
Vol.:(0123456789)1 3

Head and Neck Pathology (2021) 15:967–974 
https://doi.org/10.1007/s12105-020-01258-5

REVIEW

Metastasizing Ameloblastoma: A 10 Year Clinicopathological Review 
with an Insight Into Pathogenesis

Deepak Pandiar1 · Rahul Anand1  · Mala Kamboj1 · Anjali Narwal1 · P M Shameena2 · Anju Devi1

Received: 17 October 2020 / Accepted: 19 November 2020 / Published online: 4 January 2021 
© Springer Science+Business Media, LLC, part of Springer Nature 2021

Abstract
Ameloblastoma, a benign but locally aggressive odontogenic tumor, often demonstrates metastasis despite benign histological 
features and this variant is termed as metastasizing ameloblastoma (METAM). It was classified under the malignant category 
in the 2005 WHO but has been re-classified under benign epithelial odontogenic tumors in the latest 2017 WHO classification. 
The present review aimed at gathering the available data on METAM to update the current cognizance about the pathology. 
Comprehensive search of the databases (viz., PubMed, Medline, SCOPUS, Web of Science, EMBASE and Google Scholar) 
was done for published articles on METAM following Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines. A total of 42 cases were extracted. The mean age of occurrence was 42.71 ± 15.87 years. A slight male 
predilection was noted. Mandibular cases showed more metastasis than maxillary cases. Follicular ameloblastoma was most 
frequently encountered at secondary site followed by plexiform type. Lungs were the most commonly affected secondary 
sites. METAM is a rare odontogenic tumor and the diagnosis is usually made in retrospect. Inadequate treatment may result 
in multiple recurrences and metastasis in rare instances. Metastasis in ameloblastoma appears to be multi-factorial in nature 
and needs further investigation in untapped territory like exploration of quantum effects at cellular and molecular levels.
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Introduction

Although metastasis is not a usual feature of benignancy, 
various benign tumors such as pleomorphic adenoma, 
tuberous sclerosis, and giant cell tumor of bone have been 
reported to metastasize to distant locations [1–3]. Amelo-
blastoma, a benign but locally aggressive odontogenic tumor 
every so often demonstrates metastasis despite benign histo-
logical features and this variant is termed as metastasizing 
ameloblastoma (METAM).

Previous reviews on METAM were published by Dissa-
nayake et al. and Van Dam et al. who audited the cases from 
1923 through 2009 [4, 5]. The data was however, presented 
and analyzed based on 2005 WHO classification of head 

and neck tumors where METAM was categorized under 
the malignant category [6]. The tumor has been reclassi-
fied under the category of benign epithelial odontogenic 
tumors in the latest 2017 WHO classification of head and 
neck tumors but with ICD-O code of malignant tumors i.e. 
9310/3 [7]. No justification is howbeit presented for this 
recategorization [8].

In the present review, we aimed to present the clinico-
pathological features of METAM reported in the last decade 
and to compare the data with the previous literature. An 
attempt for possible pathogenesis is also made for metastasis 
in ameloblastoma.

Methodology

Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines were undertaken to design 
the present clinicopathological review. Two investigators 
(DP and RA) independently searched the electronic data-
bases viz. PubMed, Medline, SCOPUS, Web of Science, 
EMBASE and Google Scholar for the following keywords 
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singly or in combination: ‘metastasizing ameloblastoma’, 
‘metastatic ameloblastoma’, ‘malignant ameloblastoma’, and 
‘METAM’. Subsequent citations were identified through the 
reference lists of included papers; bibliographical linkages 
were also included. Any discordance was resolved by dis-
cussion to reach a consensus on the inclusion of the study.

Inclusion and Exclusion Criteria

All the papers of METAM published from 2010 through 
December 2019 were included in the present comprehensive 
review. Reviews, mini-reviews and systematic reviews were 
excluded from the study. Papers published in ‘non English’ 
language and articles where full text could not be obtained 
were not included. The extracted data were analyzed and 
tabulated for the following parameters: age, gender, site and 
laterality of lesion, histopathology of primary lesion, sec-
ondary metastatic site, histopathology of secondary lesion, 
number of recurrences, time interval between primary and 
secondary lesion, treatment and overall survival.

The data were presented on Microsoft excel spreadsheet 
2013. Descriptive statistics was done for frequency counts. 
Death due to any cause of the patient was considered as 
an event of interest. IBM SPSS statistics software version 
25 (IBM Analytics, Armonk, New York, U.S.) was used to 
analyze the data.

Results

Clinicopathological Profile

Forty-two satisfactory cases of metastasizing ameloblas-
toma were included in the present study [4, 5, 9–43]. The 
mean age of occurrence was 42.71 ± 15.87 years (range 
8–74). Males outnumbered females slightly (males-23; 
females-19) with a ratio of 1.21:1. Evidently, the mandibular 
cases (n = 33) showed more metastasis than maxillary cases 
(n = 8). For one case the exact site was not mentioned. No 
data was available regarding laterality of primary tumor in 
7 cases. Of the remaining, 20 cases affected the left side, 14 
cases were right sided and a single case was seen involving 
the anterior segment.

According to WHO 2017, ameloblastoma is histologi-
cally categorized into follicular, plexiform, acanthomatous, 
granular, basaloid and desmoplastic types [7]. Unicystic 
ameloblastoma is regarded as a separate entity. All variants 
have tendency to invade the adjacent bone (Fig. 1). In the 
present review, the information about histological subtype 
of both primary and secondary sites was found to be non-
uniform. At the primary site, the histological subtype was 
not mentioned in 47.6% of the cases; follicular ameloblas-
toma was the most common subtype (8 cases, 19%) followed 

by plexiform (5 cases, 11.9%). Two cases of acanthomatous 
ameloblastoma were seen, and one case each of basaloid, 
granular and unicystic type. The histological pattern was 
allegedly mixed in the remaining four patients. Discord-
ance was noticed in the histological type between primary 
and metastatic site. Follicular ameloblastoma was most fre-
quently encountered at secondary site followed by plexiform 
type.

Lungs were the most commonly affected secondary sites 
and in 16 cases the metastatic process was bilateral. Lymph 
nodes were the next commonly involved sites of metastasis. 
Table 1 shows the detailed description of site distribution 
of METAM.

Treatment and Outcome

The number of recurrences ranged between 0 and 7; for one 
of the case, recurrence status was described as ‘multiple’. 
Mean interval between the primary and the secondary tumor 
was 11.453 ± 9.59 years (median 10 years; range 0–35). The 
treatment details of METAM cases included in the present 
review and their corresponding overall survival is shown 
in Table 2. The follow-up of only 20 cases was mentioned, 
the overall mean survival of these twenty patients was 
4.934 ± 6.33 years (median-2.5 years; range 0.17–27 years).

Discussion

METAM is considered to be a rare, benign but metastasiz-
ing odontogenic tumor. The primary and secondary lesions 
must show histological features of benign ameloblastoma, 
for making a diagnosis of METAM [7]. Notably, the diag-
nosis is only made in retrospect and there are no specific 

Fig. 1  Photomicrograph of H&E stained section showing follicular 
ameloblastoma showing local invasion to adjacent bone (×100)
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histological features to predict the metastasis. Using Sur-
veillance, Epidemiology and End-Results (SEER) data-
base, an overall incidence of 1.79 per million/person was 
reported for malignant ameloblastoma by Rizzitelli et al. 
however this incidence was combined for metastasizing 
ameloblastoma and ameloblastic carcinoma under the 
umbrella term ‘malignant ameloblastoma’ [44]. This term 
was used synonymously with metastasizing ameloblastoma 
in the previous 2005 WHO classification of odontogenic 
tumors and METAM was categorized as a malignant odon-
togenic tumor. METAM always show benign histological 
features even at the metastatic site in contrast to amelo-
blastic carcinoma which displays malignant features such 
as increased nucleo-cytoplasmic ratio, pleomorphism, 
nuclear hyperchromatism, increased mitotic activity and 
perineural/vascular invasion (Fig. 2) [7].

Independent systematic reviews on (METAM) were 
performed and presented by Dissanayake et al. [4] and Van 
Dam et al. [5]. Their reviews included data from 1923 to 
2009 and reported a mean age of 33.85 years and 30 years 
respectively. The present review included the published 
cases of the past decade (2010–2019), the mean age of 
occurrence was found to be 42.72 ± 15.68 years (range 
8–74  years), which is relatively higher than previous 
reviews in the literature, depicting a change in the trend 
over the past decade. The range has however been seen 
to be more or less constant [15, 16, 45]. The average age 
of initial diagnosis of solid multicystic ameloblastoma in 
industrial countries was reported to be 39.1 years which is 
10–15 years higher than developing nations [46]. Dodge 
OG proposed that this could be attributed to the acceler-
ated aging process in developing nations owing to poor 
nutrition and healthcare [47]. The same could be applica-
ble to metastasizing ameloblastoma also, as the treatment 
modalities and overall lifestyle are improving positively. 
Another valid reason could be late presentation of patients 
due to lack of awareness and infrequent routine dental 
checkup in underdeveloped nations.

Concordant with literature, a slight male predominance 
was noted in the present review [4]. Other studies docu-
mented no gender predilection or definitive male preponder-
ance [16, 23]. Mandibular ameloblastoma definitely show 
more tendency to metastasize as depicted by the present 
review and previous reports [4, 5]. The simple explana-
tion for this trend could be the actual relative incidence of 
solid multicystic ameloblastoma in gnathic bones, mandi-
ble being far more commonly affected than maxilla. The 
latent period between the initial diagnosis of such tumors 
has been reported in various papers as: 2 months–42 years 
[4], 3–45 years [5] and 9–14 years [41]. We found a mean 
of 11.453 ± 9.59 years (range 0–35 years), as in four cases 
primary lesion and metastatic lesions were diagnosed simul-
taneously [12, 13, 15, 27].Ta
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Ameloblastoma was seen most commonly metastasiz-
ing to lungs, in 16 reports the process was seen bilaterally, 
followed by lymph nodes. Metastasis to bone [5, 19, 25], 
brain [30, 37, 42], scalp [43], liver [19, 42], chest wall [5], 
pericardium [5], abdomen [5], and para-renal region [5] 
was infrequent. Histologically, it has been reported that 
plexiform ameloblastoma exhibits most metastases [4]. 
Plexiform ameloblastoma histologically shows growth pat-
tern recapitulating normal odontogenesis prior to histo- or 
morpho- differentiation with numerous bud like structures 

(Fig. 3). These structures may get easily dislodged and 
implanted at another site during surgical procedures. How-
ever, in the present review follicular ameloblastoma (n = 8) 
was the most common metastasizing variant. Remarkably, 
same subtype was encountered more frequently seeded at 
secondary site (n = 20). There was a variation in the num-
ber of cases, regarding the type, in primary and secondary 
site which is attributable to the fact that the diagnosis is 
usually made retrospectively and in as many as eighteen 
cases the histo-type of primary tumor was unspecified. 

Table 2  Detailed treatment for metastasizing ameloblastoma with corresponding follow-up and survival

Treatment of secondary site Total no. of cases No. of cases with follow up Mean 
overall 
survival 
(in years)

Surgery only 21 [4, 5, 9, 10, 12, 13, 16, 18, 20–24, 26, 
27, 29, 30, 33, 38, 40]

9 [5, 10, 12, 13, 16, 20, 21, 24, 33] 4.74

Chemotherapy only 6 [5, 17, 32–34, 39] 4 [5, 17, 34] 4.125
Surgery + chemotherapy 1 [41] 1 [41] 1.5
Surgery + radiotherapy 2 [37, 43] – –
Radiotherapy + chemotherapy 1 [42] – –
Alternative 1 [35] 1 [35] 27 (no 

treat-
ment for 
metasta-
sis)

No treatment 4 [11, 14, 31, 36] 2 [11, 14] 0.67
No data available 7 [15, 19, 25, 28] 3 [28] 3.31

Fig. 2  Photomicrograph of H&E stained section from a case of ameloblastic carcinoma showing follicles of odontogenic epithelium with 
marked pleomorphism and hyperchromatism. Occasion mitotic figures are seen (a ×40, b ×100)
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Rare cases of unicystic and granular cell ameloblastoma 
have also been reported which maintained their histology 
at secondary site [12, 20, 30]. Few cases revealed a mixed 
histological pattern, authors believe that such a diagnosis 
should however be avoided, as reporting should be done 
based on the major histological pattern noted.

The most common proposed theories for metastasis are 
lung aspiration theory, surgical implantation theory and 
the phenomenon of heterotopias. Lai et al. suggested that 
despite being metastatic, it is wise to regard this entity 
as benign because METAM shows benign histological 
appearance, low grade biological behavior and limited 
damage at metastatic site in contrast to malignant tumors 
[11]. The lymphatogenous spread of METAM tumors cells 
is well accepted amongst investigators but hematogenous 
route is more favored [5]. A query arises that if we con-
sider surgical implantation or exploration/multiple recur-
rences as driving factors for seeding of tumor cells, could 
there be any other factors responsible for metastasis? The 
answer may lie in provenance. That is, the inherent prop-
erty of odontogenic cells to migrate as a derivative of neu-
ral crest cells (NCCs) or under their influence occurring 
during odontogenesis as discussed in the sections below.

Ameloblastoma arises from the remnants of dental lamina 
or cell rest of Malassez. NCCs migrate from the future fore-
brain region to the site of primitive stomodeum to develop 
into parts of the future dental apparatus. These cells arise 
from the neuroectoderm and are capable to migrate and 
show pleuripotency. During differentiation, NCCs undergo 
epithelial–mesenchymal transformation, which facilitates 
their migration. It has been found that snail and slug zinc-
finger transcription factor family is responsible for repres-
sion of E-cadherin, a cell adhesion molecule [48]. Fibroblast 

growth factor (FGF), bone morphogenetic proteins (BMP) 
and Wnt play a significant role in this cascade [49]. NCCs 
developing into the ectomesenchyme inversely interact with 
the oral ectoderm known as epithelial mesenchymal inter-
action. During odontogenesis, odontoblasts differentiating 
from dental papilla (NCC origin), align themselves in a 
perpendicular orientation to inner enamel epithelium and 
undergo a mitotic division to form an odontoblast and a sub-
odontoblastic layer. At the same time the cells replicate by 
mitosis in enamel organ. Thus, all cells of dental papilla and 
enamel organ cells inversely expose each other to signaling 
molecules and growth factors which in turn are the determi-
nants of differentiation.

An important protein to be acknowledged here is Wnt5a, 
whose increased expression has been demonstrated in vari-
ous studies suggesting a role in development of ameloblas-
toma [50, 51]. Qiao et al. found up-regulation of Wnt5a in 
ameloblastomas and suggested that it leads to an enhanced 
mitochondrial energy production and altered calcium home-
ostasis [50]. Raised calcium levels directly trigger altera-
tion in mitochondrial dynamics and interactions between 
the mitochondria and the cytoskeleton. Further, the migra-
tory capacity of ameloblastoma cell lines was found to be 
impaired when Wnt5a or its downstream cytoskeleton-asso-
ciated protein (Coro1A) were knocked down [50].

Recently, the phenomenon of ‘quantum coherence and 
quantum entanglement’ among microtubule-based centrioles 
and mitotic spindles for organization of normal mirror-like 
mitosis was proposed in normal living cells. This spectacle 
ensures precise, complementary duplication of daughter 
cell genomes and recognition of daughter cell boundaries 
[52]. We suggest that this ‘twinning’ results in daughter cells 
bearing all the properties of the parent cell. It has also been 
suggested that any impairment during this state of quantum 
entanglement can result in abnormal differentiation, abnor-
mal distribution of chromosomes, uncontrolled growth, 
eventually accounting for all aspects of malignancy. We 
hereby opine that whether it concerns normal cells, malig-
nant cells or benign cells at metastatic sites, behaviour cor-
responds to the biology of the parent cell owing to quantum 
entanglement/coherence.

Thus, the remnants of dental lamina once exposed to all 
signaling growth factors/molecules have a tendency to show 
the feature of cell migration so as the odontogenic tumors 
derived from it. It may however be varied in various tumors. 
For e.g. some tumors are more aggressive and despite being 
benign may show metastasis. Pindborg tumor, a benign 
odontogenic neoplasm, shows marked nuclear pleomor-
phism and may also show vascular emboli [53, 54]. Amelo-
blastomas do metastasize. Thus, it is prudent to believe that 
cell migration may be an inherent property of tumor cells.

Further, it has been shown that there is release of angio-
genic growth factors by the tumor cells in ameloblastoma 

Fig. 3  Photomicrograph of H&E stained section showing plexiform 
ameloblastoma with interconnected strand like pattern and bud like 
structures recapitulating dental lamina stage of normal odontogenesis 
(×40)



972 Head and Neck Pathology (2021) 15:967–974

1 3

Table 3  Flowchart depicting the plausible multi-factorial pathogenesis of METAM; (1) stellate reticulum, (2) stratum intermedium, (3) inner 
enamel epithelium, (4) odontoblastic layer. CTC Circulating tumor cells, LN Lymph node

Neural crest cells

Migra�on to future oral cavity

Reduced expression of e-cadherin

Wnt, FGF, BMP cascade

Ac�ve cell division/mitosis (theory of quantum 
entanglement/coherence)

Epithelial mesenchymal interac�on

Normal tooth development Dental rest Ameloblastoma 

Increased Wnt5a expression

Raised calcium level

Altered mitochondrial dynamics

Incomplete excision/ cure�age

Repeated surgical explora�on

Mul�ple recurrences

Soma�c

Aspira�on/spillage

Secondary 
ameloblastoma

Drivers/ supporters of 
metastasis

Increased angiogenesis

IEBV

Alterna�ve angiogenic mechanism

CTC

Distant organs/LN

Heterotopia

Lungs 

which promote proliferation of endothelial cells and induce 
angiogenesis. The angiogenesis is seen in the stroma, and 
as recently demonstrated intra-tumorally. The concept is 
better known as intraepithelially entrapped blood vessels 

(IEBV) [55]. It was demonstrated that these vessels were 
highly altered in morphology as compared to normal blood 
vessels. IEBVs show tight junctions and pericytes around 
but the basement membrane is often incomplete or absent. 
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This abnormality may provide easy access to close abnormal 
blood vessels of benign tumor cells which may have a very 
limited ability to migrate in contrast malignant tumor cells. 
We speculate that apart from IEBVs alternate non angio-
genic mechanism may further aid in the process such as 
vasculogenic mimicry or mosaic vessels. The field deserves 
further exploration. Additional factors which may play an 
important role are heterotopic/ectopic cell proliferation, 
perineural invasion and circulating tumor cells [16, 30]. A 
proposed mechanism in the pathogenesis of metastasis in 
ameloblastoma is demonstrated in the flowchart (Table 3).

The number of recurrence in the review presented by Van 
Dam et al. ranged from 0 to 11 [5]. We found a maximum 
of seven times recurrences. In one case the exact number 
was not mentioned [25]. The overall survival in the present 
review was found to be 4.934 ± 6.33 years. Previous stud-
ies have reported a 5 years survival of 44% [4]. Five year 
survival of 70% has been stated elsewhere in the literature 
[7]. Surgery alone appears to be the optimal treatment of 
both primary and secondary sites. A long term follow-up is 
mandatory to get a better perspective.

Conclusion

METAM is a rare odontogenic tumor which has been reclas-
sified under benign category in the latest 2017 WHO clas-
sification. The diagnosis is made in retrospect and exhibits 
benign histological features. Ameloblastoma is a locally 
aggressive tumor with a potential to invade the adjacent 
vital structures ultimately leading to demise of the patient. 
Inadequate treatment results in multiple recurrences and 
metastasis in rare instances. The usage of the term ‘inher-
ent low grade malignancy’ by Kunze cannot be completely 
ruled out and requires a revisit [56]. Metastasis in amelo-
blastoma appears to be multi-factorial in nature and needs 
further investigation in untapped territory like exploration of 
quantum effects at cellular and molecular levels.
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