. Reconstruction of Deep Circumflex Iliac Artery Free Flap for Multiple Recurrent
Ameloblastoma in Mandible. J. Craniofacial Surg. 2019, 30, 557–562. [CrossRef]

18. Hendra, F.N.; Kalla, D.S.N.; Van Cann, E.M.; De Vet, H.C.W.; Helder, M.N.; Forouzanfar, T. Radical vs conservative treatment of
intraosseous ameloblastoma: Systematic review and meta-analysis. Oral Dis. 2019, 25, 1683–1696. [CrossRef]

19. Black, C.; Addante, R.R.; Mohila, C.A. Intraosseous ameloblastoma. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endodontology
2010, 110, 585–592. [CrossRef]

20. El-Naggar, A.K.; Chan, J.K.C.; Grandis, J.R.; Takata, T.; Slootweg, P.J. (Eds.) WHO Classification of Head and Neck Tumours, 4th ed.;
IARC Publications: Lyon, France, 2017.

21. Deng, L.; Wang, R.; Yang, M.; Li, W.; Zou, L. Ameloblastic carcinoma: Clinicopathological analysis of 18 cases and a systematic
review. Head Neck 2019, 41, 4191–4198. [CrossRef]

22. Hosalkar, R.; Saluja, T.S.; Swain, N.; Singh, S.K. Prognostic evaluation of metastasizing ameloblastoma: A systematic review of
reported cases in literature. J. Stomatol. Oral Maxillofac. Surg. 2021, 122, 192–198. [CrossRef] [PubMed]

23. Belli, E.; Rendine, G.; Mazzone, N. Ameloblastoma Relapse After 50 Years From Resection Treatment. J. Craniofacial Surg. 2009, 20,
1146–1149. [CrossRef] [PubMed]

24. Au, S.W.; Li, K.Y.; Choi, W.S.; Su, Y.X. Risk factors for recurrence of ameloblastoma: A long-term follow-up retrospective study.
Int. J. Oral Maxillofac. Surg. 2019, 48, 1300–1306. [CrossRef] [PubMed]

http://doi.org/10.1111/odi.13031
http://www.ncbi.nlm.nih.gov/pubmed/30614154
http://www.ncbi.nlm.nih.gov/pubmed/18408774
http://doi.org/10.1016/j.joms.2008.09.006
http://doi.org/10.1097/COC.0b013e3181573e59
http://doi.org/10.1016/0964-1955(94)00037-5
http://doi.org/10.1007/s12105-016-0734-5
http://doi.org/10.1016/0030-4220(65)90231-8
http://www.ncbi.nlm.nih.gov/pubmed/5318030
http://doi.org/10.1016/S0301-0503(85)80021-7
http://www.ncbi.nlm.nih.gov/pubmed/3858399
http://doi.org/10.1097/00001665-200205000-00006
http://doi.org/10.21147/j.issn.1000-9604.2017.03.04
http://doi.org/10.1007/s12663-021-01643-9
http://www.ncbi.nlm.nih.gov/pubmed/35400903
http://doi.org/10.1158/1078-0432.CCR-14-1069
http://www.ncbi.nlm.nih.gov/pubmed/24993163
http://doi.org/10.1002/path.4317
http://www.ncbi.nlm.nih.gov/pubmed/24374844
http://doi.org/10.1002/term.3254
http://www.ncbi.nlm.nih.gov/pubmed/34599642
http://doi.org/10.1111/jop.12839
http://doi.org/10.1016/j.joms.2005.11.065
http://doi.org/10.1097/SCS.0000000000005166
http://doi.org/10.1111/odi.13014
http://doi.org/10.1016/j.tripleo.2010.02.040
http://doi.org/10.1002/hed.25926
http://doi.org/10.1016/j.jormas.2020.07.001
http://www.ncbi.nlm.nih.gov/pubmed/32659412
http://doi.org/10.1097/SCS.0b013e3181abb4c7
http://www.ncbi.nlm.nih.gov/pubmed/19553848
http://doi.org/10.1016/j.ijom.2019.04.008
http://www.ncbi.nlm.nih.gov/pubmed/31084977


Cancers 2022, 14, 4608 10 of 10

25. Effiom, O.A.; Ogundana, O.M.; Akinshipo, A.O.; Akintoye, S.O. Ameloblastoma: Current etiopathological concepts and
management. Oral Dis. 2018, 24, 307–316. [CrossRef]

26. Yang, R.; Liu, Z.; Peng, C.; Cao, W.; Ji, T. Maxillary ameloblastoma: Factors associated with risk of recurrence. Head Neck 2017, 39,
996–1000. [CrossRef]

27. Laborde, A.; Nicot, R.; Wojcik, T.; Ferri, J.; Raoul, G. Ameloblastoma of the jaws: Management and recurrence rate. Eur. Ann.
Otorhinolaryngol. Head Neck Dis. 2017, 134, 7–11. [CrossRef]

28. Antonoglou, G.N.; Sándor, G.K. Recurrence rates of intraosseous ameloblastomas of the jaws: A systematic review of conservative
versus aggressive treatment approaches and meta-analysis of non-randomized studies. J. Cranio-Maxillofacial Surg. 2015, 43,
149–157. [CrossRef]

29. Dandriyal, R.; Pant, S.; Gupta, A.; Baweja, H.H. Surgical management of ameloblastoma: Conservative or radical approach. Natl.
J. Maxillofac. Surg. 2011, 2, 22–27. [CrossRef]

30. Hertog, D.; Schulten, E.A.; Leemans, C.R.; Winters, H.A.; Van der Waal, I. Management of recurrent ameloblastoma of the jaws; a
40-year single institution experience. Oral Oncol. 2011, 47, 145–146. [CrossRef]

31. Hresko, A.; Burtyn, O.; Pavlovskiy, L.; Snisarevskyi, P.; Lapshyna, J.; Chepurnyi, Y.; Kopchak, A.; Karagozoglu, K.; Forouzanfar, T.
Controversies in ameloblastoma management: Evaluation of decision making, based on a retrospective analysis. Med. Oral Patol.
Oral Cirugía Bucal 2020, 9, 24104. [CrossRef]

32. McClary, A.C.; West, R.B.; McClary, A.C.; Pollack, J.R.; Fischbein, N.J.; Holsinger, C.F.; Sunwoo, J.; Colevas, A.D.; Sirjani, D.
Ameloblastoma: A clinical review and trends in management. Eur. Arch. Oto-Rhino-Laryngol. 2016, 273, 1649–1661. [CrossRef]
[PubMed]

33. Hong, J.; Yun, P.-Y.; Chung, I.-H.; Myoung, H.; Suh, J.-D.; Seo, B.-M.; Lee, J.-H.; Choung, P.-H. Long-term follow up on recurrence
of 305 ameloblastoma cases. Int. J. Oral Maxillofac. Surg. 2007, 36, 283–288. [CrossRef] [PubMed]

34. Nakamura, N.; Higuchi, Y.; Mitsuyasu, T.; Sandra, F.; Ohishi, M. Comparison of long-term results between different approaches
to ameloblastoma. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endodontology 2002, 93, 13–20. [CrossRef] [PubMed]

35. Kalwagadda, S.; Kumar, B.; Nair, S.C.; Shah, A.K.; Shroff, S.S. Management of Ameloblastoma with Free Tissue Flap in Comparison
with Other Reconstructive Options Available. J. Maxillofac. Oral Surg. 2019, 19, 283–288. [CrossRef]

36. Vincent, A.; Burkes, J.; Williams, F.; Ducic, Y. Free Flap Reconstruction of the Maxilla. Semin. Plast. Surg. 2019, 33, 030–037.
[CrossRef]

37. Yamamoto, N.; Morikawa, T.; Yakushiji, T.; Shibahara, T. Mandibular Reconstruction with Free Vascularized Fibular Graft. Bull.
Tokyo Dent. Coll. 2018, 59, 299–311. [CrossRef]

38. Kumar, B.P.; Venkatesh, V.; Kumar, K.A.J.; Yadav, B.Y.; Mohan, S.R. Mandibular Reconstruction: Overview. J. Maxillofac. Oral Surg.
2016, 15, 425–441. [CrossRef]

39. Paré, A.; Bossard, A.; Laure, B.; Weiss, P.; Gauthier, O.; Corre, P. Reconstruction of segmental mandibular defects: Current
procedures and perspectives. Laryngoscope Investig. Otolaryngol. 2019, 4, 587–596. [CrossRef]

40. Kakarala, K.; Shnayder, Y.; Tsue, T.T.; Girod, D.A. Mandibular reconstruction. Oral Oncol. 2018, 77, 111–117. [CrossRef]
41. Brown, J.; Lowe, D.; Kanatas, A.; Schache, A. Mandibular reconstruction with vascularised bone flaps: A systematic review over

25 years. Br. J. Oral Maxillofac. Surg. 2017, 55, 113–126. [CrossRef]
42. Sozzi, D.; Novelli, G.; Silva, R.; Connelly, S.T.; Tartaglia, G.M. Implant rehabilitation in fibula-free flap reconstruction: A

retrospective study of cases at 1–18 years following surgery. J. Cranio-Maxillofacial Surg. 2017, 45, 1655–1661. [CrossRef] [PubMed]

http://doi.org/10.1111/odi.12646
http://doi.org/10.1002/hed.24720
http://doi.org/10.1016/j.anorl.2016.09.004
http://doi.org/10.1016/j.jcms.2014.10.027
http://doi.org/10.4103/0975-5950.85849
http://doi.org/10.1016/j.oraloncology.2010.11.008
http://doi.org/10.4317/medoral.24104
http://doi.org/10.1007/s00405-015-3631-8
http://www.ncbi.nlm.nih.gov/pubmed/25926124
http://doi.org/10.1016/j.ijom.2006.11.003
http://www.ncbi.nlm.nih.gov/pubmed/17222535
http://doi.org/10.1067/moe.2002.119517
http://www.ncbi.nlm.nih.gov/pubmed/11805772
http://doi.org/10.1007/s12663-019-01203-2
http://doi.org/10.1055/s-0039-1677701
http://doi.org/10.2209/tdcpublication.2017-0025
http://doi.org/10.1007/s12663-015-0766-5
http://doi.org/10.1002/lio2.325
http://doi.org/10.1016/j.oraloncology.2017.12.020
http://doi.org/10.1016/j.bjoms.2016.12.010
http://doi.org/10.1016/j.jcms.2017.06.021
http://www.ncbi.nlm.nih.gov/pubmed/28823690

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

