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ABSTRACT:

With the increase in prevalence of oral cancer seen worldwide,
early screening and advanced diagnostic techniques are playing
an important role in early diagnosis and treatment planning of
patients. The five year survival rate of oral cancer remains low
for the past three decades and delayed diagnosis has been
suggested to be one of the major reasons. Commonly used
method of diagnosis includes histopathology and visualization
adjuncts such as toulidene blue, vizilite etc. The present article
reviews the research on development of new and upcoming tools

for early and accurate diagnosis of oral cancer.
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INTRODUCTION

Approximately 94% of all oral malignancies are
squamous cell carcinoma (SCC). The annual
incidence and mortality rates vary between different
races, genders, and age groups. In the United States
this is 7.7 per 100,000.*

Persons with oral SCC almost have been aware
of an alteration in that site for 4-8 months before
seeking professional help. There is minimal pain
during the early growth phase and this may explain
the delay in seeking professional care. If the health
care professional does not have a high index of
suspicion, additional several weeks or months may
elapse before a biopsy is performed.?
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Accounting for 96% of all oral cancers, squamous
cell carcinoma (SCC) is usually preceded by
dysplasia presenting as white epithelial lesions on
the oral mucosa. Leukoplakias develop in 1-4% of
the population. Malignant transformation, which is
quite unpredictable, develops in 1-40% of
leukoplakias over 5 years. Dysplastic lesions in the
form of erythroplakias carry a risk for malignant
conversion of 90%.2 Tumor detection is further
complicated by a tendency towards field
cancerisation, leading to multicentric lesions.®

Screening and an early detection are believed
to decrease both the morbidity and mortality which
are associated with oral SCC, because unlike many
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anatomic sites, in the oral cavity, pre-malignant
lesions are often visible on clinical examination.
However, an accurate discrimination between
premalignant vs reactive/inflammatory lesions via
conventional visual and tactile examinations alone
is problematic. As the malignant potential of oral
lesions cannot be accurately predicted solely on the
basis of their clinical characteristics, a histological
evaluation is essential for all suspicious lesions. The
definition of an oral mucosal pre-malignancy that
is based on a conventional histologic examination
can also be problematic. Lesions are currently
considered as pre-cancerous when there are
cytomorphologic changes which are consistent with
dysplasia. However, the various criteria for
diagnosing and grading dysplasia are controversial,
highly subjective and open to wide range of
interpretation, even among highly qualified
pathologists. In addition, no definitive criteria
currently exist for predicting the risk of a cancerous
transformation of individual dysplastic lesions; even
dysplastic oral lesions have been reported to undergo
spontaneous regression.

Therefore, conventional histologic findings can
only be utilized to indicate that a given lesion may
have a malignant potential, and that it cannot be
used for the prediction of a malignant change.
Hence, two key issues should be considered:

1. Ingeneral, a progression to oral SCC many not
occur in a linear fashion over a uniform period
of time. Rather, there are subsets of lesions with
histologic evidences of dysplasia, that may or
may not progress to oral SCC.

2. Similarly, the histologically normal appearing
mucosal lesions may truly be benign or they may
represent molecular premalignant lesions that
have not yet developed morphologic/cytologic
changes which are consistent with dysplasia.*

Routinely used diagnostic aids include toulidene
blue, Oral brush biopsy, Vizilite, cytology etc.

DISADVANTAGES OF ROUTINE
DIAGNOSTIC AIDS

1. Toulidene Blue - Low positive predictive value
of 43.5% for potentially malignant lesions and

a false negative rate as high as 20.5% for pre-
malignant lesions also have been reported.®

2. Brush Cytology (Oral CDx) — Many studies have
reported specificity as low , around 32%; and a
high false positive rate was reported as ranging
from 43 to 89%.°

3. Adjunct based on tissue reflectance (VizilLite,
ViziLite Plus, Microlux) - Several studies have
investigated the benefit of using the ViziLite
compared to conventional visual examination
alone. Most of these studies either did not
include comparison to the diagnostic gold
standard i.e histopathological diagnosis based
on scalpel biopsy, or contained only a limited
number of cases subsequently biopsied which
made it difficult to assess specificity and
sensitivity. There was only one study that
correlated the ViziLite findings to the
histopathologic diagnosis and the sensitivity,
specificity and accuracy were reported to be
100%, 0% and 18.2% respectively.®

EMERGING DIAGNOSTIC ADJUNCTS

LAB ON A CHIP - Microfuidics technology-
also referred to as lab-on-a-chip or micro-total-
analysis systems (TAS)- is the adaptation,
miniaturization, integration and automation of
analytical laboratory procedures into a single device
or “chip”. Microfluidics is often regarded as the
chemistry or biotechnology equivalent of the silicon
integrated silicon chip that has revolutionized
electronics, computers and communications.®

Microfluidics are by definition suited for
handling living cells (whose typical diameter is a
few micrometers) in a three-dimensional,
biologically relevant environment.” This microfluidic
chip accepts saliva sample, can be operated by
minimally trained personnel, and can provide a
diagnostic answer in an automated and timely
fashion. The detection of oral pre-cancer (dysplastic)
and cancer cells within the chip will take advantage
of membrane-associated cell proteins that are
singularly expressed on cell cancer cells. The
measured profile is compared with archived gene
transcription profiles to determine the cancer type
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and stage. As such, this system provides a means
for automated, rapid detection and molecular
analysis of cancers in a miniaturized format suitable
for use in the clinic and/or the operating room.”

OPTICAL COHERENCE TOMOGRAPHY

Optical coherence tomography (OCT) was first
reported by Fujimoto et al. in 1991. OCT has been
widely used in numerous clinical applications,
including gastroenterology, ophthalmology,
dermatology, and dentistry. OCT is a non-invasive,
non-radiative optical diagnostic tool based on
interferometers. By using a low-coherence
broadband near-infrared light source, it is possible
to obtain excellent spatial resolution (~20 i m) and
real-time images.

Optical coherence tomography (OCT) has been
proved to be a useful technique for oral disease
diagnosis. In particular, based on the scanning
images of a swept-source OCT system, a few effective
diagnosis indicators for oral cancer and precancer
have been identified. These indicators include the
EP layer thickness and the standard deviation (SD)
of OCT signal intensity. In an abnormal oral EP
containing dysplastic cells, the cell size, shape,
nucleus size, and arrangement become more
randomly distributed, when compared with healthy
oral epithelium (EP). In this situation, light
scattering becomes stronger and its spatial
distribution becomes more strongly fluctuated. The
light scattering behaviors are recorded in the spatial
variations of OCT signal intensity. It is noted that
the spatially average scattering intensity in a
dysplastic oral EP is generally higher than a normal
oral EP such that the corresponding average OCT
signal intensity is relatively higher. Therefore,
although the overall signal intensity may vary from
one OCT image to another, the SD value without
the normalization with respect to the average can
better describe the rough morphology in a dysplastic
oral EP. A normalization procedure will significantly
blur the feature of stronger OCT intensity
fluctuations in space. Statistics based on clinical
practice has shown the high sensitivity and
specificity in using those diagnosis indicators. The
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SD calculation has also been used for diagnosing
submucous fibrosis. In such a diagnosis, the decrease
of the SD level in the LP layer due to collagen
deposition is observed.®

The advantage of OCT includes cross-sectional
images of normal or abnormal tissues can be
obtained without biopsy and no preparation of the
sample or patient is required. As it is an optical
technique and uses the light for imaging the tissues
there is no exposure of the patient to ionizing
radiation.®

FLUORESCENCE ENDOSCOPY

Fluorescence diagnostic imaging is a relatively
new technique that involves the use of a
photosensitising drug to visualize lesions through
tissue fluorescence. Results from studies using 5-
aminolevulinic acid (5-ALA)-induced
protophorphyrin IX (PpIX) fluorescence have shown
this technique to be superior to white light endoscopy
for the diagnosis of various types of cancer, including
those in the oral cavity. Hypericin is a plant-based
photosensitiser that accumulates selectively in
abnormal cells, including tumour cells. Red
fluorescence was observed in lesions, indicating a
selective uptake of hypericin in lesions compared
with normal tissue. Moreover, hyperplastic and SCC
lesions show different levels of fluorescence. Highly
vascular tissue is likely to be close to the tissue
surface, resulting in brighter fluorescence compared
with normal tissue. As hypericin fluoresces in the
orange - red region (emission peak about 590 nm),
the green fluorescence emitted is most likely because
of autofluorescence of the tissue. The green-to-blue
(G/B) intensity ratio, which can be thought of as
autofluorescence normalised to the blue excitation
light, showed no particular trend between normal,
hyperplastic and SCC tissue (results not shown
here). Thus, the G/B ratio may not be a good image
parameter for distinguishing tissue types. On the
other hand, the red-to-green(R/G) intensity ratio,
which can be thought of as a ratio of tissue
fluorescence to autofluorescence, could distinguish
between normal and hyperplastic tissue and
between normal and SCC tissue reasonably well.*t
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DIFFUSE REFLECTANCE IMAGING

Optical spectroscopy provides useful diagnostic
information about the morphological and
biochemical changes related to progression of cancer
in the oral cavity.?

When light interacts with biological tissue a
small portion of it is absorbed or transmitted while
the rest undergoes multiple elastic scattering due
to heterogeneity in the refractive index of the tissue
components and gets diffusely reflected. Often, a
portion of the impinging radiation is reflected from
the surface when the roughness of the boundary is
small in comparison to wavelength of light. The
portion that penetrates the sample gets scattered
at a larger number of points in its path due to
uneven, broken or bumpy boundary surfaces where
the coarseness is of the same order of magnitude as
the wavelength. During tissue transformation
healthy tissue undergoes morphometric and
cytologic changes such as increase in epithelial
thickness, nuclear size, nuclear to cytoplasmic ratio,
changes in the chromatin texture and collagen
content, and angiogenesis. These changes modify the
diffusely reflected component of the incoming
radiation.®

Diffuse Reflectance (DR) is the result of single
and multiple backscattering of the white excitation
light a property that depends on tissue morphology
such as nuclear size, distribution, epithelial
thickness, and collagen content, and the amount of
oxy and deoxy - haemoglobin presence in the exposed
tissue, all of which can vary during tissue
transformation to malignant state. Strong proof-of-
principle for utilization of diffuse reflectance
spectroscopy(DRS) ,a non-invasive optical tool for
early detection of malignant changes in the oral
cavity, has emerged recently.?

CONCLUSION

The field of oral pathology and medicine are
undergoing changes and we have a come a long way.
Advances in diagnosis at the molecular level are
expected to affect choice of treatment and patient
outcomes. There all practitioners should be aware
of the latest advancements and should try to
incorporate them whenever feasible.
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