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A B S T R A C T   

Objectives: This study aimed to present demographic and clinicopathological aspects of OSCC 
identified in Pathology service in the UAE over a 13-year period and compare these findings to a 
cohort of 523 cases of Head and neck squamous cell carcinoma using the Cancer Genome Atlas’s 
cBioPortal database (http://cbioportal.org). 
Material and methods: Histological examination of all hematoxylin and eosin-stained slides and 
assessment of all demographic and clinical information from laboratory records were performed 
on all OSCC diagnosed between 2005 and 2018. 
Results: Males made up 71.4% of the sample of 231 OSCCs that were evaluated. The patients’ 
average age was 55.38 years. The two most prevalent afflicted sites were the anterior two-thirds 
of the tongue (57.6%) and the cheek (28.1%). The most prevalent site among smokers were the 
floor of mouth, cheek, and jaw bones. There was a link between tumor size and numerous 
anatomical subsites that was shown to be highly significant. OSCC in the FOM was associated 
with a 25% mortality rate. Patients with OSCC of the anterior tongue and cheek had the best 
prognosis, with only 15.7% and 15.3% of patients dying during follow-up. 
Conclusion: The present investigation found a correlation between the diverse clinicopathological 
characteristics of the various anatomical subsites in OSCC. Different anatomical subsites also 
displayed varying degrees of gene mutation.   

1. Introduction 

Oral cancer is one of the top twenty most prevalent cancers worldwide [1], and its frequency is rising in the Middle East, notably the 
UAE [2]. The mouth is said to be the sixth most prevalent site for cancer in the human body, however the relative prevalence of oral 
cancer is widely geographically variable [3], with Asians from the Indian subcontinent having a significantly higher risk than other 
Asians [3]. Squamous cell carcinoma of the oral cavity (OSCC) accounts for 90% of all occurrences of oral cancer [4,5]. The National 
Comprehensive Cancer Network (NCCN) reported that OSCC can develop in a variety of oral cavity regions, including the buccal 
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mucosa, alveolar ridge, tongue, hard palate, retromolar trigone, floor of the mouth (FOM), and labial mucosa [6]. 
In the Western world, squamous cell carcinoma (SCC) of the head and neck most often develops on the floor of the mouth or in the 

oropharynx. The prevalence of human papillomavirus (HPV) infections, as well as the prevalence of alcohol consumption and smoking 
may explain this finding [6]. In contrast, in the UAE and other Asian regions, SCC is most commonly seen in the mouth’s anterior 
region, including the lip, tongue, and buccal mucosa. The use of tobacco products may be the cause for this, including cigarettes or 
chewable tobacco [7]. 

Many researchers have speculated that OSCC at different subsites might be considered as clinicopathologically distinct entities 
based on varying results [8–10]. Factors such as tumor depth, histological grade, lymph node metastases, and extra nodal extension 
have all been linked to poor survival in patients with oral cancer, as reported by NCCN [11–13]. However, the NCCN recommendations 
did not take into consideration the fact that overall survival and disease-free survival rates varied with distinct anatomic subsites of 
OSCC [11]. 

The present study aimed to determine whether distinct anatomical subsites of OSCC influence survival and prognosis for OSCC 
patients in the UAE. In addition, we evaluate their link with the disease’s classical clinicopathological features. Using an independent 
cohort collected from the cBioPortal cancer genomes database, further analysis of the connection between anatomical subsites and 
clinicopathological features was conducted, in addition to investigating the differential gene expression across the included anatomical 
subsites. This might offer a clearer understanding of the clinical relevance of anatomical subsites in defining the prognosis, outcome, 
and behavior of the patient. 

1.1. Patients and method 

From 2005 to 2018, all OSCC-diagnosed registries from the Maxillofacial department at Tawam hospital in Al Ain, United Arab 
Emirates were acquired and evaluated. Only the most representative histological section was included. Through a rigorous exami
nation of all forms presented with specimens, we were able to collect demographic and clinical data from all patients, including gender, 
age, time gap before diagnosis (in months), clinical aspect, location, tumor size (in centimeters), and risk factors (smoking). Cases 
included are those seen in the anterior two-thirds of the tongue (oral tongue), the floor of the mouth (extending to the ventral tongue), 
the buccal mucosa (including the buccal sulcus and mucobuccal fold), and the jaw bones (including the gingiva, alveolar mucosa, 
palate and retromolar trigone). Cancers of the lip and oropharynx (base of tongue, throat, or tonsils) were excluded from this analysis. 
Histological slides were evaluated for diagnostic confirmation and categorization of tumors as well-differentiated (WD), moderately 
differentiated (MD), or poorly differentiated (PD), as well as in OSCC variant using recently published approved criteria [14]. 

All information were descriptively analyzed, and statistical analysis was performed using a standard program (Statistical Package 
for Social Sciences, SPSS version 28.0, Chicago, IL, US), with statistical significance set at p < 0.05. Distribution of group variables was 
compared in crosstabs by Pearson Chi-square and comparison of means was performed with student’s t-test. This study was approved 
by the ethics committee, Tawam Hospital, Al Ain, UAE (protocol number THREC 556). 

1.2. Bioinformatics and in silico analysis 

We also used a cohort of 523 cases of Head and neck squamous cell carcinoma to investigate the association between anatomical 
subsites and various clinicopathological parameters, patient outcomes, and differential gene expression using the cBioPortal for Cancer 
Genomics (http://cbioportal.org) database, which provides a Web resource for exploring, visualizing, and analyzing multidimensional 
cancer genomics data. (HNSCC) (TCGA, Pan Cancer Atlas). 

2. Results 

2.1. Distribution of cases according to anatomical sites 

Initial study of our 231 OSCC patients revealed that the oral tongue (O tongue) was the most prevalent location (57.6%), followed 

Figure (1). Site distribution of OSCC in UAE population.  
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by the cheeks (28.1%), Jaw bones (10.8%), and floor of mouth (3.5%) (Fig. 1). There was no statistically significant variation in age 
between OSCC patients with various anatomical subsites. The present data also indicates that 71.4% of patients were male, whereas 
just 28.6% were female. Males were afflicted more commonly than females, with a male-to-female ratio of 2.5:1 (Fig. 2). 

2.2. Association between OSCC anatomical subsites and smoking 

The link between anatomical subsites and smoking was found to be statistically significant (P < 0.001) upon stratification of our 
patients by smoking history. The largest rate of smoking was seen in patients with squamous cell carcinoma of the floor of the mouth 
(37.5%), buccal mucosa (30.7%), and jaw bones (24%) (Table 1). 

Association between OSCC anatomical subsites with classical clinicopathological parameters. 
The relationship between anatomical subsites and clinicopathological criteria, such as lymph node (LN) involvement, was studied. 

LN involvement was shown to have a significant association with anatomical subsites (P < 0.001). Lymph nodes involvement was 
negative (N0) in 50% of OSCC cases in the FOM, followed by the anterior tongue, jawbone region, and the cheek. No significant 
difference was seen between tumor grade and anatomical subsites (P = 0.19). 

In addition, a significant relationship (P < 0.001) was discovered between tumor size and several anatomical subsites. 33.1% of 
individuals with OSCC in the anterior tongue had T1 tumors, whereas only 12.5% of patients with OSCC in the FOM had T1 tumors. On 
the contrary, 52% of patients with OSCC in the jaw bones had T4 tumors. 

Additionally, it was shown that anatomical subsites are significantly related to patient outcomes. (P = 0.01). OSCC in the FOM was 
associated with a 25% death rate. In contrast, individuals with OSCC of the anterior tongue had the most favorable prognosis, with an 
84.3% survival rate at the time of follow-up (at 3–5 years). (Table 1). 

2.3. Association between OSCC anatomical subsites with classical histopathological parameters 

A dataset of 523 Head and neck squamous cell carcinomas was evaluated and compared to our cohort using a bioinformatics-based 
method. A unique correlation was discovered between anatomical subsites and tumor growth. The TCGA Pan Cancer data set 
demonstrated that most cases of cancer of the anterior two-thirds of the tongue fell into the T2 and T3 categories; however, in the 
present investigation, one-third of cases fell into the T1 group. In the present study, over forty percent of cases affecting the buccal 
mucosa belonged to the T4 group, whereas in the “TCGA Pan cancer” data set, T2 represented the majority of cases in the buccal 
mucosa (36.8%). The Pan Cancer group had somewhat larger cancers on the floor of the mouth, especially at the T4 stage. (45.5% vs. 
37.5%). In both groups, T4 was the most common stage tumor size for jaw bone cancer. (figure 3). 

Approximately fifty percent of OSCC patients with varied anatomical locations in the Pan Cancer cohort had no LN involvement 
(N0), which was relatively comparable to the results of the present study (Supp. Figure 2). 

In terms of histological grade, nearly fifty percent of OSCCs at various locations were well-differentiated in our sample. However, 
greater than half the sample in the Pan Cancer cohort was of the moderately differentiated type (Supp. Figure 3). 

Evaluation of the association between OSCC anatomical subsites and patient outcome in the Pan Cancer data set found a substantial 
variation in patient outcome dependent on location. Patients with OSCC of the FOM and jaw bones had the worst outcomes 
(52.3–58.9% mortality). In comparison, individuals with oral tongue OSCC had the greatest prognosis, with a median survival time of 
65.77 months. In the present study, Jaw bones and FOM also had the worst prognosis, although the death rate was lower than that 
reported in the Pan Cancer data set (20–25%) (Fig. 3). 

Different anatomical subsites in OSCC showed a distinct molecular profile and mutation signatures. 
The current findings demonstrated a unique clinicopathological profile of OSCC at various anatomical subsites. This may be due to 

the size, anatomical position, and lymphatic drainage routes. However, we also set to determine if this different clinicopathological 

Figure (2). Gender distribution per anatomical subsites (percentages).  
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profile found in the various anatomical subsites of OSCC is related with a separate molecular abnormality. 
Using the cBioPortal database, we investigated the OSCC anatomical subsites with the most altered genes. Across all subsites, TP53 

and CASP8 were revealed to be the most altered genes. Other than TP53 and CASP8, OSCC in the buccal mucosa also demonstrated a 
reasonably high mutation frequency in a set of genes comprising ABCB6, ARHGAP32, C9, CREB5, SMARCC2, VPS33A, CENPF, and 
DLC1 (Fig. 4). 

The mRNA markers that were most differentially expressed at each anatomical subsite were also analyzed. The most common type 
of alteration is the overexpression of mRNA with a range in frequency from 1.15 to 15.87%. As revealed by our findings, each OSCC 
anatomical subsite has a distinct molecular profile. The main differentially expressed genes (DEGs) per anatomical location are re
ported in Table 2 & Supp. Table 1. 

Table 1 
The association between different anatomical subsites and clinicopathological parameters.   

Site  
Ant. Tongue Cheek Floor of mouth Jaw bones P value 

No. 133 65 8 25  

% 57.6 28.1 3.5 10.8 

Age Mean 56.13 52.31 59.25 58.16 0.43 
SD 13.06 13.66 17.01 12.71 

Gender 
Male No. 87 55 5 18 P < 0.01  

% 65.4 84.6 62.5 72 
Female No. 46 10 3 7  

% 34.5 15.3 37.5 28 
Nationality 
Emirati No. 36 12 4 8 P < 0.05  

% 27 18.4 50 32 
Expat No. 97 43 4 17  

% 73 66.1 50 68 
Smoking status 
Smoke No. 25 20 3 6 P < 0.001  

% 18.8 30.7 37.5 24 
No smoke No. 108 35 5 12  

% 81.2 53.8 62.5 48 
Recurrence status 
Recurrence No. 33 11 0 5   

% 24.8 16.9 0 20 
Mortality 
Dead No. 21 10 2 5 P < 0.05  

% 15.7 15.3 25 20 
Alive No. 112 45 6 20  

% 84.3 69.2 75 80 
LN Status 
N0 No. 61 25 4 11 P < 0.001  

% 45.8 35.3 50 44 
N1 No. 31 18 0 4  

% 23.3 27.7 0 16 
N2 No. 25 14 1 5  

% 18.7 21.5 12.5 20 
N3 No. 5 2 2 2  

% 3.7 3 25 8 
Nx No. 11 6 1 3  

% 8.2 9.2 12.5 12 
Tumor size 
T1 No. 44 13 1 7 P < 0.01  

% 33.1 20 12.5 28 
T2 No. 33 13 3 1  

% 24.8 20 37.5 4 
T3 No. 18 8 1 1  

% 13.5 12.3 12.5 4 
T4 No. 19 26 3 13  

% 14.3 40 37.5 52 
Tx No. 15 5 0 3  

% 11.3 7.6 0 12 
Histological Grade 
G1 No. 77 38 4 14 p > 0.05  

% 64.2 63.3 50 63.6 
G2 No. 40 21 2 5  

% 33.3 35 25 22.7 
G3 No. 3 1 2 3  

% 2.5 16.7 25 13.7  

N.H. Al-Rawi et al.                                                                                                                                                                                                    



Heliyon 9 (2023) e15884

5

ACTIN1, CARD 10, and CAV 1, as well as ARCN1 and DNAJ2, were the most under expressed genes in buccal cancer. Among others, 
IGFBP2 and PHLDB2 were the most overexpressed genes in the floor of the mouth. The two genes most overexpressed in jaw bones 
cancer are AHNAK2 and CDK6. In cancer of the anterior two-thirds of the tongue, DLGAP4 and COL4A6 were most overexpressed. 
Supp. Table 1 demonstrated the heterogeneous nature of gene expressions at different sites of the oral cavity. 

3. Discussion 

The goal of this study was to provide a 13-year anatomical profile of OSCC in the UAE population and to compare it to Western 
cohorts. In the present study, OSCC was found in the anterior two-thirds of the tongue in around 57.6% of instances, and in another 
28.1%, it was found in the buccal mucosa. These findings were consistent with previous studies conducted in the United Arab Emirates 
[2], Libya [15], India [16],China [17], and Taiwan [18], among other locations in Asia and the MENA [18]. 

Despite the variability in the prevalence of oral cancer (OC) in other anatomic subsites, a literature review of OC cases in Arab 
countries found that the tongue was the most common site of OC in most Arab countries. Cultural, dietary, and environmental factors 
were cited as possible causes of this site predilection [19]. The higher visibility of these anatomic subsites in the anterior oral cavity 
could have also contributed to their higher rate of diagnosis. Several studies have revealed that OSCC of the buccal mucosa is more 
common than OSCC of the tongue in Southeast Asia. This may be because smokeless tobacco products like betel quid and areca nut are 
more popular in this region [19,20]. While similar habits, such as Shammah and khat usage, are prevalent in the MENA area, their 
prevalence is lower. In Western countries, a distinct trend was seen, with the anterior tongue (20–40%) and the FOM (15–20%) being 
the most prevalent sites of oral squamous cell carcinoma (OSCC) compared to buccal mucosa, which is significantly less commonly 

Figure (3). Mortality rates among different anatomical sites (percentages).  

Figure (4). Top mutated genes in different anatomical subsites of OSCC in HNSCC cohort obtained from TCGA, Pan Cancer Atlas using the 
cBioPortal for Cancer Genomics database. 
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affected [21]. Multiple investigations undertaken in Europe [20,22], Australia [22], and the Americas reached comparable conclusions 
[22,23]. This might be attributed to different etiology, with smoking and heavy alcohol use being the culprit rather than smokeless 
tobacco habits as was observed in Asia and the MENA region. 

Oral cancer’s site preference can be explained by the histological characteristics of the afflicted tissues and the related etiological 
variables. As previously mentioned, the tongue was the most common location of OSCC, and OSCC of the tongue was allegedly the 
most prevalent kind of oral cancer. Histologically, the tongue consists primarily of muscle tissues with a dense arterial and lymphatic 
supply, rendering it susceptible to invasion and metastases [24]. Furthermore, the tongue, FOM, and buccal mucosa are particularly 
vulnerable to carcinogens because their thin, non-keratinized mucosa provides little protection against the diffusion of mutagenic 
chemicals [2]. Such epithelia also have a greater tissue turnover rate than the keratinized gingiva and hard palate, hence raising the 
chance of cytogenic mutations and consequent malignant transformation [25]. In addition to their inherent susceptibility to cancer, 
these tissues are constantly bathed in carcinogens that mix with saliva and accumulate within the oral cavity (in the tongue and FOM 
region in the case of smoking and alcohol consumption) and buccal vestibule (in the case of smokeless tobacco habits, thereby affecting 
the buccal mucosa) [2]. This is supported by the findings of the current study, in which stratification of cases by smoking history 
revealed a significant correlation between anatomical subsites and smoking, with the highest prevalence of smoking observed in 
individuals with OSCC of the floor of the mouth. Though even without tobacco and alcohol usage, the anterior two-thirds of the tongue 
remain the most likely location for oral cancer [20]. As a whole, this may clarify why the tongue is the most prevalent location for oral 
cancer in most nations, as well as the reported difference in site preference between the East and the West. 

Globally, OSCC predominantly affects males, with variable male-to-female (M:F) ratio ranging in recent studies from 14:1 to 3:2 
[26,27] This could be due to the tendency of males to partake in risky habits more frequently than their female counterparts [28], 
especially in the Arab World, where smoking and alcohol consumption are deemed more stigmatizing for females [19]. In the present 
study, the M:F ratio was found to be 2.5:1, similar, although a little higher than that observed in studies based in Iraq (2:1) and Jordan 
(1.8–2.1:1) [2]. This was however significantly lower than that observed in a previous UAE-based study, where the M:F ratio was found 
to be 4.1:1 [2]. 

The M:F ratio did not differ substantially between anatomical subsites in this investigation. The same held true for the average age 
of the patients, which remained reasonably steady throughout the various anatomical subsites, ranging from 52.31 to 59.25 years. This 
high mean age implies cumulative exposure to carcinogens, such as smoking and drinking, throughout a lifetime. Recent studies, 
however, indicate that the average age of oral cancer patients is decreasing, while the incidence rate is rising among younger pop
ulations. This tendency has been noted particularly among those who began smoking as adolescents, however OSCC has also been 
detected in young populations with no smoking or drinking history, suggesting a possible distinct etiological route via HPV infection 
[2]. 

According to the Centers for Disease Control and Prevention (CDC), cancers of the oral cavity and pharynx combined have 
increased in incidence between 2007 and 2016 despite the overall decrease in tobacco use and incidence of tobacco-associated cancers 
in the United States (US) [29]. Despite a decline in oral cancer cases in various anatomical subsites, including the lip, FOM, and hard 
palate, the incidence of cancer in the cheek and salivary gland has remained stable. It is suspected that a rise in smokeless tobacco habit 
is the cause of this trend, particularly at the cheek. The incidence of oral cancer in the anterior tongue and gum also increased, although 
they were not HPV-associated [29]. 

In addition to investigating the clinicopathological variation across the different anatomical subsites, it was also prudent to 
investigate the oncogenes that drive carcinogenesis and have the potential to be employed as prognostic variables and therapeutic 
targets. Recent advances in high-throughput multi-omic technologies have enabled full molecular profiling of tumor samples to 
discover drivers of oncogenesis and progression, which may lead to the development of targeted oncotherapeutics which influence 
prognosis and survival of oral cancer at different anatomical subsites [30]. For example, NCBP2 and TFRC expression had been 
recently associated with increased mortality in patients with OSCC, with targeted NCBP2 depletion showing promising results as a 
novel oncotherapy for the suppression cell migration, invasion, and proliferation [30]. Furthermore, the recent identification of 
SERPINH1 as a protein with notable cell-surface expression in the oncogenesis of head-and-neck-SCCs has aided the development of a 
novel photothermal assisted targeted oncotherapy via gold nanostars combined with the searched SERPINH1 antibody; thereby 
illustrating the potential of key genes as biomarkers and therapeutic targets for OSCC [31]. 

Interestingly, our bioinformatic analysis revealed that genes alteration is variable among different anatomical subsites. 16 out of 47 
(27.65%) of altered genes were in the form of high mRNA expression (>5% frequency). 

Dysregulated genes in each anatomic site were also analyzed in this study, ACTN1 levels, one of the most prominent DEGS in OSCC 
in buccal mucosa, were shown to be substantially linked with the clinical stage and lymph node metastases, and a high ACTN1 protein 
level was associated with a poor prognosis. Additionally, suppression of ACTN1 might inhibit OSCC cell growth and metastasis [32]. 

Table 2 
Leading DEGs per anatomical site obtained from various anatomical subsites of OSCC in HNSCC cohort obtained from TCGA, Pan 
Cancer Atlas using the cBioPortal for Cancer Genomics database.  

Anatomical Subsite Leading DEGs 

Buccal Mucosa ACTN1, AGPAT4, APBB2, ARCN1, BOK, CARD10, CAV1, CAVIN1, CHPF, and DNAJA2 
Floor of Mouth ARL4D, IGF2BP2, IMPDH1, PHLDB2, RNF217, SLC3A2, SMOX, WDFY2, and ZDHHC9. 
Jaw bones AHNAK2, BTBD11, CAMSAP2, CD44, CDK6, CDSN, COL12A1, CPA4, DMKN, and F2RL1 
Oral Tongue ACTA1, AMIGO2, CAP2, CAV2, CAVIN4, CDA, CDH13, COL4A6, CSPG4, and DLGAP4  
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Furthermore, CARD10, a gene that is differently expressed in OSCCs of the buccal mucosa, was shown to play a crucial role in tumor 
growth by activating the transcription factor NFkB [33]. Accumulation of CAV1-TME, which also differentially expressed in carcinoma 
of buccal mucosa was shown to have negative prognostic value in OSCC of the tongue [34]. 

Additionally, our analysis revealed that polymorphism of IGF2BP2 gene that is differentially expressed in carcinoma of FOM [35] 
was found to be associated with less favorable oral cancer clinical characteristics [36]. DLGAP4 and COL4A6 that were found to be 
differentially expressed in carcinoma of anterior 2/3 of the tongue were found to be associated with poor overall survival in cancer, 
and the COL4A family was discovered to be a major component of the basement membrane (BM) that has recently been found to be 
involved in tumor angiogenesis and progression [37]. 

The present study serves as a foundation for the understanding of OSCCs of different subsites as clinicopathologically, genetically, 
and molecularly distinct entities, which could facilitate further research into the disease’s underlying etiology and processes. 
Furthermore, preventive, diagnostic, and treatment outcomes could be improved by developing subsite-specific molecular targets 
based on the unique genetic and molecular aberrations across the different subsites. 

However, it is important to note that the present study faces several limitations. To start with, the labial mucosa had to be excluded 
as there was no apparent distinction between SCC of the labial mucosa and SCC of the external lip (which does not belong to the oral 
cavity) in our pathology registry. Secondly, the gingiva, alveolar mucosa, palate and retromolar trigone were not considered as distinct 
subsites but grouped together under “jawbones”, which may have hindered the specificity of the results. Furthermore, the follow-up 
duration was not completely uniform, varying between 3 and 5 years. Moreover, the study suffered from a restricted sample size, which 
could impede the statistical confidence and accuracy of its conclusions. Lastly, the genetic mutation information was derived from a 
western cohort, and therefore may not accurately represent the genetic aberrations that would be seen in our UAE-based sample. 

4. Conclusion 

The present findings demonstrated a potential link between the diverse clinicopathological characteristics of the several anatomical 
subsites in OSCC and the specific genetic dysregulation detected in each anatomical subsite. The identification of such molecular 
biomarkers may not only be crucial for expanding our understanding of the beginning and progression of OSCC, but also for the 
development of novel markers for more selective therapies that may target derangements in each anatomical subsite. 
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