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Application of Artificial Intelligence in Oral Cavity Cancer: A Review
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ABSTRACT

Oral cavity cancer is a prevalent form of cancer with significant morbidity and mortality rates. Timely and accurate
diagnosis is crucial for effective treatment outcomes. In recent years, artificial intelligence (Al) has emerged as a
promising tool in the field of oral cavity cancer, aiding in early detection, diagnosis, prognosis, and treatment planning.
This review article explores the current applications of Al in oral cavity cancer, discussing machine learning and deep

learning algorithms and highlighting their potential benefits and limitations.
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Introduction

Oral cavity cancer poses a significant global health bur-
den, accounting for a substantial number of new cases and
fatalities annually. Oral cavity cancer often arises from pre-
cursor lesions known as oral potential malignant disorders
(OPMD:s), including oral lichen planus, leukoplakia, and
erythroplakia.” Unfortunately, a significant proportion of
oral squamous cell carcinoma cases are diagnosed at an ad-
vanced stage, leading to poor survival rates despite advances
in understanding the disease and treatment options. Early
detection of OPMDs and oral cavity cancer is crucial for
effective preventive strategies and improved clinical man-
agement. Current diagnosis methods involve clinical history,
oral examination, and invasive incisional biopsy, which
have limitations due to clinical heterogeneity and subjec-
tivity. The integration of artificial intelligence (Al) into oral
cavity cancer research and clinical practice holds tremen-

dous potential in improving patient outcomes. However,

there is still a lack of consensus on the reliable application
of automated approaches in healthcare settings. This review
aims to provide an overview of the utilization of Al in oral
cavity cancer, examining its applications and discussing the

implications for diagnosis and treatment.

Artificial Intelligence (Al) Applications
in Oral Cavity Cancer

Diagnosis

Al has shown promise in facilitating early detection
and accurate diagnosis of oral cavity cancer. In a systemic
review and meta-anaylsis by Elmakaty et al. in 2022, the
sensitivity, summary specificity, positive and negative likeli-
hood ratios as well as the pooled diagnostic odds ratio (DOR)
were 92.0% (95% confidence interval [CI] 86.7%-95.4%),
91.9% (95% CI 86.5%-95.3%), 11.4 (95% CI 6.74-19.2),
0.087 (95% CI 0.051-0.146) and 132 (95% CI 62.6-277),
respectively.”’ Their findings could support the capability of

Received: June 1, 2023 / Revised: June 20, 2023 / Accepted: June 20, 2023
Corresponding author: Dong Kun Lee, Department of Otorhinolaryngology-Head and Neck Surgery, College of Medicine, Dong-A

University, Busan 49201, Korea

Tel: +82-51-240-5428, Fax: +82-51-253-0712, E-mail: chaos001@hanmail.net

Copyright © 2023. The Busan, Ulsan, Gyeoungnam Branch of Korean Society of Otolaryngology-Head and Neck Surgery.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://www.jcohns.org

23


https://crossmark.crossref.org/dialog/?doi=10.5658/jcohns.2023.34.2.23&domain=pdf&date_stamp=2023-06-30

Artificial Intelligence in Oral Cavity Cancer

Al-assisted systems to detect oral cavity cancer with high
accuracy, potentially aiding the histopathological examina-
tion in early diagnosis.

Kim et al. also reported in 2022, a systemic review and
meta-anaylsis, the efficacy of Al -assisted discrimination
of oral cancerous lesions from normal mucosa based on
the oral mucosal image.” The comparison is made between
Al-assisted screening using photographic images, autofluo-
rescence, and optical coherence tomography (OCT), and the
reference results obtained from histology findings. The DOR
is used as a measure of diagnostic accuracy. The analysis
includes multiple studies and reveals that Al-assisted screen-
ing has a high DOR for discriminating oral cancerous le-
sions from normal mucosa (121.66, 95% CI: 29.60, 500.05)
and for discriminating all oral precancerous lesions from
normal mucosa (63.02, 95% CI: 40.32, 98.49). Subgroup
analysis shows that OCT is more diagnostically accurate and
negatively predictive compared to photographic images and
autofluorescence for detecting all oral precancerous lesions.
Their results suggest that Al-based automated detection can
serve as a rapid and non-invasive diagnostic tool, potentially

aiding in early diagnosis of pathological oral lesions.

Prognosis

Al techniques have also been employed in predicting the
prognosis of oral cavity cancer patients. Machine learning,
a subset of Al, has gained prominence in the field of cancer
research due to the growing availability of large national
databases and increased computing power. The abundance
of potential input data has necessitated the exploration of
novel approaches to data analysis, aiming to achieve more
accurate and precise predictions. Machine learning offers an
alternative method for developing cancer survival prediction
models, providing opportunities for improved prognostic
accuracy and personalized treatment strategies.

Chiesa-Estomba et al. reported in 2022, a systemic review,
the application of machine learning in predicting the risk of
progression, recurrence, and survival in oral cavity cancer
patients.” Variables such as area under the curve, sensitivity,
specificity, positive predictive value, and negative predictive

value, which are used to measure the performance of the
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algorithms. Machine learning shows promise in improving
prognostic accuracy and reducing overtreatment. However,
there are limitations and challenges, including small sam-
ple sizes, retrospective nature of studies, imbalanced data,
missing data, lack of consensus on training algorithms,
infrastructure requirements, privacy concerns, and the need
for interdisciplinary expertise. Adeoye et al. reported in a
systemic review, accuracy of machine learning models on
the internal or external validation sets ranged from 0.85 to
0.97 for malignant transformation prediction, 0.78-0.91 for
cervical lymph node metastasis prediction, 0.64-1.00 for
treatment response prediction, and 0.71-0.99 for prognosis
prediction.” But, machine learning models that have incor-
porated molecular biomarkers together with other demo-
graphics, while clinicopathological information have shown

very high prediction accuracy.

Treatment planning

There has been a longstanding reliance on the American
Joint Committee on Cancer (AJCC) TNM (tumor, node,
metastasis) staging scheme for making treatment decisions
in head and neck cancer. However, there are doubts about
whether the tongue cancer stage alone is adequate for accu-
rate prognostication.” The optimal treatment approach for
patients with advanced-stage oral cavity cancer is a subject
of ongoing debate. Therefore, there is a critical need to de-
velop accurate risk stratification methods to make informed
treatment recommendations in these cases. Al has demon-
strated potential in assisting treatment planning for oral
cavity cancer patients. Alabi et al. reported that the overall
survival predictive machine learning model showed an ac-
curacy of 86.3% for overall survival likelihood prediction.”

By ensuring appropriate management of oral cancer,
patients can experience enhanced treatment planning, pre-
cision, and personalized medicine, leading to increased
survival rates. Deep learning methodology offers valuable
support in achieving more precise detection, diagnosis, and
prognostication in oral cancer management. Its implemen-
tation can lead to early detection, reduced costs, and fewer
mistakes in the recognition process, ultimately improving

the chances of survival and overall management of oral
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cancer. Additionally, the workload of clinicians can be sig-
nificantly reduced through rapid data processing, providing
crucial prognostic information about patient outcomes. Fur-
thermore, automated deep learning tools have the potential
to minimize cognitive bias and errors in treatment planning

by accurately predicting treatment outcomes.

Benefits and limitations

The integration of Al in oral cavity cancer offers numer-
ous advantages, including enhanced accuracy, efficiency,
and cost-effectiveness. Al algorithms can facilitate early
detection, enabling timely interventions and improved pa-
tient outcomes. Furthermore, Al assists in treatment plan-
ning, minimizing the risk of complications and optimizing
treatment efficacy. However, several challenges must be ad-
dressed. Al models require large datasets for training, posing
difficulties for rare cancer cases. Moreover, the interpretabil-
ity of Al models remains a concern, limiting their clinical
adoption due to the lack of transparent decision-making pro-
cesses. Still, studies on the application of Al in oral cancer
are mainly conducted in the diagnosis stage. In the future, if
many studies applying Al at the stage of prognosis and treat-
ment planning, it can be helpful for the optimal treatment of

oral cancer.

Conclusion

Al has emerged as a useful tool in various aspects of oral
cavity cancer, ranging from early detection and diagnosis
to prognosis and treatment planning. The integration of Al
technologies has the potential to revolutionize oral cavity
cancer care, offering improved patient outcomes and cost-ef-
fective solutions. However, further research is necessary to
validate the efficacy, safety, and ethical considerations sur-

rounding the implementation of Al in oral cavity cancer.
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