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Oral cancer, predominantly oral squamous cell carcinoma (OSCC), remains a major global 
health burden with high morbidity and mortality rates due to late diagnosis and limited 
prognostic accuracy. Artificial Intelligence (AI), encompassing machine learning (ML) and 
deep learning (DL), has emerged as a transformative tool in healthcare, offering enhanced 
diagnostic precision, early detection, and prognostic prediction. AI-based systems analyze 
large datasets including clinical images, histopathological slides, radiographic scans, 
and molecular profiles to assist clinicians in decision-making. This review explores the 
applications of AI in oral cancer diagnosis and prognosis, highlighting recent advancements, 
advantages, limitations, and future perspectives.

Corresponding author: Amruta Arun Bhalerao

Email id: bhalerao.amu@gmail.com

A
 C

 S
 P U B L I S H

E
R

J O U R N A L S

www.acspublisher.com

Introduction

Oral cancer is a significant global health concern, with 
oral squamous cell carcinoma (OSCC) accounting for 
nearly 90% of all cases.1 It ranks among the most common 
cancers worldwide, particularly in developing countries 
like India, where risk factors such as tobacco use (smoked 
and smokeless), areca nut consumption, alcohol intake, and 
human papillomavirus (HPV) infection are highly prevalent. 
Despite advances in therapeutic modalities, the overall 
5-year survival rate of oral cancer remains relatively low, 
primarily due to late-stage diagnosis, high recurrence rates, 
and limited accuracy in predicting disease progression.2

Early detection of oral cancer and potentially malignant 
disorders such as leukoplakia and erythroplakia plays a 
crucial role in improving prognosis and survival outcomes. 
However, conventional diagnostic methods—including 
clinical examination, histopathological evaluation, and 
radiographic imaging—are often subjective and dependent 

on clinician expertise. Variability in interpretation, delayed 
diagnosis, and limited access to specialized care in rural 
settings further complicate effective disease management.3,4

In recent years, Artificial Intelligence (AI) has emerged as 
a promising tool in healthcare, offering innovative solutions 
to overcome these challenges. AI refers to the capability of 
computer systems to perform tasks that typically require 
human intelligence, such as pattern recognition, learning, 
and decision-making. Subfields of AI, including machine 
learning (ML) and deep learning (DL), enable systems to 
analyze large volumes of structured and unstructured data to 
identify complex patterns with high accuracy.
In the context of oral oncology, AI has shown immense 
potential in enhancing diagnostic precision and prognostic 
assessment. AI-based models can analyze diverse datasets, 
including clinical photographs, histopathological slides, 
radiographic images (CT, MRI, CBCT), and molecular 
profiles, to detect early malignant changes that may not be 
easily recognized by clinicians. Furthermore, AI systems 
can assist in predicting tumor behavior, treatment response, 
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and patient survival, thereby facilitating personalized and 
evidence-based treatment planning.
The integration of AI into oral cancer care is particularly 
valuable in resource-limited settings, where access to 
specialists may be restricted. AI-driven tools can support 
screening programs, enable remote diagnosis through 
telemedicine, and reduce diagnostic delays. However, 
despite its promising applications, challenges such as data 
standardization, ethical considerations, and the need for 
clinical validation remain.
Therefore, this review aims to explore the current applications 
of Artificial Intelligence in the diagnosis and prognosis of 
oral cancer, along with its advantages, limitations, and future 
prospects in transforming oral oncology practice.

Types of Artificial Intelligence in Healthcare: Artificial 
Intelligence in healthcare is broadly categorized into three 
major domains—Machine Learning, Deep Learning, 
and Natural Language Processing. Each plays a unique 
role in improving diagnosis, decision-making, and data 
interpretation in oral oncology.6-9

Machine Learning (ML): Machine Learning is a subset of 
AI that enables computers to learn patterns from structured 
data (such as patient records, numerical values, and clinical 
parameters) and make predictions without being explicitly 
programmed.
In oral cancer, ML models are trained using datasets that 
include variables like patient age, habits (tobacco/alcohol), 
lesion characteristics, biopsy results, and treatment 
outcomes. Once trained, these models can predict disease 
presence, progression, or prognosis.

Common ML Algorithms
Support Vector Machines (SVM): SVM works by separating 
data into different categories using a decision boundary 
(hyperplane). In oral oncology, it is used to classify lesions 
as benign, premalignant, or malignant with high accuracy. 
Random Forest: This algorithm uses multiple decision trees 
and combines their outputs to improve prediction accuracy. 
It is particularly useful for identifying important risk factors 
and predicting survival rates in oral cancer patients. 
Decision Trees: Decision trees follow a flowchart-like 
structure where decisions are made based on specific 
conditions. They are simple to interpret and are often used in 
clinical decision support systems. 

Clinical Relevance
•	 Risk assessment of oral cancer 
•	 Prediction of malignant transformation 
•	 Survival and recurrence prediction 

Deep Learning (DL): Deep Learning is an advanced subset 
of Machine Learning that uses artificial neural networks 
to process complex and unstructured data such as images, 
videos, and histopathological slides.
It mimics the human brain by using multiple layers of neurons 
to automatically extract features from raw data, eliminating 
the need for manual feature selection.

Key Model
Convolutional Neural Networks (CNNs): CNNs are 
specifically designed for image analysis. They can detect 
patterns such as color changes, texture variations, and 
irregular borders in lesions. 

Applications in Oral Cancer
•	 Detection of oral lesions from clinical photographs 
•	 Automated diagnosis from histopathological slides 
•	 Radiographic interpretation (CT, MRI, CBCT) 
•	 Tumor margin identification 

Advantages
•	 High accuracy in image-based diagnosis 
•	 Reduced human error 
•	 Ability to detect subtle changes invisible to clinicians 

Natural Language Processing (NLP): Natural Language 
Processing is a branch of AI that enables computers to 
understand, interpret, and analyze human language in both 
written and spoken forms.
In healthcare, a large amount of valuable information is 
stored in unstructured text formats, such as:
•	 Electronic Health Records (EHRs) 
•	 Pathology reports 
•	 Clinical notes 
•	 Discharge summaries 
NLP converts this unstructured data into structured, usable 
information.

Functions of NLP
•	 Extracting key clinical terms (e.g., diagnosis, staging, 

symptoms) 
•	 Identifying patterns in patient history 
•	 Summarizing large clinical documents 
•	 Supporting research data extraction 

Applications in Oral Oncology
•	 Automated extraction of tumor staging from reports 
•	 Identification of high-risk patients from clinical notes 
•	 Data mining for research and epidemiological studies
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Table 1: Types of Artificial Intelligence in Healthcare and Their Applications in Oral Oncology6-9

AI Type Key Models Applications in Oral Oncology Clinical Benefit

Machine Learning (ML)
SVM, Random Forest, Decision 
Trees

Risk assessment, malignant trans-
formation prediction, survival 
prediction

Improves prediction accu-
racy and supports clinical 
decisions

Deep Learning (DL) CNNs
Lesion detection, histopathology 
analysis, radiographic interpreta-
tion, tumor margin identification

High accuracy, detects sub-
tle changes, reduces human 
error

Natural Language Pro-
cessing (NLP)

Text mining, language models
Extracts data from EHRs, patholo-
gy reports, clinical notes

Efficient data analysis, 
supports research and 
diagnosis

Applications of Artificial Intelligence in Oral 
Cancer Diagnosis (Fig 1)

Clinical Image Analysis: Artificial Intelligence, especially 
deep learning models like convolutional neural networks 
(CNNs), can analyze intraoral photographs to detect 
suspicious lesions such as leukoplakia and erythroplakia. 
These systems help in early identification of potentially 
malignant disorders with high sensitivity and specificity, 
assisting clinicians in screening and diagnosis.
Histopathological Diagnosis: AI plays a vital role in 
analyzing histopathological slides by detecting dysplastic 
changes, grading tumors, and identifying mitotic activity. 
It reduces interobserver variability among pathologists and 
enhances diagnostic consistency and accuracy.

Radiographic Imaging: AI is widely used in interpreting 
imaging modalities such as CT, MRI, and CBCT. It aids in 
tumor detection, assessment of lesion extent, evaluation of 
tumor margins, and identification of lymph node metastasis, 
thus supporting precise diagnosis and staging.
Molecular and Biomarker Analysis: AI can integrate and 
analyze molecular data, including genomic, proteomic, 
and salivary biomarkers, to enable early and non-invasive 
detection of oral cancer. This approach enhances diagnostic 
precision and supports personalized medicine.
Multimodal Data Integration: AI systems can combine 
data from clinical images, histopathology, radiology, and 
molecular profiles to provide a comprehensive diagnostic 
output. This holistic approach improves diagnostic accuracy 
and aids in better clinical decision-making.

Figure 1: AI in Prognosis of Oral Cancer 
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Artificial Intelligence in prognosis of Oral Cancer: 
Artificial Intelligence plays an important role in predicting 
the prognosis of oral cancer by analyzing clinical, 
pathological, and imaging data. Machine learning models can 
estimate patient survival rates, identify individuals at high 
risk of tumor recurrence, and predict treatment response 
to therapies such as chemotherapy and radiotherapy. By 
integrating multiple factors like tumor stage, histological 
grade, and patient habits, AI enables personalized treatment 
planning and helps clinicians make more accurate and timely 
decisions, ultimately improving patient outcomes.11,12

Advantages of AI in Oral Oncology: Artificial Intelligence 
offers several advantages in oral oncology, including the ability 
to enable early detection of lesions and significantly improve 
diagnostic accuracy. It reduces human error by providing 
consistent and objective analysis, while also allowing faster 
processing of large volumes of clinical and imaging data. 
Additionally, AI supports personalized treatment planning 
by integrating multiple patient-specific factors, and proves to 
be cost-effective in the long term by improving efficiency and 
reducing unnecessary procedures.13,14

Limitations and Challenges: Despite its benefits, AI in oral 
oncology faces several challenges. It requires large, high-
quality datasets for accurate model training, which are not 
always readily available. There are also concerns related to data 
privacy and ethical issues in handling patient information. 
The high cost of implementation and lack of standardization 
across systems can limit widespread adoption. Furthermore, 
clinicians require proper training to effectively use AI tools, 
and there is a risk of algorithm bias that may affect clinical 
outcomes.
Future Perspectives: The future of AI in oral oncology is 
promising, with potential integration into telemedicine to 
facilitate remote diagnosis and improve accessibility. The 
development of chairside AI tools can assist clinicians in 
real-time decision-making within dental settings. AI can 
also play a crucial role in large-scale screening programs, 
especially in rural and underserved areas. Moreover, 
combining AI with nanotechnology and precision medicine 
may enhance targeted therapies, while real-time diagnostic 
support systems are expected to further improve clinical 
efficiency and patient care.

Conclusion

Artificial Intelligence is rapidly transforming the field of 
oral oncology by enhancing the accuracy, efficiency, and 
reliability of diagnosis and prognosis. Its ability to analyze 
large and complex datasets enables early detection of oral 
cancer, better prediction of disease outcomes, and supports 
personalized treatment planning. Although challenges such 
as data privacy, high costs, and the need for standardization 

remain, continuous advancements in technology and 
increased clinical integration are expected to overcome these 
barriers. Overall, AI holds significant potential to improve 
patient care and clinical decision-making, making it an 
invaluable tool in the future of oral cancer management.
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