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ABSTRACT

Oral cancer (OC) is associated with poor survival rates and remains one of the most lethal malignancies
worldwide, ranking among the top high-risk tumors. Early and correct diagnosis is critical for improving
survival; however, traditional diagnostic techniques like as clinical examination and biopsy are frequently time-
consuming and intrusive. Recent breakthroughs in artificial intelligence (Al) provide exciting prospects to
address these restrictions by allowing the analysis of large medical datasets such as imaging records, molecular
data, and clinical parameters. The incorporation of artificial intelligence into oral cancer diagnostics brings
novel approaches to early diagnosis, prognosis prediction, and therapy planning. Machine learning and deep
learning algorithms can quickly and reliably evaluate medical imaging data, supporting physicians in detecting
cancerous changes that would otherwise go undiscovered. Oral cancer lesions can be automatically detected and
classified using Al-driven systems in conjunction with optical imaging methods or intraoral photography data.
Al enhances patient outcomes by facilitating prompt clinical interventions and individualized therapeutic
decision-making, in addition to increasing diagnostic accuracy. With an emphasis on automated image
interpretation, computer-aided diagnostic tools, and machine learning-based models used for oral cancer
detection, classification, and clinical management, this study emphasizes the current uses of artificial
intelligence in oral cancer diagnosis.
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INTRODUCTION

Oral cancer encompasses malignant neoplasms involving the lips, buccal mucosa, gingiva, floor of the mouth,
hard palate, and the anterior two-thirds of the tongue [1]. Globally, it ranks as the sixth most prevalent cancer,
with oral squamous cell carcinoma (OSCC) accounting for more than 90% of all diagnosed cases [2]. According
to World Health Organization reports, over 377,000 new cases and approximately 178,000 deaths were recorded
in 2020, reflecting a rising disease burden compared to previous years [3]. Despite advances in therapeutic
strategies, the survival rate for oral cancer remains low, primarily due to delayed diagnosis, making it a
significant public health challenge.

Dentists play an important role in early detection of oral cancer by identifying documented risk factors such as
tobacco use, alcohol intake, genetic vulnerability, immunosuppression, and viral infections. Recently, an
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alarming trend has been noted with increasing frequency among younger people, many of whom lack typical
risk factors, generating further concerns about disease etiology and early detection [4].
Early detection and appropriate treatments are significant factors in improving survival rates in individuals with
oral cancer [5]. This procedure comprises identifying and monitoring oral potentially malignant disorders
(OPMDs) over time. OPMDs are mucosal changes that increase the chance of malignant transformation relative
to normal oral mucosa; only a small minority develop into cancer [6].

The major screening technique for identifying suspicious lesions is still visual oral examination, although it is
subjective and may cause a delayed diagnosis, especially in high-risk individuals (Dholariya et al., 2023).
Although histopathological study of biopsy materials is regarded as the gold standard for diagnosis, it is
intrusive, necessitates specialized knowledge, and entails complicated laboratory processing [7].

The development of artificial intelligence (AI) presents new opportunities to enhance the diagnosis and
detection of oral cancer [6]. Al is a field of computer science that allows machines to mimic human cognitive
processes. It includes a variety of quickly developing technologies that are being used more and more into
medical practice [1]. Al is now a potent tool for improving oral cancer detection accuracy because to
developments in image processing and computational modeling [1].

For the automatic detection and categorization of oral cancer lesions, Al-based systems are being investigated in
conjunction with intraoral photos or optical imaging modalities. To determine cancer risk at the population
level, these technologies can be integrated into extensive screening programs [1]. Artificial intelligence (AI)
algorithms provide objective, scalable, and effective diagnostic support by identifying tiny trends that would
elude human observation.

Additionally, artificial intelligence can help anticipate patient prognosis, tumor activity, and metastatic potential,
allowing for more customized treatment plans. Al systems provide early diagnosis and prompt therapeutic
decision-making by quickly processing enormous volumes of clinical and imaging data, thereby improving
patient outcomes (Hunter et al., 2022).This review discusses the expanding role of artificial intelligence in oral
cancer prognosis, including risk stratification and identification of prognostic markers. It also examines current

Al-based approaches such as automated image analysis, computer-aided diagnosis, and
machine learning integration in oral cancer detection and management [8].

General Concepts of Artificial Intelligence

Artificial intelligence (Al) is a subfield of computer science that focuses on developing algorithms capable of
doing tasks that normally require human intelligence [2]. The core goal of Al is to allow computer systems to
learn, reason, and make decisions based on available facts. To accomplish this, Al integrates numerous
subdomains, such as machine learning (ML), artificial neural networks (ANNs), and deep learning (DL), which
enable systems to extract knowledge from input data or previously learned information.

Traditional machine learning uses computational models and statistical algorithms to detect patterns in datasets
and produce quantitative results that can aid with diagnostic decision-making. In contrast, deep learning and
neural network techniques use numerous layers of nonlinear processing units to understand complicated
relationships between input data and associated outputs [6].Deep learning is a more advanced type of Al that
goes beyond traditional machine learning by employing artificial neural networks capable of processing
massive, complicated information.

In digital pathology, image segmentation is critical for deep learning-based image analysis. This procedure
entails breaking a whole slide image (WSI) into smaller, more significant parts in order to extract and classify
areas of diagnostic relevance based on optical and structural properties. The availability of WSIs allows for
high-resolution imaging of stained tissue sections, accurate diagnostic assessment, and case sharing between
oral pathologists for consultation and teaching [2].

Applications of Artificial Intelligence in the Diagnosis of Oral Cancer

Automated Image Analysis

Automated image analysis has emerged as an effective method for early identification and surveillance of oral
cancer. This approach uses powerful computer algorithms to precisely identify cancer cells and aberrant tissue
patterns, allowing for early diagnosis and tailored therapy planning (Webster and Dunstan, 2014). Integrating
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automated image analysis into ordinary clinical workflows has the potential to improve diagnostic accuracy,
expedite clinical processes, and, ultimately, patient outcomes [8].

To aid in the diagnosis of oral lesions, multimodal optical imaging techniques are frequently combined with
autofluorescence imaging and high-resolution micro-endoscopy. This integrated, non-invasive technique helps
clinicians identify high-risk locations with a higher possibility of neoplastic change, providing a more accurate
alternative to traditional diagnostic procedures [6].

Al-Based Interpretation of Optical Coherence Tomography Images

In recent years, there has been a lot of research on the use of artificial intelligence in the early detection of oral
cancer using photographic imaging and optical coherence tomography (OCT) [9. OCT is a noninvasive optical
imaging technique that is commonly used in cancer to detect structural changes associated with malignant
transformation.

Many diagnostically important features are not visible to the naked eye, therefore interpreting OCT pictures
necessitates specialized knowledge. Al-driven systems can measure these minor differences, allowing for
objective and consistent examination [5]. Integrating automated diagnostic algorithms into OCT devices reduces
the requirement for substantial user training while increasing usability [10].

In a recent work employing a low-cost OCT prototype, researchers created an automated diagnostic model that
linked with an image-processing application and user interface [11].

Following image pre-processing, the system identified OCT pictures as normal, dysplastic, or malignant using a
two-stage decision-tree model. Compared to histological findings, our automated screening platform
distinguished healthy tissue from dysplastic and malignant lesions with a sensitivity of 87% and a specificity of
83% (Heidari et al., 2019) [10].

Computer-Aided Detection and Diagnosis

In 2019, a novel computer-aided diagnostic framework was presented to help detect oral cancer using
hyperspectral imaging of oral tissues [8]. This innovative system analyzes spectral data to give automated and
dependable diagnostic support.
The study suggested a partitioned convolutional neural network (CNN) architecture that is optimal for medical
picture classification. The segmented deep CNN's performance was tested in terms of classification accuracy.
Using a 500-image training dataset, the system obtained 95.6% classification accuracy in distinguishing between
normal oral tissue and malignant tumors, suggesting its potential as a diagnostic aid [8].

Artificial Intelligence for Omics-Based Oral Cancer Research

The advancement of high-throughput omics technologies, such as genomics and proteomics, has permitted the
creation of massive databases related to cancer biology. Artificial intelligence (Al) has been widely used in oral
cancer omics research to construct prognostic prediction models, assess lymph node involvement, find HPV -
associated biomarkers, and analyze transcriptome and metabolomic patterns [1].

Integration of Machine Learning Algorithms

Machine learning algorithms are increasingly being employed in oral oncology to increase diagnostic accuracy,
solve complicated classification problems, and improve clinical outcomes [8]. ML systems make predictions
based on previous training, allowing computers to identify significant relationships in data (Tobias et al., 2022).
Warin and colleagues investigated the use of convolutional neural network models to detect and classify oral
potentially malignant disorders (OPMDs) using intraoral pictures. DenseNet-121 and ResNet-50 outperformed
the other architectures examined in recognizing OPMDs, demonstrating the efficacy of deep learning models in
oral lesion screening [8].

Screening for Oral Squamous Cell Carcinoma Using Color Intensity—Based Textural Features

In the diagnosis of oral squamous cell carcinoma (OSCC), texture analysis based on color intensity features
derived from gray-level co-occurrence matrices (GLCM) is important in distinguishing normal cells from
dysplastic and malignant cells [4]. When compared to normal epithelial cells, Papanicolaou (PAP)-stained
OSCC cells had higher entropy and contrast values, but lower energy, correlation, and homogeneity.
Pathologists can use the created algorithm in conjunction with microscope systems to evaluate manually
selected picture sections and acquire quantitative measurements to help them make diagnostic judgments.
Computer-assisted texture analysis has the potential to enhance therapeutic outcomes by allowing for earlier
diagnosis of oral cancer. However, additional research and clinical validation are required to validate the
reliability and practicality of these approaches in routine diagnostic settings [4].
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Risk Stratification

Risk stratification is the process of categorizing people based on their chance of acquiring oral cancer or having
severe disease outcomes [8]. Recent advances in machine learning have made the k-nearest neighbor (KNN)
algorithm more useful for predicting survival length and identifying illness stages. Evidence suggests that senior
people with a larger load of genetic mutations are more likely to develop advanced-stage disease, whereas older
individuals with extensive mutational profiles have a higher risk of short-term mortality (Siddalingappa and
Kanagaraj, 2022).

Tumor-associated autoantibodies have also emerged as possible biomarkers for detecting various cancers.
Machine learning algorithms with salivary biomarkers are being investigated to aid in the early risk assessment
of oral squamous cell cancer (OSCC) (Wang et al., 2021) [8]. Furthermore, evaluating past patient data
improves the accuracy of Al-based diagnostics. Al-powered systems can classify patients into high- and low-
risk groups more effectively than traditional approaches, supporting physicians with treatment planning and
clinical decision-making. This strategy encourages healthcare providers to make educated decisions and
enhances patient counseling (Khanagar et al., 2021; Tiwari et al., 2023) [8].

Role of Artificial Intelligence in Oral Cancer Management

Artificial intelligence is increasingly applied to address issues connected with oral cancer treatment planning
and administration. Its uses include automated treatment planning, clinical decision support systems, dosage
computation for intensity-modulated radiotherapy (IMRT), outcome prediction, and automated patient
segmentation. Alabi et al. conducted a systematic analysis and found that deep learning-based models
considerably help doctors pick appropriate treatment regimens, optimize care pathways, and improve overall
management of oral cancer patients [6].

Fig. 1. Applications of artificial intelligence in oral cancer

Future Perspectives and Translational Potential

Future research should prioritize the creation of data integration frameworks that can combine several
modalities, including as clinical observations, histology, radiological imaging, and genomic data, to aid in early
diagnosis and prognosis [6]. Studies have shown that artificial intelligence improves pathologists' capacity to do
correct multiclass cancer classification, lowering effort and enhancing diagnostic efficiency.

Deep learning-based risk prediction models can also divide patients into high- and low-risk groups, assisting
oncologists in deciding whether aggressive or cautious treatment options are preferable. Such categorization
may help to protect low-risk patients from the negative effects of aggressive therapy. Although these advances
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encourage the translation of Al research into everyday oncology practice, significant difficulties remain to be
overcome before widespread clinical implementation[12].

LIMITATIONS

Ethical Considerations

Ethical concerns remain a key impediment to the clinical application of artificial intelligence in oncology.
Concerns about patient privacy, data confidentiality, and accountability in the event of diagnostic errors,
whether by clinicians or Al systems, remain unaddressed. Furthermore, Al integration in cancer care may have
an impact on patient autonomy as well as the traditional clinician-patient relationship [12,13].
The use of Al in healthcare involves substantial legal and ethical considerations, demanding stringent regulatory
monitoring and strong data protection measures to prevent misuse or illegal access to patient information
(Redrup Hill et al., 2023) [8]. In the absence of well-defined legal frameworks, Al deployment raises concerns
about diagnostic mistakes (Amann et al., 2020), data breaches, and potential patient harm (Zhang and Zhang,
2023).The lack of comprehensive regulation controlling Al application in healthcare is still a serious concern
(Esmaeilzadeh, 2020) [8].

Without strict monitoring, the unchecked development and implementation of Al systems may lead to errors,
wrong interpretation of Al-generated suggestions, and negative therapeutic consequences. Although Al
algorithms can handle massive datasets and discover patterns beyond human perception (Liu et al., 2022; Cheng
et al., 2021), errors in diagnosis or treatment planning can have a negative impact on patients, emphasizing the
importance of validation, accuracy, and dependability [8].

Interpretability and Trustworthiness

Despite its transformative potential, maintaining the transparency and dependability of Al systems is still one of
the most significant difficulties in healthcare [8]. Many machine learning and deep learning models are
sophisticated "black boxes," which limit interpretability and clinician trust (Papadimitroulas et al., 2021).
Furthermore, the lack of transparency in Al decision-making processes makes it difficult to detect and mitigate
bias or discriminatory consequences (Nazer et al., 2023; Tsamados et al., 2022) [8].
Ongoing research on explainable Al and transparent model design is expected to resolve these concerns and
permit the safe integration of Al into oral cancer diagnosis and management [6].

CONCLUSION

Artificial intelligence has demonstrated remarkable potential in the early detection of oral cancer lesions and
oral potentially malignant disorders (OPMDs) using oral imaging data [14]. Al-based diagnostic tools provide
access to specialist care, especially for patients who live in distant places or are unable to travel to cutting-edge
medical facilities because of logistical or budgetary limitations. Furthermore, the accuracy of surgical planning
in the treatment of oral cancer can be improved by openly accessible Al-driven software systems.
The COVID-19 pandemic highlighted the significance of technology that lessen the need for physical presence
in the provision of healthcare. Research on Al-driven medical imaging and diagnostic technologies has
significantly increased in recent years.

The fundamental goal of incorporating Al into oncology is to improve the accuracy, efficiency, and scope of
cancer screening systems. Rapid technology breakthroughs are altering the healthcare scene, and artificial
intelligence now offers strong tools for evaluating and interpreting large datasets in seconds, thereby assisting
clinical decision-making [10]. One of Al's most valuable features is its ability to quantify tiny differences that
conventional analysis may not detect. Furthermore, Al systems may combine several data sources, like as
imaging, clinical, pathological, geographic, electronic health record, and risk factor information, to provide a
more thorough and data-driven diagnostic assessment.
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