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Abstract

Progression of oral mucosal lesions is generally marked by changes in the concentration of the intrinsic fluorophores
such as collagen, nicotinamide adenine dinucleotide (NADH), flavin adenine dinucleotide (FAD) and porphyrin present
in the human oral tissue. In this study, we have probed the changes in FAD and porphyrin by exciting with 405 nm laser
light on different sites (tongue, buccal mucosa, lip etc.) of the oral cavity. Testing has been done by an in-house developed
fluorescence-based portable imaging device on oral squamous cell carcinoma (OSCC) patients, dysplastic patients and
control (normal) group. Fluorescence images recorded from OSCC and dysplastic patients have displayed an enhance-
ment in the red band (porphyrin) as compared to those from the normal volunteers. Porphyrin to FAD intensity ratio
(Iporphyrin/Irap)» referred to red to green ratio (I;.4/Iy.,) has been taken as the diagnostic marker for classification among
the groups. Receiver operating characteristic (ROC) analysis applied on Ipgpyin/Irap 18 able to discriminate OSCC to
normal, dysplasia to normal and OSCC to dysplasia with sensitivities of 100%, 81%, 92% and specificities of 100%,
93% and 92% respectively. Fluorescence imaging probe can capture a large area of oral lesions in a single scan and
hence would be useful for initial scanning. On comparison with spectroscopy studies performed by our group, it is found
that combining both spectroscopy and imaging as a device may be effective for the early detection of oral lesions. This
clinical study was registered on the date 13/10/2017 in the clinical trials registry-India (CTRI) with registration number
CTRI/2017/10/010102.

Keywords Oral cancer - Fluorescence imaging and spectroscopy - Porphyrin - Receiver operating characteristic analysis -
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Introduction

Globally, oral malignancy is emerging as a major health
issue, ranking as the sixth most prevalent cancer. In India,
the severity of the disease is estimated with 1.7 million cases
being projected in 2035 as compared to 1 million cases
reported in 2012. High mortality, shown by a 5-year sur-
vival rate (<50%), is posing as a big challenge for clinicians
and scientists [1-3]. In India, this is mainly attributed to late
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histological examination [5-7]. Here, it is critical to find
the precise area for biopsy as the oral lesion is an extensive
spread. Also, the technique is invasive and time consum-
ing. Optical techniques may be useful in such limitation.
Various optical techniques (Raman, fluorescence, Stokes
shift, diffuse reflectance spectroscopy and imaging, optical
coherence tomography (OCT) etc.) have been studied by
the research groups for diagnosis of several cancers [8—17].
Among them fluorescence spectroscopy has emerged as a
strong diagnostic tool for in vivo detection of oral cancer.
Fluorescence based techniques (spectroscopy and imaging)
have the potential of early diagnosis of oral cancer since they
are sensitive to subtle biochemical changes during disease
progression [18-24].

For fluorescence studies, tissue is generally illuminated
by UV-visible light and fluorescence signal is recorded by
a spectrometer or charge couple device (CCD). The major
fluorophores present in human oral tissue are tryptophan,
collagen, nicotinamide adenine dinucleotide (NADH), flavin
adenine dinucleotide (FAD) and porphyrin. It is well estab-
lished that the concentrations of these fluorophores change
with the development of the disease and fluorescence-based
devices are able to detect these biochemical changes at an
early stage of the disease [14]. Several research groups have
carried out fluorescence spectroscopic studies for oral can-
cer detection. In a study on oral neoplasia, Gillenwater et al.
observed an enhancement in red fluorescence in abnormal
tissue. They found sensitivity of 88% and specificity of 100%
in differentiating normal mucosa to abnormal [25]. Inaguma
M. and Hashimoto K. reported that 85% of oral malignancies
showed porphyrin-like fluorescence [26]. Analysis of fluores-
cence spectroscopy and imaging by Betz et al. showed distinct
differentiating features between normal and malignant oral
tissues of buccal mucosa and spectral differences in 94.4% of
cases [27]. Van Staveren et al. found sensitivity of 86% and a
specificity of 100% in differentiation of abnormal tissues from
normal tissues by applying neural network analysis on fluo-
rescence spectra [28]. Majumdar et al. obtained 86% sensitiv-
ity and 63% specificity in their in-vivo study for oral cancer
detection using fluorescence spectroscopy [29]. A handheld
fluorescence-based device tested for early oral cancer detec-
tion by Lane et al. showed sensitivity of 98% and specificity
of 100% [30]. Fluorescence spectroscopy with multivariate
analysis method by Nazeer et al. for early detection of oral
cancer showed a sensitivity of 60 to 100% and specificity of
76 to 100% was obtained [31]. Di Stasio et al. used a high-
frequency (18 MHz) linear ultrasound probe for capturing
tongue malignant lesions of oral cavity. They found that the
ultrasound images correlate well with histopathology results
and could distinguish a tumour from healthy tissue [32, 33]

Spectroscopic study has been conducted by our group for
oral precancer detection using an in-house developed device.
Using the Mahalanobis distance-based classifier; they were
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able to discriminate among the groups with significantly
higher values of sensitivities and specificities [34].

Fluorescence images produced by the endogenous fluo-
rophores present in the oral tissue are captured by a charge
coupled device (CCD). Oral cavity is largely heterogene-
ous, so large area scanning has the advantage of overcoming
time-consuming point measurements of spectroscopy where
one may miss crucial signatures. Many research groups have
tested fluorescence imaging system for oral cancer detection
[35-40]. Kulapaditharom and Boonkitticharoen achieved
sensitivity of 100% and specificity of 73% for head and neck
cancer detection using a fluorescence endoscope [36]. Betz
et al. have shown much more clear differentiation between
normal and malignant lesions in case of flat, epithelial
tumours compared to exophytic tumours [37]. Paczona et al.
observed the reduced intensity of green fluorescence and
shift to reddish-blue for malignant tissues [38]. Using the
ratio of red to green fluorescence, Rahman et al. classified
the normal and cancerous tissues with a sensitivity of 90%
and a specificity of 87% [39]. Roblyer et al. used quantitative
fluorescence imaging to differentiate the cancerous samples
and achieved 100% sensitivity and 91.4% specificity [40].

Here, we have reported in-vivo detection of oral mucosal
lesions using fluorescence-based portable imaging device.
Using the device, it is possible to capture an area of 1.0
cm? of oral cavity lesions in a single scan. With 405 nm
excitation wavelength, signatures of FAD and porphyrin are
observed. The red band, which is attributed to porphyrin is
found to increase in most of the OSCC and dysplastic groups
than the control groups. For classification among the groups,
receiver operating characteristic (ROC) analysis is applied
on the ratio (Ipgppyin/lpap) [41, 42]. In this study, we have
also compared the imaging results with spectroscopy results.
Spectroscopic study was performed by our group using an
in-house developed device on OSCC, dysplastic and control
patients and classification was done by using Mahalanobis
distance classifier [34].

Materials and Methods
Instrumentation

The block diagram and photographs of the fluorescence-
based imaging probe are shown in Fig. 1a, b, respectively.
The imaging portable probe consists of a laser diode, col-
limating lens (CL), beam splitter (BS), camera lens, long-
pass filter (LPF), band pass filters (BPFs), charge couple
device (CCD) and connecting optical fibres. Laser light from
a fibre coupled 405 nm diode laser (Diode Laser 405 nm,
Model: ADR-1805) is irradiated onto the sample (oral tissue
sites) via a beam splitter and by way of a collimating lens
(UV/Visible collimating lens, 200-2000 nm). Reflected light
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Fig. 1 a Schematic diagram of in-house developed portable imaging device for in vivo detection of oral lesions b photographs of the device with

all the required accessories during in-vivo testing on patient

falling on the oral cavity lesions captures an area of 1cm?.
Fluorescence signal, transmitted through the beam splitter is
recorded using a charge coupled device (PCO Pixelfly, digi-
tal 14 bit). LPF of 450 nm and BPFs of 500 nm and 635 nm
are used in the device. These filters are replaced manually
in the filter section of the device during the measurement.
LPF (450 nm) allows the entire signal above the excitation A
(405 m) (i.e., signal due to FAD and porphyrin) and BPFs of
500 & 635 nm select only FAD and porphyrin bands respec-
tively. Camware V3.17 Software is utilized for data acquisi-
tion. A disposable cap of teflon material is used at the tip of
the probe while performing measurements on patients and
volunteers. An optimal power of 2 milliwatts that falls on
the oral cavity was enough to produce measurable fluores-
cence from patients and volunteers. Fluorescence spectral
measurements were carried-out using an already existing
in-house developed handheld device [34].

Patient Selection and Data Collection

Spectroscopic measurements were conducted on 55 tissue
sites of 24 OSCC patients, 40 tissue sites of 17 dysplastic
patients and 54 tissue sites of 23 normal volunteers. Imag-
ing measurements were performed on 50 tissue sites of 25
patients (OSCC =7, dysplastic=18) and 41 tissue sites of
16 normal volunteers. The control groups who consumed
tobacco and smoke cigarettes occasionally were also
included in the study. The average age of OSCC and dys-
plastic patients was 45 + 11 and 36 + 8. However, the average

age of control group was 30+ 7. The above mentioned detail
is summarized in Table 1. The patient selection was based on
certain features (ulcer, white patches, red patches, mixture
of white and red patches, lump etc.) observed by the medical
doctor. The control group in our study were volunteers with-
out any sign and symptoms. Another criterion of selection
was the age of patients and volunteers (> 20 years). After
completion of all these prior steps, fluorescence measure-
ments were carried out in the presence of the doctor. Subse-
quently, patients were sent for biopsy.

For the clinical study, ethical clearance was obtained with
IEC communication number IITK/IEC/2015-16/2/10 and
clinical trials registry-India (CTRI) with registration number
CTRI/2017/10/010102. Prior to the testing in patients and
volunteers, benefits of the imaging device over the conven-
tional devices as well as its working were explained to all
participating patients and volunteers. Purpose to inform was
to make them comfortable and then informed consents were

Table 1 Average age of patients (Male/Female) and normal group
with the standard deviation along with the total number of tissue sites
of the lesion included in the imaging measurements

Patients/Volunteers Male Female Average age with  Total
standard deviation no. of
sites
Normal 10 6 30+7 41
Dysplastic 14 4 36+8 36
OScC 7 0 45+11 14
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taken. All the necessary details of patients and volunteers for
example age, family background, life style, habits of smok-
ing cigarette/bidi, etc. were taken in a questionnaire form.

Analysis Method

To analyse the data, receiver operating characteristic analysis
(ROC) is employed on the intensity ratio values (Ipyphyrin/
Igap)- ROC is a statistical method to check the performance
of a test. In ROC analysis, binary data sets among the three
groups are classified by computing the cut-off values. While
applying ROC analysis in a diagnostic test, a two-dimensional
curve is generated, known as ROC curve. It is a plot of sensi-
tivity and specificity. Sensitivity and specificity are the proba-
bilities of identifying unhealthy and healthy groups as positive
and negative respectively. Area under the ROC curve is also a
parameter to check the performance of a given diagnostic test.
Sensitivity and specificity is defined as

True positive(TP)

Sensitivity = s
Vi True positive(TP) + False negative(FN)

Specificity =

of porphyrin band is significantly higher than the FAD
band in the OSCC group. In dysplastic group, intensity of
porphyrin band is slight lower than the FAD band. How-
ever, in the control cases, porphyrin bands are almost non-
existent compared to the FAD band. Figure 2b, which dis-
plays the typical spectra, shows that FAD band is dominant
over the porphyrin in OSCC. However, in dysplastic cases
porphyrin dominates over the FAD band. Such behavior
was observed only in few cases.

Florescence Images of Oral Cavity

Typical fluorescence images recorded from an OSCC
patient, a dysplastic patient and from a normal volunteer
are displayed in Fig. 3Aa—c. Images displayed in figure
are the original images (true images). These images were
recorded using 450 long pass filter (LPF) in the device.

True negative(TN)
True negative(TN) + False positive(FP)

Results and Discussion
Fluorescence Spectra of the Oral Cavity

Averaged fluorescence spectra and the typical spectra
recorded from OSCC, dysplastic and control groups in
the scan range of 450 — 800 nm are shown in Fig. 2a,
b respectively. Averaged spectra involve 55 sites of 24
OSCC patients, 40 sites of 17 dysplastic patients and 54
sites of 23 normal volunteers. Fluorescence spectra show
a FAD band and porphyrin bands (major and minor) in all
three groups. FAD band, also referred to as green band, is
peaked around 500 nm and porphyrin bands, referred to
as red bands, are peaked at 634, 676 and 703 nm respec-
tively. It can be seen in the averaged spectra that intensity

Fluorescence images consist of RGB (red, green and blue)
colours/bands. From the images, it is clear that OSCC has
higher contrast of red colour and very much localized,
dysplastic has lower contrast of red colour and normal
does not show any signature visually. Red colour in the
RGB appears due to porphyrin while blue and green col-
ours appear due to NADH and FAD respectively. Extracted
RGB images from the true images of OSCC, dysplastic
and control group are shown in Fig. 3Ba—c.

In the extracted images, intensity of red band is higher
in both OSCC and dysplastic cases than the control group.
In the control case, intensity of green band is much higher
than the red band. Red and green images were also col-
lected using band pass filters (500 and 635 nm) on few
patients and volunteers and their ratios are taken. Ratio

Fig.2 Averaged fluorescence 5000 F v . 4000 T r . v
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Fig.3 A Typical fluorescence images (250*250 pixel) recorded using LPF of 450 nm from OSCC, dysplastic patient and normal volunteer B
extracted red, green and blue images from the original images of a an OSCC patient b a dysplastic patient ¢ a normal volunteer
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between the Red to green bands was very close to the as
obtained by using 450 nm LPF.

Data Analysis of Spectroscopic and Imaging Data

ROC analysis is applied on the ratio (Ipgphyin/lpap) to deter-
mine the performance of diagnostic test. From the spectra
shown in Fig. 2a, maximum values of intensities at 500 nm
and 634 nm are taken from all the three groups and the ratio
1(634)/1(500) are estimated. Scatter plot of these ratios in log
scale are shown in Fig. 4a. ROC is employed on the log of
the ratio values and cut-off values are obtained. Correspond-
ing to these cut-off values, lines (solid, dash, dash with dot)
are drawn in the scatter data plot. ROC curves are obtained
as shown in Fig. 4b. OSCC to normal, dysplasia to normal
and OSCC to dysplasia are differentiated with sensitivities
of 89% (49/55), 83% (33/40), 80% (44/55) and specificities
of 100% (54/54), 98% (53/54), and 69% (27/40) respectively.

0 0.2 04 0.6 0.8 1
1-Specificity

Similarly, ROC analysis is applied on the imaging data.
Here, maximum intensity values of red and green bands are
extracted and their ratios are computed for each patient and
volunteer. Scatter plots of OSCC, dysplastic and normal
groups are shown in Fig. 5a. ROC curves are obtained and dis-
played in Fig. 5b. ROC differentiates among the groups with
sensitivities of 100% (14/14), 81% (30/37), 92% (13/14) and
specificities of 100% (37/37), 93% (38/41) and 92% (34/37)
with the overall accuracies of 100%, 87% and 92% respec-
tively. Patients (M/F) having different lesion types reported
in the histopathology report and ratio of fluorescence inten-
sity values with the standard deviation (SD) are summarized
in Table 2. For better comparison of the results, sensitivity,
specificity and accuracy values obtained in spectroscopic and
imaging measurements are summarized in Table 3. These
methods are useful mainly to the experts in oral medicine and
pathology also because the same could give a false-positive
result in the face of even a pseudo lesion [43].

Fig.5 a Scatter data plot of 4 o - o
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Table 2 Patients (M/F) having

different lesion types reported histopathology report

No. of Patient (M/F) identify in the

Fluorescence intensities
ratio values with the SD

Histopathology Report

in the histopathology and
fluorescence intensity values 72
with the standard deviation (SD) a1

31
7/0

Mild dysplasia 0.99+0.23
Moderate dysplasia 1.08+0.14
High grade dysplasia 1.10+0.15
OScC 2.27+0.81

Table 3 Sensitivity, specificity

S le T
and accuracy for OSCC, ample 1ype

Fluorescence Spectroscopy

Fluorescence Imaging

dysplastic and normal groups in Sensitivity

Specificity Accuracy Sensitivity Specificity Accuracy

fluorescence spectroscopy and

imaging testing OSCC/Normal 89%
Dysplasia/Normal  83%

OSCC/Dysplasia  80%

100% 94% 100% 100% 100%
98% 91% 81% 93% 87%
69% 75% 92% 92% 92%

Conclusion

This study is a comparison of spectroscopy and imaging
techniques for the detection of different grades of oral
lesions. To perform this work, portable device was fabri-
cated and measurements were carried out on patients and
volunteers. Biomarkers FAD and porphyrin were found
in oral tissue cavity on patients and volunteers and taken
as a diagnostic marker. Porphyrin contribution was found
significantly higher in OSCC and dysplastic groups than
the control group. Porphyrin to FAD ratio was chosen as a
discriminator and using ROC on the ratio variables, sensitiv-
ity and specificity values were estimated. In both methods,
accuracy values were found higher compare to the other
techniques reported [27-31], especially in discriminating
OSCC to normal and dysplasia to normal. Spectroscopy is
a point measurement technique. The advantage of the imag-
ing technique is that it demarcates the affected lesion. Once
analysis is done with imaging technique, further testing with
spectroscopy can be performed for confirmation and better
demarcation of the cancerous region to find the best biopsy
specimen. In conclusion, it can be said that autofluorescence
spectroscopy and imaging both are equally promising as
diagnostic tools for the detection of oral malignancies at
early stage. Combination of both spectroscopy and imaging
techniques in one handheld device may be the best way for
robust diagnosis of oral cancer.
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