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AćĘęėĆĈę

Oral cancer is the most prevalent and lethal type with a four in every 3000
incidence rate worldwide and a 3% survival rate. Oral squamous cell car-
cinoma (OSCC), which is multifactorial, is brought on by genetic and epige-
netic instability. Oral potentially malignant disorders (OPMDs) are precursor
lesions that often precede oral cancer, and their early diagnosis is advanta-
geous for patients since it may lengthen their productive longevity. Currently,
oral cancer screening, early identiϐication, and its pre-invasive intraepithelial
phases are still largely focused on visual inspection of themouth. Thesemeth-
ods are subjective and early lesions can be easilymissed. Due to a lack of early
identiϐication, oral cancer’s ϐive-year survival rate is still low. Recently, the
World Health Organization (WHO) and the International Agency for Research
on Cancer (IARC) emphasised that by developing efϐicient cancer control and
screening strategies, we can prevent a third of the 15million cancer cases that
are expected to occur in the future and better manage a second third. Oral
cancer screening aids and techniques have witnessed a lot of advancements
recently. This article reviews the current diagnosticmethods and instruments
for detecting oral cancer, which include the oral CDx brush, Velscope, Chemi-
luminescence, DNA ploidy, microarray technology, colposcopy, and oral scan.
It also adds on the molecular (genetic and epigenetic alterations) & decoding
of the oral carcinogenesis genomics data.
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INTRODUCTION

Due to its high rates of morbidity and mortality,
oral cancer—a disease that affects everyone—has
developeda reputation for beingdifϐicult to treat [1].

Approximately 643 000 new cases of head and
neck cancer (H&N cancer), which includes all oral,
laryngeal, and pharyngeal sites, are diagnosed each
year [2]. The greater morbidity linked to this fatal
disease is attributable to the disease’s delayed diag-
nosis and advanced stage presentation [1]. Prevent-
ing oral cancer and detecting it early are two key
goals in reducing its prevalence worldwide, accord-
ing to the World Health Organization [2].

Diagnostic Aids, Techniques & Recent Advances
Cytopathologic Studies
Brush biopsy
It is sometimes referred to as theOralCDxBrushTest
system, which is a technique for obtaining a sample
from the lesion of the mucosa of the trans-epithelial
cell that represents the basal, parabasal, and super-
ϐicial layers of the epithelium. Due to its low-risk

© International Journal of Research in Pharmaceutical Sciences 15

https://ijrps.com
https://orcid.org/0000-0002-3662-6262
https://orcid.org/0000-0003-4596-9416
https://doi.org/10.26452/ijrps.v14i1.4177
https://ijrps.com


Afreen Fathima I and Deivanayagi M, Int. J. Res. Pharm. Sci., 2023, 14(1), 15-20

clinical characteristics, this test was created primar-
ily to look at abnormalities in the mucosa that usu-
ally do not necessarily require a biopsy. Samples of
epithelial cells are smeared on a glass slide, which
is then prepared for a modiϐied form of the Papan-
icolaou test, and it is assessed via a microscope. A
brush that is speciϐically made is used as the device
without causing any laceration for collecting cells of
the epithelium [2].

Liquid based cytology with Oral CDx brush

Adedicatedoral tool (such as aCDxbrush) has never
been used in any liquid-based cytology research in
the oral cavity; instead, sample collection has always
been done using cervical or dermatological tech-
niques. Inadequate results are anticipated since cer-
vical brushes are not stiff [3]. An accuracy of 92.3
percent was found in a study by Mozafari et al with
oral CDx brush, this may help to improve sensitivity
and alleviate the issue of false negative and subpar
outcomes [4, 5].

Light Based System

Chemluminescence (Reϐlective tissue ϐluores-
cence)

The chemiluminescence method involves rinsing
the mouth with one percent acetic acid, thereby
helping to clear away debris and making epithelial
cell nuclei more visible because of minor cellular
dehydration [6].The aberrant tissue will reϐlect the
blue-white illumination, allowing the occult lesion
(aceto-white& reϐlect light) to bedistinguished from
healthy mucosa(blue) [7].

Tissue ϐluorescence imaging (Velscope System)

A strong blue excitation light (400-460 nm) is used
in this technique to illuminate the oral mucosa. This
causes the aberrant tissue to glow as a result of
altered epithelial and subepithelial stromal struc-
ture and metabolism [8]. Healthy mucosa displays
an autoϐluorescence that is pale green, whereas
the aberrant tissue tends to appear darker when
compared to the normal tissue surrounding it [9].
According to case studies, the veloscope (Fig-
ure 1) has a high sensitivity (98–100%) and selec-
tivity (3–100%) to identify the areas that have
beyond changes of dysplasia and cancers that have
expanded lesions that are clinically visible [7].

Tissue ϐluorescence spectroscopy

A spectrograph is used in this technique to gather,
record and analyse the spectrum of the tissue’s ϐlu-
orescence that is reϐlected. A tiny optical ϐibre
produces a variety of wavelengths that are exci-
tation [10]. Technology distinguishes malignant
tumours from healthy oral mucosa with accuracy

Figure 1: Velscope& Detection of oral cancer by
Velscope

and success. Because the optical ϐibre can only
assess a small area of the mucosa, spectroscopy
is only used to assess well-deϐined small mucosal
lesions that have already been diagnosed through
clinical inspection to determine whether they are
benign or (pre) malignant [11]. This technique is
therefore unsuitable to detect lesions that are new
or to assess larger lesions [8].

Oral scan
An optical imaging multimodal tool called Oral Scan
is used to ϐind (pre-)cancerous lesions in the oral
cavity as early as possible. The oral scan (Figure 2)
system functions according to thediffuse reϐlectance
and tissue autoϐluorescence theories, in which light
is repeatedly absorbed and scattered before emerg-
ing from the tissue surface. Optical signals coming
from tumour tissues are altered by the biochemi-
cal andmorphological changes that occur during the
carcinogenesis process.

Before taking a biopsy, the doctor can use OralScan
to visualise and distinguish between healthy and
potentially cancerous oral cavity regions. It is not
an invasive procedure, the procedure is done in vivo,
it images a very large ϐield by using a cloud based
machine learning algorithm to obtain results on the
status of tissue and applies oxygenated hemoglobin
(HbO2) absorption maps to guide the biopsy. All of
theseOral Scans’ diagnostic applications can be very
beneϐicial in cancer diagnosis [12].

DNA Ploidy
The amount of nuclearDNA is gaugedbyDNAploidy.
Feulgendye-stained cytological samples are collated
into an instance set of cells and analysed via com-
puter to spot variations in cellular DNA concen-
tration. Genomic instability contributes to cancer
growth, and aberrant DNA content distinguishes
dysplastic lesions from other cancers [5].
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Figure 2: Oral Scan

Microarray technology

An array of DNA spots on a solid surface is repre-
sented by a DNA microarray. Utilizing this method,
researchers may examine how different genes are
expressed in diverse cancer types. A stand-in
marker for this is messenger RNA (mRNA). In this
approach, multitudes of oligonucleotides or frag-
ments of DNA get covalently bonded onto a chip
(solid surface) and arranged in rows and columns
in a predeϐined sequence in either a 2D or 3D con-
ϐiguration. Reverse transcription and labelling of
the sample RNAwould enable the identiϐication and
quantiϐication of particular transcripts. Restriction
endonucleases are used in the microarray approach
to cut unknown DNA segments, allowing ϐluores-
cent markers to respond to chip probes of DNA. The
probes cohere with the DNA fragments. Fluores-
cence emission enables a recognition of the target
DNA pieces. The examination of numerous molec-
ular markers from a sample of one patient is made
easier by gene expression arrays. Microarrays are
used in OSCC to identify single nucleotide polymor-
phisms (SNPs), gene mutations, cancer biomarkers,
and genes involved in drug discovery and chemore-
sistance [1].

Next-generation sequencing

Sanger sequencing was used to sequence the ϐirst
piece of DNA in 1977. Second-generation sequenc-
ing was ϐirst launched in 2005. DNA extraction
with the rapid gathering of extensive sequencing
data is made possible by NGS technologies. Further-
more, NGS techniques provide an important under-
standing of genetic paths, allowing us to compre-
hend the onset and progression of the disease. Var-
ious NGS techniques can be used for DNA sequenc-
ing, whole genome characterisation, coding genome
analysis, copy number checks, translocation detec-
tion, and mRNA abundance assessment. The Illu-

mina/Solexa Genome Analyzer, Roche/454 FLX, the
HelixosHeliscopeTM, Life Technologies IonTorrent,
and other NGS systems are commercially available.
Third-generation sequencing (TGS) has recently
been made available using one molecule. NGS sys-
tems havemade it possible for us to comprehend the
numerous genomic changes found in OSCC [1].

Colposcopy (direct microscopy)

Colposcopy is a well-known procedure of diagnosis
that is implemented to examine vaginal, vulvar, and
cervix tissues while illuminating the area of interest
with a magniϐied view. When using a portable video
camera attached to a colposcopy device, it is possi-
ble to observe three-dimensional images of the tis-
sue surfaces being inspected on a television moni-
tor. white or yellow light, which is unϐiltered blurs
the distinction between arterioles and surrounding
tissue, so the colposcope is equipped with a blue or
green ϐilter to authorise the evaluation of changes
in vascularity and colour quality. The ideal working
distance for themicroscope’s focal length is 200mm.
According to a study, colposcopy done on premalig-
nant lesions of the mouth was accurate in identify-
ing oral mucosal abnormalities in the range of 70%
to 98 percent [10].

Salivary Biomarkers

Over a hundred possible biomarkers of the oral cav-
ity have been identiϐied in the English literature,
mostly based on comparisons between the amounts
found in patients with the disease and those found
in healthy individuals serving as controls. A num-
ber of salivary proteins have been studied, includ-
ing a-amylase, interleukin 8, tumour necrosis factor-
a, Statherin, CA 125, Endothelin-1, CD44, Catalase,
Cyclin D1, and CEA. The few difϐiculties in using this
technique include the lack of valuation for the tech-
nique of collecting samples of saliva [10].

Cell and tissue markers

Epithelial growth factor (EGF), Cyclins, AgNOR, bcl2,
and telomerase have all been employed as tumour
growth markers [23]. Four hypoxia biomarkers—
GLUT-1, carbonic anhydrase IX, hypoxia inducible
factor la, and erythropoietin receptor—as well
as three angiogenic biomarkers—CD105 and Eph
receptor tyrosine kinases (Ephs), vascular EGF,
have been found as biomarkers. Tumour suppres-
sion markers and an anti-tumor response include
retinoblastoma protein, p53, and cyclin-dependent
kinase inhibitors. The matrix metalloproteins are
proteases that are frequently evaluated in various
research, and they are commonly expressed by inva-
sive tumours and adjacent stroma. Desmoplakin,
Integrins, and cathepsins have all been identiϐied as
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indicators of tumour invasion. Investigations have
been done on cytokeratins, ϐilaggrin, involucrin, and
glutathione S-transferase [10].

Figure 3: Optical coherence tomography
revealing tumor

Elastography

One important factor used to distinguish an enlarge-
ment that is inϐlammatory and malignant is the
hardness (elasticity) of the lymph nodes. Elas-
tography evaluates the cellular structure’s compli-
ance behaviours. Tissue hardness can be calcu-
lated by measuring the displacement or strain that
tissue compression causes in the tissue’s struc-
tural elements. The elastography images are com-
pared before and after cervical lymph node com-
pression [10].

Surface enhanced Raman spectroscopy

This method provides a precise, highly accurate
acquisition of the structure of the molecular tissue
because of the unique way that biological molecules
interact with photons. Lipid, nucleic acid, and
protein spectral characteristics serve as accurate
Raman indicators to distinguish between cancer-
ous and healthy oral mucosal tissue. Raman spec-
troscopy contributes knowledge that is comparable
to or even superior to established methods in oral
carcinogenesis. The drawbacks include a lack of
spatial information, intensive processing, expensive
equipment requirements, randomness, nonimaging,
and complex algorithms to separate different tissue
classiϐications [10].

Positron Emission Tomography

The ϐluorodeoxyglucose-positron emission tomog-
raphy (FDG-PET) test exhibits excellent prognos-
tic precision and importance in characterising lym-
phatic status, aiding in the analysis along with
prompt identiϐication of cancer of the oral cavity.
PET or computed tomography (CT) could detect as
well as differentiate persistent or recurrent neo-

plasias from surgical or radiation-induced alter-
ations because malignant cells contain an increased
amount of FDG for a lot of time when compared
to infectious and inϐlamed structures. According to
recent studies, PET/CTwas highly accurate (> 90%)
at ϐinding the recurrent tumour [10].

Optical coherence tomography

A minimally invasive tomographic imaging tech-
nique is optical coherence tomography (OCT). The
method creates a cross-sectional architectural rep-
resentation of the tissue using subsurface reϐlec-
tions to identify areas of inϐlammation, dysplasia,
and malignancy. The oral mucosa can be imaged
using OCT technology with insertion into the tissue
up to one to two mm deep [4]. Optical coherence
tomography involves capturing below the surface
pictures to provide a comprehensive cross-sectional
picture (Figure 3). The difference between in-vivo
images of malignant lesions of the oral cavity in
a hamster is enhanced by the multimedia disper-
sion of polyethylene glycol that is connected to gold
nanoparticles attached to antibodies. A recent pilot
study involving 27 cancer patients revealed the via-
bility of using optical coherence tomography to ϐind
structural alterations in malignant molecules [10].

Figure 4: Bio nano-chip

Highly accurate, yet user friendly, inexpensive and
non-invasive technology for detecting oral cancer
in resource-constrained clinical settings has been
developed by Scientists at IIT Kharagpur (Indian
institute of technology) which is based on OCT.

This diagnostic device is a portable and easy to oper-
ate bloodperfusion imager (BPI) alongwith aminia-
ture far-infrared (FIR) camera and a humidity sen-
sor, which have been controlled via electronic as
well interfaced along merge with physics-based and
a software engine that is driven by data.

The actual gadget is made up of a probing unit to
screen and a processing unit to gather information
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about blood perfusion along with diagnosing dis-
eases. The sensor housing and holder that make up
the probing unit keep the sensors in a stable envi-
ronment while minimising the effects of breathing.
The utility of the holder is to guide sensor hous-
ing towards the site of measurement. Sensor hous-
ing comprises a digital humidity sensor that is com-
pletely computed for detecting the ambient temper-
ature and relative humidity in the oral cavity, as
well as an on-chip long-wave infrared (IR) camera
for measuring the temperature of the tissue. Using
additional signal-processing electronics, the IR cam-
era sensor array converts into temperature values,
the radiometric values alongside thermal sensitivity
50mK (milli Kelvin). The imaging occurs at a rate of
8.7 Hz, capturing spectral illumination in the wave-
length range of 8 to 14 m (micrometre).

Bio-Nanochip
A novel bio-nanochip (BNC) (Figure 4 ) sensor was
recently documented. It is quite a quick cytology test
of the oral cavity that combines the beneϐit of cyto-
logical morphometric analysis alongside the quan-
tiϐication of neoplastic biomarkers. Microϐluidics
technology, sometimes known as ”lab-on-a-chip,” is
generally deϐined as the adaptation,miniaturisation,
fusion, and automation of analytical laboratory tech-
niques into a single chip. The BNC sensor used
membrane-related cell proteins, which are particu-
larly prevalent in the cellularmembrane structure of
malignant cells, to identify cancerous cells [10].

Figure 5: Genomics, proteomics,
transcriptomics

PCR-Based diagnostic aids
Polymerase chain reaction (PCR) can be used to
examine and diagnose infectious diseases and can-
cers linked to microbes. PCR is a crucial method
for detecting mutations occurring in cancer-related
oncogenes (such as K-ras and N-ras), tumour sup-
pressing genes (such as p53 and p16), and other
genes. The PCR technology has expanded the

scope and diagnostic technique sensitivity, how-
ever, there is still a signiϐicant downside, due to
the possibility that contamination and ampliϐication
artefacts could make it difϐicult to understand the
required results. PCR, reverse transcriptase PCR
(RT-PCR), and various molecular techniques have
made it possible to diagnose and predict the prog-
nosis in additional lesions, like chronicmyelogenous
leukaemia [11].

”Omics” in oral cancer

Bydecoding oral carcinogenesis, genomics data con-
siderably improve our knowledge and understand-
ing, which in turn aids in the development of tar-
geted treatments and prognosis prediction. In order
to ϐinally improve the lives of OSCC patients, high-
outturn technology is being applied to give insight
into the underlying molecular pathways (genetic
and epigenetic alterations) in OSCC [1].

Genomics

Genomic proϐiling (Fig 5) of OSCC is essential taking
into account the inter-tumor and intra-tumor het-
erogeneity. Various alterations in the chromosome
are reported in OSCC for instance, loss at 3p and
WISP1 genes. Recently, core dysregulated pathway
and target that is actionable are identiϐied, which
might dictate the use of more involved and afford-
able sequencing panels [1].

Transcriptomics

By using the high outturn technique, transcrip-
tomics concerns to study of transcriptome, that is
the absolute set of RNA transcripts made by the
genome under speciϐied conditions [1].

Proteomics

Proteomics (Figure 5 ) is the study of the full range
of proteins expressed in an animal’s tissues. Due to
a large number of OSCC biomarkers currently in use,
non-invasive samples including blood, serum, and
various other bodily ϐluids have a beneϐit over tissue
samples [1].

Synthetic biology

Principles of synthetic biology are being investi-
gated in the areas of genetic engineering, genome
editing, and cancer immunotherapy. In order
to modify the biological environment (by creating
chimeric antigen receptors), and create synthetic
oscillators, thereby changing the genome, synthetic
biology has been expanded. It has been suggested
that use synthetic networks as a cancer treatment
technique. For instance, a microRNA-based cancer
cell classiϐier makes use of microRNA expression to
detect cancer cells and then initiate apoptosis.
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The Clustered Regularly Interspaced Short Palin-
dromic Repeats (CRISPR) system for genome edit-
ingwas formerly assumed to be the bacteria’s devel-
oped resistance to viruses and plasmids. CRISPR
is effective, simple to use, and commonly used in
genome editing techniques [1].

CONCLUSION

The WHO has insisted on focusing majorly upon
early diagnosis to reduce the number of deaths due
to cancer, and there are a lot of developments since
the last decade. Advanced, non-invasive and accu-
rate devices ormethods are the only hope to prevent
cancer related deaths among the public. Early diag-
nosing gives a better prognosis, and it is important
for a clinician to be up-to-date with such advance-
ments for the betterment.
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