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Introduction
Cancer is a complex and devastating disease characterized by the 
uncontrolled growth and spread of abnormal cells in the body. It 
can affect various organs and tissues, leading to significant health 
challenges and, in some cases, life-threatening conditions. Head 
and neck cancer ranks as the sixth most prevalent form of can-
cer worldwide, with a higher incidence observed in South-central 
Asia, where it stands as the third most common cancer type in that 
region.1 Oral squamous cell carcinoma is the predominant malig-
nancy among reported cases of head and neck cancers, posing a 
growing health concern worldwide.1,2

Oral cancer, often overlooked or underestimated, refers to the 
abnormal growth of malignant cells in the mouth’s tissues, includ-
ing the lips, tongue, gums, cheeks, and throat.2 It is a disfiguring 
and life-threatening condition, with a discouraging five-year dis-
ease-specific survival rate of 50% to 60%. Diagnosis of oral can-
cer commonly occurs in advanced stages (approximately 60% of 
patients present with advanced-stage disease at the initial diagno-
sis), remaining a formidable challenge in head and neck oncology. 

Usually, patients bear a significant portion of the responsibility for 
delays in diagnosis. However, it is essential to state that diagnostic 
delays can also arise from a medical approach that sometimes, fails 
to suspect an oral malignancy, leading to delayed or inadequate 
diagnosis and treatment.2–4

The strategy for oral cancer should encompass preventive and 
control measures, such as regular screening for early identifica-
tion, providing chances for assessing oral lesions (via proactive 
searches such as home visits or targeted campaigns), ensuring 
follow-up for suspected cases with the option of establishing refer-
ral services if needed and fostering collaborations between univer-
sities and other entities for prevention, diagnosis, treatment, and 
rehabilitation.5

Early detection of oral malignancy is crucial for improving 
prognosis, increasing survival rates, and reducing treatment-relat-
ed morbidity, considering the high mortality rate associated with 
this condition. By promptly identifying oral cancers, patients have 
a higher chance of receiving timely interventions, leading to more 
effective treatment outcomes and reduced complications. Empha-
sizing early detection and anticipating diagnosis plays a significant 
role in improving overall prognosis and minimizing treatment im-
pact on patients’ well-being.4

Presently, the standard practice for diagnosing potentially 
malignant diseases and oral squamous cell carcinoma (OSCC) 
involves routine oral examination, including visual and tactile 
inspection of accessible oral structures along with tissue biopsy. 
Nonetheless, this approach has inherent limitations such as sam-
pling bias, potentially leading to underdiagnosis or misdiagnosis, 
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particularly in cases involving multifocal lesions.6
Recognizing the significant disease burden of oral cancer and 

the conventional approach within communities, there has been a 
growing exploration of different screening approaches to detect 
oral potentially malignant disorders (OPMDs) and invasive cancer. 
Several clinical trials have investigated these screening methods’ 
potential in identifying and diagnosing OPMDs and invasive oral 
cancer.7 The aim is to develop more effective and efficient strate-
gies for early detection and intervention, ultimately improving pa-
tient outcomes and reducing the impact of this devastating disease. 
The objective of this review is to discuss screening methodologies 
for early detection and prevention of oral cancer, emphasizing im-
aging, artificial intelligence (AI), and their integration with con-
ventional approaches. Exploring these advancements aims to shed 
light on the potential of these technologies in improving the accu-
racy and effectiveness of oral cancer screening, ultimately leading 
to earlier detection and more successful prevention strategies.

This review was performed based on articles focused on epi-
demiology, screening techniques, and various models for detect-
ing oral cancer at its early or precancerous stages, sourced from 
international databases such as Medline, Google Scholar, and Web 
of Science, which were published between 2001 and 2023. The 
search keywords used were: “screening”, “prevention”, “early 
detection”, “tobacco”, “oral cancer”, “oral potentially malignant 
disorders”, “head and neck cancer” and “artificial intelligence”. 
Articles concerning the management of oral neoplasms or head 
and neck cancer were excluded as this review aims to shed light on 
technologies, new ideas, and methods that improve the accuracy 
and effectiveness of oral cancer screening and early detection.

The overview of oral cancer

Epidemiology
The effect of cancer on the population can be effectively evaluated 
by considering key indicators such as the incidence rate, survival 
rate, and mortality rate within the specific population. Analyzing 
these metrics provides healthcare professionals and researchers 
with valuable insights into the prevalence and impact of cancer, 
enabling better resource allocation and implementation of targeted 
prevention and treatment strategies.1

Epidemiological studies focusing on oral cancer encounter 
complexities arising from various anatomical sub-sites, leading 
to diverse reporting practices. The classification and grouping of 
oral cancer exhibit substantial variations, posing challenges for 
comparative evaluations within different populations. These dis-
crepancies in reporting and classification hinder the ability to draw 
comprehensive and standardized conclusions, impacting our un-
derstanding of the disease on a global scale.8 In 2018, Conway 
et al.,9 along with the International Classification of Disease for 
Oncology, proposed a method to distinguish oral cancer from oro-
pharyngeal cancer on the basis of the site of malignancy.

Based on the aforementioned classifications, recent data from 
GLOBOCAN 2020 revealed approximately 377,713 new cases of 
oral cancer detected in both sexes, resulting in approximately 177,757 
deaths worldwide. Most oral cancer cases were reported in Asia, ac-
counting for about 248,360 cases, representing 65.8% of the total 
cases in 2020, followed by Europe (17.3%), North America (7.3%), 
the Caribbean (4.7%), and Africa (3.8%). However, the distribution 
of mortality statistics showed some variations, with the highest num-
ber of deaths occurring in Asia (74%), followed by Europe (13.8%), 
Africa (4.6%), the Caribbean (4.2%), and North America (2.8%).10 

These regional differences in incidence and mortality rates highlight 
the importance of understanding unique challenges and factors con-
tributing to oral cancer in different parts of the world.

India has a high incidence of oral cancer, attributed to cultural, 
ethnic, and geographical factors, along with prevalent addictive 
habits. Among men, oral cancer ranks as the most diagnosed can-
cer and has the highest incidence. Among women, it ranks as the 
third most prevalent cancer in the country.11 In India, there are ap-
proximately 77,000 new cases of oral cancer reported each year, 
resulting in around 52,000 deaths, indicating the substantial bur-
den of this disease.12 These figures represent approximately one-
fourth of global oral cancer cases. According to the report “Cancer 
Incidence in Five Continents - Volume VIII,” Bhopal, one district 
in India, has the highest Age-Adjusted Rate (AAR) for both tongue 
cancer (10.9 per 100,000) and mouth cancer (9.6 per 100,000) 
globally. Additionally, the urban registry of Ahmedabad exhibits a 
high AAR of 9.3 per 100,000 for tongue cancer, with other urban 
cancer registries in India reporting AARs ranging from 3.4 to 6.0.13 
In a similar study conducted in the Manipuri district of India, the 
annual incidence rate of oral cancer was reported as 21.4 cases per 
100,000 individuals.11

A study conducted by Byakodi et al.14 in 2011 evaluated the 
prevalence of oral cancer in the Indian population over two years 
in the Sangli district. The study found that the overall prevalence of 
oral cancer in the study population was 0.3%. However, when ana-
lyzing habits of tobacco and alcohol consumption, the prevalence 
increased to 1.12%. Most reported cases were in the advanced 
stage and had full-blown malignancies, indicating that individuals 
in rural areas do not seek medical care until the lesions become 
symptomatic or reach a significant size. Factors such as low lit-
eracy rates and lack of awareness among patients were considered 
additional contributors to delayed medical attention. This suggests 
a need for increased education and awareness campaigns targeting 
the rural population to promote early detection and timely medical 
intervention. By addressing these factors, it is possible to improve 
the prognosis and outcomes for individuals affected by oral cancer 
in the Indian population.

The National Cancer Institute estimates that in 2023, there will 
be 54,540 new cases of oral cancer globally (Fig. 1). Figure 2 repre-
sents the predicted gender-wise distribution of the above cases.15,16

Fig. 1. Location-wise distribution of estimated oral cancer cases in 2023. 
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Characteristics
Oral cancer poses a significant public health challenge, with an 
increasing trend in its incidence, particularly among young men 
and women. Over 90% of oral cancers are classified as OSCCs. 
In addition to OSCCs, the oral cavity can also be affected by 
tumors originating from the minor salivary glands, melanomas, 
and lymphomas.4 Even though OSCC can manifest in various 
locations, there are specific areas where it is more frequently 
observed. The most prevalent sites for OSCC development are 
the tongue and the floor of the mouth. Additionally, it can affect 
the buccal mucosa, retromolar area, gingiva, soft palate, and, al-
though less commonly, the posterior part of the tongue and hard 
palate. Pain is a prevalent symptom among oral cancer patients, 
accounting for 30–40% of their primary complaints. However, 
pain typically becomes noticeable only when the lesions have 
grown considerably in size, prompting patients to seek medical 
assistance. As a result, early-stage carcinomas often go unnoticed 
since they do not cause any symptoms. In more advanced and 
larger lesions, symptoms can range from mild discomfort to se-
vere pain, particularly in the tongue. Additional symptoms may 
include ear pain, bleeding, tooth mobility, breathing difficulties, 
speech problems, dysphagia, challenges with prosthesis usage, 
trismus, and paraesthesia.17 The clinical presentation of OSCC 
is typically distinctive, often starting from red or red and white 
lesions, further advancing to ulceration and lumps. The advanced 
stage raises a strong suspicion of malignancy. However, in the 
early stages, there is a greater possibility of misdiagnosis. There-
fore, it is imperative to confirm the diagnosis through a biopsy 
and histopathological examination rather than relying solely on 
clinical characteristics, which might be insufficient for an accu-
rate diagnosis of OSCC.18

Risk factors associated with oral cancer
Individual predispositions, genetic characteristics, and exposure 
to carcinogens resulting from lifestyle behaviors contribute to the 
majority of oral cancer cases and related deaths. Approximately 
20–30% of cases are attributed to tobacco/bidi smoking, while 

nearly 50% in men and almost 90% in women are linked to fre-
quent betel quid chewing without tobacco in regions with high 
chewing prevalence. Heavy alcohol consumption is responsible 
for 7–19% of cases, and micronutrient deficiency accounts for 10–
15% of cases. Human papillomavirus (HPV) infection, primarily 
but not exclusively associated with sexual behavior, contributes to 
around 3% of cases. It is important to note that exposure to multi-
ple risk factors has a synergistic effect, further increasing the risk 
of developing oral cancer.19

Recent clinical and scientific studies have shed light on the on-
cogenic role of various factors in oral cancer development, such 
as the oral microbiome, mucosal inflammation, and oral mucosal 
trauma caused by sharp teeth, implants, faulty restorations, and 
prosthetic devices. The presence of specific microbial communi-
ties in the oral cavity and chronic inflammation of the oral mucosa 
have been linked to an increased risk of oral cancer.20

In the case of lip cancer, actinic ultraviolet (UV) radiation, par-
ticularly UV-B, plays a significant role. Prolonged exposure to UV 
radiation, often from sunlight, can damage the DNA in lip cells 
and contribute to cancer development.21 Certain genetic condi-
tions also predispose individuals to a higher risk of oral cancer. 
For example, individuals with Xeroderma pigmentosum, Fanco-
ni’s anaemia, and Ataxia-telangiectasia have genetic abnormalities 
that affect DNA repair mechanisms, leading to an increased sus-
ceptibility to oral cancer.22

Understanding these factors, including the oral microbiome, 
mucosal inflammation, oral mucosal trauma, UV radiation, and 
genetic conditions, helps identify individuals at higher risk for oral 
cancer. This knowledge guides preventive measures, early detec-
tion strategies, and personalized treatment approaches to reduce 
the incidence and mortality associated with oral cancer.

Prevention and detection of oral cancer
Despite advancements in oral cancer therapy, the prognosis for 
OSCC remains unfavorable. Therefore, the focus should be on oral 
cancer prevention. Primary prevention strategies, such as reducing 

Fig. 2. Gender-wise distribution of predicted oral cancer cases in 2023. 
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tobacco, alcohol, and betel quid consumption, have demonstrated 
effectiveness in reducing oral cancer occurrences. Secondary pre-
vention focuses on screening methods to facilitate early oral cancer 
identification. Promising evidence from a significant primary in-
tervention trial conducted in India suggests that the chances of oral 
precancerous lesions progressing into malignancy can be reduced 
by encouraging individuals to decrease their tobacco and betel 
consumption. Additionally, dietary modifications and potentially 
beneficial micronutrients like vitamins C, A, and E may help lower 
the risk of oral cancer.23 Oral cancer researchers widely concur 
that early detection of oral carcinoma significantly enhances the 
chances of a successful cure while minimizing the impact on ap-
pearance and function. Clinical examination and biopsy are cru-
cial for the early detection of premalignant and early-stage oral 
cancers. To enhance screening effectiveness, it is recommended 
to focus on high-risk sites, including the floor of the mouth, the 
ventrolateral surface of the tongue, and the soft palate. Treated 
oral cancer patients should undergo more frequent examinations 
to monitor the development of secondary tumors. Family mem-
bers of oral cancer patients are also at a higher risk and should 
undergo frequent examinations as well. Regardless of the screen-
ing method used, a positive screening result must be confirmed 
through biopsy. To combat the high morbidity and mortality rates 
associated with oral cancer, a public awareness program is neces-
sary. This program should emphasize the importance of at least 
one annual dental examination for recognition of warning signs of 
oral cancer and raising awareness about the risks of tobacco and 
alcohol use.24 Early detection allows for prompt intervention and 
appropriate treatment, leading to improved chances of successful 
outcomes. It also provides an opportunity to educate individuals 
about risk factors, lifestyle modifications, and the importance of 
regular follow-ups.

Oral cancer screening
Oral cancer screening is a preventive measure designed to identify 
early signs of oral cancer or precancerous lesions in the mouth. 
The screening criteria aim to identify individuals with oral cancer 
or OPMD who are at risk of developing cancer. It’s important to 
note that a screening test or examination is not diagnostic in nature. 

Instead, the objective is to detect any abnormal tissue or suspicious 
lesions that may indicate the presence of oral cancer.25,26 Screening 
must detect disorders or malignancies before symptoms arise to 
reduce the mortality of the screened population.

There are different methods and techniques currently avail-
able for oral cancer screening that can potentially aid in screening 
healthy individuals who show no symptoms (Fig. 3).

Visual examination
One common approach is visual inspection, where a dental or 
healthcare professional carefully examines the oral cavity for any 
visible signs of abnormalities. They look for unusual color chang-
es, lumps, sores, or patches that may indicate potential cancerous 
or precancerous conditions.26 This method has a sensitivity of 85% 
and a specificity of 97%.27

Toluidine blue-staining
Toluidine blue staining is a cost-effective, non-invasive technique 
widely used as an adjunct in diagnosing malignant and pre-malig-
nant lesions of the oral cavity. This method involves the applica-
tion of a 1% aqueous solution of toluidine blue to the suspected 
lesion for 30 s. Prior to this application, 1% acetic acid is used 
to remove the salivary and bacterial pellicle from the area. The 
dye selectively stains areas of dysplastic epithelium, resulting in a 
distinctive royal blue coloration. The staining pattern is then care-
fully evaluated to assess the presence of abnormal cells or potential 
cancerous changes. This procedure is simple, quick, and provides 
valuable information to aid in the diagnosis and management of 
oral lesions.4,28

While toluidine blue staining is valuable in oral cancer screen-
ing, its specificity is relatively low. This is because various types 
of mucosal ulcerations, including those caused by trauma, inflam-
mation, or pre-neoplastic conditions, can bind toluidine blue and 
produce a positive result. Therefore, a positive toluidine blue stain-
ing does not necessarily indicate the presence of malignant or pre-
malignant lesions. Furthermore, studies have shown a correlation 
between toluidine blue positivity and a worse prognosis. Lesions 
that exhibit positive staining tend to demonstrate a higher likeli-
hood of growth and are more likely to progress into cancer com-
pared to lesions that show negative staining. This suggests that a 

Fig. 3. Oral cancer screening techniques. AI, artificial intelligence; HPV, human papillomavirus.
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positive toluidine blue result may indicate a higher risk or a more 
advanced stage of the disease.29

Applications of this method include identifying epithelial dys-
plasia, early invasive carcinomas, delineating neoplastic epithe-
lium margins, evaluating tumor recurrence post-surgery or radio-
therapy, defining areas of cancer activity, screening oral lesions in 
high-risk population groups, and assisting in intraoperative pro-
cedures for carcinoma control. Its benefits include painlessness, 
affordability, ease of application, rapid results, and high sensitivity. 
However, drawbacks encompass the potential for false-positive or 
false-negative outcomes and limited specificity.5

Therefore, while toluidine blue staining can be a useful aid in 
the diagnosis and management of oral lesions, its interpretation 
should be done in conjunction with other clinical findings and di-
agnostic tests to ensure accurate assessment and appropriate treat-
ment decisions.

Auto-fluorescence imaging
Autofluorescence imaging is an adjunctive tool that can provide 
valuable insights into oral lesions, complementing clinical exam-
inations using white light. While visual and tactile examination 
remains the primary method for diagnosing oral cancer, autofluo-
rescence imaging assists in identifying lesions that may require 
biopsy. Autofluorescence imaging takes advantage of the natural 
fluorescence emitted by tissues when excited with specific light 
wavelengths. Endogenous fluorophores, such as collagen, elastin, 
keratin, flavin adenine dinucleotide, and nicotinamide adenine di-
nucleotide, contribute to healthy tissue autofluorescence. In dys-
plasia and cancer, alterations in tissue fluorescence occur, resulting 
in a loss of green fluorescence and a darker appearance of the mu-
cosa.30 Conversely, normal mucosa typically exhibits light-green 
fluorescence. This change in fluorescence is attributed to disrup-
tions in the distribution of elements responsible for autofluores-
cence in healthy tissues. Over the years, autofluorescence imaging 
devices have been developed and marketed to capture and analyze 
these fluorescence patterns.30

It is important to note that autofluorescence imaging should be 
used as an adjunct to visual and tactile examination, not as a re-
placement. While this technique offers advantages such as high 
sensitivity (estimated at 91%) and non-invasiveness, its main limi-
tation is its relatively low specificity (estimated at 58%). This is 
because benign conditions, including inflammatory diseases, can 
also cause changes in tissue autofluorescence that resemble those 
observed in malignant and pre-malignant conditions.4,31

In summary, autofluorescence imaging provides additional in-
formation aiding oral lesion diagnosis with its high sensitivity and 
non-invasive nature. However, its specificity limitation arises from 
similar autofluorescence changes between benign and malignant 
conditions. Therefore, a comprehensive evaluation combining 
clinical examination, autofluorescence imaging, and other diag-
nostic modalities is essential for accurate diagnosis and appropri-
ate management decisions.4

Optical coherence tomography
In an optical coherence tomography scanning system, a low-co-
herence light is coupled with a fiber-optic interferometer. This pro-
cess efficiently captures two- and three-dimensional images with 
micrometer resolution from the light-scattering biological tissue. 
Hence, it is a valuable diagnostic modality since it offers high-
resolution real-time images with less acquisition time, and, most 
importantly, it is non-invasive in nature. In OPMD, it demonstrates 
sensitivity and specificity of approximately 90%.32,33

Salivary biomarkers
Salivaomics is a field that focuses on analyzing biological mol-
ecules in saliva, which can provide insights into various human 
disease processes. It encompasses different approaches, such as 
salivary genomics/epigenomics, proteomics, transcriptomics, me-
tabolomics, and microbiomics, all of which have the potential to 
identify biomarkers for disease detection.34 In the case of oral cav-
ity and oropharynx cancers, the proximity of saliva to these areas, 
along with the ease of collecting saliva or oral rinses (referred to as 
“liquid biopsy”), makes it feasible to utilize saliva as a biofluid for 
oral cancer screening.26

In recent years, there has been a significant increase in research 
aimed at identifying potential salivary biomarkers for oral cancer. 
These studies often involve testing individual biomarkers or com-
binations of biomarkers in case-control studies. However, further 
research is necessary to evaluate and enhance the sensitivity and 
specificity of these testing techniques. It is crucial to determine 
whether these biomarkers can serve as reliable indicators for clini-
cians to assess the potential presence or progression of malignant 
transformation in the oral mucosa.

Continued efforts in salivaomics hold promise for effective 
screening tools for oral cancer. By harnessing the unique molecu-
lar information present in saliva, researchers aim to refine and vali-
date the use of salivary biomarkers, paving the way for improved 
early detection and monitoring of oral cavity and oropharynx 
cancers. Further studies are needed to establish the clinical utility 
and reliability of these biomarkers, ultimately providing clinicians 
with valuable tools for assessing the potential risk or presence of 
malignant transformation in the oral mucosa.34,35

HPV screening
HPV infection, recognized as the most prevalent sexually trans-
mitted infection, has been implicated in the development of head 
and neck squamous cell carcinomas and OSCC.36 For individuals 
with clinically normal oral mucosa, a recommended diagnostic ap-
proach for screening is the collection of a cytological sample using 
a mouthwash technique. This involves rinsing the mouth with ei-
ther a 10 ml solution of cetylpyridinium chloride or a sterile saline 
solution. The collected sample is then promptly examined in a lab-
oratory using molecular biology techniques, such as SPF10-LiPA, 
to identify the specific viral species or types present.37

Tang et al. conducted a screening study in 2020, involving 
665 individuals who were considered “cancer-free,” both saliva 
and oral rinse samples were collected to test for HPV-16 DNA. 
The study aimed to identify HPV-positive individuals and monitor 
them over time. Participants who tested positive for HPV-16 were 
followed up and retested every three to six months. Among HPV-
positive individuals, three subjects exhibited persistent HPV-16 
infection for over 30 months.38

Performing regular screenings using this diagnostic approach 
can aid in early detection and intervention, enabling appropriate 
management and treatment strategies for individuals at risk of de-
veloping HPV-associated cancers. The use of molecular biology 
techniques, such as SPF10-LiPA, ensures accurate identification 
and characterization of HPV viral species, enhancing the reliabil-
ity of the screening process.37 Further research and advancements 
in molecular diagnostics continue to refine and expand the under-
standing of HPV-related diseases. Screening methods involving 
cytological samples obtained through mouthwash techniques, cou-
pled with molecular biology techniques, provide valuable insights 
into the presence and types of HPV infections, facilitating early 
detection and targeted management of HPV-associated cancers.4,36 
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This approach has a moderate sensitivity of 72% and a good speci-
ficity of 92% in HPV-related head and neck squamous cell carci-
nomas.39

AI-based screening
AI techniques are gaining significant attention as a means to en-
hance image-based diagnosis of oral cancer. Two subsets of AI, 
machine learning, and deep learning, are utilized for intelligent 
image analysis, depending on available data sets and specific ap-
plications. Compared to manual interpretation of medical images, 
AI offers advantages such as increased efficiency, reduced time 
consumption, decreased dependence on specialist expertise, and 
improved accuracy.40

A significant milestone in AI application for screening was 
achieved by Sankaranarayanan et al. (2005) in a landmark rand-
omized clinical trial. The study demonstrated that effective screen-
ing, conducted by community health workers utilizing visual ex-
amination combined with risk factors, can nearly halve mortality 
related to oropharyngeal squamous cell carcinoma in high-risk 
groups. This intervention was proven to be cost-effective, with a 
considerable cost per life-year saved in the high-risk group.41

The integration of AI into image-based diagnosis holds great 
potential for improving efficiency, accuracy, and cost-effective-
ness in healthcare. By leveraging AI algorithms to analyze medical 
images, clinicians can benefit from enhanced decision support and 
screening capabilities. Some applications and advantages of AI in 
oral cancer screening include:
• Screening high-risk populations: AI can assist in identifying 

individuals at higher risk of developing oral cancer, enabling 
targeted screening programs for early detection.

• Early diagnosis in remote regions: AI can be particularly use-
ful in remote areas with limited access to healthcare facilities. 
It can aid in the early diagnosis of oral cancer, allowing timely 
intervention and treatment.

• Precise analysis of large datasets: AI algorithms efficiently 
analyze vast data, identifying patterns and markers associated 
with oral cancer for more accurate diagnoses and treatment de-
cisions.

• Detection and classification of lesions: AI can detect and clas-
sify cancerous lesions by interpreting images of the oral mu-
cosa, and distinguishing between normal tissue, precancerous 
conditions, and cancerous growths.

• Multicenter study facilitation: AI systems are easily deployable 
across multiple centers, allowing for standardized analysis and 
comparison of data in large-scale studies.

• Automated learning and outcome generation: AI systems can 
learn from data without human intervention, automating pro-
cesses and combining variables to provide valuable outcomes 
and insights.

• Decision support for clinicians: AI can guide clinicians in deci-
sion-making by analyzing various factors such as history, geog-
raphy, risk factors, imaging features, and omics data to generate 
risk assessments and treatment recommendations.

• Enhanced accuracy in pathology: AI systems can assist expert 
pathologists in delivering superior results with minimal diag-
nostic errors, improving the accuracy and reliability of pathol-
ogy assessments.

• Prediction of malignant transformation: AI algorithms can help 
predict the likelihood of OPMDs transforming into malignant 
lesions, aiding in treatment planning and patient management.

• Biomarker detection: AI can accurately identify and analyze 
specific biomarkers associated with oral cancer, contributing to 

targeted therapies and personalized treatment approaches.
• Lymph node metastasis prediction: AI models can analyze 

imaging data and clinical features to predict the likelihood of 
lymph node metastasis in oral cancer patients, assisting in treat-
ment planning and prognosis assessment.

• Support in treatment planning: AI systems can provide valuable 
insights and recommendations to clinicians in treatment plan-
ning, considering various factors such as patient characteristics, 
tumor characteristics, and treatment outcomes.40,42

Overall, the application of AI in oral oncology holds great 
promise for improving screening, diagnosis, treatment, and patient 
outcomes. Continued research and development are essential to 
harnessing the full potential of AI in oral cancer care by refining 
AI techniques, validating their effectiveness, and expanding their 
applications for advanced medical diagnosis and patient care.

Oral cancer screening program
An oral cancer screening program is a systematic approach aimed 
at detecting and diagnosing oral cancer at an early stage. These 
programs typically involve a series of screening procedures and 
interventions to identify individuals who may be at risk for oral 
cancer or who may already have early signs of the disease. The 
goal is to detect oral cancer in its early stages when treatment is 
more effective and can significantly improve outcomes.25

A significant challenge in oral cancer management is the de-
layed presentation of patients, often at an advanced stage of the 
disease. Many individuals affected by oral cancer tend to overlook 
or ignore the early signs and symptoms, resulting in late diagnosis 
and treatment initiation. The lack of awareness regarding cancer-
related symptoms and the misconception that cancer does not com-
monly occur in the oral cavity contribute to this issue.

In a collaborative effort from Morikawa et al.43 (2021, Tokyo 
Dental College) and a local dental association, an oral cancer 
screening program was conducted for 27 years from 1992 to 2018. 
The study also included a 13-year opportunistic screening period 
from 2006 to 2018. The findings of the study demonstrated the 
effectiveness of both the countermeasure and opportunistic screen-
ing systems. The results indicated that the opportunistic screening 
approach was particularly advantageous in several factors. Firstly, 
it attracted a larger number of examinees compared to the coun-
termeasure screening system. This suggests that the opportunis-
tic approach had a higher participation rate, potentially due to the 
convenience of selecting a preferred time and date for the screen-
ing at a nearby general practitioner’s dental clinic. Secondly, the 
gender ratio of participants was more balanced in the opportunistic 
screening system, indicating the successful engagement of both 
male and female individuals in the screening process. Addition-
ally, the close examination rate, which refers to the thoroughness 
of the screening procedure, was higher in the opportunistic screen-
ing system. This suggests that the screening conducted at general 
practitioners’ dental clinics allowed for more comprehensive and 
detailed examinations compared to the limited screenings offered 
at designated primary health centers in the case of the counter-
measure screening system. Furthermore, the opportunistic screen-
ing system exhibited a higher detection rate for OPMDs compared 
to the countermeasure screening system. This highlights the effec-
tiveness of the opportunistic approach in identifying early signs of 
oral cancer and related disorders. Overall, the study findings pro-
vide evidence supporting the value of both the countermeasure and 
opportunistic screening systems for oral cancer. The opportunistic 
screening approach, with its flexibility and accessibility through 
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general practitioners’ dental clinics, demonstrated advantages in 
terms of participant numbers, gender representation, close exami-
nation rates, and OPMD detection rates. These insights contribute 
to ongoing efforts to optimize oral cancer screening programs and 
improve the overall management of oral health.

Implementing of cancer screening programs is hindered by 
fragmented, low-resource settings lacking workforce and techni-
cal facilities—common in developing countries—underscoring the 
need for an organized healthcare system as a primary requirement. 
The main barriers to the opportunistic screening system are out-
of-pocket healthcare spending by private dental practitioners, lack 
of training (for examination and biopsy), and absence of a proper 
referral system with a follow-up mechanism along with significant 
variations in risk factors, socioeconomic attributes, health-seeking 
practices, health literacy levels, and healthcare accessibility among 
states. It can be countered by tailored cancer prevention strategies 
based on regional diversities by involving dental schools in the 
development of proper referral and follow-up facilities.44,45

Screening for oral cavity cancer and OPMDs using risk predic-
tion models has been recognized as a cost-effective approach.46 A 
risk prediction model has been developed for head and neck can-
cers, including oral cancer, which takes into account factors such 
as age, gender, race/ethnicity, education level, and cigarette smok-
ing/alcohol consumption.47 However, this model does not specifi-
cally consider OPMDs. To address this gap, a group in Sri Lanka 
has developed a risk prediction model specifically for OPMDs, 
utilizing field surveys to study the association between lifestyles 
and the development of OPMDs.48

In addition to these models, there has been a focus on devel-
oping a risk prediction model for future screening of oropharyn-
geal cancers in the United States. This model incorporates vari-
ous factors such as age, sex, race, smoking, alcohol use, lifetime 
sexual partners, and oncogenic HPV status.49 By considering these 
risk factors, the model aims to identify individuals who are at a 
higher risk of developing oropharyngeal cancers, enabling targeted 
screening efforts for early detection and intervention.

The utilization of AI techniques in advancing image-based di-
agnosis is gaining popularity, primarily through deep learning and 
machine learning. Deep learning networks utilize layers of artifi-
cial neural networks to autonomously generate categories based 
on their identification of differences (edges) within neural net-
work layers exposed to extensive data points. In contrast, machine 
learning algorithms typically require accurately categorized data 
input. The efficiency of automated cancer diagnosis has notably 
improved, thanks to the development and refinement of convolu-
tional neural networks.6

Improving public awareness about oral cancer and its symp-
toms is crucial in addressing this issue. Healthcare providers, 
dental professionals, and public health organizations play a vital 
role in disseminating information about oral cancer and promot-
ing early detection. By conducting community outreach programs, 
organizing awareness campaigns, and integrating oral cancer edu-
cation into routine dental visits, the public can be better informed 
about the signs and symptoms of oral cancer. Educational initia-
tives should focus on educating individuals about the risk factors 
associated with oral cancer, such as tobacco and alcohol use, HPV 
infection, and poor oral hygiene.

Future perspective
In shaping the future landscape of oral cancer screening, it is 
imperative to prioritize research initiatives and the advancement 

of innovative screening technologies. Emphasizing research pri-
orities will deepen our understanding of the disease, enabling the 
identification of novel biomarkers, risk factors, and therapeutic 
targets. The development of cutting-edge screening technologies, 
incorporating elements of AI, molecular diagnostics, and non-in-
vasive imaging modalities, holds significant promise. Integrating 
these advancements can enhance early detection accuracy, im-
prove screening accessibility, and streamline diagnostic processes. 
Additionally, fostering collaborative efforts among researchers, 
healthcare professionals, and technology developers will be in-
strumental in translating scientific discoveries into practical and 
impactful tools for effective oral cancer screening in the future.

Conclusions
The main point of the given text is that oral cancer poses a sig-
nificant public health challenge, with a rising incidence among 
young people. Risk factors for oral cancer include tobacco or bidi 
smoking, betel quid chewing, heavy alcohol consumption, micro-
nutrient deficiency, and HPV infection. Prevention and early de-
tection through primary prevention strategies, screening methods, 
and awareness programs are crucial in reducing the incidence and 
mortality associated with oral cancer. Different screening tech-
niques, such as visual examination, toluidine blue staining, au-
tofluorescence imaging, and salivary biomarkers, can aid in the 
early detection of oral cancer. The integration of AI into screening 
programs has significantly improved the efficiency and accuracy 
of oral cancer diagnostics. Additionally, mobile applications and 
telehealth platforms have played a significant role in expanding 
access to oral cancer screening, especially in remote and under-
served areas. Continued research, technological advancements, 
and collaborative efforts are vital for improving screening accu-
racy, expanding access to underserved populations, and ultimately 
reducing the burden of oral cancer through early detection and 
intervention.
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