
INTRODUCTION 

Oral cavity precancerous lesions (OPLs) represent a 
critical stage in the progression from healthy oral 
mucosa to invasive oral cancer. Characterized by 
histological abnormalities and an increased risk of 
malignant transformation, OPLs pose significant 
challenges in clinical management and preventive 
oncology. Despite advances in understanding their 
pathogenesis and improving diagnostic techniques, 
oral cancer continues to impose a heavy toll on global 
public health, emphasizing the urgent need for a 
comprehensive understanding of OPLs (1).

OPLs encompass a spectrum of lesions, ranging from 
benign hyperplasia to potentially malignant dysplasia, 
including entities such as leukoplakia, erythroplakia, 
and oral submucous fibrosis. While the majority of 
OPLs remain asymptomatic and benign, a subset 
undergoes progressive dysplastic changes, leading to 
the development of invasive carcinoma. Timely 
detection and intervention at the OPL stage present 
opportunities for preventing malignant progression 
and improving patient outcomes (2).

The etiology of OPLs is multifactorial, involving a 
complex interplay of environmental, behavioural, and 
genetic factors. Tobacco use, alcohol consumption, 
betel quid chewing, and human papillomavirus (HPV) 
infection are well-established risk factors associated 

with OPL development. Additionally, dietary 
deficiencies, chronic inflammation, and genetic 
predisposition contribute to the molecular perturbations 
underlying OPL initiation and progression.

Histopathological evaluation remains fundamental for 
OPL diagnosis, with dysplastic changes, epithelial 
hyperplasia, and architectural alterations serving as 
histological hallmarks of malignant potential. 
However, histopathological interpretation of OPLs 
presents challenges due to interobserver variability 
and the subjective nature of grading systems.

Advancements in molecular biology have 
revolutionized our understanding of OPLs, revealing 
intricate genetic and epigenetic alterations driving 
disease progression. Dysregulation of key signalling 
pathways, such as the p53 pathway, cyclin-dependent 
kinase pathway, and epidermal growth factor receptor 
pathway, underlies aberrant cell proliferation, 
survival, and differentiation observed in OPLs (8).

In light of the increasing burden of oral cancer and the 
critical role of OPLs in its pathogenesis, comprehensive 
risk assessment strategies and personalized 
management approaches are urgently needed. This 
review aims to provide a comprehensive overview of 
the epidemiology, etiology, histopathology, molecular 
alterations, risk assessment, and clinical management 
of OPLs, synthesizing the latest evidence and 
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highlighting areas for future research and innovation. 
Enhancing our understanding of OPLs will advance 
preventive oncology efforts, optimize patient care, and 
ultimately alleviate the global burden of oral cancer.

Epidemiology and Etiology 

Oral cavity precancerous lesions (OPLs) exhibit 
variability in prevalence, incidence rates, and 
associated risk factors across different populations and 
geographical regions. Epidemiological studies 
elucidate disparities in OPL distribution, influenced by 
factors such as age, gender, ethnicity, socioeconomic 
status, and lifestyle habits. Established risk factors for 
OPL development include tobacco use, alcohol 
consumption, betel quid chewing, and HPV infection. 
Genetic predisposition, dietary deficiencies, chronic 
inflammation, and environmental carcinogens further 
contribute to OPL pathogenesis (9). Understanding 
epidemiological patterns and risk factors is essential 
for targeted prevention and public health initiatives.

Histopathological Spectrum 

OPLs present a diverse histopathological spectrum, 
encompassing various morphological changes 
indicative of malignant potential. The World Health 
Organization (WHO) classification system categorizes 
OPLs based on histological features, aiding in 
diagnosis and prognosis. Common types include 
leukoplakia, erythroplakia, oral submucous fibrosis, 
and  prol i fera t ive  verrucous  leucoplakia .  
Histopathological evaluation involves assessing 
architectural and cytological features such as dysplasia, 
keratinization patterns, and stromal changes. The 
severity of dysplasia serves as a key determinant of 
mal ignant  t ransformat ion  r i sk ,  a l though  
histopathological interpretation may be subjective (10).

Molecular Alterations 

Advances in molecular biology have unveiled 
complex genetic and epigenetic alterations underlying 
OPL pathogenesis. Dysregulation of signalling 
pathways, including p53, cyclin-dependent kinase, 
and epidermal growth factor receptor pathways, drives 
aberrant cellular behaviours in OPLs. Molecular 
profiling identifies biomarkers for risk stratification, 
early detection, and targeted therapy. Despite 
heterogeneity, common molecular alterations provide 
insights into OPL biology and inform precision 
medicine approaches.

Risk Assessment and Predictive Modelling 

Comprehensive risk assessment integrates clinical 
parameters, histopathological features, and molecular 
biomarkers to refine risk stratification. Multifactorial 
risk assessment tools incorporate demographic, 

behavioural, and genetic factors to enhance predictive 
accuracy. Machine learning algorithms and artificial 
intelligence aid in individualized risk prediction and 
guide personalized management strategies. Robust risk 
assessment facilitates early detection, surveillance, and 
intervention, optimizing patient outcomes.

Clinical Management

 Strategies Multidisciplinary approaches are essential 
for managing OPLs, balancing risk reduction with 
functional and aesthetic preservation. Conservative 
measures  inc lude  surve i l l ance ,  l i f es ty le  
modifications, and chemoprevention for low-risk 
lesions. High-risk lesions may require surgical 
excision, laser ablation, or photodynamic therapy to 
mitigate malignant transformation risk. Targeted 
therapies targeting specific molecular pathways offer 
promising avenues for precision medicine and 
personalized treatment regimens. Collaborative 
efforts across disciplines drive innovation in OPL 
management, improving patient care and prognosis.

DISCUSSION 

While significant progress has been made in 
understanding and managing OPLs, several 
challenges persist. One such challenge is diagnostic 
ambiguity, particularly in distinguishing between low-
grade and high-grade lesions. Standardization of 
diagnostic criteria and histopathological grading 
systems is crucial to ensure consistency and accuracy 
in diagnosis. Additionally, there is a need for better 
prognostic markers to predict the likelihood of 
malignant transformation accurately.

Limited therapeutic options also pose challenges in 
OPL management. While surgical excision is effective 
for some cases, it may not be suitable for all patients, 
especially those with extensive lesions or 
comorbidities. Alternative treatment modalities, such 
as photodynamic therapy and targeted molecular 
therapies, show promise but require further 
investigation and validation.

Furthermore, the socio-economic impact of OPLs and 
oral cancer warrants attention. Disparities in 
healthcare access and awareness contribute to delayed 
diagnosis and poorer outcomes, particularly in 
underserved communities. Efforts to improve access 
to screening, diagnostic, and treatment services, 
especially in resource-limited settings, are essential to 
address these disparities.

Integration of novel technologies, such as telemedicine 
and point-of-care diagnostics, holds promise for 
improving OPL detection and monitoring, particularly 
in remote or rural areas. These technologies enable 
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real-time consultation and facilitate early intervention, 
thereby reducing the burden of advanced disease and 
improving patient outcomes.

Collaborative efforts between researchers, clinicians, 
policymakers, and community stakeholders are 
crucial for implementing comprehensive OPL 
screening programs and promoting early intervention 
initiatives. Public health campaigns focusing on 
tobacco cessation, alcohol moderation, and HPV 
vaccination are imperative for primary prevention 
efforts. Additionally, fostering a multidisciplinary 
approach and promoting patient-centered care are 
essential for optimizing outcomes and reducing the 
global burden of oral cancer.

CONCLUSION 

In conclusion, oral precancerous lesions represent a 
critical juncture in the progression towards oral cancer. 
Understanding their epidemiology, etiology, 
histopathology, molecular alterations, risk assessment, 
and clinical management strategies is imperative for 
effective prevention, early detection, and treatment. By 
addressing challenges and fostering interdisciplinary 
collaboration, we can enhance our ability to mitigate the 
burden of oral cancer and improve patient outcomes.
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