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Abstract

Head and neck cancer detection using fluorescence spectroscopy from human saliva is reported here. This study has been
conducted on squamous cell carcinoma (SCC), and dysplastic (precancer) and control (normal) groups using an in-house
developed compact set-up. Fluorescence set-up consists of a 375-nm laser diode and optical components. Spectral bands of
flavin adenine dinucleotide (FAD), porphyrins, and Raman are observed in the spectral range of 400 to 800 nm. Presence of
FAD and porphyrin bands in human saliva is confirmed by the liquid phantoms of FAD and porphyrin. Significant differences
in fluorescence intensities among all the three groups are observed. Three spectral ranges from 455 to 600, 605 to 770, and
400 to 800 nm are selected for each group and area values under each spectral range are computed. To differentiate among
the groups, receiver operating characteristic (ROC) analysis is employed on the area values. ROC differentiates among the
groups with accuracies of 98%, 92.85%, and 81.13% respectively in the spectral ranges of 400 to 800 nm. However, in other
two spectral ranges (455 to 600 and 605 to 770 nm), low accuracy values are found. Obtained accuracy values indicate that

selection of human saliva for head and neck cancer detection may be a good alternative.

Keywords Head and neck cancer - Saliva - Fluorescence - Flavin adenine dinucleotide - Porphyrin - Receiver operating

characteristic analysis

Introduction

Head and neck cancer is the sixth most common malignancy
worldwide. In it, different parts of head and neck regions
such as oral cavity, salivary glands, pharynx, and larynx are
affected. Larynx also called voice box is the most affected
site in the neck region. Head and neck cancer cases are due
to intake of unhealthy products namely tobacco, betel nuts,
cigarette/bidi, and alcohol [1-3]. Poor hygiene and human
papillomavirus (HPV) are also responsible. A 5-year sur-
vival rate (=% 60%) has not much changed since last few
years; therefore, its detection and diagnosis at an early stage
is an important concern. If diagnosed at early stage, chances
of being cure are significantly higher (= 80%) [4].
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Conventional biopsy techniques such as brush biopsy,
toluidine blue, white light endoscopy, and tissue biopsy are
used majorly to identify the head and neck lesions by the
pathologist. Among them, tissue biopsy with histopathol-
ogy is the gold standard [5-7]. Tissue biopsy is an invasive
procedure, in which tissue specimen is removed using the
surgical blade. Head and neck lesions are usually spread
over a large area of a head-neck region. It is therefore dif-
ficult to decide best area for biopsy. Due to these complica-
tions, patients have to go through multiple biopsies which
itself become terrifying. Major complication faced with
head and neck patients is the accessibility to the regions
(tonsil, larynx, pharynx, etc.). Different non-invasive tech-
niques namely fluorescence, Raman, diffuse reflectance,
infrared, OCT, and life time spectroscopy have been used to
detect premalignant and malignant lesions of cancer [8—15].
Among them, fluorescence-based spectroscopic and imaging
devices have been widely studied by the research groups for
the in vivo study. However, Raman and fluorescence-based
endoscopy systems have been utilized for larynx cancer
detection [16—19]. In the diagnostic media, human tissue
is a widely used medium. However, other media such as
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blood, saliva, and urine have also been studied. In recent
studies using the spectroscopic devices, body fluids (blood
and saliva) have shown promise for the detection of cancer
(breast, lung, and oral) [20-23]. As for sampling procedure
is concerned, saliva has specific advantages such as easy
accessibility as well as ease in sample collection. The aver-
age daily production of saliva is 1 to 1.5 1 in an adult and
can be collected multiple times non-invasively from patients
and volunteers of any age group. Human saliva consists of
several biomarkers such as nucleic acids (DNA and RNA),
amino acids (tryptophan, tyrosine, etc.), proteins, amylase,
coenzymes (NADH, FAD, etc.), and porphyrins. They have
different excitation and emission bands. FAD has emission
band near 500 nm and porphyrin has emission bands at 634,
676, 689, and 703 nm respectively. It is well established that
concentration of human salivary biomarkers alters with the
progression of cancer [24, 25].

Saliva is being accepted as a diagnostic medium for foren-
sic purposes, viz. sexual assault and child abuse cases, drug
abuse cases, and for HIV cases [26, 27]. Human saliva has
been studied by the Xiaozhou Li et al. group for lung cancer
detection using the surface-enhanced Raman spectroscopy
system on cancerous and normal saliva samples. An overall
decrease in Raman peak intensities was observed in cancer-
ous samples than in the control cases. The group achieved
sensitivity of 78% and specificity of 83% [22]. M. Yuvaraj
et al. studied saliva for oral cancer detection by using excita-
tion and emission fluorescence spectroscopy (4=405 nm)
and reported that porphyrin accumulation in OSCC patients
was significantly higher than in the control group. They were
able to differentiate OSCC patients from control group with
sensitivities of 85.7 and 84.1% and specificities of 93.3 and
93.2% [23]. Using the laser-induced fluorescence spectros-
copy for the detection of oral cancer on saliva samples, the
Patil et al. group differentiated cancerous samples to nor-
mal with a sensitivity of 79% and a specificity of 78% [28].
Kumar P et al. studied saliva for oral cancer detection and
performed fluorescence (4 =350 nm) and Stokes shift spec-
troscopy (A4=120 nm) measurements. Bands of NADH,
FAD, and porphyrin were observed in the spectra. They
were able to classify the groups (OSCC, OSMEF, and nor-
mal) with sensitivities and specificities of up to 90% [29].
Human saliva is also studied for coronavirus detection by
the Kai-wang To et al. group and they achieved the accuracy
of 91.7% [30]. The Desai et al. group performed a study on
human saliva for RNA virus detection using Raman spec-
troscopy and achieved sensitivity of 92.5% and specificity
of 88.8% respectively [31].

Since accessibility to the most of the head and neck
regions is a problem except the oral cavity, therefore use
of saliva may be more beneficial for its detection. Although
oral cavity lesions are clearly visible in patients having dif-
ficulty in opening the mouth (i.e. oral submucosal fibrosis
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(OSMF)) and patients with lesions deep inside the cavity
(i.e., tonsillar fossa), human saliva may be a good substitute.
In this study, inaccessible lesions of head and neck patients
(larynx, tonsillar fossa, and pharynx) are incorporated. An
in-house developed fluorescence spectroscopy system is
utilized. Liquid phantoms of flavin adenine dinucleotide
(FAD) and porphyrin are prepared and their spectrums are
recorded. Three spectral ranges (455—-600 nm, 605-770 nm,
and 400-800 nm) that correspond to FAD band, porphy-
rin bands, and combination of FAD, porphyrin, and Raman
bands of saliva samples are selected respectively. Area
under all the three spectral ranges is computed individually.
Receiver operating characteristic (ROC) analysis is used to
differentiate among the groups. ROC is employed on the
area values of each spectral range of all the three groups and
diagnostic parameters (sensitivity, specificity, and accuracy)
are computed.

Materials and methods
Sample collection

Liquid phantoms (Sigma-Aldrich, USA) of 40 uM con-
centration were prepared by using commercially available
fluorophores (FAD and porphyrin). Liquid phantoms were
prepared and diluted using distilled water. Saliva samples
were collected from 31 SCC patients, 22 dysplastic patients,
and 20 patients that belong to the control group. The mean
age of SCC, dysplastic, and control groups with the stand-
ard deviation was 54 +13, 46+ 9, and 37 + 8 respectively.
Patients were instructed not to consume any food items at
least 3 to 4 h before reporting to clinicians and suggested
to rinse their oral cavity to omit the effect of foodstuff in
saliva. All the required information of the patients and vol-
unteers (e.g., age, occupation, family background, life style,
and habits) were noted. Normal volunteers did not have any
habits of consumption of any kind of tobacco products and
were free from any disease during the study. Collection
of saliva samples was done in Hallet Hospital affiliated to
GSVM Medical College, Kanpur. A few milliliters of sample
¢ 1 to 2 mL) from each patient and volunteer were collected
in sterile containers. To pursue this work, ethical clearance
was obtained.

Instrumentation

For the fluorescence measurements, a compact system was
developed in the lab. Schematic diagram of the setup with
the required accessories is shown in Fig. 1. It consists of
a 375-nm laser diode, cuvette holder, and optical compo-
nents, viz. collimating lenses (CL), long pass filter (LPF),
and connecting fibers. In the cuvette holder, two collimating
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Fig. 1 Schematic diagram of in-house fabricated fluorescence sys-
tem consisting a 375-nm laser diode, cuvette holder, collimating lens
(CL), long pass filter (LPF), cuvette, spectrometer (SM), fibers, USB
port, and laptop

lens (UV/Visible collimating lens, 200—2000 nm, Thor-
labs) and a LPF (Longpass Filter, Model:FEL0400, Thor-
labs) were hooked up. During the measurement, cuvette
(1 cmx 1 cm X5 cm) filled with saliva was placed inside
the sample holder as shown in Fig. 1. Laser light was irradi-
ated onto it through a collimating lens. Fluorescence sig-
nals were recorded by the spectrometer (HR 2000, Ocean
Optics) at right angle geometry after passing through a 400-
nm LPF and CL. To eliminate the specular reflection aris-
ing from cuvette and sample holder, LPF was used. For the
data acquisition, Ocean Optics Spectra Suit software was
utilized. Integration time of 1 s was fixed and the spectra of
saliva were recorded in the scan range of 400-800 nm in the
interval of 0.46 nm. After collection of samples, measure-
ments were taken and completed within an hour. Later on,
histopathology reports of biopsy samples were obtained and
compared with spectra of SCC and dysplastic patients.

Analysis method

Receiver operating characteristic (ROC) analysis is a statisti-
cal method which is used to evaluate the performance of a
diagnostic test. In the ROC analysis, a binary data set (e.g.,
SCC/normal) is classified by calculating a cut-off value. In
ROC analysis, a two-dimensional curve is generated named
ROC curve. ROC curve is plot of true-positive rate (sensi-
tivity) along Y-axis against false-positive rate (1-specificity)
along X-axis. Sensitivity and specificity are the fundamental
measures of diagnostic accuracy and defined as the prob-
abilities of correctly identifying diseased (cancerous) and
healthy (normal) groups as positive and negative respec-
tively. A better performance test has higher values of sen-
sitivity and specificity. Area under the ROC curve (AUC)
is also a measure of performance of the test. Larger value
of AUC indicates better performance of a given test. AUC
value of 1 indicates perfect test (i.e., accuracy = 100%)
[32-34]. Sensitivity, specificity, and accuracy for a given
test can be defined as:

True positive(TP)

Sensitivity =
ty True positive(TP)+False( ne%ative(FN) ’
cp. True negative(TN
Specificity =
P ﬁ ty True negative(TN)+False positive(FP)
TP+ TN
Accuracy =

TP +TN + FP+ FN

Results and discussion
Fluorescence spectroscopy

Figure 2 shows the spectrum of flavin adenine dinucleotide
(FAD) and porphrin solutions in the scan range of 450 to
650 nm and 550 to 720 nm respectively. Spectrum of FAD
solution consists of a broad band near 520 nm as shown in
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Fig. 2a. Porphyrin spectrum as shown in Fig. 2b consists
of one major peak at 630 nm and three minor peaks at 660,
678, and 697 nm respectively. Figure 3a shows the aver-
aged spectra of SCCpatients (n=31), dysplastic patients
(n=22), and normal volunteers (n=20) in the scan range
of 400 to 800 nm. It shows a FAD band near 500 nm; por-
phyrin bands at 634, 674, and 701 nm; and Raman bands at
403 and 437 nm. It can be seen that fluorescence intensities
in SCC and dysplastic groups are higher than control group,
especially difference between SCCand normal groups is sig-
nificantly higher. Peak values of intensities of FAD bands
for SCC, dysplastic, and control groups are 2658 + 1242,
1840+ 765, and 614 + 213 respectively. Raman peaks pre-
sent in SCCgroup have low intensity values than the con-
trol group. Dysplastic group also display reduced intensity
values than the normal but not as significant as SCC group.
Reduction of Raman peaks may be due to increase in con-
centration of saliva samples in diseased groups (SCC and
dysplasia) [35]. It was also noticed during the study that
diseased groups have higher concentration of saliva than the
control group. Presence of porphyrin bands was observed
in 25 SCCpatients, 20 dysplastic patients, and 15 control
group patients. Intensities of porphyrin bands in SCCand
dysplastic cases were significantly higher than the control
group. In all the three groups, both 634- and 674-nm bands
showed variation in intensities in different samples. Some
of the saliva samples of all three groups have displayed
dominance of 634-nm band, some have 676-nm band domi-
nance, and few have displayed almost equal counts. In few
cases of SCC(n="7) and dysplastic (n=3) groups, porphyrin
bands were dominant over the FAD bands. However, in the
control group, FAD bands were always dominant. A typical
spectrum of such patients with porphyrin dominance and a
spectrum of control group associated with porphyrin band
are shown in Fig. 3b. In few cases, difference in band inten-
sities of FAD and porphyrin was very close. It indicates that
choosing a particular band or their intensity ratios cannot be
a good choice for diagnosis.

It was observed that fluorescence intensities of saliva
samples start diminishing with the progress of time (after
couple of hours), especially porphyrin band reduction was
faster than the FAD band. It was also noted that when saliva
sample was poured in the cuvette and spectra were recorded
without any delay, fluctuation in fluorescence intensities was
observed. It was therefore important to wait for few minutes
(2 to 3 min) and then proceed to record the spectra to get
stable data (i.e., free from error).

Data analysis

Receiver operating characteristic (ROC) analysis has been
employed on the area values of the spectra of SCC, dys-
plasia, and normal. Three spectral ranges (455-600 nm,
605-770 nm, and 400-800 nm) which correspond to FAD
band, porphyrin bands, and combination of all the three
bands (Raman, FAD, and porphyrin) have been selected
from the spectra of each group and area under these spectral
regions is computed. Scatter data plots of area values in the
spectral range (400-800 nm) among SCC to normal, dyspla-
sia to normal, and SCC to dysplasia are plotted against the
number of samples and shown in Fig. 4a—c. ROC analysis is
applied on these binary data sets of area values. ROC analy-
sis computes the sensitivity, specificity, accuracy, area under
the curves, and cut-off values for the given test. Cut-off val-
ues found for the binary data sets of SCC to normal, dys-
plasia to normal, and SCC to dysplasia are 6 X 10, 5% 10°,
and 8.6 x 10° respectively and drawn in the scatter data plots
as shown by solid, dash, and dash-dot lines respectively.
ROC analysis generates the ROC curves which are shown
in Fig. 4d. SCC to normal, dysplasia to normal, and SCC
to dysplasia are differentiated with sensitivities of 96.77%
(30/31), 81.82% (18/22), 80.65% (25/31) and specificities of
100% (20/20), 95% (19/20), 81.82% (18/22) with the over-
all accuracies of 98% (50/51), 92.85% (39/42), and 81.13%
(43/53) respectively. Areas under the ROC curves (AUC) are
found to be 0.95, 0.89, and 0.86 respectively. ROC analy-
sis is also applied on the area values of the spectral range
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(455-600 nm) and it is able to discriminate the respective
groups with sensitivities 90%, 72.73%, 87% and specificities
100%, 95%, 59% with the overall accuracies of 94% (48/51),
83% (35/42), and 75% (40/53) respectively. However, ROC
applied in the spectral range (605—770 nm) is able to dis-
criminate the respective groups with sensitivities and spe-
cificities of 96.77%, 72.73%, and 48.39%, and 85%, 100%,
and 95.45% with the overall accuracies of 92% (48/51), 86%
(35/42), and 68% (36/53) respectively. Obtained ROC curves
are shown in Fig. 5a and b respectively. AUC values found

Fig.5 ROC curves among SCC,
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to FAD and porphyrin are very close but less than the val-
ues of entire spectral range (400-88 nm). It indicates that
choosing a particular biomarker or band ratios will not be a
good choice for discrimination among the groups. For bet-
ter comparison, sensitivity, specificity, accuracy, and AUC
values from all the three spectral ranges are summarized in
Tables 1 and 2 respectively.
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Tablg ! . Sensitivity and . Sample type Spectral range (455-600) Spectral range (605-770) Spectral range (400-800)
specificity for SCC, dysplastic,
and control groups in three Sensitivity ~ Specificity ~ Sensitivity ~ Specificity ~ Sensitivity  Specificity
different spectral ranges
SCC/normal 90% 100% 97% 85% 97% 100%
Dysplasia/normal ~ 73% 95% 73% 100% 82% 95%
SCC/dysplasia 87% 59% 48% 95% 81% 82%
Table2 Accuracy and AUC Sample type Spectral range (455-600) Spectral range (605-770) Spectral range
values among the three groups
| . (400-800)
in three different spectral ranges
Accuracy AUC Accuracy AUC Accuracy AUC
SCC/normal 94% 0.90 92% 0.90 98% 0.95
Dysplasia/normal 83% 0.84 86% 0.86 93% 0.89
SCC/dysplasia 75% 0.73 68% 0.67 81% 0.86
Conclusion Declarations

In summary, the diagnostic efficacy of fluorescence spectros-
copy on human saliva samples collected from three groups
SCC, dysplastic, and control of head and neck cancer patients
has been investigated. Fluorescence spectra indicate the pres-
ence of FAD band and porphyrin bands with significant dif-
ference in fluorescence intensities among the three groups.
FAD bands were dominant in all the three groups, whereas
porphyrin bands were also prominent in SCC and dysplastic
groups. ROC analysis applied on the area values of the spec-
tra (400-800 nm) was able to differentiate the groups with
higher values of sensitivity and specificity. However, in other
two spectral ranges (455-600 nm and 605-770 nm), sensitivi-
ties and specificities were found lower among SCC to dyspla-
sia and dysplasia to normal. Results show that selection of
a particular band will not be a good choice, since both FAD
and porphyrin bands have shown dominance in the spectra.
This study reveals that human saliva may be good diagnos-
tic medium for inaccessible lesions of head and neck cancer.
This methodology may also be useful for the detection of
coronavirus.
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