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Evaluation of Immunohistochemical Expression 
of CD68 and CD163 in Oral Squamous 
Cell Carcinoma and Oral Squamous Cell 
Carcinoma Arising from Oral Submucous 
Fibrosis: A Cross-sectional Study

INTRODUCTION
The OSCC is a solid tumour of oral epithelial cells that accounts for 
nearly 91% of all oral malignancies and is recognised as the second 
most common type, being a major cause for cancer related mortality 
in men across South‑East Asia [1]. Metastasis contributes to nearly 
90% of all cancer-associated deaths [2]. Although significant 
progress has been made in surgical approaches, chemotherapy 
and radiotherapy, the 5‑year survival rate for OSCC has only shown 
a little improvement over the past decade [3]. One of the major 
factors, for the invasive nature of OSCC is its ability to invade the 
adjacent structures and spread to the cervical lymph nodes and 
is considered a major contributing factor responsible for its higher 
fatality rates and recurrence [4,5].

Among the established “Hallmarks of Cancer,” increasing attention 
has been directed towards the TME because of its pivotal role in 
cancer initiation and progression [6]. The reactive stroma, which is 
also termed as TME is composed of various cells like fibroblasts, 
myofibroblasts, endothelial cells, pericytes, myocytes adipocytes, 
mesenchymal stem cells, neural cells, immune cells, inflammatory 
cells and other components of the extracellular matrix, which plays 
an important role in tumour behaviour, progression and facilitates 
the metastatic spread of the malignant cells [7]. Tumour Promoting 

Inflammation (TPI), which is largely driven by immune cells, plays a 
vital role in establishing and sustaining a microenvironment which 
in turn favours tumour initiation and progression [8]. Mantovani 
et al., (2009) proposed the concept of “tumour inflammation” as 
the seventh hallmark of cancer, highlighting the importance of the 
host microenvironment in establishing the disease progression [9]. 
Within the TME, macrophages constitute for nearly 30-50% of all 
the inflammatory cells and exhibit considerable heterogeneity [10]. 
They are broadly classified into two distinct phenotypes: M1, or 
classically activated macrophages and M2, or alternatively activated 
macrophages. Out of all these, the M2 macrophages are commonly 
considered as the TAMs [11].

M1 macrophages are mainly identified with proinflammatory 
activityand tumour suppressive functions and M2 macrophages 
are anti-inflammatory activity and they are associated with tumour 
growth and progression [12]. M1 phenotype is usually known by 
the representation of receptorslike CD80, CD86, CD64 and CD32 
surface receptors. CD68 and CD11b are pan-macrophage markers, 
whereas CD204 and CD206 are more closely associated with the M2 
macrophage phenotype [13]. M2 macrophages TAMs are a crucial 
tumour component in a number of tumour pathology pathways 
such as angiogenesis, metastasis and immune suppression [14]. 
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ABSTRACT
Introduction: Oral Squamous Cell Carcinoma (OSCC) is a 
common malignancy with poor prognosis, the development 
of which is affected by the Tumour Microenvironment (TME). 
Tumour-Associated Macrophages (TAMs), particularly the 
M2 phenotype marked by CD 163, play a key role in tumour 
progression. Oral Submucous Fibrosis (OSMF)-induced OSCC 
shows distinct biological behaviour due to fibrosis-related 
alterations in macrophage polarisation.

Aim: To evaluate and compare the immunohistochemical 
expression of CD 68 and CD 163 and the CD 68/CD 163 
macrophage ratio, in conventional OSCC and OSMF-induced 
OSCC.

Materials and Methods: This cross-sectional study was 
conducted between January 2020 and February 2025 in the 
Department of Oral Pathology and Microbiology at Saveetha 
Dental College and Hospitals, Chennai, Tamil Nadu, India. 
The study included 34 histopathologically confirmed OSCC 
cases (20 conventional OSCC and 14 OSMF-induced OSCC). 
Immunohistochemical expression of CD 68 and CD 163 was 

evaluated using percentage positivity, staining intensity and 
Immunoreactive Score (IRS). The CD 68/CD 163 ratio was 
calculated to assess macrophage subtype distribution. As data 
was non normally distributed (Shapiro-Wilk test), comparisons 
were performed using the Mann-Whitney U test and results 
were expressed as median {Interquartile Range (IQR)}.

Results: Conventional OSCC demonstrated significantly higher 
median CD 68 IRS {4.00 (2.00)} than OSMF-induced OSCC {3.50 
(2.00)} (p=0.004). CD 163 IRS was also higher in conventional 
OSCC {6.00 (4.50)} compared to OSMF-induced OSCC {3.00 
(2.00)} (p<0.001). Percentage positivity and staining intensity 
differed significantly for both markers (p<0.05). However, the 
CD 68/CD 163 ratio did not differ significantly between the 
groups (median IRS ratio: 1.00 vs 1.00; p=0.570).

Conclusion: Differential macrophage expression between 
conventional and OSMF-associated OSCC indicates variations 
in TME characteristics. However, the balance of macrophage 
subtypes remained comparable, warranting further investigation 
of their biological and prognostic relevance.
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habit history and co-morbidity conditions such as diabetes, 
hypertension, coronary heart disease and neurological problems. 
Clinical assessment included lesion characteristics such as site, 
duration, clinical presentation, associated symptoms, pain, degree 
of deviation of the mouth, presence of trismus and palpable fibrotic 
bands. Histopathological assessment focused on the presence of 
epithelial dysplasia, mitotic figures, pattern of invasion, keratinisation 
pattern, nature of hyalinisation, keratin pearl formation and nature 
of inflammatory cell infiltrate. Additional parameters assessed by 
Byrne’s grading for OSMF [22], grading system for OSCC [23], 
presence of skeletal muscle invasion, lymphovascular invasion, 
perineural invasion and pathological TNM staging [24].

Immunohistochemistry: A total of 34 tissue blocks were 
immunohistochemically analysed with CD 68 and CD 163 antibodies 
according to the standardised protocols that have already been 
established [25]. Formalin-fixed- paraffin embedded tissue blocks 
were sectioned, trimmed to 3 µm and then mounted on poly-L-
lysine-coated slides and incubated overnight at 50°C. The sections 
were immersed in xylene in three 10 minutes shifts to deparaffinise 
them. The recovery of the antigens was done by heating the slides 
in Ethylenediaminetetraacetic Aid (EDTA) buffer in a pressure cooker 
containing electrical power for 20 minutes, then cooling the slides at 
room temperature for 20 minutes. In order to block the endogenous 
activity of peroxidase, the sections were allowed to react with 
hydrogen peroxide for 30 minutes and then washed twice using three 
minutes of Tris-Buffered Saline (TBS). Then, primary antibodies (CD 
68, mouse monoclonal antibody, Pathnsitu Biotechnologies Pvt., 
Ltd., India) and CD 163, Master Diagnosica, Granada, Spain) were 
used to incubate the sections for 60 minutes. Following which the 
secondary antibody is incubated for 30 minutes and three washes 
of TBS are done. The immune reaction was visualised by incubating 
with 3,3´‑diaminobenzidine (DAB) substrate between 5-10 minutes. 
Lastly, the slides were counterstained with the Harris haematoxylin 
and dehydrated with the graded ethanol and xylene and then 
mounted on Dibutylphthalate Polystyrene Xylene (DPX) medium.

Scoring criteria and analysis: Each section was first analysed 
under low-power magnification (10x) to determine the areas with 
the highest macrophage concentration, which was indicated by 
the positive brown chromogen staining of both CD 68 and CD 163 
markers. The evaluation of TAMs expressing CD 68 and CD 163 
was performed by counting the number of positively stained cells 
in three High-Power Fields HPF) (40×) and the mean macrophage 
count per HPF was calculated.

Immunohistochemical evaluation was carried out independently by 
two experienced oral pathologists who were blinded to the group 
allocation and clinicopathological details of the cases. In cases of 
discrepancy, the slides were re-evaluated jointly and if consensus 
was not achieved, a third senior oral pathologist (also blinded to 
the study groups) was consulted and the final score was assigned 
based on majority agreement.

Immunoreactivity was assessed using the IRS system as described 
by Remmele W and Stegner HE (1987) [26]. For each case, [Table/
Fig-1] the proportion of positively stained tumour cells (A) was 
assessed semi-quantitatively and assigned a score ranging from 0 
to 4 based on the percentage of positive cells. Staining intensity 

This subset has a specialised marker that is commonly referred to 
as CD 163. It was particularly found that at later tumour progression 
stages, the TAMs are highly polarised into the M2 phenotype, an 
advanced form of tumouricidal activity and allow the development 
of a tumour growth and tumour neovascularisation promoting 
microenvironment [15,16].

The condition is called OSMF and it causes chewing areca nut, 
which can also be cancerous and is common in India and other 
South Asian countries (primarily) [17]. The first description was 
made by Schwartz in the year 1952, when he termed it as Atrophica 
idiopathica mucosae Oris in East Africa living patients of Indian 
causes. Later on, the condition was reported in India by Lal and Joshi 
SG and named OSMF [18]. It has been recorded to vary between 
2-8 percent that OSMF progresses to OSCC. This development 
has been postulated to be mediated by mechanisms that cover 
collagen maturation, interplay between collagen and myofibroblasts 
and mast cells and fibrosis induced vasoconstriction that leads to 
epithelial hypoxia [19,20]. Moreover, the chronic inflammation of the 
oral mucosa caused by the continuous exposure to the alkaloids 
contained in quid, causes the activation of macrophages and T 
lymphocytes, which increases the levels of cytokines, including 
Interleukin-6 (IL-6), Tumour Necrosis Factor (TNF), Interferon-α 
(IFN-α) and transforming growth factor-β. Also, the mechanical 
injury that is produced by the coarse fibres of areca nut facilitates 
infiltration of these alkaloids into the subepithelial connective tissue 
leading to juxtaepithelial infiltration of inflammatory cells [21].

Carcinoma developing in relation to OSMF is considered a 
pathologically different entity, but its clinical progression and the 
biological behaviour is not properly described in the available 
literature. This loophole reveals the necessity to conduct more 
research to gain a better comprehension of the TME and the 
corresponding immune-related process in this condition. Thus, the 
objective of the study was to evaluate the immunohistochemical 
expression level of CD 68 and CD 163 and to compare the CD 68/
CD 163 ratio in conventional OSCC and OSMF-induced OSCC.

MATERIALS AND METHODS
The present cross-sectional study was conducted between January 
2020 and February 2025 in the Department of Oral Pathology and 
Microbiology at Saveetha Dental College and Hospitals, Chennai, 
Tamil Nadu, India. Following approval from the Institutional Ethical 
Committee (SRB/SDC/OPATH-2404/24/516), a total of 34 cases 
were retrieved from the departmental archives and the institutional 
electronic database. The study population was divided into two 
groups: Group-A comprised Conventional OSCC (n=20) and 
Group-B comprised OSMF-induced OSCC (n=14). 

Sample size: The sample size was determined by the number of 
eligible and completed cases that were available in the institutional 
archives within the study period.

Inclusion criteria: Only histopathologically confirmed cases of 
OSCC were included in the study. Cases of OSCC arising in 
association with OSMF were also considered. Inclusion required 
the availability of adequate formalin-fixed, paraffin-embedded tissue 
blocks suitable for immunohistochemical evaluation. Additionally, 
only cases with complete clinicopathological data, including 
demographic information and details of the lesion, were selected 
for analysis.

Exclusion criteria: The OSCC cases associated with oral potentially 
malignant disorders other than OSMF were excluded from the 
study. In addition, cases with insufficient tissue or poorly preserved 
specimens that were unsuitable for immunohistochemical analysis 
were not included in the evaluation.

Study Procedure
Data were assessed on various parameters of both the groups 
(A and B), such as demographic variables (age and gender), 

A (percentage of  
positive cells) B (intensity of staining)

IRS score (multiplication 
of a and b)

0=no positive cells 0= no colour reaction 0= Negative

1 ≤10% of positive cells 1= mild reaction 1-3= mild

2= 10-50% positive cells 2=moderate reaction 4-8=moderate

3=51-80% positive cells 3=intense reaction 9-12=strongly positive

4 ≥80% of positive cells

Final IRS score (AXB): 0-12

[Table/Fig-1]:	 Grading criteria for immunohistochemical evaluation of CD 68 and 
CD 163 expression using the Immunoreactive Score (IRS) system.
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(B) was independently graded on a scale of 0 to 3 according to 
the strength of cytoplasmic staining. A single proportionality score 
and intensity score were assigned per specimen after evaluation of 
representative tumour areas.

The final IRS was calculated individually for each case by multiplying 
the proportionality score and intensity score (A×B), yielding a 
composite score ranging from 0 to 12. According to the original 
classification, IRS values of 0 and 1 were considered negative (as 
a score of one represents minimal immunoreactivity), 2-3 mild, 4-8 
moderate and 9-12 strongly positive. As these parameters represent 
ordinal variables, proportionality scores, intensity scores and IRS 
values were summarised using median and Interquartile Range 
(IQR) for each study group. Relative distribution of macrophage 
subtypes in the TME was determined by calculation of the CD 68/
CD 163 ratio based on the case-wise IRS values.

STATISTICAL ANALYSIS
Results were tabulated in Microsoft Excel. Statistical analysis 
was performed using Statistical Package for Social Sciences 
(SPSS) software version 26.0. Demographic data, clinical features, 
histopathological parameters and immunohistochemical results 
were analysed with the assistance of descriptive statistics and the 
Mann-Whitney U test. Continuous variables were represented by 
median and IQR, whereas categorical variables were reported in 
forms of frequencies and percentages. Intergroup comparisons 
were done using the Mann-Whitney U test since the data were not 
normally distributed. The level of agreement between observers 
was determined by Cohen’s kappa (κ).

RESULTS
The demographic, clinical and lesional data of the patients in 
groups A and B were tabulated in [Table/Fig-2]. In both groups, 
a distinct male dominance was evident, with 80% of males in 
Group-A (n=16) and 85.7% in Group-B (n=12) cases showing a 
possible gender related vulnerability.The most common habit in 
Group-A was pan chewing 14 (70%), then gutkha chewing 2 (10%) 

Variables Category

Group-A 
(conventional 

OSCC)
Group-B (OSMF 
induced OSCC)

n (%) n (%)

Gender
Male 16 (80%) 12 (85.7%)

Female 4 (20%) 2 (14.3%)

Habit history

Pan chewing 14 (70%) 7 (50.0%)

Gutkha chewing 2 (10%) 2 (14.3%)

Smoking + Alcohol 2 (10%) 2 (14.3%)

No habit history 2 (10%) 3 (21.4%)

Co-morbidities 
(diabetes, 
hypertension)

Present 9 (45%) 8 (57.1%)

Absent 11 (55%) 6 (42.9%)

Site of lesion

Buccal mucosa 8 (40%) 9 (64.3%)

Upper + Lower Alveolus 
region

4 (20%) 2 (14.3%)

Floor of the mouth 1 (5%) 1 (7.1%)

Lateral border of tongue 
+ GBS

7 (35%) 2 (14.3%)

Laterality of lesion
Right 10 (50%) 9 (64.3%)

Left 10 (50%) 5 (35.7%)

Lymph node 
involvement

Involved 11 (55%) 1 (7.1%)

Not Involved 9 (45%) 13 (92.9%)

Extra Nodal Extension 
(ENE)

Positive 6 (30%) 1 (7.1%)

Negative 14 (70%) 13 (92.9%)

Degree of dysplasia

Mild Absent 4 (28.6%)

Moderate 3 (15%) 4 (28.6%)

Severe 17 (85%) 6 (42.8%)

Presence of mitotic 
figures

Present 17 (85%) 8 (57.2%)

Absent 3 (15%) 6 (42.8%)

Type of epithelium- 
Hyperparakeratinised

Present 12 (60%) 8 (57.2%)

Hyperorthokeratinised Present 8 (40%) 6 (42.8%)

Keratinisation pattern

Keratin pearls+ Islands 12 (60%) 6 (42.8%)

Sheets +nests 5 (25%) 4 (28.6%)

Cords 3 (15%) 4 (28.6%)

Lymphovascular 
invasion

Present 10 (50%) 0

Absent 10 (50%) 14 (100.0%)

Perineural invasion
Present 12 (60%) 0

Absent 8 (40%) 14 (100.0%)

Skeletal muscle 
invasion

Present 5 (25%) 6 (42.9%)

Absent 15 (75%) 8 (57.1%)

Distant metastasis Absent 20 (100%) 14 (100%)

Inflammation type

Chronic- Lymphocytes± 
Plasma cells

14 (70%) 10 (71.4%)

Mixed (incl. neutrophils) 6 (30%) 4 (28.6%)

pTNM Staging

pT1N0 6 (30%) 6 (42.9%)

pT2N0 0 2 (14.3%)

pT2aN0 4 (20%) 2 (14.3%)

pT2N2b 0 1 (7.1%)

pT2bN0 4 (20%) 3 (21.4%)

pT4aN0 3 (15%) 0

pT4bN3 3 (15%) 0

[Table/Fig-2]:	 Demographic, clinical and Histopathological characteristics of 
conventional OSCC and OSMF-induced OSCC cases. Data are presented as 
frequency (number and percentage).

and the combined habit of smoking and alcohol use 2 (10%). Also, 
2 (10%) of patients had no history of habit. The frequent habits 
in Group-B were pan chewing 7 (50%) and the synergistic habit 
of smoking and alcohol consumption 3 (21.4%). The incidence 
of gutkha chewing and areca nut chewing were 2 (14.3%) and 2 
(14.3%), respectively.

In Group-A, 9 (45%) of the patients were found to be experiencing 
co-morbidities, mostly diabetes and hypertension. In Group-B, a 
co-morbid condition was found in 8 (57.1%) of patients, such as 
diabetes, hypertension, coronary heart disease and neurological 
disorders, which could have contributed to the progression of the 
disease and the inability to heal tissues. In Group-A, the buccal 
mucosa was the most commonly involved site 8 (40%), followed 
by the lateral border of the tongue and the gingivobuccal sulcus 7 
(35%). In Group-B, the buccal mucosa was the predominant site of 
involvement 9 (64.3%), consistent with the habitual placement of 
quid in this region and right-sided lesions observed more frequently 
9 (64.3%) than left-sided lesions 5 (35.7%).

In Group-B, clinically, all patients presented with pain and trismus 
and fibrous bands were also consistently observed, reflecting the 
classic fibrotic nature of OSMF. Mouth deviation was observed 
in 13 (92.9%) cases, of which moderate deviation was the most 
prevalent, 6 (42.9%), followed by mild 5 (35.7%) and severe 3 
(21.4%) forms. Additionally, radiating pain, suggestive of possible 
neural involvement, was reported in 6 (42.9%) of patients.

The ulceroproliferative nature of the lesion, epithelial dysplasia 
and presence of fibrous bands were seen in 14 (100%) cases, 
highlighting the precancerous or malignant potential of the lesion. 
In Group-A, severe dysplasia was observed in 17 (85%) of cases, 
followed by moderate dysplasia in 3 (15%). In Group B, severe 
dysplasia was present in 6 (42.8%) of cases, while mild and 
moderate dysplasia were equally distributed at 4 (28.6%) each, 
suggesting that a substantial portion of the cohort was at high risk 
for malignant transformation. Overall, these findings highlight a 
clear association between high-risk oral habits, particularly pan and 
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areca nut chewing and advanced clinical features indicative of oral 
potentially malignant disorders.

The histopathological and staging features [Table/Fig-3a-d] of 
both groups included lymph node involvement in 11 (55%) of 
cases in Group-A, with extranodal extension observed in 6 (30%). 
In Group-B, a significant proportion of patients, 11 (78.6%), 
exhibited advanced OSMF, followed by moderately advanced 3 
(21.4%), indicating chronic progression and fibrotic transformation 
of the oral mucosa.

was observed in 6 (42.9%) of cases, pT2N0 in 8 (57.1%) and 
pT2N2b in 1 (7.1%), indicating nodal involvement. These staging 
results suggest that most patients were diagnosed before significant 
regional spread, offering better chances for early diagnosis and 
curative treatment in Group-B.

Immunohistochemical analysis revealed [Table/Fig-4] that for CD 
68, the median percentage of positive cells was significantly lower in 
Group-A (OSMF-induced OSCC) (Median=2; IQR=0.75; range: 1-3) 
compared to OSCC (Median=2; IQR=1; range: 2-3) (Mann–Whitney 
U=26.0; p=0.043; r=0.48). Staining intensity was also significantly 
reduced in OSMF-induced OSCC (Median=2; IQR=1; range: 1-2) 
relative to OSCC (Median=2; IQR=0; range: 2-3) (U=24.0; p=0.017; 
r=0.52). Correspondingly, the IRS score demonstrated significantly 
lower values in OSMF-induced OSCC (Median=3.5; IQR=2; range: 
1-4) compared to OSCC (Median=4; IQR=2; range: 4-9) (U=15.0; 
p=0.004; r=0.70).

IHC marker Groups Median MIN-MAX IQR
Effect 
size p-value

CD 68
percentage 
of positive 
cells

OSMF-induced 
OSCC

2 1-3 0.75
0.48 0.043*

OSCC 2 2-3 1

CD 68
Intensity of 
staining

OSMF-induced 
OSCC

2 1-2 1
0.52 0.017*

OSCC 2 2-3 0

CD 68
IRS score

OSMF-induced 
OSCC

3.5 1-4 2
0.7 0.004*

OSCC 4 4-9 2

CD 163
percentage 
of positive 
cells

OSMF-induced 
OSCC

2 1-2 0.75
0.79 <0.001*

OSCC 3 2-4 0.75

CD 163
Intensity of 
staining

OSMF-induced 
OSCC

2 1-2 0
0.52 0.017*

OSCC 2 2-3 1.0

CD 163
IRS score

OSMF-induced 
OSCC

3 2-4 2
0.85 <0.001*

OSCC 6 4-12 4.5

[Table/Fig-4]:	 Comparative immunohistochemical analysis of CD 68 and CD 163 
expression in conventional OSCC and OSMF-induced OSCC. Values are expressed 
as median (interquartile range, IQR). Intergroup comparison was performed using 
the Mann-Whitney U test.
A p-value ≤0.05 was considered statistically significant

[Table/Fig-3]:	 a,b) Depicts Haematoxylin and Eosin (H&E) stained sections of Oral 
Squamous Cell Carcinoma (OSCC) arising in the background of Oral Submucous 
Fibrosis (OSMF) (10X). These sections demonstrate fibrous connective tissue 
characterised by dense collagen bundles with extensive areas of hyalinisation. Ad-
ditionally, malignant epithelial cells are seen infiltrating the connective tissue stroma; 
c) (10X); and d) (40X) show H&E stained sections of conventional OSCC. These 
images reveal characteristic features such as epithelial keratin pearl formation and 
disruption of the basement membrane continuity, indicative of tumour invasion.

Considering the epithelial characteristics, hyperparakeratinisation 
was observed in 12 (60%) of Group-A cases, whereas 
hyperorthokeratinisation was observed in 8 (40%). In group B, 
hyperparakeratinised was present in 8 (57.2%) of cases, while 
hyperorthokeratinised pattern was noted in 6 (42.8%) of cases. This 
indicated the variability in differentiation of epithelium. In Group-B, 
the hyalinisation pattern was predominantly dense collagenous in 
nature accounting for 10 (71.4%) of cases, highlighting the fibrotic 
characteristics of OSMF. Keratin pearl formation was observed in all 
cases 14 (100%), indicating tumour differentiation and histological 
confirmation of this pathology. In Group-A, inflammation was 
predominantly chronic with lymphoplasmacytic infiltrates seen in 
14 (70%) of cases, while mixed inflammatory infiltrates, including 
neutrophils, were observed in 6 (30%). In Group-B, chronic 
lymphocytic inflammation was present in 10 (71.4%) of cases, with 
mixed inflammatory infiltrates noted in 4 (28.6%) cases, suggesting 
varying immune responses. In Group-A, mitotic figures were 
observed in 17 (85%) of cases. In Group-B, high mitotic activity 
existed in 8 (57.1%), which is an indication of cellular proliferation, a 
characteristic of malignancy.

In Group-A, Byrne’s grading score of 7/16 was the most common, 
with 6 (30%) of cases. The skeletal muscle invasion was found in 5 
(25%) and perineural and lymphovascular invasion in 12 (60%) and 
10 (50%), respectively. In Group-B, the Bryne’s score fell between 
6/16 and 11/16. The skeletal muscle invasion was observed in 6 
(42.9%) of the cases, reflecting deeper tissue infiltration, in a subset 
of patients. But no lymphovascular and perineural invasion was 
observed in all the cases, which is promising, as their occurrence 
usually indicates a worse prognosis.

According to pathological TNM (pTNM) staging, the majority of 
cases in Group-A were in the pT1N0 stage {6 (30%)}, followed by 
pT2aN0 and pT2bN0 stages {4 (20%) each}. In Group-B, pT1N0 

Similarly, CD 163 expression showed highly significant differences 
between the groups. The median percentage of positive cells was 
lower in OSMF-induced OSCC (Median=2; IQR=0.75; range: 1-2) 
than in OSCC (Median=3; IQR=0.75; range: 2-4) (U=10.5; p<0.001; 
r=0.79). Staining intensity was significantly decreased in OSMF-
induced OSCC (Median=2; IQR=0; range: 1-2) compared to OSCC 
(Median=2; IQR=1; range: 2-3) (U=24.0; p=0.017; r=0.52). The 
IRS score for CD 163 exhibited the most pronounced difference, 
with substantially lower values in OSMF-induced OSCC (Median=3; 
IQR=2; range: 2-4) relative to OSCC (Median=6; IQR=4.5; range: 
4-12) (U=7.5; p <0.001; r=0.85).

Interobserver reliability analysis using Cohen’s kappa [Table/Fig-5] 
demonstrated excellent agreement for CD 68_GpI (κ=0.913), 
CD 68_GpII (κ=0.898), CD 163_GpI (κ=0.922) and CD 163_GpII 
(κ=0.806), with all p-values <0.001, indicating high reproducibility of 
immunohistochemical scoring.

The analysis of the CD 68/CD 163 ratio [Table/Fig-6] showed that 
the median percentage ratio (A) was 1.00 (IQR=0.25; range: 0.50-
1.00) in conventional OSCC and 1.00 (IQR=0.00; range: 0.50-3.00) 
in OSMF-induced OSCC (p=0.398). The median staining intensity 
ratio (B) was 1.00 (IQR=0.00; range: 0.66-1.00) in conventional 
OSCC and 1.00 (IQR=0.37; range: 0.50-2.00) in OSMF-induced 
OSCC (p=0.744). Equally, the conventional OSCC median IRS 
ratio was 1.00 (IQR=0.25; range: 0.33-1.00) and the OSMF-
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Irfan A et al., demonstrated that increased TAM density correlates 
with tumour size and nodal metastasis [35], consistent with 
evidence linking higher CD 163 expression to aggressive tumour 
behaviour [36,37]. Comparative immunohistochemical analysis 
[Table/Fig-7-9a-d] in the present study showed that both the 
median percentage positivity, intensity of staining and IRS of the CD 
68 and CD 163 were significantly lower in OSMF-induced OSCC 
than conventional OSCC [Table/Fig-10,11], The results suggest that 
there is a decreased infiltration of overall macrophages, including 
M2-polarised macrophages in OSMF-associated tumours. The 
reduced macrophage density could indicate the changed stromal 
architecture and fibrosis peculiar to OSMF, which could possibly 
impact on the immune cell recruitment in the TME.

Variables Cohen’s kappa p-value

CD 68 A 0.913 <0.001

CD 68 B 0.898 <0.001

CD 163 A 0.922 <0.001

CD 163 B 0.806 <0.001

[Table/Fig-5]:	 Interobserver reliability analysis for immunohistochemical scoring of 
CD 68 and CD 163 using Cohen’s kappa statistics.

Ratios Group
Median 

(IQR) Min-Max p-value
Effect 
size

Ratio A
OSCC 1(0.25) 0.5-1

0.39 0.20
OSMF-induced OSCC 1 (0.00) 0.5-3

Ratio B
OSCC 1 (0.00) 0-1

0.74 0.08
OSMF-induced OSCC 1(0.37) 0.5-2

Ratio IRS
OSCC 1 (0.25) 0.33-1

0.57 0.15
OSMF-induced OSCC 1(0.87) 0.5-2

[Table/Fig-6]:	  Comparison of CD 68/CD 163 ratio (percentage positivity ratio, 
staining intensity ratio and IRS ratio) between conventional OSCC and OSMF-
induced OSCC. Data are expressed as median (interquartile range, IQR). Statistical 
analysis was performed using the Mann-Whitney U test, with p≤0.05 considered 
statistically significant.

induced OSCC median IRS was 1.00 (IQR=0.87; range: 0.50-2.00) 
(p=0.570).

DISCUSSION
The OSCC is a multifaceted malignant neoplasm in the head and 
neck region with a 5-year survival rate of about 50% [27]. In OSCC, 
the TME is highly enriched with a range of immune cells, but it is 
mainly composed of macrophages. These macrophages are plastic 
and can be polarised to either M1 or M2 phenotypes. It is primarily 
the M2 subtype, which is commonly referred to as TAMs, that is of 
critical importance in regulating the TME [28].

The malignant transformation rate of OSMF into OSCC is believed 
to involve collagen maturation, interaction with myofibroblasts and 
mast cells and fibrosis-induced vascular constriction leading to 
epithelial hypoxia [20,29]. Prolonged exposure of the oral mucosa 
to alkaloids present in the quid leads to persistent inflammation, 
which subsequently activates macrophages and T lymphocytes, 
causing elevated levels of cytokines such as IL-6, TNF, IFN-α and 
transforming growth factor-β. In addition, the mechanical trauma 
induced by the coarse fibres of areca nut promotes the penetration 
of these alkaloids into the subepithelial connective tissue, resulting 
in juxtaepithelial infiltration of inflammatory cells [30].

Previous studies have reported malignant transformation rates of 
5.5% [31] and 3.75% [32] in OSMF patients. The primary aetiological 
factor in OSMF and its malignant transformation is attributed to the 
carcinogenic alkaloids and related compounds present in areca nut, 
which initiate a cascade of cellular and molecular changes in the 
oral mucosa [33]. Similarly, in the present study, a prominent male 
predominance was evident, comprising 85.7% of cases, suggesting 
gender-related susceptibility. Pan chewing emerged as the most 
prevalent deleterious habit (50.0%), along with synergistic smoking 
and alcohol consumption (21.4%). Gutkha and areca nut chewing 
were equally reported (14.3% each), underscoring the aetiological 
significance of areca nut containing alkaloids in the development 
and malignant transformation of OSMF.

The gingivobuccal complex has been reported as the most common 
site of involvement [34]. Buccal mucosa was also the most common 
in our study (64.3%), which is associated with quid placement as a 
habit. OSMF-induced OSCC histopathologically has been defined 
as a unique, better-differentiated and reduced nodal metastasis 
condition, which may be explained by fibrotic stromal barriers 
limiting tumour invasion [18,34]. In the present study, most cases 
were well-differentiated (50%) and early-stage (pT1N0 and pT2N0), 
supporting previous observations.

[Table/Fig-8]:	 a) (10X); b) (40X) shows immunohistochemically-stained sec-
tions demonstrating positive expression of CD 68 marker at the tumour front in 
conventional OSCC. The staining highlights the presence of Tumour-Associated 
Macrophages (TAM) expressing these markers in the peritumoural region; c) (10X); 
d) (40X) depicts immunohistochemically-stained sections of conventional OSCC, dis-
playing positive CD 163 marker expression with notably increased activity localised 
at the tumour front. This enhanced expression indicates a significant presence of 
these macrophage markers in the invasive tumour area.

[Table/Fig-7]:	 a,b) Immunohistochemically-stained sections demonstrating posi-
tive expression of CD 68 and CD 163 markers at the tumour front in OSMF-induced 
OSCC. The staining highlights the presence of Tumour-Associated Macrophages 
(TAM) expressing these markers in the peritumoural region; c,d) Immunohistochem-
ically-stained sections of conventional OSCC, displaying positive CD 68 and CD 
163 expression with notably increased activity localised at the tumour front. This 
enhanced expression indicates a significant presence of these macrophage mark-
ers in the invasive tumour area.

Regarding macrophage polarisation, the CD 68/CD 163 ratio [Table/
Fig-12] was close to one in both groups and no statistically significant 
difference was observed between conventional OSCC and OSMF-
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[Table/Fig-9]:	 a) (10X); b) (40X) shows immunohistochemically-stained sec-
tions demonstrating positive expression of CD 68 marker at the tumour front in 
OSMF-induced OSCC. The staining highlights the presence of Tumour-Associated 
Macrophages (TAM) expressing these markers in the peritumoural region. c) (10X); 
and d) (40X) depicts immunohistochemically-stained sections of OSMF-induced 
OSCC, displaying positive CD 163 marker expression with notably increased activ-
ity localised at the tumour front. This enhanced expression indicates a significant 
presence of these macrophage markers in the invasive tumour area.

[Table/Fig-10]:	 Box-and-whisker plot illustrating the distribution of CD 68 expres-
sion in conventional OSCC and OSMF-induced OSCC. The central line represents 
the median, the box indicates the Interquartile Range (IQR) and the whiskers denote 
the minimum and maximum values. Intergroup comparison was performed using 
the Mann-Whitney U test.

[Table/Fig-12]:	 Box-and-whisker plot depicting the distribution of Immunoreac-
tive Score (IRS) for CD 68 and CD 163 in conventional OSCC and OSMF-induced 
OSCC. The central line represents the median, the box denotes the Interquartile 
Range (IQR) and the whiskers indicate the minimum and maximum values. Statisti-
cal comparison between groups was carried out using the Mann-Whitney U test.

[Table/Fig-11]:	 Box-and-whisker plot illustrating the distribution of CD 163 expres-
sion in conventional OSCC and OSMF-induced OSCC. The central line represents 
the median, the box indicates the Interquartile Range (IQR) and the whiskers denote 
the minimum and maximum values. Intergroup comparison was performed using 
the Mann-Whitney U test.

induced OSCC. Even though the conventional OSCC showed a 
slightly lower ratio value in some parameters, the difference was 
not significant. It implies that the overall macrophage density varies 
across the types of tumours, but the percentage ratio of the total 

amount of macrophages (CD 68) and M2 macrophages (CD 163) 
is quite similar. Mukherjee A et al., and Takabatake K et al., have 
also made similar observations and highlighted the role of absolute 
TAM density but not ratio in predicting tumour aggressiveness 
and metastatic potential [38,39]. Together, these results reveal the 
idea of the possibility of quantitative differences in macrophage 
infiltration, but not skew polarisation, in the cause of the specific 
TME phenotype in OSMF-related OSCC.

Limitation(s)
The cross-sectional design of the study limited the ability to establish 
temporal or causal relationships. The relatively small sample size, 
based on the availability of eligible cases, may have affected the 
statistical power of the analysis. As this was a single-institution study, 
the findings may not be generalisable to the broader population.

CONCLUSION(S)
The present study demonstrates significant differences in CD 68 
and CD 163 expression between conventional OSCC and OSMF-
associated OSCC, reflecting variations in TME characteristics. 
However, the relative balance of macrophage subtypes, as 
assessed by the CD 68/CD 163 ratio, remained comparable 
between the groups. These findings emphasise the importance 
of evaluating individual macrophage markers in understanding 
tumour biology.
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