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Abstract 

Objectives: Ameloblastoma is an odontogenic tumor which comprises about 11% of all odontogenic tumors and is 

locally aggressive with high recurrence rate. This study aimed to assess the immunohistochemical expression of Ki67 

and P53 and their association with clinical and pathological factors among patients with ameloblastoma. 

Methods: Follow-up data of patients who were confirmed with ameloblastoma histologically were retrieved 

retrospectively. Factors associated with Ki67 and P53 immunohistochemical expression were determined using one-

way ANOVA. Chi-square and Fisher’s exact statistical tests were used to assess the factors associated with recurrence. 

A two-tailed p<0.05 was considered statistically significant. 

Results: A total of 40 patients confirmed histologically with ameloblastoma were included in the analysis. Majority 

(65%) of the cases were of conventional type of ameloblastoma. The expression of Ki67 and p53 was 52.5% and 85%, 

respectively. Recurrence was found in 47.5% of all the patients and it was associated with conventional histological 

type (p = 0.042), segmental resection (p<0.001), tumor size (p<0.001), and high p53 expression (p = 0.002). 

Conclusion: Almost half the cases in this study had recurrence. The immunohistochemical expression of p53 was 

significantly higher than that of Ki67. 
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Introduction 

Ameloblastoma is an odontogenic tumors (OT) which comprises about 11% of OTs and only 1% of all solid tumors 

involving the oral cavity.1 The World Health Organization (WHO) defines ameloblastoma as a locally invasive and 

histologically heterogeneous tumor with high recurrence rate.2 Ameloblastoma has a difficult clinical course in almost 

every patient due to lack of reliable clinical and pathologic factors that can help in predicting its biological behavior.3 

The use of cell proliferation biomarkers (e.g. Ki67 and PCNA) and tumor suppressor genes (e.g. p53 and BRCA1) 

has been reported to have ability of predicting the biological behavior of numerous tumors including ameloblastoma.1-

4 For instance, Migaidi et al. reported that increased expression of Ki67 was associated with increased microsatellite 

instabilities, high rate of recurrence, and short disease-free survival (DFS) among patients with ameloblastoma.5 The 

quantity and quality of p53 expression involves a more aggressive behavior of cancers and therefore, its 

overexpression can promote cell proliferation in odontogenic lesions.6 



 

 

Ki67 is a non-histone nucleoprotein in cells which increases its proliferation as cells prepare to divide into new 

cells.7 There are two isoforms of Ki67 antigen namely 345 and 395 kDa that have been identified.8 Ki67 positive 

nuclei in the ameloblastoma are mainly located in peripheral ameloblast-like cells in follicular as well as plexiform 

variants of the conventional type and in the basal cells of unicystic ameloblastoma.9 Stellate reticulum-like cells in 

ameloblastoma and those in developing teeth tend to be negative for this biomarker. This staining pattern indicates 

that the cellular proliferation and consequently the growth of ameloblastoma are concentrated in the peripheral areas 

composed by ameloblast-like cells.10 In one study it was found that, Ki67 expression was higher in amelobastic 

carcinoma compared to benign ameloblastoma, suggesting that this biomarker can be useful when considering 

diagnosis of malignancy, and perhaps could play a role in malignant transformation of ameloblastoma.11 

P53 is a tumor suppressor gene located on chromosome 17p13.1 which codes for a protein that regulates the cell 

cycle and hence plays a role of tumor suppression.12 In one review article it was reported that, expression of p53 in 

plexiform was 25% and in follicular pattern was 20%.13 Also, Hirayama et al reported expression of p53 of 43% for 

plexiform pattern and 37% for follicular pattern.14 One study reported that, p53 expression was higher in ameloblastic 

carcinoma compared to benign ameloblastoma, suggesting that this biomarker can be useful when considering 

diagnosis of malignancy, and perhaps could play a role in malignant transformation of ameloblastoma. Apart from 

unicystic histological subtype with well-established better prognosis by virtual of not being locally very aggressive 

Ong’uti, other clinical and pathologic factors have been reported to be controversial.1 

There is a gap in knowledge and practice regarding establishment of serum biomarkers and/or molecular prognostic 

factors which can reliably predict the biological behavior of ameloblastoma. Therefore, this study aimed to determine 

the immunohistochemical expression of Ki67 and p53 and factors associated with their expression among patients 

with ameloblastoma. 

Methods 

This was a retrospective longitudinal study which was conducted at Makerere College of Health Sciences (MakCHS) 

in Kampala, Uganda. Retrospective data of patients who were confirmed histologically with ameloblastoma, treated 

surgically then followed-up for a period of 13 years (from January 2012 to December 2018) were extracted for 

analysis. 

Patients with a confirmed histological diagnosis of ameloblastoma, complete clinical and follow-up data, and 

available formalin fixed paraffin embedded tissue block were included in the analysis. However, all patients with 

missing or spoiled tissue blocks and those with incomplete or missing clinical and follow-up data were all excluded 

from the analysis. 

The sample size of the 40 cases was obtained conveniently and all the available cases meeting the inclusion criteria 

were recruited simultaneously and included in the study. 

Recurrence was defined as confirmation of the disease either clinically or radiologically after surgical removal of 

the primary tumor. This work has been reported in line with the STROCSS criteria.15 Histological classification of the 

subtypes of ameloblastoma was based on the current WHO classification system of the year 2017.16 

Re-confirmation of the previous histological diagnosis using routine hematoxylin and eosin stains was done. Then 

we classified histologically the cases based on the new WHO classification ameloblastoma of 2017.17 

Immunohistochemical (IHC) staining for monoclonal mouse antibodies (DAKO) were used to evaluate the expression 

of the proteins of interest (p53 – clone D0–7 and Ki67 – clone MIB1) by adapting the protocol from a previous study.6 

The serial sections were cut at the thickness of 4 microns and then were de-waxed by heating them on a hot plate at 

60 0C for 30 min followed by clearing in three changes of xylene. The sections were brought down to water by dipping 

them in descending concentration of alcohol and then rinsed in distilled water. Two drops of 3% H2O2 solution was 

added to each section for 15 min to block endogenous peroxidase, and then, the slides were rinsed in distilled water. 

The slides were incubated in the antigen retrieval solution citrate buffer of pH 6.0 within a pressure cooker at 95°C, 

from which the slides were removed after 2 min of full pressure. 



 

 

Heat-Induced Epitope Retrieval (HIER) method in microwave oven for 30 min in Tris-EDTA buffer solution 

(TBS) pH 9 for p53 protein and in citrate buffer solution (CBS) pH 6.1 for Ki67 antigen. TBS was then drained from 

slides and a ring was made around the section using Pap pen (Sigma-Aldrich Labware, German) to limit spreading of 

antibody solutions. The sections were then incubated with MIB-1 monoclonal antibody (mouse monoclonal antibody, 

dilution of 1:200, Dako) and anti-p53 monoclonal antibodies mouse (clone DO-7, dilution 1:50, Dako) and for 3 min 

at room temperature simultaneously. Then 2,3-diaminobenzidine (DAB) was used as a chromogenic substrate and 

DAKO LSAB2 as detection system. The sections were washed in distilled water, counterstained in hematoxylin for 

10 sec, and differentiated by 2 dips into 1% acid alcohol. The sections were blued in warm water for 2 min, dehydrated 

through 70%, 80%, 95%, and 100% ethanol, and then cleared in xylene for 10 min. The sections were finally cover-

slipped using Distyrene Plasticizer Xylene (DPX) and were ready for scoring. Positive staining was defined by 

presence of brownish intranuclear staining in tumor cells for both Ki67 and p53. For validation of the IHC results, a 

known case of breast cancer was used as a positive control for both Ki67 and p53 proteins and removal of the primary 

antibodies was taken as negative control for Ki67 and p53 expression.18 

The labeling index (LI) for both Ki67 and p53 was calculated as the number of positive cells x 100/total number 

of cells (positive + negative) at high magnification (x400) as previous.19 Counting of the positive tumor cells was done 

from different compartments (basal, granular, squamous, stellate, and reticulum) manually. Ki67 LI of ≤20% was 

considered to be low and >20% was regarded to be high as done in a previous study.20 The p53 LI was regarded high 

if the expression was ≥10% and low if <10% as previous.21 This was followed by determining the staining intensity 

for both antibodies and the intensity was labelled as 1, 2, and 3 for weak, moderate, and strong intranuclear staining, 

respectively. 

Analysis of the data was done using SPSS programme version 23.0 (IBM statistics, Chicago). Assessment of 

factors associated with Ki67 and p53 expression was done using one-way analysis of variance (ANOVA) and for 

variables with more than three groups, post hoc test was performed to determine which group was different from other 

groups. Factors associated with recurrence were assessed using Chi-square and Fisher’s exact tests where 

appropriately. The level of statistical significance was set at 95% confidence interval with p<0.05. 

Results 

The sociodemographic and clinical characteristics of the patients and expression of Ki67 and P53 are presented in 

Table 1. A total of 40 patients who were confirmed histologically with ameloblastoma were analyzed in the present 

study. The mean age of the patients was 33.6 ± 14.4 years with age ranging from 9 to 67 years. Males were slightly 

higher (n = 23, 57.5%) than females with male to female ratio of 1.4:1. The mean duration from onset of symptoms 

to hospitalization was 9.2 ± 6.9 months (range: 2-30 months). Most (n = 23, 57.5%) of the patients sought medical 

services beyond 6 months since onset of the symptoms. The mean tumor size was 4.8 ± 2.2 cm and majority (n = 28, 

70%) of the patients had tumor size greater than the mean tumor size. Also, over half (n = 22, 55%) of the tumors 

were located in the posterior part of the mandible. 

Table 1: Clinical Characteristics, Ki67 and P53 Expression (N = 40). 

Case Age 

(years) 

Sex A* Tumor 

size 

(cm) 

Site B* Recurrence C* Surgery Ki67% Ki67 

intensity 

p53% p53 

intensity 

1 38 F 3 3.0 MA U N 38.0 CT 0.0 0 3.2 3 

2 21 M 4 3.2 MP C N 30.0 CT 10.6 1 0.0 0 

3 34 M 2 4.2 MXP U N 49.0 CT 8.0 1 2.3 3 

4 32 M 5 2.3 MP U N 100.0 CT 3.5 1 0.0 0 

5 41 F 8 8.4 MP C Y 60.0 SR 22.2 3 79.5 3 

6 48 F 2 3.1 MP U N 56.0 CT 0.0 0 3.4 3 

7 20 F 4 3.4 MP C N 40.0 CT 3.6 2 2.3 3 

8 18 M 5 3.5 MA U N 35.0 CT 2.8 3 3.6 3 

9 62 F 3 2.4 MP C N 102.0 CT 15.8 3 3.4 3 

10 29 M 2 4.1 MP C N 80.0 CT 3.6 3 24.7 3 

11 56 M 6 6.8 MA C Y 48.0 SR 34.8 1 12.5 0 



 

 

12 40 F 7 7.1 MP C Y 48.0 SR 25.9 1 0.0 0 

13 19 M 3 3.4 MP U N 50.0 CT 0.0 0 33.2 3 

14 9 M 5 3.5 MP C N 45.0 CT 0.0 0 0.0 0 

15 53 M 8 4.3 MXP U Y 12.0 SR 8.15 3 1.7 1 

16 14 M 2 4.2 MXP U N 20.0 CT 17.9 3 76.5 3 

17 21 F 15 6.2 MP U Y 84.0 CT 20.8 1 18.5 3 

18 26 M 7 2.5 MA U N 45.0 CT 3.2 3 9.4 3 

19 21 F 24 5.1 MP C Y 28.0 SR 9.55 3 35.4 0 

20 21 M 9 3.4 MP U N 90.0 CT 11.2 3 26.0 3 

21 19 F 12 10.0 P C Y 72.0 SR 15.0 3 25.0 3 

22 14 M 8 10.0 MP C N 45.0 CT 2.2 1 10.4 3 

23 52 M 10 3.7 MA U N 70.0 CT 6.7 1 21.1 1 

24 30 F 9 3.0 MP U N 65.0 CT 0.0 0 26.3 3 

25 42 M 24 8.3 MP C Y 30.0 SR 1.5 3 35.8 1 

26 27 F 24 4.0 MXA C Y 60.0 SR 18.6 1 33.2 1 

27 30 F 6 3.8 MA C N 45.0 CT 0.0 0 0.0 0 

28 20 M 10 3.6 MA C Y 96.0 SR 26.8 3 40.1 3 

29 20 M 9 4.6 MP C Y 36.0 SR 30.0 3 41.0 0 

30 20 F 11 6.4 MP C Y 24.0 SR 5.1 3 34.2 3 

31 45 M 5 3.3 MXP C N 104.0 CT 0.0 0 0.0 0 

32 35 M 7 2.6 MP C N 24.0 CT 0.0 0 15.0 0 

33 38 F 12 10.0 MP C Y 24.0 CT 10.8 3 55.2 0 

34 38 F 9 6.7 P C Y 60.0 CT 11.0 3 40.0 1 

35 55 M 12 4.6 MP C Y 8.0 CT 24.2 1 20.0 3 

36 45 M 10 3.1 MA P Y 60.0 SR 18.2 1 25.8 0 

37 45 M 26 6.7 MP C Y 156.0 SR 22.0 1 42.3 0 

38 67 F 9 4.1 MXA P N 65.0 CT 0.0 0 23.4 2 

39 45 M 30 3.8 P C Y 79.0 SR 34.6 2 44.0 2 

40 33 F 20 4.2 MP C Y 34.0 CT 15.7 2 32.4 0 

A*-Duration from onset of symptoms to hospitalization (months), B*-Histopathological subtypes, C*-Duration from 

initial removal of primary tumor to recurrence (months), MP-mandible posterior, MA-mandible anterior, MXP-

maxilla posterior, MXA-maxilla anterior, P-palate, Y-yes, N-no, M-male, F-female, SR-surgical resection, CR-

conservative therapy, U-unicystic, P-peripheral, C-conventional 

Majority (n = 26, 65%) of the ameloblastoma cases were of conventional type followed by unicystic type which 

comprised (n = 12, 30%) of all the cases. Of all the conventional types, majority (n = 11, 61.1%) of them were follicular 

type. Peripheral type consisted of only (n = 2, 5%) (Table 1). 

Majority (n = 26, 65%) of the patients were treated using conservative therapy and the remaining (n = 14, 35%) 

underwent segmental resection followed by reconstruction of the operated sites of the jaw bones with non–

vascularized bone graft and titanium reconstruction plates. Postoperative complications were reported in (n = 7, 

17.5%) of all patients which consisted of site surgical infections (n = 5, 12.5%) and facial deformity (n = 2, 5%). None 

of the patients had reconstruction plate exposure as a complication. The mean follow-up duration of the patients was 

55.4 ± 2.9 months. Recurrence was reported among (n = 19, 47.5%) patients. The first patient developed recurrence 

after a period of 8 months following initial removal of the primary tumor and the last patient had recurrence after a 

period of 13 years (156 months). None of the patients died until the end of the follow-up time (Table 1). 

Table 2 presents the association of clinicopathological characteristics with expression of Ki67. Expression of Ki67 

was observed in (n = 21, 52.5%) of all the cases with mean expression of 13.3 ± 1.2% (range: 0-34.8%). Of all the 

cases that expressed Ki67, those which stained weakly, moderately, and strongly were (n = 8, 38.1%), (n = 3, 14.3%, 

and (n = 10, 47.6%), respectively [Figure 1A-B]. The mean expression of Ki67 for cases with recurrence was 

significantly higher (23.4 ± 8.6%) than that of non-recurrent cases (4.2 ± 5.5%) (p<0.001). Also, we found that there 

was a significant increase in mean expression of Ki67 whereby patients with tumor size equal or greater than mean 

tumor size had higher mean expression (21.2 ± 10.5% than those with tumor size less than mean tumor size (10.0 ± 

11.1% (p = 0.005). 



 

 

Table 2: Association of Clinical and Pathological Factors with Ki67 Expression (N = 40). 

 Ki67%  

Variables n Mean ± SD 95% CI for mean p-value 

Age (years)    0.083 

≤50 23 10.1 ± 10.3 5.598-14.540  

>50 17 17.8 ± 12.9 11.143-24.357  

Sex    0.830 

Male 23 13.0 ± 12.1 7.759-18.195  

Female 17 13.8 ± 12.1 7.569-20.059  

Anatomical location    0.076 

Posterior mandible 22 12.3 ± 11.3 7.301-17.351  

Anterior mandible 9 12.9 ± 13.1 2.858-23.022  

Posterior maxilla 4 8.5 ± 7.3 3.122-20.122  

Anterior maxilla 2 9.3 ± 13.2 108.868-127.468  

Palate 3 31.0 ± 6.1 15.902-46.195  

Histological subtypes    0.097 

Unicystic 18 17.5 ± 13.9 10.661-24.373  

Peripheral 9 5.2 ± 5.8 0.764-9.676  

Conventional 13 13.2 ± 9.8 7.206-19.106  

Surgical approach    0.063 

Conservative therapy 26 16.6 ± 5.6 4.349-12.853  

Segmental resection 14 22.1 ± 9.3 16.789-27.490  

Tumor size (cm)    0.005 

≤4.8 ± 2.2 28 10.0 ± 11.1 5.686-14.272  

>4.8 ± 2.2 12 21.2 ± 10.5 14.492-27.827  

Lag period (months)    0.071 

≤9.2 ± 6.9 21 11.8 ± 8.2 2.548-10.061  

>9.2 ± 6.9 19 21.1 ± 10.6 16.013-26.241  

Recurrence status    p<0.001 

Recurrent 19 23.4 ± 8.6 1.750-6.733  

Non-recurrent 21 4.2 ± 5.5 19.260-27.505  

 

A 



 

 

 

B 

 

C 

Figure 1: (A) Weak intranuclear staining for anti-Ki67 for the case of follicular ameloblastoma (IHC, x100), (B) 

Moderate intranuclear staining for anti-Ki67 for the case of peripheral ameloblastoma (IHC, x100), and (C) Strong 

intranuclear staining for anti-Ki67 for plexiform ameloblastoma (IHC, x200) 

Although the mean expression of Ki67 for older patients, patients that underwent segment resection, lag period 

above mean lag duration, and those with unicystic ameloblastoma was higher than their counter parts, but the 

difference did not reach statistical significance. 

Table 3 presents the association of clinicopathological characteristics with expression of p53. Expression of p53 

was found in (n = 34, 85%) of all the cases. The mean expression of p53 was 22.5 ± 2.0% (range: 0-79.5%). Weak, 

moderate, and strong nuclear staining was found in (n = 8, 23.5%), (n = 14, n = 41.2%), and (n = 12, 35.3%) cases, 

respectively (Figure 2A-C). The mean expression of p53 for recurrent cases was significantly higher (32.5 ± 18.3%) 

compared with that of non-recurrent cases (13.5 ± 18.1%) (p = 0.002). Also, there was a significantly high expression 

of p53 for cases with larger tumor size than mean tumor size (32.4 ± 21.5%) compared with that of cases whose tumor 

size was smaller than mean tumor size (12.3 ± 18.6%). There was a positive association (p = 0.041) between increased 



 

 

mean expression of p53 for patients aged >50 years (24.2 ± 22.7%) and those aged ≤50 years (21.2 ± 18.8%). The 

mean expression of p53 for females was higher (24.4 ± 21.8%) than that of males (21.1 ± 20%) but the difference was 

insignificant (p = 0.615). Patients who were treated by segmental resection had higher mean expression of p53 (32.2 

± 19.8%) compared with that of patients who were treated conservatively (17.3 ± 2%) but the difference was 

insignificant (p = 0.076). 

Table 3: Association of Clinical and Pathological Factors with p53 Expression. 

 p53%  

Variables n Mean ± SD 95% CI for mean p-value 

Age (years)    0.041 

≤50 23 21.2 ± 18.8 13.445-29.421  

>50 17 24.2 ± 22.7 12.503-35.877  

Sex    0.615 

Male 23 21.1 ± 19.5 12.651-29.551  

Female 17 24.4 ± 21.8 12.205-35.665  

Anatomical location    0.060 

Posterior mandible 22 20.9 ± 16.7 13.841-28.282  

Anterior mandible 9 21.7 ± 25.2 2.239-41.029  

Posterior maxilla 4 20.1 ± 37.6 -39.693-79.938  

Anterior maxilla 2 28.3 ± 6.9 -33.960-90.580  

Palate 3 36.3 ± 10.0 11.451-61.216  

Histological subtypes    0.094 

Unicystic 18 24.2 ± 17.0 15.689-32.617  

Peripheral 9 15.3 ± 24.8 3.704-34.390  

Conventional 13 25.2 ± 21.8 12.051-38.391  

Surgical approach    0.076 

Conservative therapy 26 17.3 ± 19.0 9.635-24.999  

Segmental resection 14 32.2 ± 19.8 20.750-43.601  

Tumor size (cm)    0.043 

≤4.8 ± 2.2 18 12.3 ± 18.6 11.057-25.511  

>4.8 ± 2.2 12 32.4 ± 21.5 18.725-46.066  

Lag period (months)    0.065 

≤3 21 31.2 ± 18.9 5.618-22.839  

>3 19 14.7 ± 18.2 22.918-40.441  

Recurrence status    0.002 

Non-recurrent 21 13.5 ± 18.1 5.290-21.774  

Recurrent 19 32.5 ± 18.3 23.638-41.261  

 

A 



 

 

 

B 

 

C 

Figure 2: (A) Weak intranuclear staining for p53 protein for the case of peripheral ameloblastoma (IHC, x100), (B) 

Moderate intranuclear staining for p53 protein for the case of basal ameloblastoma (IHC, x100), and (C) Strong 

intranuclear staining for p53 protein for plexiform ameloblastoma (IHC, x200) 

Table 4 shows the association of clinicopathological factors with recurrence among patients. There were 

significantly more cases with high p53 LI that had recurrence compared with cases with low p53 LI that had recurrence 

(p = 0.041). Also, it was found that there were significantly more cases with tumor size ≥5 cm that had recurrence 

compared with cases with tumor size <5 cm which had recurrence (p<0.001). Furthermore, it was found that there 

were significantly more cases with recurrence which were treated with segmental resection compared with recurrent 

cases which were treated by conservative surgery (p<0.001). Additionally, we observed that there were more 

conventional histological subtypes with recurrence than other histological subtypes with recurrence (p = 0.024). 

Table 4: Association of Clinical and Pathological Factors with Recurrence (N = 40). 

 Recurrence  

Variables Yes: n (%) No: n (%) P-value 

Age (years)   0.061Ϯ 

≤35 8 (34.8) 15 (65.2)  

>35 11 (64.7) 6 (35.3)  

Sex   0.218Ϯ 

Male 9 (39.1) 14 (60.9)  



 

 

Female 10 (58.8) 7 (41.2)  

Anatomical location   0.379* 

Posterior mandible 10 (45.5) 12 (54.5)  

Anterior mandible 4 (44.4) 5 (55.6)  

Posterior maxilla 1 (25.0) 3 (75.0)  

Anterior maxilla 1 (50.0) 1 (50.0)  

Palate 3 (100.0) 0 (0.0)  

Histological subtypes   0.024* 

Unicystic 1 (11.1) 8 (88.9)  

Peripheral 6 (46.2) 7 (53.8)  

Conventional 12 (66.7) 6 (33.3)  

Surgical approach   <0.001* 

Conservative therapy 5 (19.2) 21 (80.8)  

Segmental resection 14 (100.0) 0 (0.0)  

Tumor size (cm)   <0.001* 

≤5 8 (28.6) 20 (71.4)  

>5 11 (91.7) 1 (8.3)  

Lag period (months)   0.074* 

≤3 16 (84.2) 3 (15.8)  

>3 3 (14.3) 18 (85.7)  

Ki67 expression   0.061 Ϯ 

Low 8 (34.8) 15 (65.2)  

High 11 (64.7) 6 (35.3)  

P53 expression   0.041* 

Low 4 (26.7) 11 (73.3)  

High 15 (60.0) 10 (40.0)  

There were more cases with high Ki67 LI that had recurrence compared to cases with low Ki67 LI that had 

recurrence despite lack of statistical significance (p = 0.061). Similarly, patients who were aged >35 years showed 

more rate of recurrence compared to younger ones although the difference was not significant (p = 0.061). 

Discussion 

In this study, the expression of Ki67 and p53 and their association with recurrence using IHC method from formalin 

fixed paraffin embedded tissue blocks of patients who were confirmed histologically to have ameloblastoma, treated, 

and followed-up for a period of 13 years. The clinicopathological factors associated with the expression of Ki67 and 

p53 were assessed. Also, association of clinicopathological factors with recurrence was determined. 

The key findings in this study included expression of p53 being quite higher than that of Ki67 (85% vs 52.5%), 

recurrence and larger tumor size than mean tumor size were the independent factors which were significantly 

associated with both Ki67 and p53 expression. 

The expression of Ki67 using IHC method in ameloblastoma varies in different studies. This can be evidenced for 

example, by the percentage of Ki67 LI in this study which was lower than the rate of expression reported in other 

studies. Studies have reported Ki67 LI ranging from 82.3% to 100% in tissue blocks of patients with 

ameloblastoma.6,10,16 Some factors may explain the difference in the expression of Ki67. For instance, it has been 

shown that cellular proliferation is subject to mutation of the cells. Therefore, it can be understood that, the variation 

of the level of mutations for patients with ameloblastoma may explain the difference of the Ki67 LI observed.20,21 

Also, Migaldi et al. found a positive association of microsatellite instabilities and increased proliferation of tumor 

cells which is detected by cellular proliferation biomarkers including Ki67.5 Furthermore, difference of the 

methodological approach in scoring Ki67 LI in terms of cut-off due to lack of universal cut-off standards, may also 

explain the difference in the level of expression of Ki67 observed in various studies. 



 

 

The mean Ki67 LI in this study was associated with recurrence and tumor size. Although the association of 

recurrence and Ki67 expression contradicts in reported studies, still there is a significant evidence of high Ki67 LI 

with possibility of recurrence of ameloblastoma.22,23 The mean percentage of Ki67 LI in the present study was almost 

5 times for cases with recurrence compared with non-recurrent cases despite lack of association. In 2015, Ahlem et 

al. also reported a positive association of Ki67 LI with recurrence and percentage of cases with high Ki67 LI that had 

recurrence was significantly different from cases with low Ki67 LI which had recurrence.24 However, Ramon et al. 

reported contradicting finding in their study, in which the mean Ki67 LI for non-recurrent cases was higher (15.7 ± 

13.6%) than that of recurrent cases (10.6 ± 4.5%) but the difference was insignificant (p>0.05).11 Also, there was a 

significant association between tumor size and level of Ki67 LI. This is different from the finding in the studies of 

Alma et al. and Amol et al. who found no association between tumor size and Ki67 LI among patients with 

ameloblastoma.6,16 Increased cell proliferation which is driven by mutation, usually leads to increased tumor size.25 

This may help in explaining the fact that, ameloblastoma cases with large tumor size are more likely to demonstrate 

high Ki67 LI. 

Despite few studies that have shown low p53 LI in patients with ameloblastoma, the vast majority of studies have 

reported high p53 LI. For example, Barboza et al. and Gadbail et al. showed 100% of p53 LI among patients with 

ameloblastoma.6,24 This indicates that, expression of p53 is not only associated with malignant transformation but also 

increased aggressiveness and also in locally invasive tumors including ameloblastoma.26 This is in agreement with the 

finding in this study in which it was observed that, there were more recurrent cases with high level of p53 LI compared 

with non-recurrent cases which had low level of p53 LI. Similar observation was also reported in the study of Florescu 

et al. in 2012 who observed that, increased tendency of expression of p53 was found more in recurrent cases than non-

recurrent cases, although the proportion of expression of the protein was low (52.9%).18 Evidence of mutation of p53 

gene was also reported in the study of Sharifi-Sistani et al. in which detection of mutation of the gene was done using 

polymerase chain reaction (PCR).27 Additionally, there was also a positive correlation between expression of p53 with 

age of the patients, in which high p53 LI was significantly found more in elderly patients than younger patients (p = 

0.041). This may be due to the reason that, aging is associated with accumulation of various forms of mutations 

including those of p53 gene.28 

Furthermore, there was a positive association between tumor size and recurrence in this study. Cases with larger 

tumor size than mean tumor size had higher recurrence rate than cases with smaller tumor size than mean tumor size. 

Although the association between recurrence and tumor size seems to be contracting, still the association of the two 

variables has also been reported in another study of Yang et al. in which there was a positive association between the 

two variables.29 In a study which was done by Fregnani et al. it was found that there was no association between tumor 

size and recurrence of ameloblastoma.30 

There was a significant association of conservative surgery with increased recurrence rate in this study. This is 

similar to the finding in other previous studies29-31. In one systematic review study, it was reported that surgical margin 

for patients with ameloblastoma ranging from 2.3-8 mm confers better prevention of recurrence.32 It was also argued 

that use of intraoperative CT scan to assess for adequacy surgical margin operatively would help to prevent or reduce 

high chance of recurrence. 

Furthermore, it was observed that there was a significant association between conventional subtypes (follicular) 

of ameloblastoma and recurrence. However, there is contradicting information regarding association of recurrence 

with histological variants of ameloblastoma.33 Other studies have also reported significant association of follicular 

variant of ameloblastoma with recurrence.32,34,35 However, Au et al. and Bi et al. found no association between 

follicular type and increased risk of recurrence.29,31 The difference in the criteria used to classify the various 

histological types in different studies may help to explain the observed discrepancy. Additionally, lack of agreement 

across studies reported previously may in one way or another justify lack of clinical association despite the statistical 

association that has been reported in some studies. 

The prognostic role of p53 protein in ameloblastoma has been studied extensively and evidence has shown that 

there is derangement in the p53 gene and even its product both for the benign and malignant transformed forms of 

ameloblastoma.36 Recurrence in ameloblastoma indicates local aggressiveness of the tumor and it has been associated 

with mutation of the p53 gene.37 In this study, a significant positive association between increased expression of p53 

protein and increased risk of recurrence was also found. 



 

 

The strength of this study is based on the use of two potential biomarkers used to study the biological behaviors 

of tumors (cellular proliferation, initiation and progression of tumors). However, the study faced a number of 

methodological limitations including the following: small sample size due to limited fund to purchase enough primary 

antibodies for detecting Ki67 and p53 which would have helped us to stain many cases, reduced the power of the study 

and weakened the strength of the conclusions. Also, inability to perform molecular tests for example, p53 gene 

mutation due to lack of funds contributed to failure to have enough evidence regarding the link between recurrence of 

ameloblastoma and expression of the biomarkers that were investigated. 

Conclusion 

In conclusion, although the expression of both Ki67 and p53 in this study was relatively low, however, their expression 

has shown that they can predict possibility of recurrence of ameloblastoma particularly p53 which was significantly 

associated with recurrence. Further studies in future with large sample size involving survival analysis and molecular 

analysis of these biomarkers would help in explaining their role in determining recurrence of ameloblastoma. 
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