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Methods: This was a cross-sectional retrospective
laboratory-based study using 82 formalin-fixed paraffin-
embedded tissue blocks from patients diagnosed histo-
logically with ameloblastoma. Information regarding
age, sex, anatomical location of the lesion, histopatho-
logic type, and biological behaviour or characteristics of
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the types of ameloblastoma was obtained from labora-
tory request forms. Categorical and continuous vari-
ables were summarized in percentage and mean =+
standard deviation, respectively. The cohort was con-
ducted on Ugandan patients diagnosed between 2016
and 2019.

Results: Most patients (66.3%) were clinically presenting
a painless jaw swelling, and a follicular pattern was
common (39%) followed by the plexiform pattern
(12.2%). All the ameloblastoma cases (100%) were
benign, with the majority (76.8%) cases being non-
recurrent while the remaining (23.2%) were recurrent,
and the plexiform pattern was the commonest recurrent
histopathological pattern.
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sity of Dodoma, P. O. Box 395, Dodoma, Tanzania.
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Conclusion: This study reports a relatively significant
rate of recurrence in almost a quarter of the study
population. The plexiform histopathologic type was
the dominant type in recurrence cases. Therefore, this
finding provides insightful information to clinicians to
ensure close follow-up for patients diagnosed with
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such a variant to prevent possible relapse of the
disease.

Keywords: Ameloblastoma; Biological behaviour; Histo-
pathological patterns
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Introduction

Odontogenic tumours (OTs) originate from epithelial or
ectomesenchymal tissues, which are part of the tooth-form-
ing apparatus. Ameloblastomas are a form OTs that are
relatively rare and comprise about 11% of OTs and 1% of all
the jaw tumors.' The existing literature has reported on the
variation in the incidence of ameloblastoma. Ochsenius et
al. reported the prevalence of ameloblastomas at 20.4%.°
Two other studies reported a higher incidence of
ameloblastoma than the combined incidence of all other
OTs, constituting 3% of the radiolucent jaw lesions.'> A
study conducted in Nigeria reported ameloblastoma as the
commonest type of OT, comprising 75.5% of all OTs
included in the study.w A similar study in sub-Saharan Af-
rica (SSA) reported ameloblastoma prevalence at 80%.% In
Uganda, the prevalence of ameloblastoma in comparison
with other OTs, was reported at 73%.” However, these
findings from African countries seem to contradict studies
from Europe30 and America’! where odontomas have been
reported to be the most prevalent OTs.”!

Clinically, ameloblastoma is a benign tumour and is
usually painless. However, it may become painful when it
transforms to other forms of neoplasia or it grows by com-
pressing adjacent nerves.”’ Commonly, ameloblastomas
involve the mandible, however, in a few cases, they also
develop in the maxilla.® The molar region (ramus) of the
mandible is by far the commonest site followed by the
anterior (symphysis menti)."ill Clinically, the vast majority
of patients with ameloblastoma present a painless jaw
mass, and some patients may also show displaced teeth,
mobile teeth, and ulceration,'%!!

In 2017, the World Health Organization (WHO) updated
a classification of ameloblastomas.'” In their study, Cadavid
et al. (2019) reported WHO’s updated classification of
ameloblastomas'' into  three groups: conventional,
peripheric, and unicystic. The conventional type consists of
six histological forms: plexiform, follicular,
acanthomatous, desmoplastic, granular, and basal cell
type. The unicystic type is subdivided into mural, luminal,
and intraluminal. Conventional ameloblastoma is the most
clinically significant OT, which is often locally aggressive
and has a significant impact that may lead to patient’s
morbidity and mortality.]3 Studies show that a follicular
pattern is the most widespread followed by the plexiform
pattern.g’]()’]4 In addition, follicular type has the highest
rate of recurrence and up to 30% has been documented
compared to other wvariants such as unicystic

ameloblastoma, which has a low recurrence rate.”” In one
of the studies done at Mayo clinic in the United States, it
was found that, ameloblastomas, which have a very
aggressive behaviour, grow by pushing into the jawbone
and cause swelling and pain. Such aggressiveness is more
pronounced in the maxilla than in the mandible. '

Biologically, ameloblastomas have also been found to
transform into malignant entities (i.e. ameloblastic carci-
noma and metastatic ameloblastoma) at a prevalence rate of
only 2%. Metastatic ameloblastoma typically demonstrates
well-differentiated benign histology, similar to the conven-
tional type of ameloblastoma at the primary site, but addi-
tional foci of the benign histology are identified in location(s)
remote from the primary and are considered to be a
metastasis.'’

This study aims to study the histopathological patterns
and biological behaviour or characteristics of amelo-
blastoma in a cohort of Ugandan patients diagnosed be-
tween 2016 and 2019 at the department of pathology of
Makerere University College of Health Science (MakCHS).

Materials and Methods
Study design and setting

This was a cross-sectional descriptive laboratory-based
study. The study was conducted at the department of pa-
thology of Makerere University College of Health Science
(MakCHS). The department is located at Upper Mulago Hill
in Mulago National Referral Hospital (MNRH). Specif-
ically, the hospital facilitates teaching, research, offering
diagnostic biopsy and autopsy services for the entire country.
The department receives and processes an average of eight
thousand tissue biopsies per year.

Patients’ specimens

The study was conducted on patients’ tissue blocks, pre-
viously diagnosed as ameloblastoma during the period from
January 2016 to December 2019. These were the preserved
formalin-fixed paraffin-embedded (FFPE) tissue blocks of
ameloblastoma at the department of pathology (MakCHYS)
during the study period. New cases that were received during
the study period were also included. The FFPE tissue blocks
from patients with histological diagnosis of ameloblastoma
were retrieved from archives during the study period, and
laboratory request forms with relevant information
including age, sex, tribe, geographical location, oral
anatomical site, and summary of clinical history were
included. Histologically confirmed cases of ameloblastoma
with no relevant data provided on the biodata form, missing
blocks, or blocks with missing/insufficient tissue, and tissues
with diagnostic variation were excluded.

Sampling procedure and staining with haematoxylin and
eosin

Laboratory requisition forms were used to select cases.
Thereafter, we assigned each case a unique identification
number for ensuring patients’ anonymity. The FFPE tissue
blocks were sectioned serially at a thickness of 4.0 microns
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and stained with haematoxylin and eosin stains (H and E) for
re-confirming the previous diagnosis, and the histopatho-
logic characterization of the tumours was performed by two
independent and experienced pathologists who were blinded
of patients’ previous diagnosis and clinical information. In
case of disagreement between the two pathologists, a third
pathologist was invited as a tie breaker for reaching confir-
matory diagnosis.

Data analysis

Data were analysed using IBM SPSS version 23.0.
Continuous and categorical variables were summarized in
terms of mean =+ standard deviation (SD) and proportions,
respectively.

Results

Demographic characteristics of ameloblastoma patients

For a period of four years (2016—2019), a total of 129
ameloblastoma tumours, comprising 15.7% (n = 129) of all
OTs were recorded. About 36.4% (n = 47) ameloblastoma
cases were excluded from the study due to missing FFPE
tissue blocks, previous wrong diagnosis, spoilt FFPE tissue

Table 1: Sociodemographic characteristics of patients
(N = 82).
Variable Frequency (n) Percentage (%)
Age (years)
<17 12 14.6
18—27 29 35.4
28—37 13 15.9
38—47 14 17.1
>47 14 17.1
Sex
Male 49 59.8
Female 33 40.2
Region of residence
Western 4 49
Mideastern 4 4.9
Southwestern 16 18.3
Central 34 42.6
Eastern 17 20.7
Northern 4 4.9
Missing 3 3.7

blocks by insects, and missing clinical files. Figure 1 presents
the case selection process in the study.

A total of 82 patients with ameloblastoma were included
in the study. The mean + SD age of the patients was

Total cases: 22, 407

Excluded non-oral tumors: 18, 846

Excluded non-odontogenic tumors: 2,
738

Oral tumors: 3, 561

Excluded non-ameloblastoma cases: 694

Excluded ameloblastoma cases with

missing tissue blocks: 29

Excluded ameloblastoma cases with
spoilt tissue blocks by insects: 10

Excluded ameloblastoma cases with
missing clinical files: 8

Odontogenic tumors: 823

|

Ameloblastoma cases: 129

|

Included ameloblastoma cases: 82

Figure 1: Flow chart indicating selection of cases.
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Table 2: Clinical presentation of ameloblastoma patients in this
study (N = 104).

Clinical features

Frequency (n)  Percentage (%)

Painless mass 69 66.3
Teeth mobility 18 17.3
Ulcerative mass 5 4.8
Displaced teeth 2 1.9
9
1

Painful mass 8.7
Mobile and displaced teeth 1.0

Table 3: Oral anatomical site involvement and mandibular

involvement ameloblastoma among the study patients
(N = 82).
Variable Frequency (n) Percentage (%)
Oral anatomical site involvement

Mandible 64 78.0

Maxilla 7 8.5

Mandible and maxilla 1 1.2

Palate 2 2.4

Missing 8 9.8
Side of the mandible bone involvement

Angle 22 26.8

Ramus 27 329

Anterior 18 22.0

Missing 15 18.9

Table 4: Histopathological patterns of ameloblastoma among
the study patients (N = 82).

Histopathological pattern Frequency (n) Percentage (%)

Plexiform 26 31.7
Desmoplastic 10 12.2
Follicular 32 39.0
Papilliferous 8 9.8
Acanthomatous 5 6.1
Basal cell type 1 1.2

31.3 + 14.098 years (range: 9—72 years). The mean + SD age
of the male and female patients was 31.1 + 16.747 and
31.5 + 12.713 years, respectively. There were 59.8% (n = 49)
and 40.2% (n = 33) males and females, respectively. The
male to female ratio of patients was 1.5:1. Most patients
(35.4%) (n = 29) were in age group of 18—27 years. Notably,
42.6% (n = 35) patients were from the central region and
20.7% (n = 17) resided in Uganda’s eastern region (Table 1).

Clinical characteristics of patients and anatomical location
of tumour

Table 2 presents the clinical characteristics of patients
included in the study. Nearly 66.3% (n = 69) patients were
presenting a painless swelling involving the lower jaw
(mandible). The second common presenting clinical feature
was mobile teeth in 17.3% (n = 18) patients. Patients
presenting mobile and displaced teeth constituted only
1.0% (n = 1) of the entire study sample.

Regarding involvement of different anatomical sites of
the oral cavity, more than three-quarters, that is, 78%
(n = 64) patients had mandibular involvement and only
1.2% (n = 1) patients had a tumour involving both the
mandible and maxilla (Table 3). Observably, in the case of
frequency of involvement of the mandible bone with a
tumour, the ramus was involved in 32.9% (n = 27) patients
followed by the angle of the mandible, which comprised
26.8% (n = 22).

Histopathological patterns of ameloblastomas

Table 4 shows the histopathological patterns of
ameloblastoma. A follicular pattern was the most
predominant histopathological pattern 39.0% (n = 32)
followed by plexiform pattern, accounted for 31.7%
(n = 26). Considering the distribution of histopathological
patterns according to patients’ sex, in the present study
(Figure 2), follicular pattern was the most common type
28.0% (n = 23) among males whereas plexiform pattern
was dominant among females comprising 18.3% (n = 15).
Desmoplastic pattern was equal, 6.1% (n = 5) for both
males and females. Other histopathological patterns were
as shown in Figure 2. Table 5 presents the distribution of
different histopathological patterns according to biological
behaviour. Most of the non-recurrent cases 35.4% (n = 29)
were follicular pattern followed by plexiform pattern which
comprised 20.7% (n = 17). In the recurrent cases, there was a
relatively higher number of plexiform patterns 11.0%
(n =9), unlike other histopathological patterns. Figure 3(a)—
(d) show the histopathological patterns of plexiform,
follicular, desmoplastic, and papilliferous types, respectively.

Biological behaviour of ameloblastoma

Figure 4 shows the classification of ameloblastoma
according to their biological behaviour or characteristics.
The vast majority 76.8% (n = 63) were non-recurrent and
the remaining 23.2% (n = 19) cases were recurrent. None of
the cases included in this study had malignant transformation
biological behaviour (neither ameloblastic carcinoma nor
malignant ameloblastoma). Based on patients’ age, a signifi-
cant number of recurrent 13.4% (n = 11) and non-recurrent
cases 46.3% (n = 38) were found among those aged be-
tween 18 and 44 years. None of the recurrent cases were found
in patients below 18 years (Figure 5). Moreover, over half the
recurrent cases 52.6% (n = 10) were found among males
compared to 47.4% (n = 9) for females (Figure 06).

Regarding duration of recurrence, mean age for the period
of recurrence among patients was 50.21 + 3.527 months with
range of 8—156 months. Of the 19 cases that had recurrence,
over half 52.6% (n = 10) developed recurrence after a period
of more than 37 months. One patient (5.3%) developed
recurrence after 13 years and another one (5.3%) had recur-
rence within 8 months following treatment (Table 6).

Treatment modalities and surgical complications

The majority 74.4% (n = 61) of cases were treated by
conservative surgery, and the remaining 25.6% (n = 21) were
treated by radical surgery. Patients that had recurrence, only
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Figure 2: Distribution of histopathological patterns of ameloblastoma according to patients’ sex (N = 82).

2.4% (n = 2) were treated by radical surgery compared to
20.7% (n = 17) who underwent conservative surgery. Among
patients who developed recurrence, 73.7% (n = 14) patients
required a second surgery, and 26.3% (n = 5) patients
required a third surgery. Regarding surgical complications,
15.9% (n = 13) patients developed wound infections and
4.9% (n = 4) had plate exposure (Table 7).

Discussion

This study describes the histopathological patterns and
biological characteristics of ameloblastoma in a cohort of
Ugandan patients.

Table 5: Histopathological patterns according to the tumour’s
biological behaviour (N = 82).

Histopathological Ameloblastoma biological Total:
pattern behaviour n (%)
Non-recurrent: Recurrent:
n (%) n (%)
Follicular 29 (35.4) 33.7) 32
(39.0)
Plexiform 17 (20.7) 9 (11.0) 26
(31.7)
Desmoplastic 4 (4.9) 6 (7.3) 10
(12.2)
Papilliferous 7 (8.5) 1(1.2) 8(9.8)
Acanthomatous 5(6.1) 0 (0.0) 5(6.1)
Basal cell 1(1.2) 0 (0.0) 1(1.2)

Regarding the histopathological patterns of amelo-
blastomas presented in this study, follicular type was the
most common, accounting for 39% followed by the plexi-
form pattern at 31.7%. This is similar to the findings of
Simon et al.’s study conducted in Tanzania, which found that
the follicular type was the most common histopathological
pattern, accounting for 51.6%, followed by the plexiform
pattern at 23.6%.'* Another study in Nigeria reported that
follicular pattern was the most common type (64.9%),
while other patterns such as plexiform, desmoplastic,
acanthomatous, and basal cell accounted for 13%, 5.2%,
3.9%, and 2.6%, respectively.18

Similar findings were also reported by Gardner et al. in
which the follicular pattern was 33.9% and the plexiform
pattern was 30.2%.'"" However, a study done by
Saghravanian et al. in Iran reported findings contrary to
the present study and to several other related prior studies
in which the plexiform pattern was the most common
histopathological pattern at 46.4% followed by follicular
(26.8%) and acanthomatous (7.1%).19 Another related
review article of Cadavid et al. found the plexiform pattern
to be the predominant histopathological pattern (40%),
followed by follicular pattern (36%), and other
histopathological patterns (24%).l :

Ameloblastoma is a locally invasive and highly aggressive
tumour with a strong propensity for recurrence and metas-
tasis.”’ In this study, the recurrence rate was 23.2%. The
recurrence rate reported by Gardner et al.'’ was 29.5%,
which is slightly higher than the recurrence rate in the
current study. Yang et al. reported a recurrence rate of
9.8%, including 890 cases of ameloblastoma and 72 cases
had recurrence.”’ This is lower than the recurrence rate of
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Figure 3: (a) Plexiform pattern of ameloblastoma (H and E stains, x100). (b) Follicular pattern of ameloblastoma (H and E stains, x200).
(c) Desmoplastic pattern of ameloblastoma (H and E stains, x100). (d) Papilliferous pattern of ameloblastoma (H and E stains, x100).
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Figure 4: Biological behaviour of ameloblastoma among patients
(N = 82).

23.2% reported in this study. Another study reported that a
surgical margin of less than 2 cm, treatment by curettage or
enucleation, and the solid/multicystic feature of the tumour
increased the recurrence potential from 55% to 90%.° 1%
Ameloblastoma has been reported to occur more
frequently from the second to fourth decade of life.”* This
is similar to our observation in this study, where over half
(59.8%) the cases were found in the same age group, that
is, between 18 and 44 years.

In our study, non-recurrent ameloblastomas comprised
the vast majority (76.8%) of cases. This observation is a
common finding even in previous studies done in both

40 38
35 ® Recurrent M Non-recurrent
30
4 25
8
o 20
o
S 13
z 15 11 11
10 8
O |
<12 13-17 18-44 >44

Age (years)

Figure 5: Biological behaviour of ameloblastoma by patients’ age
group (N = 82).

developed and developing countries. For example, studies
conducted in Iran and Kenya reported that 96.6% and
84.8% of ameloblastoma cases were non-recurrent, respec-
tively.]g’24 From these findings, it can be understood that
ameloblastoma is generally a non-recurrent tumour. How-
ever, it is not very clear why ameloblastoma becomes
aggressive. A few prior studies identify several factors most
likely to be responsible for the progression and locally
invasive changes, including location in the maxilla, being
solid/multicystic in nature, and apoptotic changes in the
peripheral basal layer of the tumour. Another molecular
aspect for ameloblastoma to progress is the presence of
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Figure 6: Distribution of cases for biological behaviour according
to sex (N = 82).

Table 6: Duration for tumour recurrence among amelo-
blastoma patients (N = 19).

Duration for recurrence Frequency (n) Percentage (%)

(months)

8—17 2 2.4
1827 4 4.9
28—37 3 3.7
>37 10 12.2

Table 7: Treatment modalities and surgical complications
among the study patients (N = 82).

Treatment modality Frequency Recurrent Non-recurrent

n (%) n (%) n (%)
Conservative surgery
Enucleation 20 (24.4) 11 (13.4) 9 (11.0)
Marginal resection 24 (29.3) 3 (3.7) 21 (25.6)
Partial 17 (20.7) 3 (3.7) 17 (20.7)
mandibulectomy
Radical surgery
Maxillectomy 6(7.3) 2(2.4) 11 (13.4)
Total 15 (18.3) 0 (0.0) 8 (9.6)

mandibulectomy

matrix metalloproteinases, which are responsible for matrix
degradation during tumour growth, invasion, and induction
of angiogenesis.25

Recurrence, which is a biological behaviour of amelo-
blastoma apart from malignancy transformation, has been
reported to occur in young adults to the fifth decade of their
life, according to the study conducted in China that involved
87 recurrent cases of ameloblastoma.’’ This is consistent
with the present study’s finding that recurrence was found
to occur in young adults up to almost the fifth decade of
life (between 18 and 44 years) by 57.9% (n = 11) and was
seen to decrease after this age to 47.3%. There was no
recurrence below 18 years, although the onset of

ameloblastoma was seen to occur in children less than 12
years of age.

The review articles by Pogrel et al. and Gardner et al.
reported that recurrence of ameloblastoma is possible at 20
years after the initial surgical removal of the tumour.'%??
This period of recurrence from the initial surgical removal
of the tumour is higher than the 13 years of recurrence
reported in this study. Other studies found the minimum
period of recurrence at 34 months and 104.9 months.”"?*
This variation in the time of recurrence, as reported in
some previous studies, has been associated with
conservative surgery, surgical margins less than 2 cm, and
the solid/multicystic nature of the benign tumour.”"??

The recurrence rate varies in the different studies reported
previously. In this study, the recurrence rate was higher in the
plexiform pattern (11%) followed by the desmoplastic
pattern (7.3%). The association between histopathological
patterns and recurrence seems to be contradictory. In Regezi
et al.’s review article reported that 29.5% of the recurrent
cases were of the follicular pattern followed by the plexiform
pattern at 16.7%, which is different from the finding in our
study.% However, Anne et al.’s study reported that the
plexiform pattern had higher recurrence rate because of
higher levels of matrix metalloproteinase (MMP), which is
similar to the present study ﬁnding.27 Furthermore,
Gardner et al. found no recurrence in cases with the
desmoplastic pattern, whereas cases with basal cell type
pattern had a recurrence rate of 50%.'" This is also in
disagreement with the finding of our study in which the
desmoplastic pattern was the second most common
recurrent histopathological pattern.

The implications of the difference in recurrence rate for
the compared studies include the difference in the number of
patients treated by conservative surgery, for example,
curettage compared to those treated by radical surgery. The
rate of recurrence is usually higher in studies with a large
number of patients treated by conservative surgery
compared to studies in which most of the patients underwent
radical surgery. In one study it was reported that the recur-
rence rate after radical surgery ranges from 13% to 15%
compared to the recurrence rate of 90—100% after curet-
tage.28 In addition, the difference in the number of patients
with solid/multicystic and peripheric histopathological
patterns may also explain the difference in the recurrence
rate for the various studies reported in the literature. This
is because such pattens have a high recurrence rate
compared to unicystic ameloblastomas, which have a low
recurrence potential. 15

Conclusion

Most of the ameloblastoma tumours included in this
study were benign, only a few of them were recurrent and
none of them was malignant. The most common histopath-
ological pattern of ameloblastoma in this study was follicular
followed by plexiform. For recurrent cases, plexiform was
the predominant histopathological pattern in this study fol-
lowed by the desmoplastic pattern. The duration of recur-
rence in this study was found to be more than 10 years,
following the initial removal of the primary tumour. This



P. Bwambale et al.

103

indicates that ameloblastoma has a long duration of recur-
rence and, therefore, there is need for long term monitoring
for occurrence of recurrence.

Recommendations

Based on our study findings, we may recommend that
patients who are diagnosed with both plexiform and des-
moplastic histopathological patterns of ameloblastoma
should be closely monitored for follow-up after the initial
surgical removal of the primary tumour due to high recur-
rence potential.
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