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Original Article

According to GLOBOCAN estimates from 2020, Head and 
Neck Squamous Cell Carcinoma (HNSCC) ranks as the 
seventh most common cancer globally. These estimates 
also indicate that HNSCC leads to approximately 450,000 
deaths annually, accounting for roughly 4.6% of all cancer-
related deaths worldwide [1]. Additionally, there are around 
890,000 new cases of HNSCC diagnosed each year, 
constituting about 4.5% of all cancer diagnoses worldwide. 
Oral cancer represents a substantial burden of morbidity 
and mortality, particularly prevalent in Central and Eastern 
Europe, Melanesia, and South Asia [2]. As of 2018, the 
incidence, prevalence, and distribution of oral cancer vary 
signi�cantly across regions worldwide. Notably, the ten 
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most populous countries globally China, India, the United 
States, Indonesia, Brazil, Pakistan, Bangladesh, Russia, 
Japan, and Mexico are dispersed across Asia, North 
America, South America, and Europe, collectively 
comprising 56.3% of the total world population. Among 
these nations, India, Pakistan, and Bangladesh are 
particularly affected by oral cancer, re�ecting signi�cant 
health challenges within these regions [3]. Research 
reported in Karachi revealed that OSCC accounted for 8.8% 
of all cancers in that region. Despite advancements in 
cancer diagnosis and treatment over the last three 
decades, the overall 5-year survival rate for OSCC remains 
notably low, consistently falling below 50% [4]. Globally, 

Oral squamous cell carcinoma (OSCC) is a signi�cant health concern, with various factors 

in�uencing its development and progression. Understanding these factors, including p16 

expression and clinicopathologic features, is crucial for improved diagnosis and treatment. 

Objective: To compare various grades of OSCC based on immunohistochemical expression of 

p16 and clinicopathologic parameters. Methods: The comparative cross-sectional study was 

conducted at the Department of Pathology, Peshawar Medical College (PMC), and Peshawar 

Dental College (PDC) from August 2020 to August 2021. It included 53 cases of OSCC with 

documented snuff use history. Tumor sections were stained with Hematoxylin and Eosin and 

underwent immunohistochemical staining for p16 expression. Sample size calculation utilized G 

Power software. Statistical analysis was performed using SPSS version 20.0, employing the Chi-

Square test to assess categorical variables. Results: Among the 53 OSCC cases, the majority 

were male (66.0%) with ages ranging from 26 to 85 years, the most common age group being 51-

70 years. The tongue was the primary site for OSCC development. Well-differentiated cases 

were predominant (64.2%), followed by moderate (20.8%) and poor grade cases (15.1%). 

However, no signi�cant association was found between p16 expression and OSCC grades. 

Notably, p16 expression tended to be higher in snuff users and well-differentiated OSCC cases, 

although not statistically signi�cant. Conclusions: Well-differentiated OSCC cases exhibited 

the highest expression of p16, followed by moderate and poorly differentiated cases. However, 

no signi�cant correlation was observed between p16 expression and OSCC in snuff users. 
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Oral squamous cell carcinoma (OSSC) is more common in 
men's than in women that is 2:1 [5]. OSCC was believed to be 
more prevalent in individuals aged 60 to 80 years. OSCC can 
manifest in various areas of the “oral cavity” including the, 
tongue, mucosa of the buccal area, palate, �oor of the 
mouth, lip, and even the gingiva. Globally, the tongue is the 
commonest site for OSCC, while in South Asia, particularly, 
the mucosa of buccal area is more frequently affected [6]. 
Nicotine use, chewing of pan, and prolonged exposure to 
sun are frequently cited as common etiological factors for 
OSCC. In addition to these, both smokeless tobacco (snuff) 
and Human Papillomavirus (HPV) have been identi�ed as 
factors that elevate the risk of developing OSCC [7,8]. The 
direct contact of snuff with the oral mucosa induces 
keratinization of the oral epithelium. This keratinized 
epithelium sets the stage for premalignant lesions through 
various signaling pathways, ultimately progressing to 
malignancy [9]. Snuff exerts a dual impact by suppressing 
a n d  i n � a m i n g  i m m u n e  c e l l s ,  t h e r e by  fo s te r i n g 
autoimmunity. These effects collectively contribute to the 
development of oral malignancies [10]. The expression of 
HPV genes can be in�uenced by certain environmental 
chemical compounds. A noteworthy correlation exists 
between HPV and tobacco-related carcinogens, 
particularly in the context of oral cancer [11]. Two speci�c 
carcinogens present in snuff, namely nitrosamines and 
nitroguanosine, induce a tumor phenotype in primary oral 
keratinocytes that have been immortalized with HPV. 
Benzo[α] pyrene (BaP), another carcinogen found in snuff, 
leads to a tenfold increase in HPV titers. Additionally, snuff 
exhibits an immunosuppressive effect against HPV [12]. In 
the pathogenesis of OSCC, high-risk HPV types such as 
HPV16 and 18 play a signi�cant role, as highlighted by 
Khokhar et al [13]. It's noteworthy that “patients with HPV-
associated OSCC” tend to have a prognosis that is 90% 
more favorable compared to those without HPV-
associated OSCC. The development of HPV-associated oral 
squamous cell carcinoma (OSCC) encompasses a diverse 
array of genetic mutations, deletions, and translocations. 
Notably, prominent among these alterations are p16, p53, 
cyclin D1, p63, PTEN, Rb, and the Epidermal Growth Factor 
Receptor [14]. While the primary role of p16 is to hinder the 
tumor process, gene mutations can contribute to the onset 
of OSCC. As such, p16 holds promise as a potential 
biomarker for predicting high-risk HPV-associated OSCC 
[15]. In normal cells, p16 is expressed at low levels, making it 
nearly undetectable through immunohistochemistry (IHC) 
[16]. However, due to the transformative activity of the E7 
genes, p16 exhibits high expression in tumor cells infected 
by HPV, facilitating its easy detection. Consequently, there 
exists a close association between p16 expression and HPV 
positivity [17]. 
The aim of study was to �nd out p16 expression in OSCC in 
snuff users, since the snuff affects the immune system 
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M E T H O D S

This cross-sectional study with a descriptive design was 

conducted at the Department of Pathology, Peshawar 

Medical and Dental College in Peshawar. The study spanned 

a period of one year from August 2020 to August 2021. The 

sample size has been calculated by using the G power 

software with (3.5%) prevalence of oral squamous cell 

carcinoma in KP.  Employing a one-tailed test with an effect 

size of 0.5, an α value of 0.05 (indicating the margin of type 1 

error), and a power of 80% (with a minimum acceptable 

probability for type 2 error set at 20%). Statistical analysis 

was conducted using the Statistical Package for Social 

Sciences (SPSS) version 20.0. Categorical variables were 

assessed using the Chi-Square test. “The sample size was 

determined using G Power software version (3.1.9.7) with an 

effect size of 0.5, alpha set at 0.05, power at 80%, and a 

degree of freedom of 2%”. Sampling for this study was 

performed using a nonprobability convenient sampling 

technique. The ethical guidelines were followed and 

approval was received from the “Institutional Review Board 

(IRB)” in Peshawar, with the assigned approval number 

being “Prime/IRB/2020/235”. The study included 53 

previously diagnosed cases of oral squamous cell 

carcinoma (OSCC). Exclusions comprised cases with poor 

formalin �xation, which may lead to antigen retrieval 

i s s u e s ,  a n d  b l o c k s  f r o m  p a t i e n t s  u n d e r g o i n g 

chemotherapy. Cases with accessible historical records 

were collected from the “Department of Pathology” at 

“Peshawar Medical College (PMC)” and the Department of 

Surgery at “Peshawar Dental College and Hospital (PDC)”. 

Immunohistochemical staining was performed at the 

"Department of Pathology, Peshawar Medical College, 

Riphah International University" laboratory, while all other 

laboratory procedures were conducted at the Department 

of Histopathology, Peshawar Medical College. Tissue 

blocks embedded in para�n and treated with formalin 

from previously diagnosed cases of oral OSCC. Sections 

were cut from these blocks for both Hematoxylin and Eosin 

(H&E) staining and immunohistochemistr y ( IHC) 

procedures. Thin sections, measuring 4 to 5 μm of the 

OSCC with para�n embedded tissue were subjected to 

H&E staining following standard protocols. The diagnosis 

of oral cancer and immunohistochemistry staining with 

(p16) antibody involved microscopic examination of 

Hematoxylin and Eosin (H&E) slides. The interpretation of 

p16 expression was conducted manually, involving several 

steps. First, the World Health Organization (WHO) guideline 

for histopathological grading of OSCC was utilized, 

categorizing OSCC into three grades: well-differentiated 

(Grade 1), moderately differentiated (Grade 2), and poorly 
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adversely, which makes patients an easy target for viral 
infection.



differentiated (Grade 3). Next, scoring of p16 intensity was 

based on the observed staining, with a scale of 1 to 3 

indicating weak, moderate, and strong expression, 

respectively. Additionally, the percentage of stained cells 

was assessed, score 0: No staining, score 1: 0-10% of cells 

stained, score 2: 11-50% of cells stained, score 3: 51-80% of 

cells stained, score 4: 81-100% of cells stained. The 

assessment considered the intensity and percentage of 

brown staining of cells (cytoplasmic and nuclear staining) 

under microscopic examination, with stronger intensity 

indicating higher p16 expression and weaker intensity 

suggesting lower expression. At last, the p16 end score, 

ranging from 0 to 12, was derived by multiplying the 

intensity and percentage of stained cells (intensity of 

stained cell x percentage of stained cells). A score of 4 or 

higher indicated positive p16 expression. 

The method of indirect immunohistochemistry was used. 

Tissues �xed in formalin and embedded in para�n were 

subjected to depara�nization. The retrieval of antigens 

was achieved by immersing the sample in a citrate buffer 

solution, followed by heating in an oven at 95-100 degree 

Celsius for a duration of 20 minutes. The slides were 

permitted to cool at room temperature for a period of 15 to 

20 minutes. Slides were rinsed using a phosphate-buffered 

saline (PBS) and distilled water. The sections of the slides 
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were treated with a peroxidase blocking solution (PBS) and 

incubated at room temperature for a duration of 10 

minutes. After rinsing the slide in Phosphate Buffer 

Solution for 6 minutes, the chromogen substrate was 

applied to reveal the color of the antibody. Subsequently, 

the slides were incubated in a peroxidase substrate 

solution. Following a color development time of less than 5 

minutes, the slides were cleaned. Next, the slides were 

submerged in Hematoxylin counterstaining solution for a 

period of 1-2 minutes. and further cleaned for 15 minutes 

under running tap water. Tissue slides were dehydrated 

using alcohol for 5 minutes. The �nal steps involved 

cleaning the slides with 3 changes of xylene, applying a 

cover slip with a mount solution and storing the slides at 

room temperature.

In this comparative cross-sectional study, data analysis 

was conducted using SPSS software (version 25.0). For 

categorical data, including parameters such as p16 

expression and gender, frequency and percentages were 

determined. Chi-square tests were utilized to analyze 

categorical data, with a signi�cance level set at a P-value 

less than or equal 0.05. This approach allowed for the 

comparison of variables among the three categories of 

OSCC.
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The demographic and disease history of patients with OSCC were of total 53 cases of OSCC, majority patients were males 

(n=35, 66.0%), and the overall age range spanned from 26 to 85 years, with the most common age range being 61-70. The 

predominant site of OSCC development was the tongue, followed by the buccal mucosa. The majority of OSCC cases (n = 34, 

64.2%) had well-differentiated histopathological grades, followed by cases that were moderately differentiated (n = 11, 

20.8%) and poorly differentiated (n = 8, 15.1%), a majority of individuals with a history of snuff use exhibited p16 positivity as 

outlined in (table 1).

R E S U L T S

Table 1: Basic Demographics and Disease History of Patients with OSCC

Variable

OSCC
in Snuff

Users

Male Female

35 (66.0%) 18 (34.0%)

Age Range

Location of lesion

21-30 31-40 41-50 51-60 61-70 71-80 81-90

2 (3.8%) 2 (3.8%) 9 (17.0%) 14 (26.4%) 16 (30.2%) 7 (13.2%) 3 (5.7%)

Tongue Buccal Area Cheek Oropharynx Bone Maxilla Lip Oral Cavity Mandible

16 (30.2%) 13 (24.5%) 2 (3.8%) 9 (17.0%) 3 (5.7%) 1 (1.9%) 3 (5.7%) 3 (5.7%) 3 (5.7%)

Well Differentiated OSCC Moderately Differentiated OSCC Poorly Differentiated OSCC

34 (64.2%) 11 (20.8%) 8 (15.1%)

Expression of p16 in OSCC

Negative Positive

2 (3.77%) 51 (9.22%)

In the 53 cases with a history of snuff usage, no signi�cant associations were observed between gender, age, the site of 
OSCC lesions, and the different grades of OSCC with expression of p16 across. The calculated p-value exceeded 0.05, as 
indicated in Table 2A, Table 2B, Table 2C and Table 2D.  The study included a total of 53 patients diagnosed with Oral 
Squamous Cell Carcinoma (OSCC), among whom a signi�cant majority were male (66.0%). Notably, the age group most 
commonly affected was 61-70 years. Upon analysis of lesion sites, the tongue emerged as the predominant location, 
accounting for 30.2% of cases. Histological grading revealed that well-differentiated OSCC was the most prevalent, 



comprising 64.2% of cases. Moreover, all patients showed 
positive expression of p16 within the OSCC samples. These 
�ndings shed light on the demographic pro�le and disease 
characteristics of OSCC patients within the study, 
emphasizing the predominance of males, older age groups, 
and the consistent presence of p16 expression.
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Table 2A: Relation of p16 Expression in OSCC Cases with Gender 

of the Patients

Gender

Male

Female

Total

n (%)
p16 Expression

Positive Negative
p-Value

35 (66.0%)

18 (33.9%)

53 (100%)

33 (66.2%)

18 (33.9%)

51 (96.2%)

2 (3.7%)

0 (0%)

2 (3.7%)

0.3

Table 2B: Age Distribution of OSCC Cases with p16 Expression

Age

21-30 Years

31-40 Years

41-50 Years

51-60 Years

61-70 Years

71-80 Years

81-90 Years

Total

n (%)
p16 Expression

Positive Negative
p-Value

2 (3.7%)

2 (3.7%)

9 (16.9%)

14 (26.4%)

16 (30.1%)

7 (13.2%)

3 (5.6%)

53 (100%)

2

2

8

14

16

7

2

51 (96.2%)

0

0

1

0

0

0

1

2 (3.7%)

0.11

Table 2C: Relation of p16 Expression with Site Involved in OSCC 

Cases

Site of the 
Lesion

Tongue

Buccal Mucosa

Cheek

Oropharynx

Bone

Maxilla

Mandible

Lip

Oral Cavity

Total

p-Value

0.9

n (%)
p16 Expression

Positive Negative

16 (30.1%)

13 (24.5%)

2 (3.7%)

9 (16.9%)

3 (5.6%)

1 (1.8%)

3 (5.6%)

3 (5.6%)

3 (5.6%)

53 (100%)

16 (30.1%)

12 (22.6%)

2 (3.7%)

8(15%)

3 (5.6%)

1 (1.8%)

3(5.6%)

3 (5.6%)

3 (5.6%)

51 (96.2%)

0 (0%)

1 (1.8%)

0 (0%)

1 (1.8%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

2 (3.7%)

Table 2D: Comparison of p16 Expression in OSCC Cases with 

Grades of OSCC

Grades

Well Differentiated

Moderately Differentiated

Poorly Differentiated

Total

p-Value

0.5

n (%)

34 (64.1%)

11 (20.7%)

8 (15.0%)

53 (100%)

p16 Expression

Positive Negative

32 (60.3%)

11 (20.7%)

8 (15.0%)

51 (96.2%)

2(3.7%)

0 (0 %)

0 (0%)

9 (16.9%)

Figure 1 (A) shows the H&E staining of 40x demonstrating 
well differentiated OSCC in snuff users While in �gure 1 (B), 
immunohistochemistry p16 was applied. Expression of p16 
stains (brown color staining) was strong positive in snuff 
users of OSCC. (black arrows). Majority of cells were brown 
stain which meant that well differentiated OSCC was 
positive for p16.

A B

 Figure 1: (A) H&E Staining of 40x, Well Differentiated OSCC; (B) 
Positive Expression of p16 Stains

Figure 2 (A) shows the H&E staining of 40x demonstrating 
the poorly differentiated OSCC in snuff users, while in 
�gure 2 (B) immunohistochemistry p16 was applied. 
Expression of p16 stains (brown color staining, black 
arrows) was weak positive in snuff users of OSCC. Blue 
arrows show negative staining of cells in snuff users of 
OSCC. 

 Figure 2: A) H&E Staining of 40x Poorly Differentiated OSCC; (B) 
Weak Expression of p16 Stains

A B

D I S C U S S I O N

Based on our results, the prevalent location for OSCC was 
the tongue. This aligns with the �ndings of a study 
conducted by Yosefof et al., which also identi�ed the 
tongue as the most frequent site for the development of 
OSCC [18]. The �ndings of investigation conducted by 
Ehtesham et al., revealed that oral squamous cell 
carcinoma (OSCC) predominantly in males, involveed the 
�oor of the mouth and the boundary of the tongue. 
Conversely, the anatomical region most frequently 
affected in females was found to be the buccal sulcus [19]. 
In contrast, Anwar et al., showed that oral squamous cell 
carcinoma (OSCC) exhibited a prevalence twice as high in 
the buccal mucosa, accounting for 68.8% of cases [20].  
Likewise, investigations carried out in 2018 by Mehdi et al., 
and in 2019 by Akram et al., reported that the buccal mucosa 
stood out as the most frequently involved site in individuals 
with oral cancers [21, 22]. In our research, the predominant 
observation was that most of the cases showed well 
differentiation, which was followed by moderate and poor 
differentiated cases. Consistent with our investigation 
Sarfaraz et al., in 2020 reported that well-differentiated 
cases were the most commonly observed grade in oral 
squamous cell carcinoma (OSCC) cases [23]. Contrary to 
our �ndings, a study in 2019, Mehdi et al., from Pakistan 
found an equal number of moderate and poor grade cases 
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(n=16, 34%), with a slightly lower number (n=15, 32%) of well-
differentiated cases [24]. Study from Pakistan Rehman et 
al., similarly demonstrated that moderately differentiated 
cases were the most prevalent grade for oral squamous cell 
carcinoma (OSCC) [25]. Among the 53 participants, the 
majority of males (n=35) were identi�ed as snuff users. On 
the contrary, among the total participants, 18 females were 
identi�ed as snuff users. Our study's �ndings are 
consistent with those of Radika et al., where they reported 
that 8% of men and 5% of women were users of snuff [26].  
A majority of patients with a history of snuff use in our study 
exhibited well-differentiated OSCC (33%). In contrast, 
Sinha et al., reported that females with lower education 
levels and from low socio-economic status backgrounds 
were more likely to use snuff [27]. In our research, a 
predominant occurrence of p16 positivity was noted in well-
differentiated OSCC cases, followed by moderately 
differentiated and poorly differentiated OSCC cases. 
However, no statistically signi�cant association was found 
between p16 expression and the grades of OSCC. These 
�ndings align with a study reported Agarwal et al., which 
similarly reported p16 expression and OSCC grade levels do 
not signi�cantly correlate [28]. In contrast to our �ndings, 
the majority of OSCC cases with p16 positive were 
moderate grade (79.5%), followed by well and poor grade 
OSCC, according to a study conducted by Naz et al [29]. The 
observed differences in �ndings might be attributed to the 
methodology employed by Naz et al., who conducted PCR 
on all participants' samples and subsequently selected only 
those that were HPV positive. Additionally, variations in 
results could be in�uenced by differences in sample sizes 
between the two studies. In our study, a notable 
association was observed between the history of snuff use 
and p16 expression, indicating that snuff users exhibited 
higher p16 expression. This correlation may be attributed to 
the adverse effects of snuff on the immune system, 
rendering patients more susceptible to viral infections. The 
outcomes of our study align with those reported by Naz et 
al., and Aguayo et al., as both studies demonstrated no 
signi�cant association between snuff use and the p16 
expression [29, 30]. The �ndings of Trinh et al., in 2021 from 
France further support our results, as they similarly 
demonstrated no statistical signi�cance for snuff use and 
p16 positivity [31]. Contrary to our �ndings, Agarwal et al., in 
2021 reported a statistical signi�cance for snuff use and 
the expression of p16, with a p-value of 0.012 [28]. Similarly, 
a study revealed a statistical signi�cance for snuff use and 
the positivity of p16 [32].

In OSCC, majority of males uses snuff with most frequent 
site involved was tongue. The oral squamous cell 
carcinoma (OSCC) cases that were well-differentiated 
exhibited the highest expression of p16, followed by 
moderate and poorly differentiated OSCC cases. However, 
no signi�cant association was observed between p16 
expression and OSCC in snuff users.
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