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Abstract 

Background: To investigate the relationship between clinical and histopathological 
characteristics and overall survival of patients with oral mucosal melanoma (OMM) without distal 
metastasis in order to provide predictive prognostic information of OMM. 
Methods: Ki67 expression was assessed by immunohistochemistry in 123 patients with OMM 
without distant metastases. The associations between Ki67 expression and clinical features and 
overall survival (OS) of patients were statistically analyzed. The Ki67 levels of the primary and 
recurrent lesions from 14 OMM patients were compared. 
Results: Univariate analysis showed that tumor type and cervical lymph node (CLN) status, as 
well as Ki67 expression, were all correlated with survival. Cox proportional hazards regression 
analysis identified Ki67 expression and CLN status as independent prognostic factors in OMM 
patients. Further, we found that Ki67 expression was associated with clinical tumor type of OMM. 
Moreover, with a cut-off point of 20%, patients with lower Ki67 scores showed a survival 
advantage over those with higher Ki67 scores.  
Conclusions: Ki67 expression may be a useful pathological predictor of survival of OMM patients 
without distant metastases. 
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Introduction 
Primary oral mucosal melanomas (OMMs), a set 

of exceedingly dismal neoplasms, are estimated to 
comprise 1%–2% of all oral malignancies and account 
for less than 1% of all melanomas in the USA and 
about 7.5% in Asians [1, 2]. The Western Society of 
Teachers of Oral Pathology reported that OMMs 
differed from cutaneous melanomas in histology and 
that the prognosis of OMMs was poorer than 
cutaneous melanomas [3]. However, due to their 
rarity, OMM remains poorly understood, calling for 
further investigation of its prognostic parameters.  

In previous studies, some clinical and 
pathological features including age at diagnosis, 
gender, Breslow tumor thickness, and presence of 
lymph node metastases were suggested as important 
factors influencing the prognosis of cutaneous 
melanoma [4]. These indices are not fully fit for OMM, 
although the understanding of OMM prognosis is still 
limited. Our previous studies have revealed some 
clinical features that may be associated with the 
prognosis of OMM patients, such as tumor type and 
cervical lymph node (CLN) status [5]. But the 
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predictive pathological prognostic factors in OMM 
remained obscure. 

Over-proliferation is a key feature of tumor 
progression and the proliferation rate is related to 
prognosis [6]. The tumor proliferation rate is widely 
estimated immunohistochemically using the Ki67 
antibody MIB-1 [7], which identifies the cells of late 
G1, S, G2, and M phases [8]. The level of Ki67 
expression has been used as a prognostic 
determination index in a number of human cancers 
[9-12] , especially in breast carcinoma [13-15] and 
cervical cancer [16]. In melanoma, Ki67 is commonly 
used as an auxiliary index to distinguish melanomas 
from benign nevi [17], but there is limited information 
about the relationship of the proliferation rate and 
prognosis in melanoma. Recently, some studies aimed 
to clarify whether Ki67 could act as a prognostic index 
in some subtypes of melanoma [18-21]. However, to 
the best of our knowledge, it remains unclear whether 
Ki67 expression could act as a predictive prognostic 
factor in OMM; furthermore, the correlation of Ki67 
expression and clinical features has also not been 
previously revealed. 

Thus, the aims of the present study were to 1) 
investigate the relationship between the level of Ki67 
expression and OS of OMM patients without distal 
metastasis in order to provide predictive prognostic 
information of OMM; 2) identify the correlation 
between Ki67 expression level and tumor 
characteristics of OMM. 

Patients and Methods  
Patients 

This study was approved by the Ethics 
Committee of the Ninth People’s Hospital affiliated to 
Shanghai JiaoTong University School of Medicine. 
The clinical manifestations, histopathology, 
treatment, and outcomes of OMM patients admitted 
to our hospital from Jan. 2010 to Mar. 2012 were 
retrospectively analyzed. Patients with the following 
characteristics were eligible for the study: (1) the 
primary site of the lesion was the oral mucosa; (2) 
primary OMMs were histologically diagnosed by 
biopsy or from surgical specimens by two 
experienced pathologists; (3) complete clinical, 
histological and follow-up records were available; 
and (4) age ≤ 85 at diagnosis. Patients with (1) an 
Eastern Cooperative Oncology Group (ECOG) 
performance status score ≥ 2 [22]; (2) melanoma at 
other sites or other malignancies; (3) distant 
metastasis determined at diagnosis; (4) prior 
treatment by immunotherapy, chemotherapy or 
radiotherapy before diagnosis; and (5) who refused to 
receive treatment were excluded. Finally, a total of 123 

patients were included in this study. 
Once the diagnosis was confirmed, a radical 

resection was performed for the primary lesions. Neck 
dissection was performed for patients in which 
cervical lymph node metastasis was diagnosed by 
physical exam combined with ultrasound and/or CT 
scan. Postoperative chemotherapy with dacarbazine 
injection (DTIC; Nanjing Pharmaceutical Factory Co. 
Ltd, Jiangsu, China) and cisplatin injection (CDDP; 
Qilu Pharmaceutical Co. Ltd, Shandong, China) was 
repeated every 3 weeks for two cycles for 
CLN-negative patients and four cycles for 
CLN-positive patients. DTIC was administered daily 
on days 2–5 at a dose of 250 mg/m2 and CDDP on day 
1 at a dose of 75 mg/m2 (with hydration). If any local 
recurrences were observed, a repeated radical 
resection would be considered. 

Histology and immunohistochemistry 
The primary disease was diagnosed by biopsy 

and histology including hematoxylin-eosin staining 
and immunohistochemical staining of HMB-45, 
Melan-A, and S-100 protein. Pathological sections 
from biopsy or radical resection were retrieved for 
each of the 123 OMM patients. Meanwhile, the 
primary lesion and recurrence lesion from 14 patients 
who accepted repeated radical resection were 
comparatively analyzed. Immunohistochemical 
staining of Ki67, a widely-used proliferation marker 
[7, 15, 23], was performed on the primary lesion as 
described previously. Sections were de-waxed and 
rehydrated, and 3% H2O2 was used to bleach melanin 
if necessary and block the activity of endogenous 
peroxidase. Antigen retrieval was performed by heat 
treatment for 15 min. Antibodies against Ki67 (1: 200, 
Santa Cruz Biotechnology, Santa Cruz, CA, USA) 
were added and incubated overnight at 4°C. The 
Dako Real Envision Detection System and AEC 
peroxidase substrate (Dako, Glostrup, Denmark) were 
used to detect the primary antibody according to the 
manufacturer's instructions. To evaluate nonspecific 
binding, the primary antibody was substituted with 
PBS.  
Evaluation of Ki67 expression 

The pathological parameters were evaluated by 
two investigators, who were blinded to the patients’ 
clinical data. If their opinions differed, agreement was 
reached by careful discussion. This evaluation was 
decisive for the final score. We modified the scoring 
system slightly as follows: 0 for <5% positive cells, 1 
for 5%–10% positive cells, 2 for 10%–20% positive 
cells, 3 for 20%–30% positive cells, 4 for 30%–50% 
positive cells, and 5 for >50% positive cells.  
 



 Journal of Cancer 2017, Vol. 8 

 
http://www.jcancer.org 

3830 

Statistical analysis 
Survival was measured from the date of 

pathological diagnosis. Outcome was defined by 
overall survival (OS). Statistical analysis was 
performed using SPSS 16.0 for Windows (SPSS Inc., 
Chicago, IL, USA). Fisher’s exact test and chi-square 
tests were used to compare categorical data. The 
survival rate was calculated by the Kaplan–Meier 
method. The prognostic variables included gender, 
age, primary site, ECOG PS score, tumor type, tumor 
size, CLN, Ki67 score and therapy mode. The 
statistical significance of differences between survival 
curves was established by the log-rank test, and 
multivariate analysis was performed with the Cox 
proportional hazard model. The Ki67 levels of the 
primary and recurrent lesions from OMM patients 
were compared using the Wilcoxon signed rank test. 
A two-tailed P-value of 0.05 was considered 
statistically significant.  

Results 
Patient characteristics 

A total of 123 patients with OMM were enrolled 
in this study, comprising 73 males (59.3%) and 50 
females (40.7%). The mean age of these patients at first 
diagnosis was 54 years (22–84 years). The primary 
lesion was located in the hard palate in 47 patients 
(38.2 %; Fig. 1A, B), maxillary gingiva in 33 patients 
(26.8%; Fig. 1C), mandibular gingiva in 16 patients 
(13.0%; Fig. 1D), buccal mucosa in 8 patients (6.5%), 
lips in 11 patients (8.9%; Fig. 1E, F), and tongue in 8 
patients (6.5%). The log-rank test showed that the 
primary site did not correlate with prognosis (Table 
1). One hundred and nine patients were assigned an 
ECOG PS score of 0, while 14 patients were evaluated 
as 1. As expected, PS score did not correlate with 

prognosis (Table 1). The size of primary lesion was 
divided into three grades: grade 1: <2 cm, 25 patients 
(20.3%), grade 2: 2–4 cm, 63 patients (51.2%), grade 3: 
>4 cm, 35 patients (28.5%). The log-rank test showed 
that tumor size did not correlate with prognosis. 
Recurrent lesions were detected in the oral cavity of 
36 patients. The range of the follow-up for survivors 
was 10–78 months, and the 5-year OS was 27.5% (Fig. 
2A). 

Tumor type and positive cervical lymph node 
were prognostic factors for OMM 

The tumor type of OMM could be divided 
clinically into macular type or nodular type (Fig. 1) 
[5]. The macular type of OMM lesion always has a 
smooth surface and appears flat with an overlying 
mucosa. The color of a macular OMM is 
homogeneous or heterogeneous dark brown and/or 
black and the border shows a geographic-like 
morphology. The macular lesion has a texture similar 
to the surrounding tissue, and it does not bleed easily 
(Fig. 1A, C, E). Nodular melanoma is usually dark or 
dull-red in color, forming a raised and irregular 
nodule with or without pedicle, with a soft texture, 
and bleeds easily (Fig. 1B, D, F). In the present study, 
53 OMMs (43.1%) were detected with macular lesions 
and 56.9% of patients (n = 70) had nodular 
melanomas. Next, we analyzed the difference in OS 
between patients with macular and nodular 
melanoma, and found that patients with nodular 
melanoma displayed a poorer prognosis compared 
with patients with macular melanoma (Log-rank = 
19.271, P < 0.001; Fig. 2B), indicating that tumor type 
may act as a prognostic factor in OMM. Further 
multivariate analysis suggested that tumor type could 
not act as an independent prognostic factor for OMM 
(Table 1).  

 

 
Figure 1. Representative views of OMMs in the hard palate (A, B), gingiva (C, D) and lip (E, F). Macular type (A, C, E) and nodular type (B, D, F) OMMs in the different 
regions. 
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Table 1. The OS of OMM patients by different prognostic 
variables. 

Variable No. % Median OS 
(months) 

P 
Unviariate Multivariate 

Sex           
 Male 73 59.3  49 0.289 - 
 Female 50 40.7  48 
Age,years      
 < 55 54 43.9  52 0.177 - 
 ≥ 55 69 56.1  47 
Primary site      
 Palate 47 38.2  45 0.141 - 
 Maxillary gingiva 33 26.8  52 
 Mandible gingiva 16 13.0  42 
 Buccal mucosa 8 6.5  46 
 Lips 11 8.9  58 
 Tongue 8 6.5  55 
ECOG PS score      
0 109 88.6  48 0.206 - 
1 14 11.4  48 
Tumor type      
 Macular 53 43.1  55  <0.001 0.165 
 Nodular 70 56.9  43 
Tumor size      
 ≤ 2cm 25 20.3  55 0.257  - 
 2-4cm 63 51.2  47 
 ≥ 4cm 35 28.5  45 
CLN       
 Positive 38 30.9  40 0.001 0.009 
 Negative 85 69.1  52 
Ki67 score      
0 27 22.0  59  <0.001  <0.001 
1 19 15.4  59 
2 26 20.6  50 
3 14 11.4  38 
4 24 19.5  38 
5 13 10.6  37 

 
CLN metastasis has been reported to be a 

prognostic factor in a set of malignant tumors of the 
head and neck [24]. In the present study, a total of 38 
patients (30.9%) had CLN metastases at diagnosis as 
confirmed by neck dissection. Figure 2C shows that 
patients with positive CLNs had worse outcomes than 
those with negative CLNs, with median OS of 40 and 
52 months, respectively (Log-rank = 10.33, P = 0.01). 
Multivariate analysis confirmed that the presence of 

positive CLNs was an independent negative 
prognostic factor for OMM (HR, 1.717; 95% CI, 
1.146-2.572; P = 0.009; Table 1).  

Expression of Ki67 was associated with OS of 
patients with OMMs 

The proliferation marker, Ki67, has been widely 
used for assisting with diagnosis of melanoma [17]. 
The present study analyzed whether Ki67 expression 
was related to OS using clinicopathological data and 
follow-up data of the 123 patients. Kaplan–Meier 
survival curves showed that cases with high Ki67 
expression had significantly poorer OS compared 
with low Ki67 expression cases (P <0.001). 
Multivariate analysis using the Cox regression hazard 
model confirmed that Ki67 expression was an 
independent prognostic factor for poor OS (HR, 1.474; 
95% CI, 1.268–1.713; P < 0.001; Table 1) among 
patients with OMM.  

Ki67 expression was associated with clinical 
tumor type of OMM 

The proliferation rate of tumor cells varies 
among different subtypes of cancers [25, 26]. In this 
study, we hypothesized that proliferation rate may be 
related to clinical characteristics. In order to verify this 
hypothesis, the correlation between Ki67 expression 
and clinical features of OMM were analyzed. The 
expressions of Ki67 in different clinical features are 
shown in Table 2 and Figure 4. The chi-square test and 
Fisher’s exact test indicated that there were more 
Ki67-positive cells in nodular lesions than in macular 
lesions (P < 0.001). As shown, Ki67 expression was not 
significantly associated with other characteristics 
including gender, age, primary site, ECOG PS score, 
tumor size and CLN status. These data suggest that 
Ki67 expression is associated with tumor type in 
OMM. 

 

 
Figure 2. The correlation of OS with different clinical variables. A. Kaplan–Meier curve showing the OS of all 123 cases. B. Kaplan–Meier curves of macular-type 
lesions (blue, n = 53) and nodular-type lesions (yellow, n = 70). C. Kaplan–Meier curves of different cervical lymph node (CLN) status. The blue line indicates patients 
with negative CLNs (n = 85) and the yellow line represents patients with positive CLNs (n = 38). 



 Journal of Cancer 2017, Vol. 8 

 
http://www.jcancer.org 

3832 

 
Figure 3. The correlation of OS with differences in the cell proliferation rate in OMM. A. Representative standard of Ki67 score. B. Kaplan–Meier curves of different 
levels of Ki67 expression. Cases with a Ki67 score of 0–2 are indicated by a solid blue line (n = 27), a solid black line (n = 19) and a solid yellow line (n = 26). Cases 
with a Ki67 score of 3–5 are indicated by a dotted blue line (n = 14), dotted black line (n = 24) and dotted yellow line (n = 13).  

 
Figure 4. The correlation of tumor type and cell proliferation rate in OMMs. A. Immunohistochemical staining of Ki67 in OMM with macular type lesion and nodular 
type lesion. B. Bar diagram illustrating the Ki67 score in OMMs of different macular types (n = 53) and nodular types (n = 70). 

 

Differences in the level of Ki67 expression 
between primary and recurrent OMMs 

Local recurrence is a difficult problem in the 
treatment of OMM [27]. Among 123 cases included in 
the present study, 36 patients suffered from local 
recurrence. The primary and recurrent paraffin 
specimens of 14 patients who suffered from local 

recurrence and underwent repeated radical resection 
were collected in the present study. We analyze the 
Ki67 score between primary and recurrent lesions 
from each case by Wilcoxon signed rank test. As 
shown in Fig. 5, the expression of Ki67 in recurrent 
OMM was significantly higher than that in primary 
OMM (P = 0.03).  
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Table 2. Correlation of the level of Ki67 expression and different clinical characteristics in OMM. 

Variable 0 1 2 3 4 5 Total Ki67 expression 
No. % No. % No. % No. % No. % No. % χ 2 P 

Sex                
Male 12 16.4 10 13.7 14 19.2 9 12.3 19 26.0 9 12.3 73 7.742 0.171 
Female 15 30.0 9 18.0 12 24.0 5 10.0 5 10.0 4 8.0 50 
Age,years                
< 55 11 20.4 9 16.7 9 16.7 8 14.8 12 22.2 5 9.3 54 2.628 0.757 
≥ 55 16 23.2 10 14.5 17 24.6 6 8.7 12 17.4 8 11.6 69 
Primary site                
Palate 13 27.7 4 8.5 11 23.4 4 8.5 8 17.0 7 14.9 47 28.329 0.293 
Maxillary gingiva 6 18.2 8 24.2 6 18.2 4 12.1 8 24.2 1 3.0 33 
Mandible gingiva 3 18.8 0 0.0 3 18.8 4 25.0 4 25.0 2 12.5 16 
Buccal mucosa 1 12.5 2 25.0 1 12.5 1 12.5 0 0.0 3 37.5 8 
Lips 2 18.2 4 36.4 3 27.3 0 0.0 2 18.2 0 0.0 11 
Tongue 2 25.0 1 12.5 2 25.0 1 12.5 2 25.0 0 0.0 8 
ECOG PS score                
0 25 22.9 15 13.8 23 21.1 13 11.9 23 21.1 10 9.2 109 5.114 0.371 
1 2 14.3 4 28.6 3 21.4 1 7.1 1 7.1 3 21.4 14 
Tumor type                
Macular 22 41.5 12 22.6 12 22.6 4 7.5 3 5.7 0 0.0 53 39.653 0.000 
Nodular 5 7.1 7 10.0 14 20.0 10 14.3 21 30.0 13 18.6 70 
Tumor size                
≤ 2cm 9 36.0 6 24.0 4 16.0 2 8.0 3 12.0 1 4.0 25 7.995 0.637 
2-4cm 11 17.5 8 12.7 16 25.4 8 12.7 12 19.0 8 12.7 63 
≥ 4cm 7 20.0 5 14.3 6 17.1 4 11.4 9 25.7 4 11.4 35 
CLN                
Positive 5 13.2 3 7.9 11 28.9 5 13.2 9 23.7 5 13.2 38 6.545 0.257 
Negative 22 25.9 16 18.8 15 17.6 9 10.6 15 17.6 8 9.4 85 

 
 

 
Figure 5. Different levels of Ki67 expression in primary and recurrent OMMs A. Immunohistochemical staining of Ki67 in the primary lesion and the recurrent lesion 
from the same case of OMM. B. Box diagram illustrating the Ki67 score of primary lesions, recurrent lesions and the difference of the two values.  

 

High expression of Ki67 was an adverse 
clinicopathological prognostic marker of OMM 

To further elucidate the relation between Ki67 
expression and prognosis of OMM patients, we 
calculated the cut-off point of the Ki67 expression 
score by a series of univariate analyses. The results 
showed that OMM patients with higher Ki67 scores 
(3–5) showed poor survival time in comparison to 
those with lower Ki67 scores (0–2) (Log-rank = 57.867, 
P < 0.001, Fig. 6 A).  

The present results revealed that CLN status and 

Ki67 expression score were independent prognostic 
factors of OMM (Table 1). Therefore, we analyzed the 
association between Ki67 expression and OS among 
patients with different CLN status. Patients with 
higher Ki67 expression score (3–5) showed 
significantly poorer OS compared to those with lower 
score (0–2) in both CLN-negative ((Log-rank = 47.635, 
P < 0.001, Fig. 6 B) and CLN-positive groups 
((Log-rank = 11.561, P = 0.001, Fig. 6 C). All these 
results indicated that high expression of Ki67 (score 
above 3) could act as an adverse prognostic factor of 
OMM. 
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Figure 6. Survival analysis of OMMs with different levels of Ki67 expression and different cervical lymph node (CLN) status. A. Significantly better survival for 
patients with lower Ki67 scores (0–2) among the total number of cases. B. Significantly better survival for patients with lower Ki67 scores (0–2) among cases without 
CLN metastasis. C. Significantly better survival for patients with lower Ki67 scores (0–2) among cases with CLN metastasis. 

 

Discussion 
OMM is an extremely rare high-grade malignant 

tumor with a dismal prognosis [28, 29]. Known for its 
poorer prognosis compared to cutaneous melanoma, 
OMM, as a heterogeneous tumor, differs from 
cutaneous melanoma in several physical, biological, 
and genetic characteristics [3, 30]. In addition, due to 
its rarity, OMM is poorly understood in comparison 
with other types of melanoma, such as cutaneous 
melanoma. In this study, we retrospectively analyzed 
the clinical manifestations, histopathology and 
outcomes of 123 primary OMM patients without 
distant metastases hospitalized in a single institution 
form Jan. 2010 to Mar. 2012. The present study, to the 
best of our knowledge, includes the biggest study 
population of OMM without distant metastases which 
focused on both clinical and histopathological 
characteristics. 

In general, the prognosis of malignancies was 
closely related to TNM classification. OMM has an 
extremely poor prognosis following diagnosis of 
distal metastasis (life expectancy is only 3–8 months) 
[5, 31, 32], cases with distal metastasis were excluded 
from this study. Clinical characteristics including 
gender, age, primary site, tumor type, tumor size and 
CLN status of patients with OMM were analyzed in 
the remaining 123 patients. 

Macular OMM and nodular OMM are the most 
common types observed in the clinic [5, 33]. In our 
previous study, we found that the nodular type is a 
dangerous signal in OMM [5]. In this study, 53 OMMs 
(43.1%) were detected with macular melanoma and 70 
(56.9%) had nodular lesions. Survival analysis 
indicated that the tumor type could be associated with 
poor outcome but could not act as an independent 
prognostic factor for OMM. However, consistent with 
our previous study, the presence of metastatic CLNs 
was an independent prognostic factor for OMM [5]. 

These data indicate that tumor type and CLN status 
may act as clinical prognostic factors in OMM patients 
without distal metastasis. 

Cell proliferation rate is considered as an 
important prognostic factor in a series of malignant 
tumors [15, 34]. The presence of Ki67 protein is an 
indicator of proliferative activity and is detected in the 
nucleus of cells during late G1, S, G2, and M phases, 
thus staining most cells in the cell cycle [8]. A series of 
studies have indicated that Ki67 could be used as a 
predictive and prognostic marker in a number of 
cancers including prostate cancer, gastrointestinal 
stromal tumors, clear-cell renal cell cancer, epithelial 
ovarian cancer and non-small-cell lung cancer [9-13, 
16, 35, 36]. In a meta-analysis of 64,196 breast cancer 
patients, authors concluded that Ki67 has an 
independent poor prognostic value in terms of OS 
[37]. Meanwhile a large case and long-term follow-up 
study suggested that the use of Ki67 expression as an 
index for classifying patients with breast cancer into 
different risk categories [14, 38]. But there is limited 
information involving Ki67 expression in melanoma. 
The previous studies, mainly involving cutaneous 
melanoma, focused on the value of Ki67 expression in 
the differential diagnosis of benign and malignant 
tumors [17]. In cutaneous melanoma, the Ki67 
expression index is demonstrated to correlate with 
tumor grade and patient survival [18, 39]. There were 
only a few studies with small sample sizes which 
suggested that Ki67 expression may be related to the 
prognosis of sinonasal and anorectal mucosal 
melanoma [20, 21, 34]. However, information about 
the relation between Ki67 expression and the 
prognosis of OMM is still lacking. In this study, we 
provide evidence that cell proliferation rate is 
associated with the prognosis of OMM by evaluating 
the expression of Ki67 in the primary tumor of OMM 
patients without distant metastases. It has been 
suggested that the level of Ki67 expression could be 
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used as a decision-making tool during chemotherapy 
treatment of breast cancer [40, 41]. Whether the Ki67 
proliferation index could play a similar role in OMM 
needs to be investigated in future research. 

The American Joint Committee on Cancer 
released the staging system for head and neck 
mucosal melanoma in 2010 [42], but the 
histopathological classification and microstaging of 
OMM has not been established. In mucosal 
melanoma, tumor thickness is an important 
histological parameter of prognostic significance. 
However, due to the special anatomic characteristics 
of OMM, it is hard to judge its exact thickness. Thus, 
markers for risk assessment in individual patients are 
still needed. In the present study, we analyzed the 
relation between the expression of Ki67 in the primary 
tumors and survival time of 123 OMM patients. Our 
results identified that Ki67 expression was an adverse 
prognostic marker for OS time among patients with 
OMM and could act as an independent prognostic 
factor for OMMs, which may be developed as a useful 
histological parameter of prognostic significance of 
OMM without distant metastases in the future. In a 
study of 30 patients with anorectal malignant 
melanoma, the OS of 20 patients with higher Ki67 
index scores was significantly poorer than that of 10 
who had lower Ki67 index scores [20]. A study on 
sinonasal mucosal melanoma also found a significant 
difference among different Ki67 index scores [21]. 
Whereas, a research with seven primary esophageal 
malignant melanoma patients and three primary 
anorectal malignant melanoma patients found no 
correlation between Ki67 expression and prognosis 
[43]. The negative result may be due to the small 
sample size and different lesion locations. 

The association between the Ki67 expression and 
clinical characteristics were noticed in this study. 
Tumor type, unlike other characteristics such as 
gender, age, primary site, tumor size and CLN status, 
was discovered to be related to the Ki67 expression 
level. Thus, cases with nodular lesions are more likely 
to have a higher Ki67 expression. In previous studies 
of breast cancer, similar phenomena have been 
observed: the Ki67 index could act as an important 
parameter to distinguish specific subtypes of breast 
cancer [44, 45]. A study in cutaneous melanoma 
indicated that there was a relation between Ki67 
protein expression and clinical features. Researchers 
observed tumors with overexpression of Ki67 (more 
than 10%) were thicker than those with low Ki67 
expression [18]. Combined with the data showing that 
nodular tumors show a significantly poorer OS than 
macular melanoma in univariate analysis, while it 
could not act as an independent prognostic factor in 
multivariate analysis when adjusted by Ki67 

expression, Ki67 expression was associated with 
clinical tumor type. We suspect that the proliferation 
rate of tumor cells forms the underpinning of 
significant differences in clinical outcome observed 
between tumor types, although further data are 
needed in the future to confirm this. 

Local recurrence is a common problem in OMM. 
The high rate of local recurrence may result from the 
complicated anatomic, non-apparent diffusion of 
tumor cells via the submucosal lymphatic route or the 
presence of multifocal lesions [46]. The local 
recurrence rate was 29.3% in this study, which is 
similar to that observed in previous studies [27]. The 
expression level of Ki67 was analyzed in 14 cases with 
primary and recurrent lesions and remarkable 
differences were observed. Similar characteristics of 
Ki67 expression were seen in a number of other 
cancers [47-49]. It was first observed in OMM in our 
study, though with a small sample, and more studies 
are needed to show the relation between the 
proliferation rate and local recurrence of OMM.  

The results from the present study demonstrate 
that the expression of Ki67 is closely related to clinical 
prognosis of OMM and can be considered to be an 
independent predictor of prognosis in OMM patients. 
To improve the feasibility of clinical application, we 
attempted to discover a convenient and efficient 
parameter of Ki67 expression score. Our results 
indicated that a Ki67 expression score of 3 (Ki67 cell 
positivity rate of more than 20%) was the most 
efficient cut-off point for discriminating the survival 
curves of distant metastases-free OMM, and was 
verified in different CLN status which was 
demonstrated to be the other independent prognostic 
factor in this study. In a study of anorectal malignant 
melanoma the cut-off point was 40%, while in a study 
of sinonasal mucosal melanoma assigned a cut-off 
value of 35% [20, 21]. The disparity in the cut-off 
points in the studies is possibly because of the 
difference in the mean expression of the Ki67 marker 
in the different locations of melanomas [50]. Thus, the 
clinicopathological parameter, Ki67 expression level, 
is expected to be a possible candidate reference for 
prognostic evaluation of OMM. 

In summary, the present study demonstrates 
that Ki67 could act as an important molecular 
biological indicator for predicting the prognosis of 
distant metastases-free OMM patients. Further, Ki67 
is a potential candidate for pathological grading and 
staging of OMM in the future. 
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