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ARTICLE INFO ABSTRACT

Keywords: Globally, oral cancer is the sixth most common type of cancer with India contributing to almost one-third of the
Ofal cancer total burden and the second country having the highest number of oral cancer cases. Oral squamous cell carci-
?‘;g“"s‘s noma (OSCC) dominates all the oral cancer cases with potentially malignant disorders, which is also recognized as
ndia

a detectable pre-clinical phase of oral cancer. Tobacco consumption including smokeless tobacco, betel-quid
chewing, excessive alcohol consumption, unhygienic oral condition, and sustained viral infections that include
the human papillomavirus are some of the risk aspects for the incidence of oral cancer. Lack of knowledge,
variations in exposure to the environment, and behavioral risk factors indicate a wide variation in the global
incidence and increases the mortality rate. This review describes various risk factors related to the occurrence of
oral cancer, the statistics of the distribution of oral cancer in India by various virtues, and the socio-economic
positions. The various conventional diagnostic techniques used routinely for detection of the oral cancer are
discussed along with advanced techniques. This review also focusses on the novel techniques developed by Indian

Tobacco-related cancer
Smokeless tobacco

researchers that have huge potential for application in oral cancer diagnosis.

1. Introduction

Any uncontrolled growth of cells that invade and cause the adjacent
tissue impairment is known as cancer. Oral cancer ensues with a small,
unfamiliar, unexplained growth or sore in the mouthparts that include
lips, cheeks, sinuses, tongue, hard and soft palate, the base of the mouth
extended to the oropharynx. Globally, oral cancer ranks sixth among all
types of cancer. India has the largest number of oral cancer cases and one-
third of the total burden of oral cancer globally. Oral cancer poses a
serious health challenge to the nations undergoing economic transition
[1]. In India, around 77,000 new cases and 52,000 deaths are reported
annually, which is approximately one-fourth of global incidences [2].
The increasing cases of oral cancer are the most important concern for
community health as it is one of the common types of cancers in India
[3]. As compared to the west, the concern of oral cancer is significantly
higher in India as about 70% of the cases are reported in the advanced
stages (American Joint Committee on Cancer, Stage III-IV). Because of
detection in the late phase, the chances of cure are very low, almost

negative; leaving five-year survival rates around 20% only [4].

Oral squamous cell carcinoma (OSCC) contributes remarkably i.e. 84-
97% to oral cancer. OSCC commonly results from potentially malignant
lesions or normal epithelium linings. Potentially malignant disorders
(PMDs) such as inflammatory oral submucosa, fibrosis, erythroplakia,
leukoplakia, candidal leukoplakia, dyskeratosis congenital, and lichen
planus are indicators of the preclinical phase of oral cancer [5]. Tobacco
consumption including smokeless tobacco (SLT), betel-quid chewing,
excessive alcohol consumption, poor oral hygiene, nutrient-deficient
diet, and sustained viral infections, i.e. human papillomavirus (HPV)
are some of the risks associated with the occurrence of oral cancer. Lack
of knowledge, exposure to extreme environmental conditions, and
behavioral risk factors are indicators of a wide variation in the global
incidence. Periodontal illnesses are also a high-risk consideration for oral
malignancy, and it has a higher incidence among the Indian population,
where oral cancer occurrence is mainly due to the habit of chewing paan
[2]. Inflammation plays an important role in tumorigenesis and inflam-
mation produced by viral and bacterial infections, and inflammatory
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bowel diseases may cause malignancy. Various socio-ecological and
behavioral factors such as exposure to smoke, silica, asbestos, and other
carcinogenic elements may lead to cancer [2]. Tobacco consumption (in
any form) is a prime cause of cancer, prominently in developing nations.
Apart from tobacco, chewing paan containing leaves of piper betel with
areca nut, lime, catechu, cinnamon, etc., is a leading source of oral ma-
lignancy, especially in the north-eastern parts of India that contributes
the highest incidence of cancer in India [6]. The continued activity of
chewing paan causes prolonged exposure of oral mucosa along with
abrasion of epithelium linings. SLT consumed both orally and nasally,
shows association with potentially malignant oral disorders and oral
cavity cancers.

Various conventional clinical techniques such as physical and histo-
pathological examination, staining, biopsy, spectroscopic and radiolog-
ical techniques, etc. are used routinely to detect oral cancer. The
diagnosis of cancer in the early stage is a key factor to check further
physical, psychological, and financial losses to the patient. Upon early
diagnosis, timely and proper treatment can be initiated that may improve
the survival rate up to 90%. With advancements in science and tech-
nology, numerous novel techniques are developed that have advantages
as compared to the currently practiced conventional diagnostic meth-
odologies. In this review, the current scenario of oral cancer diagnosis in
India is described along with the recent statistics. The review also
highlights various currently used diagnostic techniques for oral cancer
detection as well as those in the development phase, which are easy-to-
use, quicker, and painless. The research and development initiatives
pursued by Indian researchers towards oral cancer detection are also
highlighted herein.

2. Status of oral cancer in India

Oral cancer is an important health issue in India as it is one of the
most common types of cancer affecting a large population. The low-
income population is at the highest risk due to extensive exposure to
various risk factors. Tobacco consumption has been the predominant
factor causing oral cancer. The continual use of tobacco in various forms
such as gutka, zarda, mawa, kharra, khaini, cigarettes, bidi, hookah, etc.
is a major cause of tumor development in the oral cavity in both young as
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well as the adult Indian population [7]. The distribution of oral cancer
across India is shown in Fig. 1. The gender-based distribution of
tobacco-related cancer cases and smokers are depicted in Fig. 2. Various
factors related to the occurrence of oral cancer in Maharashtra are shown
in Fig. 3. Apart from the direct use of tobacco, SLT is also found to be a
major reason for oral and pharyngeal cancer with a higher risk in women
[8]. A gender-based distinction has been found for oral cancer cases,
where males show a high incidence of tobacco-related cancer [9].

In India, epidemiologically, Kerala has the lowest incidence of oral
cancer while West Bengal reports the highest. In the western regions of
Maharashtra, the highest occurrence of oral malignancy is reported in the
age group of >60 years, followed by between 40-59 years with a male-
female ratio of 2:1 [5]. Several case-control studies, based on age, edu-
cation, and socio-economic status, have been carried out to assess risk
factors, effects, and the prevalence of PMDs and oral cancer. In one of the
studies, it is reported that out of 100 patients suffering from PMDs and
oral cancer, the highest number of cases were presented by individuals
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aging between 31 to >50 years [10]. In recent years, the occurrence of
the tongue and buccal mucosa cancer has been increased in India with a
higher number of buccal mucosa cancer cases [11]. A group from
Chennai reported that oral cancer is most prevalent at the base of the
tongue and the base of the mouth that enhances the metastasis [12].
Another group has reported that buccal mucosa, alveolus, and the base of
the mouth are the most prevalent sites for the occurrence of oral cancer
[13]. It is also reported that the nutritional diet is important for oral
cancer patients to maintain the oral health-associated quality of life.
Table 1 shows a comparative analysis of different sites in the oral cavity
that has a high incidence of oral malignancy in the three regions of India,
i.e. Kerala, Varanasi, and western Maharashtra.

3. Techniques used for diagnosis of oral cancer

Early detection is very important to reduce the mortality rate of pa-
tients suffering from oral cancer. Thus, there is a huge demand for oral
cancer diagnostic techniques that are non-invasive, rapid, and easy-to-
use. For oral cancer diagnosis, traces of oral lesions in the mouth are
first observed properly by a physician. Upon suspected malignancy, it is
further referred to an oral or maxillofacial surgeon who conducts the
specific tests. In the case of oral cancer, a dentist plays a pivotal role in
the early examination of occurrence. Various routinely practiced tech-
niques for oral cancer detection are shown in Fig. 4 and various param-
eters are compiled in Table 2.

In India, self-examination is considered one of the most effective
methods for early diagnosis of oral malignancy. The feasibility of various
methodologies such as visual examination, VelScope-aided investigation,
and toluidine dye application has been assessed and compared by
healthcare workers in Mumbai [15]. The visual screening was suggested
to the patients suspected of suffering from oral cancer in Kerala. The
patients found positive were further referred for clinical examination by
physicians. The visual screening is a convenient method that helps in

Table 1
A comparative analysis of the different sites of oral cancer in different regions of
India.

Geographical region Cancer site Reference
Buccal mucosa Alveolus Tongue

Kerala 21.8% 15.5% 51.4% [14]

Varanasi 21% 18% 5% [13]

Western Maharashtra 36.6% 31.6% 21.8% [5]

decreasing the mortality rate and can prevent around 37,000 oral cancer
deaths across the globe [16].

3.1. Physical examination

The primary and the most crucial assessment for oral cancer is the
physical examination, which usually consists of two steps — systematic
visual examination and palpation. Primarily, the external parts such as
lymph nodes, salivary glands, lips, etc. are inspected, and subsequently,
an internal examination of the buccal cavity is performed. Abnormalities,
irregularities, swelling, and fluctuance in superficial anatomy are recor-
ded. Soft tissue thickening, lumps, soreness, trouble in jaw movement,
chewing and swallowing, ear pain, etc. are some of the common obser-
vations. The parotid gland (largest salivary gland) is palpated both intra-
orally as well as externally and further, the submandibular and sublin-
gual glands are palpated [46]. The examiner compares physical obser-
vations with the patient's clinical presentations. The pathological
changes are recorded along with abnormalities in the texture and color
[57].

3.2. Histopathological examination

By the histopathological standpoint, the OSCC varies from indolent
tumors to very aggressive tumors with high invasive potential. The
gradual development of the carcinoma in the oral cavity starting from
simple dysplasia to highly invasive tumors is revealed by the histological
assays. The histopathological analysis is essential to verify the prolifer-
ation of cells and maturation abnormalities, cellular and cytoplasmic
atypia, and alteration of the surface epithelium or deep tissue cytoarch-
itecture [33]. Identification and adequate sampling of the oral lesion is an
important step in a histological investigation. Sometimes, histopatho-
logical changes may occur in the areas that do not show any evidence of
oral lesions during physical examination. Molecular and genetic changes
may take place in benign tissues before microscopic and clinical
morphological changes occur. Thus, a procedure that detects both, his-
topathological and molecular changes, is preferred to diagnose benign or
malignant tumors [58].

3.3. Vital staining techniques

Visual tissue staining is an adjunct technique used in the diagnosis of
cancer [59]. Tolonium chloride (also known as toluidine blue) staining is
used to detect the mucosal abnormalities in the oral cavity. Toluidine
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blue is a type of acidophilic metachromatic dye that stains acidic com-
ponents of tissue such as sulfate, phosphate, and carboxylic moieties (i.e.
DNA and RNA), selectively. Because of the ease of use and
cost-effectiveness, this technique is suitable in developing countries like
India. Lugol's iodine in combination with toluidine blue aids in the
distinction of the inflammatory lesions. This combination predicts the
degree of differentiation of malignant lesions, which makes it an
important visual staining technique for the pre-therapeutic assessment of
oral cancer [60]. In a study from Maharashtra, self-examination and
clinical examination were carried out initially, after which, screening
methods using toluidine blue and Lugol's iodine stains were performed
followed by a biopsy. Lugol's iodine was found to be more sensitive in
comparison to toluidine blue [61].

3.4. Biopsy

A tissue sample is removed surgically from the suspected region and
sent to the pathological laboratory for the detailed microscopic exami-
nation. This is the only way to ascertain the presence of an oral cavity or
oropharyngeal cancer [62]. For a biopsy, careful handling of the tissue is
very critical for confident histological diagnosis. Improper handling of
the sample may result in a defective biopsy and the procedure needs
repetition. Depending on the specific requirement, biopsies such as
exfoliative cytology and incisional biopsy are carried out.

3.4.1. Brush biopsy

In brush biopsy, the transepithelial cells from the oral lesion are ob-
tained by scraping the surface mucosa. A brush biopsy is a simple,
painless, chair-side, inexpensive, highly sensitive, and risk-free method
for oral cancer screening. It is useful in identifying any suspicious lesion,
which includes small red and white oral lesions, to rule out any dysplastic
features. Brush biopsy has higher sensitivity and specificity of around
90% in comparison to other biopsy techniques [63]. The brush biopsy
has been coupled with portable tablet-based microscopes for digital
detection of abnormalities in stained tissues. The results are evaluated by
clinicians remotely; this telemedicine-based oral cancer screening
method has huge potential for wide application in India [64]. Cytological
study of the oral cancer cells is a non-aggressive technique; recently,

numerous advancements have been reported along with applications of
scraped or exfoliated cytology for the detection of the cancerous lesions,
and prediction of its progression and recurrence [65].

3.4.2. Exfoliative cytology

Exfoliated cytology is based on epithelial physiology and is a simple
and non-invasive diagnostic technique for early detection of oral malig-
nancy. Cellular cohesive forces are reduced due to the presence of benign
disease or the formations of the malignant epithelial cells, leading to
exfoliation; the exfoliated cells are collected for microscopic examination
[66]. The oral exfoliative cytology (OEC) is an easy, non-invasive tech-
nique that is affable for the patient and suitable for preliminary detection
of oral cancer. OEC focuses on the morphological and staining charac-
teristics of the individual cell, which requires skilled cytopathologists
[67]. Despite certain advantages, OEC is not specific and sensitive and
thus, used primarily for periodic review of pre-malignant lesions, selec-
tion of suitable sites for biopsy in large lesions, and also in large-scale
population screening [68].

3.4.3. Incisional biopsy

Upon malignancy indicated through OEC, the incisional biopsy is
performed. In this type of biopsy, a representative sample of the tissue is
carefully chosen for selective diagnosis. The incisional biopsy is relatively
accurate as it does not apply to the entire lesion [69]. An incisional bi-
opsy is used in situations when it is not possible to remove the whole
lesion, such as lichen planus or a diffuse white patch. Also, the technique
is preferred in cases where the clinical diagnosis is unidentified [70]. All
the biopsy samples are collected and sent to laboratories for further ex-
aminations by the pathologists. Using microscopic techniques, the ex-
perts differentiate the various types of cancer cells based on structural
modifications. Usually, various special types of staining agents are
applied to the samples to identify and categorize the types of cancer cells
[62]. Although biopsy is considered as the standard method for cancer
diagnosis, it is invasive, painful, and require surgical intervention.

3.5. Imaging techniques

Several advanced imaging techniques are used for the diagnosis of
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Table 2
Various techniques used for the detection of oral cancer.
Sr. Technique Principle/ Specimen Biomarker Sensitivity =~ Advantages Disadvantages Cost (~3) Ref.
No. Mechanism
1. Autofluorescence Autofluorescence Oral tissue NA 91.1% Non-invasive Non-specific 400-1000 [17]
spectroscopy spectroscopy and Patient compatible
imaging
2. Brush biopsy Brushing and Oral cells Secretory 77.0% Non-invasive Inadequate 500-1500 [18,
microscopic leukocyte Relatively painless sampling 19]
examination protease Low cost False negative
inhibitor Requires minimum results
technical skills
3. Computed tomography ITonizing radiation Soft tissue NA NA Rapid and painless The harm of 500-5000 [20]
(X-ray)-based tissue in head and Widely available radiation
imaging neck region Decent visualization exposure
(in situ) Lower resolution
Side effects of
contrast medium
4. Confocal microscopy Optical imaging Oral NA NA Control of depth of A limited number 4000 [21]
mucosal field of excitation
cells Collection of wavelength
multiple optical Harmful high-
sections intensity laser
Elimination of irradiation
background data Expensive
5. Diffuse reflectance Tissue reflectance Oral tissue Collagen, 98.5% Low cost Complex 500-2000 [22]
spectroscopy optical spectroscopy elastin, keratin, Rapid Encompasses
FAD, and NADH Non-invasive several broad and
Quantitative overlapping bands
Good sensitivity and
specificity
Real-time data
6. DNA microarray Simultaneous Oral tissue Genes i.e. CDH1, NA High throughput Laborious method 700-5000 [23,
measurement of MMP3, SPARC, technology Numerous 24]
multi-gene POSTN, TNC, Relatively printing devices
expression TGM3, HMGA1, affordable are required
PABPC1, NTSE, High sensitivity
FASN, FOS, P53,
etc.
7. Elastic scattering Wavelength Oral tissue NA 87.0% Used in deciding the ~ Time-consuming - [25]
spectroscopy biopsy dependant light extent of surgical Limited angular
scattering margins resolution
No secondary
procedures
8. Enzyme assay ELISA Saliva Proteases NA Less sample volume Laborious method 200-1000 [26]
Non-invasive Lower accuracy
9. Exfoliative biopsy Scraping and Oral Epidermal 100% Patient Compliant Chances of 600-2600 [27,
microscopic epithelial growth factor Low cost contamination 28]
examination cell linings receptor (EGFR) Minimal skills and false-negative
required results
Minimal Low sensitivity
instrumentation Inadequate
sampling
10. Fine needle biopsy Microscopic Oral cells NA 75% Simple Bleeding 1000 [29,
examination Accurate Infection 30]
Low cost Nerve Injury
Swelling
11. Fourier transform Absorption based Sputum Glycogen, NA High sensitivity, Potassium 1800 [31]
infrared spectroscopy optical spectroscopy keratin specificity, and bromide reduces
accuracy spectral quality
Non-invasive
Early detection
12. High-performance Column Serum Serum proteins 87.5% Automated Require special 4000-5000 [32]
liquid chromatography chromatography procedure detectors
(HPLC) Sample retrieval Expensive
Quantitative
investigation
High sensitivity
13. Histopathological Microscopic Oral tissue p53, ki-67 NA Large segments of Time-consuming 800-6400 [33]
examination examination tissues are studied slide preparation
Quick collection Chances of human
Little or no risk error
Less specific
Difficulty to
identify specific
types of cells
14. Immunohistochemistry Oral tissue Mutant p53 gene  NA 1750-3500 [34]

(continued on next page)
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Sr. Technique Principle/ Specimen Biomarker Sensitivity =~ Advantages Disadvantages Cost (~3) Ref.
No. Mechanism
Staining and Widely used No availability of
microscopic Rapid standardized
examination stains
Difficult
quantification
Chances of human
error
15. Incisional biopsy Microscopic Oral tissue Cytokeratin-19 NA A small piece of Increased risk of 1000-2000 [35]
examination tissue is required metastasis of
Performed in malignant lesions
suspected cases of Avoided in
malignancy and pre-  vascular cases
malignancy
Detailed, specific,
and accurate
analysis
16. Laser capture Cell extraction and Oral tissue Proteins (CK-14, NA Accurate and quick Expensive 6000 [36,
microdissection molecular CK-17) cell separation Sample 371
characterization Preserves tissue contamination
morphology High level of
expertise required
17. Laser-induced tissue Fluorometry Oral NADH, elastin, 100% High sensitivity Limited depth of - [38]
auto-fluorescence mucosa (in collagen Low sample volume penetration
sitw) Rapid
Suitable for in situ
testing
18. Liquid biopsy Molecular Blood, Circulating 88.9% Rapid Need for an initial ~ 8000- [39]
biotechnology saliva tumor cells/ Easy sampling histological 20,000
procedures (e.g. DNA, exosomes Less invasive diagnosis
PCR) for blood and Comprehensive Chances of false-
Cd63, salivary tissue profile negative
exosomal Allows more An expert analyst
miRNAs frequent and serial is required
samplings over time Expensive
Allows molecular
profiling of tissues
19. Magnetic resonance Non-ionizing radio Soft tissue NA NA Non-invasive and no  Expensive 5000-17000 [40]
imaging frequency in head and radiation Probability of
electromagnetic neck region High-resolution false-positive
radiation-based (in sitw) images result
analysis Multidimensional Patients with
imaging metal implants
Detects status of cannot undergo
metastasis MRI
20. Mass spectroscopy The mass-to-charge Oral tissue Proteins and NA Molecular profiling Expensive 2000-6000 [41]
ratio of ions is lipids of tissues instrumentation
measured with Accurate
respect to intensity
21. Micro total analysis Microfluidics Saliva Nucleic acids NA Rapid Complex 50-100 [42]
system Convenient fabrication
Low cost method
Portable Insufficient
Low sample volume interfaces for fluid
Non-invasive transfer
Automated
operation
22. Multispectral digital Fluorescence Oral tissue NA 98% Highly sensitive Slow 500-2000 [43]
microscope imaging Informative Complex sample
preparation
23. Optical coherence White light Oral NA 90% High-resolution Limited depth of 1000-2500 [44,
tomography Michelson mucosa images penetration 45]
interferometry Fast acquisition time ~ (1.5-2mm)
Non-invasive Light interference
Easy-to-use reduces sensitivity
Negative
influence on
image quality due
to hyperkeratosis.
24. Physical examination Systematic visual Oral cavity NA NA Reduces morbidity, Detection in a late ~ 200-500 [46]
examination and (in sitw) mortality, incidence phase
palpation of invasive cancers Requires skilled
Identifies high-risk professional

groups
Low cost

Chances of false
positive and
negative

(continued on next page)
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Sr. Technique Principle/ Specimen Biomarker Sensitivity =~ Advantages Disadvantages Cost (~3) Ref.
No. Mechanism
25. Polymerase chain DNA amplification Serum and HPV DNA, NA Quantitative Expert analyst 3000-4000 [47]
reaction saliva tetranectin Greater sensitivity required
Reproducibility Analysis depends
Better control of on many complex,
quality in the interrelated
process factors
Lower risk of Expensive
contamination
26. Positron emission Imaging using Head and NA NA Measure cellular- Less accurate 2000-27000  [48]
tomography radioactive agents neck region level metabolic sometimes
(in situ) changes Short decay-
Early detection duration of a
Non-invasive radioactive
substance
Expensive
27. Raman spectroscopy Optical Oral tissue Keratin 95% Minimal sample Signal inadequacy 1000 [49,
spectroscopic preparation Bands overlap, 50]
technique for Highly informative difficulty in
chemical analysis Non-destructive identifying
Non-invasive individual
component
28. Spectral cytopathology Micro-spectral Oral cells Proteins NA Accurate and Expensive - [51]
measurement and reproducible
multivariate data Less human error
analysis
29. Ultrasound High-frequency Head and NA NA Non-invasive Operator 600-20,000 [52]
(Sonography) sound wave-based neck region Non-ionizing dependent
imaging (in situ) radiation analysis
Cannot image cyst
duct
30. VELscope Fluorometry Oral tissue NA 74.1% Assist in biopsy site No recording 1000-2000 [53]
(in situ) selection Provide false
Low cost positive and false
Non-invasive negative
Easy and rapid No definitive
Convenient diagnosis
Early diagnosis of Low sensitivity
lesions Inadequate
sampling
31. Vital staining techniques ~ Visual tissue Oral tissue Sulfate, 97.8% Simple High percentage 20-200 [54]
staining (e.g. DNA, RNA Low cost of false-positive
toluidine blue) and Non-invasive cases
microscopic Easy-to-do
examination Widely available
32. ViziLite Tissue reflectance- Oral soft NA 77.3% Non-invasive No recording 1000 [55]
based examination tissue (in Easy and rapid Low specificity for
sitw) Convenient dysplasia
Early detection Non-specific
Low cost
33. X-ray Radiation-based Head and NA NA Easy Unsafe for 250-2000 [56]
imaging neck region Rapid pregnant women
(in situ) Non-invasive No precise and

detailed
information for
each tooth or soft
tissues

oral cancer. Among these, the most routinely used scanning techniques
are magnetic resonance imaging (MRI), computed tomography (CT), and
positron emission tomography (PET) [71].

3.5.1. Magnetic resonance imaging

MRI provides the details of the structures in the oral cavity along with
adjacent parts. The soft-tissue discrimination by MRI aids in assessing the
extent of local and regional spread of the tumor, invasion depth, and
extent of its lymphadenopathy [40]. MRI is an accurate technique for
determining the spread of oral cancer to its surrounding soft tissues as it
has a very high-contrast resolution and multiplanar views. Thus, MRI is
critical for the pre-treatment analysis of advanced oral and oropharyn-
geal cancer [72]. MRI also assists in recognizing the source, position, and
margins of lesions. Thus, MRI may be considered as a supportive tech-
nique to biopsy for routine screening of oral cancer cases [73].

3.5.2. Computed tomography

The CT scan uses the x-ray radiations and a computer to create pic-
tures of the body to locate the malignant lesion and determine its spread
to the other parts of the body. CT scan is a widely accessible and
comparatively less expensive procedure and thus, is considered as a
standard imaging technique for the detection of head and neck tumors.
But it is observed that lesions in their early stages cannot be recognized
using a CT scan. Minor early-stage lumps existing in the buccal cavity can
be detected by CT scan only upon enhancement using an intravenous
contrast medium [20].

3.5.3. Positron emission tomography

The PET scan is used to determine the spread of tumor cells to the
lymph nodes or other parts of the body. A radioactive dye is administered
orally or intravenously and the gamma rays emitted from the positron
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decays are scanned. It is an accurate method that determines the staging
of the lymph nodes. It does not implicate any change in the treatment
approach even if additional lymph node metastasis is detected if the
nodes are detected apart from the affected site [74]. The status of lymph
nodes is determined before surgery by PET scan using fluorodeox-
yglucose (FDG). Thus, PET scanning is crucial for the early detection of
oral malignancy [75].

3.6. Optical and radiological techniques

X-ray is used to determine the spread of cancer to the other organs
outside of the mouth and oropharynx. The x-ray for oral cancer is known
as an orthopantomogram also known as the panorex scan [56]. X-ray
images of the area surrounding the upper jawbone (maxilla) and the
lower jawbone (mandible) demonstrate the presence of cancerous cells
around these bones. Other radiological techniques that are used for the
detection of cancer and staging of the cancer cells are fluoroscopy, ul-
trasound, etc. Various optical spectroscopy techniques such as
laser-induced tissue autofluorescence and diffuse reflectance are recently
recognized for the diagnosis of oral malignancy [76].

Optical imaging techniques such as optical coherence tomography
and tissue fluorescence imaging can effectively differentiate between
benign and malignant lesions. Laser capture microdissection (LCM)
provides more specific detection ability and is used in establishing the
molecular basis of malignancy. Micro total-analysis-system (uTAS) is an
analytical laboratory on a single chip used in the examination of oral
malignancy [77]. Multispectral digital microscope (MDM) is used to
acquire images of oral tissues in various modes such as fluorescence,
narrow-band reflectance, and orthogonal polarized reflectance, which
aids in better visualization of the lesions [43]. Spectral cytopathology is
another recent method for oral cancer diagnosis, it differentiates the
disease status in individual exfoliated cells [78].

3.7. Biomarker detection and biosensors

The biological entities expressed in the serum or saliva that conse-
quently leads to oral cancer may aid as biomarkers for oral cancer
detection. Biomarkers in general are components of the cells present in
body fluid or tumor cells that are overexpressed during the onset of the
disease. Specifically, the advancement of cancer occurs in three major
steps that include initiation, promotion, and progression. All the three
steps correlate with major changes in the metabolome, transcriptome,
and proteome of a cell [79,80]. These changes are due to alterations in
particularly significant genes or proteins that lead to diversification or
halting of critical metabolic and structural pathways. TSG p16, TSG p53,
Ki-67 antigen, and DNA ploidy are some of the most common biomarkers
associated with the progress of oral malignancy. The expression of p53
protein is considered as a primary indication related to the carcinogen-
esis in OSCC. The immunohistochemical staining procedure is used to
check the appearance of the mutant p53 gene [81]. Salivary biomarkers
such as circulating tumor DNA, miRNAs, and extracellular vesicles assist
in the early detection of OSCC [82]. Numerous advanced methodologies
such as ELISA, immunohistochemistry, immunoprecipitation, chroma-
tography, polymerase chain reaction, mass spectroscopy, DNA arrays,
nuclear magnetic resonance, gene-expression arrays, ribonucleoprotein
immunoprecipitation gene chip, liquid chromatography, mass spectros-
copy, etc. are used to detect the presence of biomarkers.

Recently, advancements are reported in biomarker detection such as
the detection of cancer-derived exosomes. Exosomes are membrane-
bound vesicles of endocytic origin that contain nucleic acids such as
DNA, messenger RNA, micro RNA, or non-coding RNAs inside their
lumen originating from the cytoplasm of the cell. These are secreted in
abundance and are usually found in body fluids in high concentrations.
The proteins found on the surface of exosomes can act as antigens for
specific antibodies that can further be used for affinity-based methods for
isolating desirable exosomes. The cancer-derived exosomes are reported
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to represent tumor micro-environment and thus, can effectively be used
as a biomarker for tumor detection [83]. These membrane-bound vesi-
cles are typically 30-150nm in size and are present in densities of
1.13-1.19 g/ml in body fluids, which makes them excellent candidates
for detection [84]. The lipid bilayer of exosomes is composed of trans-
membrane receptors, proteases, tetraspanins, and adhesion molecules
and is enriched on cholesterol, phosphatidylserine, and ceramide. Some
cancer-associated proteins are also highly expressed on the surface of
exosomes that can be used as differentiation markers between various
types of cancers. Proteins such as HER2, LMP1, and MUC18 can be used
as targets for the development of biosensors for total exosomal detection.
A particular nucleic acid, miR-24-3P (miRNA) found in the saliva, is
highly expressed in patients with OSCC. Based on this, recently, a po-
tential biosensor is developed that uses miRNA as a target for the diag-
nosis of oral cancer [85].

Nanobiosensors-based lateral flow immunosensing have revolution-
ized the field of diagnostics [86-91] and present tremendous potential
for enhancement in oral cancer diagnostics. The field of biosensing has
emerged in the recent past for the development of techniques and devices
that can precisely target cancer cells or its biomarkers. Moreover, bio-
sensors utilizing nano-engineered particles have shown potential appli-
cations in the diagnosis of Coronavirus Disease — 2019 (COVID-19)
caused by Severe Acute Respiratory Syndrome Coronavirus — 2 (SAR-
S-CoV-2) which is causing the ongoing pandemic [92,93]. Biosensors
utilizing nanomaterials have also been employed for whole-cell detection
which has been termed as cytosensing [94]. Cytosensing approaches
have gained attention in cancer diagnosis and have been used for the
detection of oral cancer. During the last few years, numerous biosensors
have been developed that can be classified into various types such as
electrochemical, optical, paper-based, etc. Electrochemical biosensors
are the most advanced and have wide applicability due to their quanti-
tation ability and low limit of detection and have majorly been used for
cancer detection on a global scale [95-98]. An electrochemical biosensor
usually comprises an electrode system that relies on the physiochemical
transducer to transform a biochemical signal into a quantifiable one. A
significant advantage of an electrochemical biosensor is that it is not
affected by the matrix in which the biochemical reaction takes place and
thus, reduces signal noise due to interferences [98]. Consequently, this
type of sensor can be used in a variety of colored medium and body fluids.
An electrochemical biosensor typically consists of four major types of
transducing elements including impedimetric (a measurement of charge
transfer), voltammetric (a measurement of voltage change), potentio-
metric (a measurement of electric potential), and amperometric (a
measurement of current change). Based on these transducers, electro-
chemical biosensors can be employed to detect multiple target analytes
and consists of a range of transducing capability. A magnetically
controllable electrochemical sensor has been reported by Wang et al., for
the detection of microRNA correlated to oral cancer with sensitivity up to
the attomolar level [99]. A novel ‘junction probe’ strategy is applied to
capture the signal generated by the biochemical reaction and is detected
through voltage change. Biological reactions such as nuclease-assisted
target recycling of DNAzyme have been to develop electrochemical
biosensors for the analysis of oral cancer-related DNA in saliva samples
[100]. In another work, cancer biomarker cytokeratin-fragment-21-1 was
detected using a cerium oxide nanocubes-reduced graphene oxide-based
nanocomposite. This electrochemical detection technique comprised of
the thin films of the nanocomposite spin-coated onto electrodes with a
specific antibody against the biomarker and utilized pulse voltammetry
for signal detection [101]. A similar biosensor was developed that detects
the cytokeratin-fragment-21-1 biomarker using a nanostructured yttrium
oxide, nY203 [102]. Saliva can be explored to develop point-of-care de-
vices for the detection of oral cancer since it is comparatively easy to
collect and analyze than any other body fluids. Advanced electro-
chemical platforms or simple paper-strip chromatographs are commer-
cially available for clinical use that detects either a single salivary
biomarker or a range of presented biomarkers. Few advanced detection
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formats have also been developed, which are commercially available as
‘Nano-biochips’ and ‘cytology-on-chips’. These devices integrate simple
microfluidics with immunohistochemistry and fluorescence microscopy
imaging for sensing atypical surface features in liquid biopsies [103].

3.8. Other methods

In recent years, significant advancements have been reported for the
diagnostic techniques that are rapid and specific for the detection of
cancer biomarkers. Raman spectroscopy probes the unique vibrational
fingerprint of molecules assisting in analyte identification. Using Raman
spectra, the differences in protein, amino acid, and beta carotene can be
determined, which are excellent biomolecular differences markers for
cancer detection [104]. Fourier transform infrared (FTIR) spectroscopy
associated with computational systems has been used to distinguish be-
tween benign and malignant tumors accurately [105]. In another study
from Gujarat, the micronuclei (MN) index, which is a good prognostic
indicator or biomarker of the epithelial carcinogenesis, was studied. A
step-wise increase in the MN index was observed from the control pop-
ulation to the pre-cancer patients to the cancer patients by 1.14 to 2.63 to
4.88, respectively [106]. In a recent study by Ghosh et al., Raman and
FTIR data of exfoliated cells were used to distinguish the stages of oral
cancer [107]. Few other spectroscopic methods used to detect the oral
malignancy are elastic scattering spectroscopy [25], diffuse reflectance
spectroscopy [22], and optical coherence tomography [44].
Light-based-detection systems (LBDS) have gained importance in the
field of oral cancer diagnostics owing to its simplicity and ease of use.
These devices are based on phenomena such as chemiluminescence,
autofluorescence, etc. Devices such as Vizilite, Velscope, Identafi,
Microlux/DL, etc. are commercially available and used in clinical set-
tings. These devices utilize the quantum dots (semiconductor nano-
particle) that can confer advantages over conventional fluorescent dyes
and fluorescent proteins [108].

Confocal microscopy is another light-based technique that provides
images of many important cellular and architectural features of squa-
mous cell carcinoma (SCC). This reflectance imaging technique is cost-
effective, provides optical sections and high-resolution images. The
confocal imaging of an oral cavity obtained by miniaturized fiber-optic
confocal reflectance microscope shows the features such as nuclear ir-
regularity changes, enlargement, crowding, the difference in nuclear to
cytoplasmic ratio, changing capillary networks, and spacing, which is
useful in differentiating the OSCC from the normal oral mucosa [109].

4. Summary and future perspectives

India is considered as the world capital for oral cancer cases as it
shares one-third of the global burden. Southern parts of India present the
highest incidence rate of oral cancer amongst the female population in
India as well as worldwide. The genetic and epigenetic are the two major
aspects that impact the occurrence of oral malignancy most. Various
factors e.g. tobacco, radiation, immunosuppression, alcohol, diet and
nutrition, oral thrust, use of mouthwash, dental issues, etc. play an
important role in incidence. Poor oral health and HPV infection are two
other major causes of the occurrence of oral cancer. About 60-80% of the
patients in India suffering from oral cancer are detected in the advanced
stages in comparison to 40% in developed countries, which contributes to
an increased mortality rate. The financial burden towards the patient is
very high during the treatment of oral cancer and most of the patients
leave the treatment midway, which further adds to the mortality rate.
The treatment of oral malignancy primarily depends on the location and
size of the tumor, and the feasibility of organ preservation in patients.
Radiotherapy and surgery are recommended modalities in the early stage
of oral cancer. Prevention, early diagnosis, and timely treatment are
critical aspects to tackle oral cancer-related burden in India. The
awareness needs to be spread among the population about the causes and
fatalities of oral cancer; the importance of quitting tobacco, alcohol, and
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maintaining oral hygiene.

Comprehending the importance, numerous research groups across
the globe are working on techniques that could aid in early diagnosis of
oral cancer. Apart from physical examination, the other techniques rec-
ommended are, 1) X-Rays, 2) CT, 3) PET, 4) MRI, and 5) Endoscopy.
Moreover, histopathological examination, vital staining techniques, bi-
opsies such as brush biopsy, biomarker detection with biosensors or
immunohistochemistry, radiology, and optical imaging systems are the
most commonly used methods for diagnosis of oral cancer in India.
Medical and technological research institutions in India have been
working in collaboration to develop and deliver innovative technologies
to fulfill the requirement of a huge and diverse population. Various
diagnostic techniques have been reported that could differentiate be-
tween benign and malignant tumors. The conventional diagnostic
methodologies are expensive, time-consuming, need expert technicians,
sometimes require surgical intervention, etc. Recently reported
biosensor-based oral cancer biomarker sensing techniques to possess
huge potential to be incorporated in diagnostic practices. Although
numerous studies have been published, non-invasive, portable, easy-to-
use, rapid, cost-effective techniques that do not require a skilled profes-
sional to process, analyze, and interpret the test results are still not
available in India. Emerging advanced commercialized techniques need
encouragement by professionals for integration in clinical diagnostic
practices.
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