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Oral cancer is a malignant condition on the lips or in the oral cavity including the tongue, gingiva, mouth floor, parotid,

salivary glands, and throat. More than 90% of oral cancer is oral squamous cell carcinoma (OSCC). Fourier transform

infrared spectroscopy (FTIR) is a modern diagnostic tool with great potential to provide rapid, objective and accurate early

diagnosis of oral cancer, as well as accurate OSCC grading for better cancer management. 
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1. Introduction

Oral cancer is the eighth most common cancer worldwide with an estimated 657,000 new cases and 330,000 deaths

annually in 2020, and these numbers are expected to double by 2035 according to the World Health Organization (WHO)

. Despite easy access to the oral cavity for examination and significant advances in treatment, oral cancer patients often

face very high morbidity and mortality rates due to late-stage diagnosis, which accounts for approximately 70% of all new

cases . The 5-year survival rate for oral cancer patients ranges from 20 to 90% depending on the stage of diagnosis .

Early-stage oral cancer often manifests as subtle mucosal lesions classified as oral potentially malignant disorders

(OPMD) . Early detection and effective management of these lesions are critical for improving survival rates and

preventing oral cancer progression.

The gold standard for oral cancer diagnosis is a biopsy and subsequent histopathological evaluation under a microscope.

This process is invasive, time-consuming, and subject to inter-observer variability . Furthermore, histopathological

assessment based on tissue morphological alterations does not provide an accurate risk assessment for OPMDs and

tends to detect oral cancer at late stages . Various adjunctive techniques have been proposed to facilitate the screening

and diagnosis of oral cancer such as exfoliative cytology (cytobrush) , vital tissue staining , and the use of

chemoluminescence or autofluorescence . However, despite the continuous effort of improvement, most

techniques still exhibit limited ability to provide accurate information and help clinicians detect oral cancer in its early stage

. Recently, molecular markers and salivary tests have been investigated for their potential in early oral cancer detection

. However, so far, no single biomarker can reliably validate the presence or predict the prognosis of oral cancer

.

The search for a fast, simple, accurate, and cost-effective diagnostic method for early oral cancer detection is still

underway. One promising technique is Fourier transform infrared (FTIR) spectroscopy, which provides molecular

fingerprints of biological samples based on vibrational transitions of chemical bonds in the samples upon interaction with

infrared light. FTIR is a non-invasive and label-free method that can detect early bimolecular changes associated with a

neoplasm condition even before the emergence of morphological abnormalities, which strongly supports its role in early

cancer detection . To date, considerable research work has demonstrated competitive to superior performance of

FTIR in comparison to conventional cancer screening and diagnostic techniques, making it a potentially powerful clinical

tool in modern medicine .

2. Oral Malignant and Potentially Malignant Disorders

Oral cancer is a malignant condition on the lips or in the oral cavity including the tongue, gingiva, mouth floor, parotid,

salivary glands, and throat. More than 90% of oral cancer is oral squamous cell carcinoma (OSCC) . Oral

carcinogenesis is a highly complex multifactorial process that arises when epithelial cells are affected by different genetic

changes. There are several well-known risk factors for oral cancer such as smoking and alcohol consumption. Oral cancer

is 2–3 times more prevalent in men than women .
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The vast majority of oral cancer patients have pre-existing oral lesions called oral potentially malignant disorders

(OPMDs) that precede the development of OSCC. OPMDs consist of a group of mucosal lesions associated with a higher

risk of malignant transformation. The worldwide prevalence rate of OPMDs is estimated to be 4.47% . The most

common OPMDs encountered in clinical practice include leukoplakia (white patch), erythroplakia (red patch), lichen

planus, and oral submucous fibrosis. While the clinical manifestations of OPMDs are common, it is very hard to predict the

outcome for individual cases following the detection of an OPMD . The malignant transformation rate for OPMDs

was recently reported to be 0.13–34%, with the majority of cases remaining unchanged, becoming enlarged or reduced in

size, or even resolving completely . Factors associated with an increased malignant transformation risk include gender,

lesion site, lesion type, habits (such as alcohol consumption and smoking), and the histologic diagnosis of epithelial

dysplasia . The human papillomavirus as a risk factor has also been discussed, but its role remains controversial 

.

3. Current Diagnostic/Grading/Staging/Methods and Limitations

The clinical presentation of OPMDs is subject to further histological evaluation, which results in the diagnosis of

hyperplasia, hyperkeratosis, oral epithelial dysplasia (OED), or OSCC . OED is a range of cytological and architectural

changes in oral epithelium caused by an accumulation of genetic alterations that are associated with an increased risk of

progression to OSCC . An OED can be graded as mild, moderate, or severe, based on the WHO’s three-tier

classification system. Grading of OED is used to assess the probability of malignant transformation, with a higher grade

indicating a larger chance of malignant transformation . There are no clear guidelines about treatment or follow-up

for OED. Generally speaking, mild dysplasia is often conservatively managed through watchful waiting, while severe

dysplasia may require excision of the lesion and active surveillance for recurrence .

Correct diagnosis and timely treatment of OPMDs play an essential role in early oral cancer detection and prevention.

However, the WHO’s gold standard grading system for OED has many limitations. First of all, the efficacy and usefulness

of histopathological grading of precursor lesions for predicting malignant transformation have long been debated in the

literature as malignant transformation can also occur in the absence of OED and histopathological grading alone is unable

to provide a risk assessment for OED . Secondly, this method is highly subjective, with wide intra- and

inter-observer variability in the grading outcomes and poor reproducibility . Thirdly, the histopathological evaluation

process is time-consuming since every tissue biopsy needs to be manually examined, resulting in delays in patient

treatment and care .

If OSCC is diagnosed, effective cancer management requires accurate cancer grading to establish suitable treatment

plans, estimate the risk of recurrence, and predict patient prognosis. The current grading of OSCC utilizes both the TNM

(Tumour, Node, Metastasis) system and histopathologic grading. The internationally accepted TNM system of cancer

staging assesses the extent of tumor growth in the whole body based on the size of the primary tumor (T), the

involvement of regional lymph nodes (N) as well as distant metastases (M). Meanwhile, the histopathologic grade (G1-G4)

of OSCC is established according to tumor histology and cytomorphology of tumor lesions . This multifactorial

diagnostic system considers characteristics of the tumor (e.g., differentiation), the tumor-host interface (invasion), and

host reactions (inflammation). Unfortunately, the histopathological grading of oral cancer is a subjective process and

provides little or no value for predicting prognosis .

Therefore, there is an urgent need for a modern diagnostic tool that provides rapid, objective, and accurate diagnosis of

OPMDs for early oral cancer detection and prevention, as well as accurate OSCC grading for better oral cancer

management.

4. Fourier Transform Infrared Spectroscopy/Microspectroscopy

FTIR spectroscopy is an established analytical technique with diverse applications. It was traditionally used by chemists to

characterize the molecular structures of a material. Molecules have discrete energy levels for electronic transitions,

molecular vibrations, and molecular rotations. When a molecule is irradiated by infrared light, it absorbs a certain amount

of the incident radiation at a specific energy/frequency and undergoes vibrational excitation from the ground state to a

higher vibrational energy state. The unique pattern of infrared absorption by a particular molecule or functional group

produces characteristic bands in their FTIR spectra. The band position is affected by the mass of vibration, the type of

molecular bond (e.g. single or double bond), the intra- and inter-molecular environment, and the coupling with other

vibrations; the band height is proportional to the concentration of corresponding chemical moieties, and the bandwidth

provides an estimate of intermolecular interactions. FTIR spectroscopy provides a biochemical profile of proteins, nucleic
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acids, lipids, and carbohydrates in a biological sample, called “biomolecular fingerprinting”. It is sensitive enough to probe

subtle changes in molecular structure and microenvironment, such as the secondary structure of proteins, the mutation of

nucleic acids, and the peroxidation of phospholipids.

FTIR spectroscopy has been investigated in the analysis of a variety of oral-cancer-related biological samples, including

oral tissues, oral cells, and biofluids. It has also been used to study the oral tumor microenvironment as well as the effects

of anti-cancer drugs. The biochemically based FTIR diagnostic approach offers several advantages over the

morphologically based gold standard histopathology, among which the most notable benefit is its ability to detect pre-

cancerous changes at early stages. The wealth of biochemical and structural information contained in FTIR spectra and

images can be fully extracted using various multivariate analysis and machine learning techniques. FTIR in conjunction

with chemometric data analysis has demonstrated high sensitivity, specificity, and accuracy in differentiating pathological

oral cases from normal ones. Recent technological breakthroughs and advancements in infrared sources, waveguides,

detectors, chip integrations, and software development further expedite the clinical translation of FTIR as a fast,

economic, accurate, and automated diagnostic system. Integrated with other modern biomedical technologies, FTIR is

expected to play a significant role in the early detection of oral cancers in the near future.
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