Original Article

Role of Fluorescence Imaging Device in Screening of Oral
Cancer: A Cross-Sectional Study in Chhattisgarh Population
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Background: Oral squamous cell carcinoma is a major health issue worldwide. Screening and early diagnosis are the key elements for the
better prognosis of potentially malignant oral disorders. Objectives: This study establishes the effectiveness of fluorescence imaging device
in the early detection and precise examination of the normal-appearing oral mucosa of tobacco chewer patients in white light and fluorescence
light. Materials and Methods: The study consists of a total of 150 patients equally categorized into frequent tobacco chewers with normal
mucosa, precancerous lesion, and cancerous lesion. Out of which 10 cases were excluded due to technical errors and consent-related issues.
The correlation between examined oral mucosa under white light and fluorescence light was evaluated through a 2 x 3 contingency table
Chi-square test. Results: Out of 140 participants with a positive cancer diagnosis, there are 43 and 53 patients were sensitive to white light
andfluorescence light, respectively. The estimated values for sensitivity and specificity were 0.83 (95% confidence interval: 0.736—0.906) for
biopsy report diagnosis. Conclusions: Although autofluorescence device plays a critical role in the diagnosis of precancerous oral mucosal
lesions in the early stages, the histopathological evaluation remains the gold standard diagnostic approach for this life-threatening disease.
Due to the high sensitivity of autofluorescence examination, it has a vital role in determining high-risk oral lesions (precancerous) and oral
cancer in mass screening programs for the cancer-prone population.
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acceptability of the staining procedures is also quite low, the
other screening methods are required.

INTRODUCTION
Oral cancer is the second most leading cause of death globally.

It contributes to the high number of fatalitiesand is a major
health problem worldwide, causing 127,000 deaths each year.™
In India, approximately 20/100,000 population annually are
suffering from squamous cell carcinoma of the oral cavity and
oropharynx. Oral premalignant lesion (OPL) and early oral
squamous cell carcinoma (OSCC) have manifested mostly
in the form of leukoplakia (white patch) and occasionally as
erythroplakia (red patch) and further dysplastic changes which
lead to carcinoma.l

Few chair side investigations are available which include
Lugol’s iodine test, Toluidine blue staining, Vizilite, Brush
biopsy, and Fluorescence device visualization technology. If
suspected it can be confirmedby biopsy. A biopsy is an invasive
procedure, which lowers its acceptability among the patients
and so there is need for a noninvasive procedure.* Since the
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For many years, screening for oral cancer is limited with the
use of incandescence light illumination to visually inspect the
oral cavity and perform manual palpation by the dentist. It is
assumed that recently adjunctive screening technologies such
as fluorescence device visualization that uses autofluorescence
mechanism may allow the clinician to detect epithelial
dysplasia and OSCC at an early stage.l”! Autofluorescence is a
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phenomenon where endogenous fluorophores are excited with
the extrinsic light source and these endogenous fluorophores
are certain types of amino acids, structural proteins, and
metabolic products. The most significant fluorophores within
the oral mucosa are nicotinamide adenine dinucleotide and
flavin adenine dinucleotide present within the epithelium and
cross-links collagen in the stroma. The photons are absorbed
by fluorophores through exogenous light sources leading to the
emission of lower-energy photons which is presented clinically
in the form of fluorescence. Each fluorophore is associated with
the release of specific wavelengths of excitation and emission
photons. The particular wavelength and intensity of light
are emitted by the device which illuminates the oral mucosa
and excites natural fluorophore in the tissue. The absorption
and scattering properties of tissue are altered by the mucosal
abnormalities.®

The tissue emits fluorescence which is visualized through
a filter by a human observer. For the direct visualization of
fluorescence of oral cavity tissue, a nonmagnifying hand-held
device was introduced by Lane, which is approved by the Food
and Drug Administration for clinical use and is commercially
available. A metal halide lamp is utilized by the system
with an emission peak at 405 nm and 436 nm which helps
in the activation of auto-fluorescence images which can be
viewed by the eye through the instrument. However, in cases
of malignant progression, there is a characteristic loss of
fluorescence.”

Hence, the main aim and objective of this study is to establish
the effectiveness of fluorescence imaging device in early
detection and precise examination of the normal-appearing oral
mucosa of tobacco chewer patients in white and fluorescence
light. For that purpose, the present study is conductedto assess
the evidence and utility of fluorescence screening devices for
ecarly diagnosis of OPL. According to claudia carreras, the oral
screening techniques that contribute to the diagnosis of oral
cancer are given in Table 1.

MareriaLs AND METHODS

A prospective, observational, descriptive, and
cross-sectional study was conducted from July 2016 to June
2017 after obtaining ethical clearance. Written informed
consent was taken from all participants who were included
in the study. A total sample size of N = 150 patients were
selected by the purposive sampling technique. All the
participants were screened into three categories namely
N, group which contains the subects with depicted normal
mucosa but are frequent tobacco chewers (N, = 50),
N, group which contains the subjects demonstrated
precancerous lesion (N, =50), and finally, N, group which
contains the subjects with cancerous lesion (N, =50), by
taking a detailed case history. The details of the inclusion
and exclusion crit are as follows:

Inclusion criteria
Patients who gave their consent, patients who showed a

positive history of tobacco chewing without any visible
mucosal changes, patients showing oral premalignant and
malignant lesions.

Exclusion criteria
Patients with any hereditary disorder, patients who had blood
dyscrasias and any other systemic problems.

Criteria for clinical diagnosis

The criteria used for the clinical diagnosis of premalignant
lesions such as leukoplakia and oral submucous fibrosis (OSMF)
is as follows:

For leukoplakia

a. History of tobacco chewing

b. Nonscrapable white patch raised above the surface
c. Combined red and white lesions.

For oral submucous fibrosis

a. Areca-nut chewing history

b. A complaint of burning sensation of oral mucosa on
consuming spicy foods

c. Blanching of the oral mucosa

d. Presence of fibrous bands in the cheek mucosa

e. Reduced mouth opening.

Further, the details of the armamentarium used for the
study are as follows

Dental chair with an additional illumination facility
Pair of sterile gloves

Disposable mouth masks and head caps

Disposable punches, blade, and local anaesthesia with
the syringe for biopsy [Figure 1]

e. Fluorescence imaging device.

/ao o

Figure 1: Leukoplakia appears white in white light and dark green in
fluorescent light

Figure 2: Malignancy of buccal mucosa appears yellow and red in white
light and in fluorescent light it is appearing yellowish red
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The specifications of the velscope Vx system are as
follows
a. Optical: Nominal output power (400—460 nm)-1W
i.  Illumination spot diameter (@10 cm working
distance)-1.5” (4 cm)
ii. Minimum working distance - 3 inches (8 cm).

b. Hand-piece dimension: 22 cm X 6 cm X 9 cm
c. Charging cradle dimensions: 6 cm % 10 cm X 18 cm
d. Input voltage: 100-240V.

For the clinical examination, patients were seated on a dental
chair. Then, the oral cavity was examined and palpitate
thoroughly under a white light illumination. Further, at the same
seating, similar examination and palpitation of oral cavity was
revised under a fluorescence light illumination. Note that for
examination under fluorescence light illumination, we strictly
kept the distance of light source and the oral cavity equlas to
three inches throughout the study. During the examinations, the
photographs of inspected sight under both fluorescence light
and whte light were taken with the same camera which was
attached to the instrument. Both the photographs under white
and the fluorescence light were compared. Premalignant lesions
encountered during the study were leukoplakia, erythroplakia,
and oral sub-mucous fibrosis. Areas with premalignant lesions
under fluorescence light showed a dark green hue [Figure 1],
and red hue in malignant lesions [Figure 2], which can be
distinguished from bright green color of normal mucosa. Punch
biopsy was done and sent for histopathology.

ResuLts

All 150 study subjects who were either frequent tobacco
chewers or presented suspicious OPLs and cancerous lesion
underwent a conventional examination with white-light and
auto-fluorescence with a visualization device (Velscope).
Ten cases were excluded due to technical errors and consent
related issues. Out of 140 samples (121 were males and
19 were females) only thirteen (13) patients had history of
cancer, however, one hundred and seven (127) patients had
no history of cancer. It can be seen from Figure 2 that out of
140 patients, fifty seven (57 i.e., 40.7%) patients were found to
be normal whereas fourty (40 i.e., 28.6%) were diagnosed as
premalignancy which included leukoplakia, erythroplakia, and
OSMEF; and lastly forty three (43 i.c., 30.7%) were diagnosed
with malignancy on white light examination. With fluorescent
light examination, fifty six (56 i.e. 40.0%) patients were
found to be normal and eighty four (84 i.e., 60.0%) patients
were diagnosed with positive [Figure 2]. Which are further
segregated as, 31 i.e., 22.1% were diagnosed as premalignancy
which included leukoplakia, erythroplakia, and OSMF, and 53
i.e., 37.85% patients were diagnosed with malignancy.

Punch biopsies were taken from all the patients who were
positive for premalignancy and malignancy on white light
and fluorescent light examination. On histopathological
examination, it was revealed that eigthy one (81 i.e., 57.9%)
patients were positive. Out of these 81 patients, 29 i.e., 20.7%

were premalignant lesions which included 15 as leukoplakia,
10 as OSMF, and five (5) as dysplastic lesions, while
52 i.e., 37.2% patients were diagnosed with squamous cell
carcinoma [Figure 2].

Association between white light and fluorescent light was
evaluated through 2 x 3 contingency table Chi-square Test.
Among the precancerous subjects, there were fourty (40)
subjects found sensitive to white light, whereas thirty one (31)
study subjects were sensitive to the fluorescence light. In case
of subjects with positive cancer diagnosis, fourty three (43)
patients were sensitive to white light, on the other hand,
fithy three (53) patients were sensitive with fluorescence
light [Table 2 and Figure 2]. For the white light, the sensitivity
was 0.80 (95% confidence interval [CI]: 0.699-0.883) and
specificity was 0.69 (95% CI: 0.561-0.801) while for the
Velscope the sensitivity was 0of 0.97 (95% CI: 0.914-0.997) and
a specificity o£ 0.91 (95% CI: 0.813-0.972) [ Table 2]. Hence, it
can be concluded that the performance of white light diagnosis
is less as compared to the use of Velscope, although there was
no significant difference in the proportions (Chi-square =2.19,
P = 0.334) when the comparison was done between
them [Table 1].

Discussion

Screening for a disease has been defined as: “The application
of a test or tests to people who are apparently free from the
disease in question in order to sort out those who probably
have the disease from those who probably do not.”®! The
confirmation of suspected tissue samples needs to be done by
the histopathological examination.

The screening device should have the ability for the accurate
detection of the occult cases of OSCC and OPL. Velscope
is a handheld device used for direct visualization of tissue
fluorescence. In Velscope, normal healthy tissue appears as bright
apple green while the suspected lesions appear darker in color
due to loss of fluorescence [Figure 2]. In the study conducted by
Marzuoki et al.,® The device was able to detect four dysplastic
lesions that were not detected by clinical examination alone.
The performance of any diagnostic test is determined by its
sensitivity and specificity values. In the current literature higher
sensitivities were observed in several studies ranging from 92%
to 100%.%1 Thus the present study, was designed to evaluate the
role of a fluorescence imaging device in the early detection of
cancer and to compare the fluorescence imaging finding of OPL
and carcinoma patients with histopathological findings. However,
in the present study, pathological lesions were diagnosed in 9.3%
of patients who were having cancer history at the time of their
oncological follow-up.

According to the pilot study findings of Bhatia et al.,/'" it was
concluded that the oral mucosal abnormalities which are not
visible under a white light examination can be detected with
the use of Velscope. In our study, we also noticed that some
premalignant lesion was seen in fluorescence light which was
missed by white light.
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Table 1: Association of fluorescent light and white light in
the study subjects

Parameter Normal Precancerous Cancerous
White light 57 (40.7) 40 (28.6) 43 (30.7)
Fluorescent light 56 (40.0) 31 (22.1) 53 (37.9)

Table 2: Diagnostic test for white and fluorescent light
examination for biopsy

Statistics Fluorescent light White light
Value (%) 95% Cl Value (%) 95% CI
Sensitivity 97.5 91.3-99.7 80.2 69.9-88.2
Specificity 91.5 81.3-97.2 69.5 56.1-80.8
Positive predictive value 94.0 87.2-97.3 78.3 70.7-84.3
Negative predictive value 96.4 87.3-99.1 71.9 61.6-80.4
Accuracy 95.0 90.0-98.0 75.7 67.8-82.6

In this study we have used biopsy as a gold standard approach. CI:
Confidence interval

In a study by Farah et al. in 2012,117 112 patients were
examined by Velscope and it showed a 30% of sensitivity and
63% of specificity, with the accuracy of recognizing dysplasia
was 55%. Based on the sensitivity and specificity, the present
study showed that Velscope aided diagnosis does not appear
to be more accurate in cancer diagnosis than white light in
clinical exploration. However, fluorescence light shows more
effectiveness in early premalignant lesion detections. The
lesions which are invisible to the naked eye in the clinical
examination has shown a promising result with the use of
standard methods.!!!

In the study conducted by Rana et al.,' 289 patients with
OPLs were randomly divided into two groups, and patients
were examined with the auto-fluorescence visualization
device (Velscope) in addition to the white light examination.
The results showed that the Velscope has higher sensitivity but
lower specificity. Thus, they concluded that the Velscope can
be used as a new diagnostic device for the early detection of
oral cancer diseases.!'?) In our study, specificity and sensitivity
were found to be 91% and 97%, respectively.

In a recent study by Burian ef al. in 2017,['"¥) the analysis of
photographs of 90 patients suffering from malignant oral
soft-tissue lesions was done. A red color showed a significant
difference in pathologic and physiologic tissues in 85.6% of
the case and for the green and blue color, their measurements
showed significantly higher values in the healthy tissue. The
shade of red color has also shown a significantly higher value.
Hence, they suggested that shortly, the Velscope could help to
a greater extent in the identification of the margins of tumor
resections as compared to the visual observation.['¥) Our study
also showed a red and yellow color in the malignant lesion.
In brief, our study proved that this instrument could be an
adjuvant in clinical diagnosis if we have adequate resources.

CoNCLUSIONS

The fluorescence device is a simple, noninvasive screening test
of the oral mucosa. Since autofluorescence examination has high
sensitivity, it might be helpful in the detection of high-risk oral
lesions. Hence, it could be recommended for mass screening
programs of oral cancer for the cancer-prone population.
Moreover, It will guide the experienced clinicians in performing
the biopsy within the altered mucosa for the final diagnosis of oral
precancerous malignant lesions. Although this device has various
advantages, it cannot be a replacement for the gold standard of
histopathological examination. At present, this device can help
in convincing the patients for further clinical investigation and
management to reduce the impact of the psychological, physical,
and financial burden of cancer. Probably in this manner, “optical
biopsy” might turn into a clinical reality.
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