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Abstract

Background

Oral potentially malignant disorders (OPMDs) comprise a heterogeneous group of oral mucosal conditions that
may exhibit varying degrees of epithelial dysplasia and may progress to oral squamous cell carcinoma (OSCC).
Histopathological examination remains essential for assessing epithelial abnormalities and identifying lesions
at increased risk of malignant progression. The present study evaluated the clinical and histopathological
characteristics of OPMDs and examined their association with selected deleterious habits and malignant
transformation.

Materials and Methods

A total of 200 patients with clinically diagnosed OPMDs were included in the study. Demographic
characteristics, including age and sex, and reported tobacco and alcohol use were recorded. Clinical diagnoses
included leukoplakia, oral submucous fibrosis (OSMF), oral lichen planus/lichenoid lesions, erythroplakia, and
other  OPMDs.  Histopathological  assessment of  biopsy specimens  classified lesions as
hyperkeratosis/acanthosis without dysplasia, mild epithelial dysplasia, moderate epithelial dysplasia, severe
dysplasia/carcinoma in situ (CIS), or invasive SCC. Associations between risk factors and epithelial dysplasia
were assessed statistically, and malignant transformation was evaluated according to baseline
histopathological severity.

Results

The mean age of the study population was 46.8 £ 11.7 years, with a predominance of males (64.0%). Tobacco
use was reported by 66.0% of participants, while 39.0% reported alcohol consumption. Leukoplakia was the
most  frequently diagnosed OPMD (41.0%), followed by OSMF (24.0%). Histopathologically,
hyperkeratosis/acanthosis without dysplasia was identified in 31.0%, mild dysplasia in 27.5%, moderate
dysplasia in 18.5%, severe dysplasia/CIS in 12.5%, and invasive SCC in 10.5% of specimens. Overall, 69.0%
demonstrated epithelial dysplasia or malignant changes. Tobacco use was significantly associated with
epithelial dysplasia (x> = 18.72, p < 0.001), as was alcohol consumption (x> = 5.02, p = 0.025). Malignant
transformation increased progressively with histopathological severity, from 1.6% in lesions without dysplasia
to 32.0% in severe dysplasia/CIS.

Conclusion

The findings demonstrate a substantial burden of epithelial dysplasia among clinically diagnosed OPMDs and
indicate significant associations between dysplasia and tobacco and alcohol exposure. Increasing
histopathological severity was accompanied by a higher proportion of malignant transformation, emphasizing
the importance of biopsy-based assessment and appropriate histopathological grading in the evaluation and
risk stratification of OPMDs.
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I.  Introduction
Oral potentially malignant disorders (OPMDs) comprise a diverse group of oral mucosal conditions
that are associated with an increased risk of developing oral squamous cell carcinoma (OSCC). Their clinical
appearance and underlying tissue changes may vary considerably, ranging from minor epithelial abnormalities
to pronounced dysplasia and, ultimately, malignant transformation. Early recognition and appropriate evaluation
of these disorders are essential for improving oral cancer prevention and facilitating timely clinical management

[1].

Oral leukoplakia is among the most commonly recognized OPMDs and is clinically characterized by a
predominantly white mucosal lesion that cannot be attributed to another specific condition. The clinical course
of leukoplakia is variable, with some lesions remaining stable while others progressively acquire features
associated with malignant transformation. Clinical morphology, anatomical site, lesion size, tobacco exposure,
and histopathological characteristics may contribute to differences in the biological behavior of individual
lesions [2].

The histopathological evaluation of OPMDs provides important information regarding epithelial
architecture, maturation, and cellular abnormalities. Biopsy specimens may demonstrate hyperkeratosis,
epithelial hyperplasia, or other alterations without dysplasia, as well as different grades of epithelial dysplasia
and invasive carcinoma. Although the severity of epithelial dysplasia is an important indicator of malignant
potential, microscopic grading alone may not accurately predict the future behavior of every lesion.
Consequently, histopathological findings should be interpreted in conjunction with relevant clinical
characteristics when estimating malignant transformation risk [3].

Malignant transformation does not occur uniformly across OPMDs, and substantial variation may also
exist among lesions within the same diagnostic category. This unpredictability makes it difficult to determine
which patients require intensive surveillance or early intervention. Conventional assessment is primarily based
on clinical examination and histopathological findings; however, evaluating individual variables separately may
not adequately reflect the complex interactions involved in malignant progression. A multifactorial approach
incorporating clinical, demographic, and pathological characteristics may therefore improve identification of
lesions with increased risk [4].

The increasing application of artificial intelligence (Al) and machine-learning techniques has created
new possibilities for improving diagnostic and predictive assessment in oral medicine. These technologies can
analyze multiple variables simultaneously and identify complex relationships within clinical datasets. Al-based
approaches have demonstrated promising applications in oral cancer detection and classification, potentially
providing additional support to clinicians during diagnostic decision-making [5].

Deep-learning methods have further expanded the potential applications of Al in oral oncology by
enabling automated analysis of clinical and imaging data. However, reported performance can vary according to
the characteristics of the dataset, model architecture, image quality, validation strategy, and clinical setting.
Consequently, appropriate methodological evaluation and independent validation remain important before Al
systems can be incorporated into routine clinical practice [6].

Molecular and biological markers may also provide additional information regarding the malignant
potential of OPMDs. Alterations in molecular pathways associated with epithelial carcinogenesis have been
investigated as potential predictors of progression and may complement conventional clinical and
histopathological assessment. Integrating such information with other patient and lesion characteristics could
potentially improve individualized risk estimation [7].

Recent systematic reviews have demonstrated considerable interest in the use of Al for oral cancer
diagnosis and risk assessment, while also emphasizing the need for standardized datasets, robust validation, and
clinically representative study populations. These considerations are particularly relevant when developing
predictive models intended to distinguish lesions with different levels of malignant potential [8].

Despite these advances, the use of Al specifically for predicting malignant transformation in OPMDs
remains an evolving field. Further research is needed to determine whether Al-assisted models can effectively
integrate clinical and histopathological information and provide clinically meaningful risk stratification. Well-
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designed studies with standardized assessment criteria and appropriate validation are necessary to establish their
reliability and practical utility [9].

Therefore, the present study was undertaken to evaluate the clinical and histopathological
characteristics of oral potentially malignant disorders, identify factors associated with malignant transformation,
and assess the potential utility of an Al-assisted predictive model for risk stratification.

II. Materials & Methods

Study Design and Study Population

A clinical and histopathological observational study was conducted at a single tertiary care centre among 200
patients with clinically diagnosed OPMDs from December 2024 to March 2025.

Participants were selected on the basis of predefined clinical and histopathological assessment criteria. The
study population included adult patients presenting with clinically identifiable potentially malignant oral
mucosal lesions.

Inclusion Criteria

e  Adults aged 18 years or older

e  Patients presenting with clinically identifiable OPMDs.

e Patients with lesions clinically diagnosed as leukoplakia, oral submucous fibrosis (OSMF), oral lichen
planus/lichenoid lesions, erythroplakia, or other clinically suspected OPMDs.

e Patients who underwent biopsy of the clinically suspected OPMD for histopathological evaluation

e Patients whose biopsy specimens were adequate in quantity and quality for reliable histopathological
examination

e Patients who provided relevant demographic and clinical information, including history of tobacco
and/or alcohol use

e Patients who provided written informed consent to participate in the study and undergo the required
clinical and histopathological evaluation.

Exclusion Criteria

Patients were excluded if they met any of the following criteria:

Patients younger than 18 years

Patients with oral lesions that were clinically diagnosed as conditions unrelated to OPMDs

Patients with inadequate or insufficient biopsy tissue for definitive histopathological evaluation

Specimens that were poorly preserved, extensively autolyzed, or otherwise unsuitable for microscopic

examination

Patients with incomplete clinical or demographic information

e Patients who did not provide consent for participation or biopsy

e Patients who had previously received treatment for the lesion that could significantly alter its clinical or
histopathological characteristics

e Patients with a known history of previously treated oral squamous cell carcinoma at the biopsy site,
where assessment of the original OPMD and its progression could not be reliably established

Clinical Assessment

A detailed clinical evaluation was performed for each participant. Demographic information, including age and
sex, was documented. Patients were also assessed for the presence of potentially relevant deleterious habits.
Particular attention was given to tobacco use and alcohol consumption, and the information was recorded based
on the patient's reported history.

The clinically diagnosed OPMDs were categorized into leukoplakia, OSMF, oral lichen planus/lichenoid
lesions, erythroplakia, and other OPMDs. The clinical diagnosis was established on the basis of the observed
morphological characteristics and relevant clinical findings.

Histopathological Examination

Representative biopsy specimens obtained from clinically diagnosed OPMDs were submitted for
histopathological evaluation. Tissue specimens were processed using routine histopathological techniques and
stained with hematoxylin and eosin (H&E). The sections were examined microscopically for epithelial and
stromal alterations.
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Based on the microscopic findings, specimens were categorized into the following groups:
e  Hyperkeratosis/acanthosis without epithelial dysplasia

Mild epithelial dysplasia

Moderate epithelial dysplasia

Severe epithelial dysplasia/carcinoma in situ (CIS)

Invasive SCC

The assessment focused on epithelial architectural and cytological abnormalities and the presence or absence of
invasive malignant growth.

Assessment of Epithelial Dysplasia

For analytical purposes, specimens demonstrating mild, moderate, or severe dysplasia/CIS were considered to
have epithelial dysplasia. Cases classified as hyperkeratosis/acanthosis without dysplasia were considered non-
dysplastic. The distribution of histopathological grades was evaluated overall and according to the
corresponding clinical OPMD category.

Assessment of Malignant Transformation

Malignant transformation was assessed in relation to the baseline histopathological category. The proportion of
cases demonstrating malignant transformation was calculated separately for non-dysplastic lesions and for
lesions exhibiting mild, moderate, and severe dysplasia/CIS. This allowed evaluation of the pattern of malignant
progression across increasing grades of epithelial abnormality.

Statistical Analysis

All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS),
IBM SPSS Statistics for Windows, version 26.0 (IBM Corp., Armonk, NY, USA). Continuous variables were
expressed as mean + Standard Deviation (SD), while categorical variables were presented as frequency and
percentage. The Chi-square test was used to assess associations between clinical diagnosis, risk factors, and
histopathological dysplasia, with Fisher’s exact test used where applicable. Malignant transformation rates were
calculated according to the baseline histopathological grade, and the trend in transformation with increasing
dysplasia severity was assessed. A p-value <0.05 was considered statistically significant, with all tests being
two-tailed.

III.  Results
Table 1 & Figure 1 summarize the demographic characteristics and reported deleterious habits among
the 200 study participants. The mean age of the participants was 46.8 + 11.7 years. The 41-50-year age group
constituted the largest proportion of the study population, comprising 58 participants (29.0%), followed by the
51-60-year group with 49 (24.5%) participants. Participants aged >60 years accounted for 36 (18.0%), while 35
(17.5%) were aged 3140 years and 22 (11.0%) belonged to the 18—30-year age group.

A male predominance was evident, with 128 (64.0%) males and 72 (36.0%) females. With respect to
deleterious habits, tobacco use was reported by 132 (66.0%) participants, making it the most prevalent habit,
whereas 78 (39.0%) participants reported alcohol consumption. Overall, the study cohort predominantly
comprised middle-aged males, with tobacco use being the most commonly reported deleterious habit.

Table 1: Distribution of patients according to demographic characteristics

Parameter n (%) / Mean £ SD
Age (years) 46.8£11.7
18-30 years 22 (11.0%)
31-40 years 35 (17.5%)
Age Group 41-50 years 58 (29.0%)
51-60 years 49 (24.5%)
>60 years 36 (18.0%)
Male 128 (64.0%)
Gender Female 72 (36.0%)
. Tobacco use 132 (66.0%)
Habit Alcohol use 78 (39.0%)
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Figure 1: Age-wise, sex-wise, and deleterious habit-wise distribution of the study population

Table 2 & Figure 2 illustrate the distribution of different OPMDs among the 200 participants.
Leukoplakia was the most commonly identified lesion, occurring in 82 (41.0%) patients. OSMF was the second
most frequent condition, accounting for 48 (24.0%) cases. Oral lichen planus/ lichenoid lesions were
documented in 31 (15.5%) participants, whereas other OPMDs comprised 28 (14.0%) cases. Erythroplakia was
comparatively uncommon, with 11 (5.5%) cases. Overall, leukoplakia represented the largest proportion of
clinically diagnosed OPMDs, comprising approximately two-fifths of the study population, while erythroplakia
was the least frequently observed lesion.

Table 2: Clinical distribution of OPMDs

Clinical diagnosis Number (n) Percentage (%)
Leukoplakia 82 41.0
OSMF 48 24.0
Oral lichen planus /lichenoid lesion 31 15.5
Erythroplakia 11 5.5
Other OPMDs 28 14.0
Total 200 100.0
m [eukoplakia B Oral submucous fibrosis

= Oral lichen planus/lichenoid lesion ® Erythroplakia

® Other OPMDs

Figure 2: Frequency and percentage distribution of different OPMDs among the study participants
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Table 3 & Figure 3 present the histopathological findings observed among the 200 study specimens.
Microscopic examination revealed a broad range of epithelial alterations, extending from non-dysplastic
changes to invasive SCC. Hyperkeratosis/acanthosis without dysplasia was the most common finding, recorded
in 62 (31.0%) cases. Mild epithelial dysplasia was identified in 55 (27.5%) specimens, followed by moderate
epithelial dysplasia in 37 (18.5%) cases. Severe epithelial dysplasia/CIS was observed in 25 (12.5%) specimens,
whereas invasive SCC was detected in 21 (10.5%) cases.

Collectively, 138 (69.0%) specimens demonstrated epithelial dysplasia or malignant changes, while 62 (31.0%)
showed no evidence of dysplasia. The histopathological findings therefore demonstrated a broad continuum of
epithelial abnormalities, with lesions distributed across increasing grades of dysplasia and extending to invasive
malignancy.

Table 3: Histopathological findings

| Histopathological diagnosis Number (n) Percentage (%)
Hyperkeratosis/acanthosis without dysplasia 62 31.0
Mild epithelial dysplasia 55 27.5
Moderate epithelial dysplasia 37 18.5
Severe dysplasia/carcinoma in situ 25 12.5
Invasive SCC 21 10.5
Total 200 100.0
31
27.5
18.5
12.5

10.5

Hyperkeratosis/acanthosis Mild epithelial dysplasia Moderate epithelial ~ Severe dysplasia/carcinoma Invasive squamous cell
without dysplasia dysplasia in situ carcinoma

Figure 3: Histopathological spectrum of epithelial dysplasia and malignant transformation in the study
population

Table 4 & Figure 4 demonstrate the relationship between the clinical types of OPMDs and their corresponding
histopathological grades. Considerable variation was observed among the different clinical categories.

Among leukoplakia, 30 (36.6%) specimens showed no dysplasia. Mild, moderate, and severe dysplasia/CIS
were identified in 23 (28.0%), 15 (18.3%), and 9 (11.0%) cases, respectively, while 5 (6.1%) specimens showed
invasive SCC.

In the OSMF group, 20 (41.7%) cases were free of dysplasia. Mild dysplasia was observed in 13 (27.1%),
moderate dysplasia in 8 (16.7%), and severe dysplasia/CIS in 5 (10.4%) cases. Invasive SCC was detected in 2
(4.2%) cases.

Among oral lichen planus/lichenoid lesions, 9 (29.0%) cases showed no dysplasia, while mild, moderate, and
severe dysplasia/CIS were present in 9 (29.0%), 6 (19.4%), and 4 (12.9%) cases, respectively. Invasive SCC
was identified in 3 (9.7%) cases.

Erythroplakia demonstrated a comparatively higher proportion of advanced histopathological abnormalities.
Only 1 (9.1%) case showed no dysplasia, whereas mild and moderate dysplasia was each observed in 2 (18.2%)
cases. Severe dysplasia/CIS and invasive SCC were each identified in 3 (27.3%) cases.

The other OPMDs category also demonstrated a substantial burden of advanced histopathological changes. Only
2 (7.1%) cases were without dysplasia, while mild dysplasia was observed in 8 (28.6%), moderate dysplasia in 6
(21.4%), severe dysplasia/CIS in 4 (14.3%), and invasive SCC in 8 (28.6%) cases.

Overall, the distribution indicates that erythroplakia and other OPMDs showed a greater relative frequency of
severe dysplasia/CIS and invasive SCC, whereas leukoplakia and OSMF demonstrated comparatively higher
proportions of non-dysplastic and lower-grade dysplastic changes. Across all clinical categories, 62 (31.0%)
cases showed no dysplasia, while 138 (69.0%) demonstrated epithelial dysplasia or invasive SCC.
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Table 4: Histopathological spectrum according to clinical diagnosis

Clinical diagnosis No dysplasia Mild Moderate Severe/CIS SCC
Leukoplakia (n=82) 30 (36.6%) 23 (28.0%) 15 (18.3%) 9 (11.0%) 5 (6.1%)
OSMF (n=48) 20 (41.7%) 13 (27.1%) 8 (16.7%) 5 (10.4%) 2 (4.2%)
OLP/lichenoid (n=31) 9 (29.0%) 9 (29.0%) 6 (19.4%) 4 (12.9%) 3 (9.7%)
Erythroplakia (n=11) 1.(9.1%) 2 (18.2%) 2 (18.2%) 3(27.3%) 3 (27.3%)
Other OPMDs (n=28) 2 (7.1%) 8 (28.6%) 6 (21.4%) 4 (14.3%) 8 (28.6%)

P value -0.001 (Sig)

m Leukoplakia mOSMF OLP/Lichenoid mErythroplakia ~m Other OPMDs

29 2877129 286 273 27386

18.2 18.3 ¢ 1748.2

1104~ 97
9.1 71 61

No dysplasia (%) Mild (%) Moderate (%) Severe/CIS (%) SCC (%)

Figure 4: Comparative distribution of histopathological grades across different clinical types of OPMDs

Table 5 & Figure 5 present the relationship between reported deleterious habits and the presence of epithelial
dysplasia among the study participants. A significant association was identified between tobacco use and
epithelial dysplasia. Of the participants with dysplasia, 105 (76.1%) reported tobacco use, compared with 27
(43.5%) among those without dysplasia. Conversely, non-users constituted 33 (23.9%) of the dysplasia group
and 35 (56.5%) of the non-dysplasia group. The difference was statistically significant (y* = 18.72, p < 0.001),
demonstrating a substantially higher proportion of tobacco exposure among participants with epithelial
dysplasia.

A significant relationship was also observed between alcohol consumption and epithelial dysplasia. Alcohol use
was reported by 61 (44.2%) participants with dysplasia and 17 (27.4%) participants without dysplasia. The
corresponding proportions of non-drinkers were 77 (55.8%) and 45 (72.6%), respectively. This association
reached statistical significance (y*> = 5.02, p = 0.025).

Overall, both tobacco and alcohol consumption were significantly associated with epithelial dysplasia. However,
the stronger statistical association was observed for tobacco use, suggesting that tobacco exposure had a more

pronounced relationship with dysplastic epithelial changes in the study population.

Table 5: Association of selected risk factors with epithelial dysplasia

Risk factor ?’}'iplasm present  n Dysplasia absent n (%) | y*/Fisher's test p-value
0

Tobacco use 105 (76.1%) 27 (43.5%) 18.72 <0.001

No tobacco use 33 (23.9%) 35 (56.5%)

Alcohol use 61 (44.2%) 17 (27.4%) 5.02 0.025

No alcohol use 77 (55.8%) 45 (72.6%)
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m Dysplasia present (%) ™ Dysplasia absent (%)

76.1 7.6

56.5 55.8
43.5 44.2

23.9 27.4

Tobaccouse No tobaccouse  Alcoholuse  No alcohol use

Figure 5: Comparative distribution of tobacco and alcohol consumption according to the presence or absence of
epithelial dysplasia

Table 6 & Figure 6 illustrate the distribution of malignant transformation according to the initial
histopathological severity of epithelial changes. A progressive increase in malignant transformation was
observed with increasing grades of epithelial dysplasia.

Among the 62 specimens without epithelial dysplasia, malignant transformation occurred in only 1 (1.6%) case.
In the group with mild dysplasia, transformation was identified in 3 of 55 (5.5%) cases. The frequency increased
to 6 of 37 (16.2%) among specimens demonstrating moderate dysplasia. The highest proportion was recorded in
the severe dysplasia/CIS group, where 8 of 25 (32.0%) cases showed malignant transformation.

Overall, the findings demonstrate a graded increase in malignant transformation corresponding to the severity of
epithelial abnormalities, with the observed rate rising from 1.6% in non-dysplastic lesions to 32.0% in severe
dysplasia/CIS. Severe dysplasia/CIS therefore represented the category with the greatest proportion of malignant
transformation, whereas lesions without dysplasia demonstrated the lowest occurrence. These findings highlight
the importance of histopathological grading as a useful indicator for identifying OPMDs with a greater
likelihood of malignant progression.

Table 6: Malignant transformation according to baseline histopathological grade

Histopathological category Cases (n) Malignant transformation n (%)
No dysplasia 62 1 (1.6%)

Mild dysplasia 55 3 (5.5%)

Moderate dysplasia 37 6 (16.2%)

Severe dysplasia/CIS 25 8 (32.0%)
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Figure 6: Progressive increase in malignant transformation across increasing grades of epithelial dysplasia

IV.  Discussion

The present findings support the growing recognition that malignant transformation in OPMDs is a
multifactorial process influenced by a combination of clinical, histopathological, and biological characteristics.
Mello et al. (2020) [10] emphasized that numerous prognostic biomarkers have been investigated in OPMDs,
reflecting the complex biological mechanisms underlying malignant progression. Their scoping review
highlighted the potential value of biomarkers in identifying lesions at increased risk of transformation and
suggested that molecular information may complement conventional clinical and histopathological assessment.
These observations support the rationale for incorporating multiple variables rather than relying on a single
clinical or microscopic characteristic when assessing malignant transformation risk.

Histopathological assessment remains a fundamental component of OPMD evaluation; however, its
predictive capacity is influenced by the grading system used and by interobserver variability. Khoury et al.
(2022) [11] demonstrated substantial variation among oral epithelial dysplasia grading systems and highlighted
limitations in the reproducibility and prognostic consistency of existing approaches. This is particularly relevant
because epithelial dysplasia represents an important indicator of malignant potential, but lesions with similar
histopathological grades may demonstrate different clinical outcomes. Therefore, the incorporation of additional
clinical and biological variables may provide a more comprehensive representation of an individual lesion's risk
profile.

The prognostic importance of dysplasia grading was further demonstrated by de Freitas Silva et al.
(2021) [12], who evaluated binary and World Health Organization (WHO) grading systems for predicting
malignant transformation of oral leukoplakia and erythroplakia. Their findings support the association between
increasing epithelial dysplasia and malignant transformation, while also demonstrating that grading systems
differ in their ability to discriminate between lesions according to future risk. The present study therefore
supports the concept that histopathological grading should not be interpreted in isolation. Combining
histopathological findings with demographic and clinical characteristics may improve the identification of
patients who require closer surveillance or earlier intervention.

Molecular alterations may provide additional prognostic information beyond conventional
histopathological examination. Ramos-Garcia et al. (2022) [13] reported that pS3 overexpression was associated
with an increased risk of malignant transformation in OPMDs. Their findings reinforce the concept that
molecular abnormalities reflecting genetic instability and carcinogenic progression may help distinguish lesions
with different biological behaviors. Although molecular biomarkers were not necessarily available for routine
assessment in all clinical settings, their potential integration with clinical and pathological variables represents
an important direction for individualized risk prediction.

The emergence of machine-learning approaches provides an opportunity to integrate these
heterogeneous variables within a single predictive framework. Uppal et al. (2024) [14] systematically evaluated
machine-learning methods for predicting malignant transformation in OPMDs and demonstrated the increasing
application of computational approaches in this area. Machine-learning models may be particularly
advantageous because they can simultaneously evaluate multiple interacting predictors and identify nonlinear
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relationships that may be difficult to recognize using conventional statistical approaches. This supports the
potential usefulness of Al-assisted risk stratification in the present study, particularly when clinical and
histopathological parameters collectively contribute to the prediction of malignant transformation.

Nevertheless, the use of Al should complement rather than replace established clinical and pathological
assessment. The reliability of machine-learning models depends on the quality, size, representativeness, and
consistency of the training dataset, as well as on appropriate validation. Consequently, apparently high
predictive performance in a single dataset does not necessarily indicate equivalent performance in independent
clinical populations. The findings of Uppal et al. (2024) [14] therefore emphasize the importance of
methodological rigor and external validation before machine-learning models can be translated into routine
clinical decision-making.

The role of biomarkers in improving risk prediction was also reinforced by Turton et al. (2024) [15],
whose updated systematic review and meta-analysis evaluated prognostic biomarkers associated with malignant
progression of oral epithelial dysplasia. Their work demonstrates continued interest in identifying biological
markers capable of improving risk estimation beyond conventional histopathological grading. The integration of
such biomarkers with demographic, clinical, and microscopic characteristics may ultimately facilitate a more
individualized assessment of malignant transformation risk.

Taken together, these studies support a multifactorial approach to OPMD risk assessment.
Conventional histopathological grading remains clinically important, but its predictive limitations, together with
the heterogeneous biological behavior of OPMDs, indicate a need for complementary approaches. Biomarkers
such as p53 may provide additional biological information, while machine-learning techniques offer a means of
integrating multiple predictors into a unified risk-stratification model. Therefore, the development of Al-assisted
predictive systems represents a promising approach for improving individualized assessment of malignant
transformation, provided that such models undergo rigorous validation and are interpreted alongside established
clinical and histopathological findings.

V.  Limitations
The present study has several limitations that should be considered when interpreting the findings. First,
the study population consisted of 200 participants, which may limit the statistical power for subgroup
comparisons, particularly for relatively uncommon lesions such as erythroplakia. Second, the study was
conducted within a single centre, and therefore the findings may not be directly generalizable to populations
with different demographic characteristics, patterns of tobacco and alcohol exposure, or healthcare access.

The assessment of tobacco and alcohol exposure was based on patient-reported information, which may
be affected by recall or reporting bias. Detailed quantitative measures of cumulative tobacco exposure, duration
of habit, frequency of consumption, and combined exposure patterns were not incorporated into the present
analysis. Similarly, other potential confounding factors, including dietary variables, socioeconomic
characteristics, genetic susceptibility, and additional environmental exposures, were not comprehensively
evaluated.

The histopathological evaluation provided important information regarding epithelial dysplasia and
malignant change; however, the study did not incorporate molecular, immunohistochemical, or genomic
biomarkers that could provide additional information about malignant transformation risk. Furthermore, the
assessment of malignant transformation should be interpreted cautiously because the available data do not
establish causality between a particular histopathological grade and subsequent cancer development. Finally, the
study was primarily based on clinical and histopathological observations. Long-term prospective follow-up
would provide stronger evidence regarding the actual progression of OPMDs to OSCC and would allow
evaluation of additional predictors of malignant transformation.

V1.  Conclusion

The present study demonstrated a diverse clinical and histopathological spectrum among patients with
OPMDs. Leukoplakia was the most frequently encountered clinical lesion, while histopathological examination
revealed epithelial dysplasia or malignant changes in a substantial proportion of specimens. Tobacco and
alcohol consumption were both significantly associated with the presence of epithelial dysplasia, with tobacco
exposure demonstrating the stronger statistical association. A clear relationship was observed between
increasing histopathological severity and malignant transformation, with the proportion of transformation rising
progressively from non-dysplastic lesions to severe dysplasia/CIS. These findings reinforce the importance of
histopathological examination in patients presenting with OPMDs and support the use of epithelial dysplasia
grading for identifying lesions with greater malignant potential.
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Early recognition, appropriate biopsy, accurate histopathological classification, and continued -clinical
surveillance remain important components of OPMD management. Future multicenter prospective studies
incorporating molecular biomarkers, immunohistochemical markers, standardized risk-factor assessment, and
long-term follow-up may provide further insight into the mechanisms and predictors of malignant
transformation.
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