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Abstract
We report here a study on human saliva tested as a diagnostic medium for oral cancer detection on three groups: oral squa-
mous cell carcinoma (OSCC), oral sub mucous fibrosis (OSMF; precancer), and healthy controls (normal). Measurements 
have been conducted using fluorescence spectroscopy with 350 nm excitation and Stokes shift (SS) spectroscopy (SSS) with 
120 nm shift from a total of 99 saliva samples. For classification, principal component analysis (PCA) and linear discriminant 
analysis (LDA) have been applied on the data sets. Linear discriminant (LD) scores of fluorescence spectra are able to dif-
ferentiate OSCC to normal, OSMF to normal and OSCC to OSMF with sensitivities 91%, 92%, 91% and specificities 97%, 
100%, 94% respectively, while LD scores of SS spectra differentiate respective groups with sensitivities 100%, 94%, 94% 
and specificities 97%, 100%, 94%. Cross-validation on the datasets of PC scores during LDA illustrates that sensitivity and 
specificity of SSS data are less affected than those of fluorescence data. Saliva is thus seen as a potential non-invasive and 
simple diagnostic medium, with SS spectroscopy as a better diagnostic tool for oral precancer.

Keywords Oral cancer · Saliva · Fluorescence spectroscopy · Stokes shift spectroscopy · Principal component and linear 
discriminant analysis

Introduction

A five year survival rate of oral cancer is known to be less 
than 45% due to lack of early symptoms and diagnosis at 
advance stage [1]. Early detection is thus imperative to 
reduce mortality rate. Oral premalignant lesion starts in 
the form of leukoplakia (white patches), erythroplakia (red 
patches), erythrolukoplakia (red and white patches) and 
oral submucosal fibrosis (OSMF) and finally these lesions 
convert into malignancy (such as squamous cell carcinoma) 
with different rates [2, 3]. In India, oral cancer is the most 
common cancer and ranked number one among males and 
third most in females. Globally it is 10 most common cancer 
[4–6].

Conventional biopsy techniques used for identifying oral 
premalignant and malignant lesions are visual inspection, 
use of toluidine blue, brush biopsy, cytology brushing and 
tissue biopsy by a pathologist, among which tissue biopsy 
with histopathology is gold standard [7, 8]. Tissue biopsy 
is not only an invasive method but an added problem with it 
is to decide on the best area for biopsy, since the lesions are 
spread over a large area of oral cavity. Different non-inva-
sive techniques such as fluorescence spectroscopy, Raman 
spectroscopy, diffuse reflectance spectroscopy etc. have 
been extensively used for in vivo and in vitro study [9–14]. 
Among these techniques fluorescence spectroscopy is widely 
used by several researches for in vivo detection of oral cancer 
and has been established as a powerful diagnostic tool [15, 
16] since it is simple to use, cheap and less time consuming. 
Among all these properties its high sensitivity also makes 
it more robust for detecting any subtle biochemical changes 
in tissue. Fluorescence spectroscopic studies for diagnostic 
were pioneered by Alfano and his group on human teeth 
and on malignant and normal human breast and lung tissues 
[17, 18]. However limitations appear for multi fluorophores 
with overlapping emission bands. Decoupling these bands 
is effectively done through Synchronous fluorescence (SF) 
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spectroscopy (SFS) [19–22]. In conventional fluorescence 
spectroscopy, we scan emission signal for a fixed excita-
tion wavelength and in excitation fluorescence spectroscopy 
scan of excitation signal for a fixed emission wavelength are 
taken. However, in SF spectroscopy, simultaneous scan of 
emission and excitation signals with constant wavelength 
interval (Δλ) are recorded. This simultaneous scan makes 
it unique in resolving multiple component systems such as 
overlapping natural fluorophores in human tissue and thus 
offers better specificity of target fluorophores. Tuan Vo-Dinh 
had shown that SF spectroscopy has the potential to resolve 
complex systems [19]. R. R Alfano et al. used Stokes shift 
spectroscopy (SSS) on mixture solution of fluorescent mol-
ecules (tryptophan, NADH, FAD) as well as normal breast 
tissue at different fixed wavelength intervals and were able 
to resolve and achieve signatures of maximum number of 
fluorophores in a single scan [23]. J Ebenezar et al. used 
SF technique for cervical cancer detection in normal and 
abnormal tissues. Using 20 nm offset, they were able to dif-
ferentiation different grades of cancer with 100% sensitiv-
ity and specificity [24]. Yang Pu et al. have also utilized 
SS spectroscopy for breast cancer detection on cancerous 
and normal tissues as well as on mixed solution of fluo-
rophores tryptophan, NADH and FAD. They obtained the 
optimal Stokes shift for cancer detection in human tissue 
and achieved sensitivity of 80% and specificity of 86.7% 
[25]. During the progress of cancer various changes occur 
in the tissue of oral cavity, such as nuclear size distribution, 
blood concentration, fluorophore concentration [12]. Unlike 
the change in human oral tissue, changes are also perceived 
in human saliva during development of oral cancer. It is 
well known that biochemical changes are reflected in bio-
fluids such as blood and urine [26, 27]. Similarly, human 
saliva consists of many biomarkers like amino acids (tryp-
tophan, tyrosin etc.), proteins, amylase, deoxyribonucleic 
acids (DNA), ribonucleic acids (RNA), coenzymes (NADH, 
FAD etc.), porphyrin and metabolites etc. [28, 29]. As the 
disease progresses, changes in these biomarkers also occur 
[30, 31]. During in vivo detection of oral cancer, it is some-
times found that the lesions are spread deep inside the oral 
cavity like tonsillar fossa, near the neck and inside the neck 
as well as symptoms of difficulty in opening of the mouth 
are also seen. For such cases, measurements was tedious 
to perform. Here saliva may be an appropriate medium for 
detection. Daily production of saliva is between 1 and 1. 
5 L and so, easy to collect. Since collection of saliva is easy 
and non-invasive for patients/volunteers of any age group, 
this makes it an unique bio-fluid for diagnostic purpose. 
Human saliva has been a promising disease detection bio-
fluid studied by various groups over the past 10 to 15 years 
for different purposes using different techniques. Nikolaos S. 
Soukos et al. have reported its use for forensic purposes such 
as sexual assault and child abuse cases by using fluorescence 

spectroscopy [32]. It has also been utilize to examine drug 
abuse cases and to diagnose HIV infected patients [33]. 
There are reports of its application in breast cancer detection 
too [34]. Xiaozhou Li et al. have reported its use for lung 
cancer detection by using surface enhanced Raman spectros-
copy and differentiated cancer from normal with sensitivity 
of 78% and specificity of 83% [35]. M. Yuvaraj et al. have 
detected oral cancer by fluorescence spectroscopy (emission 
and excitation) with sensitivity of 85.7% and specificity of 
93.3% [36]. A bimodal detection by high performance liquid 
chromatography (HPLC)-along with laser-induced fluores-
cence (LIF) spectroscopy has been studied by Patil et al. for 
oral precancer detection using human saliva. They were able 
to differentiate the respective groups with 79% sensitivity 
and 78% specificity [37]. Concentration based studies have 
been performed by Rafael Nagler et al. for oral cancer detec-
tion between cancer and normal group and found sensitivity 
and specificity of 71% and 75% [38]. Diagnostic results for 
oral cancer with fluorescence spectroscopy have thus shown 
promise. SS spectroscopy is a specific diagnostic tool com-
pared to conventional fluorescence spectroscopy and as per 
our knowledge, has not been used for precancer detection 
with human saliva as diagnostic medium. We report a com-
parison of fluorescence and SS spectroscopy of saliva for 
efficiently detecting oral precancer and cancer.

As a background study, we had used various Δλ values, 
specifically 20, 70, 90 and 120 nm and spectral data for these 
had been analyzed. Δλ = 120 nm, which is the Stokes shift 
for NADH, effectively captures the changes from most of the 
fluorophore bands (tryptophan, NADH, FAD and porphy-
rin) and displays difference in intensities among the groups 
(OSCC, OSMF and control). Whereas other Δλ values were 
not able to resolve all these fluorophores well enough. In 
a systematic data analysis (PCA and LDA) for these Δλ 
values, 120 nm has provided the maximum discrimina-
tion among the groups. None of the excitation wavelengths 
(325 nm, 405 nm and 450 nm) could discriminate the differ-
ent grades as well as 350 nm could. We have thus reported a 
systematic study and comparison of fluorescence at 350 nm 
excitation and SS spectroscopy for 120 nm Stokes shift for 
oral cancer detection through human saliva.

Materials and Methods

Sample Collection

Measurements has been performed on a total of 99 human 
saliva samples, which were collected from 34 oral squa-
mous cell carcinoma patients (OSCC), 35 oral sub mucous 
fibrosis patient (OSMF) and 30 from normal volunteers. 
The average age of OSCC patients was 48 ± 16, for OSMF 
patients was 41 ± 17 and for normal volunteers, it was 33 ± 9. 
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Patients reporting to clinicians for treatment were asked not 
to consume food and drink water if required, so that they 
can generate saliva. It was also suggested to clean their oral 
cavity with water so that effect of food on saliva could be 
minimized. Normal volunteers who have given saliva were 
completely free from any habits and completely free from 
any disease. Ethical clearance was obtained with IEC com-
munication number IITK/IEC/2015-16/2/10 and written 
consent was taken from all participating patients and volun-
teers. All the details of the patient such as age, occupation, 
family background, life style and habits (cigarate/bidi smok-
ing, alcohol consumption etc.) were noted in the form in 
questionnaire. Saliva samples were collected in small sterile 
containers. Patients generally take 5 to 7 min to generate 2 
to 3 ml of saliva. Collection of saliva samples was done in 
Hallet hospital affiliated to GSVM medical college, Kanpur. 
After collection of saliva samples, patients were sent for 
biopsy. A small piece of tissue from the affected area of the 
oral cavity was removed and sent for histopathology. The 
saliva samples in small sterile containers were brought in 
an ice box to IIT Kanpur campus. Collection of samples and 
bringing it to IIT Kanpur campus takes approximately two 
to three hours. The container of saliva was placed at room 
temperature (25 °C) for half an hour, after which saliva was 
poured into a quartz cuvette of size (1cm × 1cm × 5 cm) and 
measurements were taken. Histopathology reports of oral 
tissue samples were later obtained and correlated with the 
optical results.

Measurement Techniques

Fluorescence spectral measurements were taken on a spec-
trofluorimeter (Fluorolog 3, Model FL3-22). For all fluores-
cence spectroscopic measurements, slit width was 2 nm for 
both monochromators (excitation and emission) and spec-
tra acquisition was performed with 0.1 s integration time. 
For SSS measurements, slit width was fixed at 1 nm for 
both monochromators and spectra acquisition were taken in 

0.1 s integration time. Fluorescence signals were collected 
at angle 22.5 degree from the incident light to avoid specu-
lar reflection and recorded in the range from 380 to 650 nm 
for 350 nm excitation wavelength and for SSS scan, spectra 
were recorded in the range 250 to 550 nm for 120 nm Stoke 
shift.

Analysis Methods

Principal component analysis (PCA) has been applied on the 
fluorescence spectra in the range 380 to 650 nm with dimen-
sions 271 and in SS spectra in the range 250 to 550 nm with 
dimensions 301. These higher dimensional data sets have 
been reduced to lower dimensional data sets by computing 
the principle components of correlation matrix. The cor-
relation maps are then plotted with both axes representing 
wavelength shift of emission from the excitation wavelength 
350 nm in the fluorescence data and a shift from 250 nm in 
SSS data. After computing principal components of corre-
lation matrix, principle component scores are calculated by 
projecting the original data along the principle components. 
To obtain a better discrimination among the groups, further 
reduction of dimension was performed by using linear dis-
criminate analysis (LDA) model. PC scores obtained from 
fluorescence spectra and SS spectra were loaded sequentially 
in LDA model and LD vectors have been computed. Kernel 
probability density functions have been plotted to show the 
distribution of LD scores [39–41].

Results and Discussion

Fluorescence Spectroscopy

Averaged fluorescence spectra and typical spectra of 
OSCC patients, OSMF patients and normal volun-
teers at excitation wavelength 350 nm in the scan range 
380–650 nm are shown in the Fig. 1a, b respectively. 

Fig. 1  Fluorescence spectra 
of OSCC, OSMF and normal 
saliva samples at excitation 
wavelength 350 nm in the scan 
range 380–650 nm. (a) averaged 
spectra (b) typical spectra
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Major NADH band and a minor porphyrin band are 
observed in the spectra. An FAD band (520 nm) may 
be masked within the broad band. Mean peak positions 
of NADH bands for OSCC patients, OSMF patients 
and normal volunteers with their standard deviation are 
439 ± 7  nm, 435 ± 6  nm and 432 ± 6  nm respectively. 
Peak at 398 nm of a minor band is distinct in normal and 
OSMF but shows up as a subtle hump for OSCC. This is 
confirmed as a water Raman peak. Averaged fluorescence 
peak intensities of the three groups show significant dif-
ferences, though the standard deviation displays some 
overlap. In 90% of cases, it was observed that fluores-
cence intensities of OSCC and OSMF patients were much 
higher than normal volunteers, while in more than half of 
the cases, fluorescence intensity of OSCC patients were 
higher than OSMF patients. OSCC to normal, OSMF to 
normal, and OSCC to OSMF by taking peak value of 
intensities are classified with sensitivities of 94%, 91%, 
70% and specificities of 93%, 87%, 86% respectively. It 
is interesting to note here that though the FAD band is 
masked in the spectra, such bands are clearly visible as 
domains in the correlation maps seen in Fig. 2a-c, more 
distinctly in the OSCC cases. There is clear difference 
in correlation maps among the groups and three fluores-
cence domains along with a minor Raman domains are 
observed in the three groups which appear very distinct 
in OSCC.

Stokes Shift Spectroscopy (SSS)

Averaged SS spectra with typical spectra of OSCC patients, 
OSMF patients and normal volunteers at 120 nm Stokes shift 
are shown in the Fig. 3a, b. Stokes shift of 120 nm gives 
two major bands and some minor bands are noticed in the 
typical spectra. Mean peak positions of first major band for 
OSCC patients, OSMF patients and normal volunteers with 
their standard deviation are 274 ± 4.7 nm, 272 ± 2.8 nm and 
270 ± 1.9 nm respectively, while those of the second major 
band are 340 ± 7 nm, 345 ± 7.7 nm and 348 ± 11 nm respec-
tively. The bands are sharper and more distinct than the fluo-
rescence bands and are attributed to tryptophan and NADH. 
Averaged SS spectra show significant difference in intensity 
of the second major band, among all the groups. Mean peak 
intensities taken around 330–360 nm from OSCC, OSMF 
and normal groups with their standard deviation display 
overlap among groups with values (1.24 ± 1.16)*104 nm, 
(5.86 ± 4.46)*103 nm and 1868 ± 752 nm respectively. Minor 
bands also appear in SS spectra in normal, OSMF and OSCC 
groups seen more distinctly in typical spectra, while aver-
aged spectra do not show these bands clearly. In the typi-
cal spectra, minor bands observed at 420 nm and 525 nm 
are attributed to FAD to porphyrin respectively. It may be 
noted that though tryptophan in not excited with 350 nm in 
the fluorescence spectra, it appears very distinctly in the SS 
spectrum. Well defined domains appear in correlation maps 
as seen in Fig. 4a-c, which are more distinct than in the 

Fig. 2  Correlation maps of 
fluorescence spectra in spectral 
range 380–650 nm with 350 nm 
excitation for (a) normal 
volunteers (b) OSMF patients 
(c) OSCC patients, displaying 
several domains, most distinct 
in OSCC case

Fig. 3  SS spectra of OSCC, 
OSMF and normal saliva 
samples at 120 nm Stokes shift 
in the scan range 250–550 nm 
(a) averaged spectra (b) typical 
spectra
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fluorescence case, as expected. Clear differences are noticed 
in the correlation plots of different groups.

Statistical Analysis (PCA and LDA)

As described in the Materials and Methods section, PCA 
has been applied to the fluorescence and SS spectra. The 
first four PCs (PC1 to PC4) of fluorescence spectra and first 
six PCs (PC1 to PC6) of SS spectra with variance ≥ 98% are 
chosen. Figure 5a, b display scatter plots of the first three 
PC scores obtained from fluorescence and SS spectra respec-
tively. Clusters formed by the normal groups in both cases 
are well separated from the overlapped clusters formed by 
OSMF and OSCC groups. However overlap for these three 

PC scores between OSCC and OSMF group is higher in SS 
spectra compared to fluorescence spectra.

The first two LD vectors captured information with 
99.99% variance for PCs of fluorescence and SS spectra. 
Corresponding to these LD vectors, LD scores have been 
obtained. Kernel probability density functions of linear dis-
criminant scores (LD1 & LD2) extracted from PC scores 
of fluorescence and SS spectra of the three groups have 
been plotted to show how first and second LD scores of 
each group are separated from one another. It is evident in 
Fig. 6a that first LD score of fluorescence spectra clearly 
discriminates only OSCC from the other two, while sec-
ond LD score decouples the OSMF and normal, as seen 
in Fig. 6b. Together LD1 and LD2 scores discriminate all 

Fig. 4  Correlation maps of SS 
spectra at 120 nm Stokes shift 
in spectral range 250–550 nm 
for (a) normal volunteers (b) 
OSMF patients (c) OSCC 
patients, displaying several 
distinct domains

Fig. 5  Scatter plot of three PC 
scores (PC1, PC2, and PC3) 
for normal, OSMF and OSCC 
groups for (a) fluorescence 
spectra (b) SS spectra

Fig. 6  Probability density for 
first two LD scores (LD1 & 
LD2) of fluorescence spectra 
among OSCC patients, OSMF 
patients and normal volunteers 
(a) Probability density for first 
LD score (b) Probability density 
of second LD score
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the groups. A similar trend is seen in SSS probability den-
sity plots in Fig. 7a, b, where OSMF is discriminated from 
OSCC and normal in (a) and normal is discriminated from 
OSMF and OSCC in (b). The probability densities of the 
different groups for fluorescence display more overlap than 
for SS case. Overlap is indicated by the shaded regions in 
Figs. 6 and 7. For fluorescence, 23% and 53% of normal 
and OSMF groups overlap with one another as can be seen 
in Fig. 6a and 34% and 17% of normal and OSCC groups 
overlap as shown in Fig. 6b. Lower overlaps of 26% and 

47% from normal and OSCC groups and 25% and 2% from 
OSMF and OSCC groups are observed in SSS illustrated by 
the shaded regions in Fig. 7a, b. Since both LD1 and LD2 
contribute to discriminating all three groups, LD1 versus 
LD2 are plotted in Fig. 8a, b respectively and three distinct 
clusters are seen.

To differentiate among the clusters, cut off lines pass-
ing through zero have been drawn and sensitivity and 
specificity have been calculated. Sensitivity and specific-
ity of fluorescence and SS spectroscopy with and without 

Fig. 7  Probability density for 
first two LD scores (LD1 & 
LD2) of SS spectra among 
OSCC patients, OSMF patients 
and normal volunteers (a) 
Probability density for first LD 
score (b) Probability density of 
second LD score

Fig. 8  Scatter plots of the first two linear discriminant scores (LD1& LD2) extracted from PC scores of (a) fluorescence spectra and (b) SS spec-
tra for OSCC patients, OSMF patients and normal volunteers

Table 1  Sensitivity, specificity 
and change in sensitivity and 
specificity with k-fold cross-
validation at 95% confidence 
level (p < 0.05) among OSCC, 
OSMF and normal groups at 
excitation wavelength 350 nm 
and 120 nm Stokes shift

Sensitivity (Sen) = true positive (TP)/ (TP + false negative (FN)), Specificity (Spe) = true negative (TN)/ 
TN + false positive (FP)

Sample type Excitation − 350 nm Stokes shift (SS) 
− 120 nm

Cross-validation for 
350 nm excitation

Cross-validation 
for 120 nm SS

Sen Spe Sen Spe Sen Spe Sen Spe

OSCC/normal
OSMF/normal
OSCC/OSMF

91%
92%
91%

97%
100%
94%

100%
94%
94%

97%
100%
94%

91%
88%
85%

93%
90%
92%

100%
92%
94%

93%
96%
91%
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cross-validation has been shown in Table 1. Fluorescence 
spectroscopy differentiates OSCC/normal, OSMF/normal 
and OSCC/OSMF with high sensitivities and specificities at 
95% confidence level (p < 0.05), while SS spectroscopy dif-
ferentiates the respective groups with higher sensitivities and 
specificities. The cross-validation on fluorescence spectra 
results in changes up to 8%, but only up to 5% in SS spectra.

Conclusion

In this study, human saliva has been used as a diagnostic 
medium for oral precancer detection using fluorescence 
and SS spectroscopy as diagnostic tools. Both methods 
show significantly higher intensity in OSCC, OSMF com-
pared to the control samples. In the fluorescence spectra 
of all the three groups the major band is due to presence 
of NADH and a sharp peak at 398 nm is confirmed as the 
Raman scattering by water present in human saliva [42]. 
Presence of porphyrin is noticed at 625 nm. Interestingly 
a FAD domain is distinct in the correlation map, while 
it is masked in the broad fluorescence spectra. Domains 
indicating presence of NADH, porphyrin are observed in 
correlation maps of fluorescence data, more distinctly in 
OSCC group. A tryptophan band, not seen in the fluo-
rescence spectra, is observed in the SS spectra at around 
270 nm, while the second major band around 340 nm is 
due to NADH.42 The SS correlation maps display very 
well defined domains of tryptophan, NADH, FAD and 
porphyrin. The number of domains increases with grades 
of cancer. This indicate that as the precancer develops to 
cancer, there may occur enhanced emission from other 
fluorescent molecules such as FAD and porphyrin. The 
120 nm Stokes shift effectively captures the changes from 
most of these fluorophore bands and displays difference in 
intensities among the groups. The importance of using SS 
spectroscopy is illustrated through the fluorescence from 
tryptophan which does not appear in the fluorescence spec-
trum. This suggest that the contribution of all four fluo-
rophores tryptophan, NADH, FAD and porphyrin play an 
important role in discriminating the precancer and cancer 
from control group. To classify the groups, PCA and LDA 
have been applied. Almost 100% variance is obtained with 
first two LD vectors and their scores clearly discriminate 
the three groups from one another. K-fold cross-validation 
during LDA also illustrates the robustness of SSS since 
sensitivity and specificity of its data are less affected than 
those of fluorescence data. There is more overlap of the 
probability density in the case of fluorescence as compared 
to SSS. The analysis thus finally indicates that SS spec-
troscopy may be a better diagnostic tool for oral precancer 
detection, using saliva as the diagnostic medium.
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