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Abstract. The efficacy of fluorescence spectroscopy to detect squa-
mous cell carcinoma is evaluated in an animal model following laser
excitation at 442 and 532 nm. Lesions are chemically induced with a
topical DMBA application at the left lateral tongue of Golden Syrian
hamsters. The animals are investigated every 2 weeks after the 4th
week of induction until a total of 26 weeks. The right lateral tongue of
each animal is considered as a control site �normal contralateral tis-
sue� and the induced lesions are analyzed as a set of points covering
the entire clinically detectable area. Based on fluorescence spectral
differences, four indices are determined to discriminate normal and
carcinoma tissues, based on intraspectral analysis. The spectral data
are also analyzed using a multivariate data analysis and the results are
compared with histology as the diagnostic gold standard. The best
result achieved is for blue excitation using the KNN �K-nearest neigh-
bor, a interspectral analysis� algorithm with a sensitivity of 95.7% and
a specificity of 91.6%. These high indices indicate that fluorescence
spectroscopy may constitute a fast noninvasive auxiliary tool for diag-
nostic of cancer within the oral cavity. © 2008 Society of Photo-Optical Instru-
mentation Engineers. �DOI: 10.1117/1.2937214�
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Introduction
ral and pharyngeal cancers constitute the sixth most com-
on cancer type globally. In 2002 alone, 274,000 cases of

ral cancer were diagnosed.1 Most lesions of the oral cancer
riginate from the epithelial tissue, which lines the oral cavity,
nd its etiology is mainly related to tobacco and alcohol in-
ake. Even though the oral cavity is easily accessible for ex-
mination, many malignant lesions are still diagnosed at ad-
anced stages, contributing to the high morbidity and
ortality rates that have persisted for the past 30 yr. The 5-yr

urvival rate for localized disease is 81% but for those with
istant metastases2 is only 28%, therefore, early detection of
alignant changes in oral cavity may be the most relevant
ethod to improve the treatment success and survival rate.
ven with this well-accepted concept, there is no oral cancer
creening guideline standardized to low- and/or high-risk
opulations,3 and it seems that no conclusion can be made
bout the effectiveness or benefits of current screening pro-
rammes based on reported clinical studies.4,5

The detection of early stages of malignant oral lesions is
ot simple, since its initial clinical features are very similar to
hose presented by the more frequent benign conditions. The
old standard for oral cancer diagnosis is histopathological
nalysis of the suspected lesion. This current procedure is
ighly dependent on the clinician’s ability to recognize malig-
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nant phenotypic features of oral cancer: clinically, to choose a
relevant biopsy site, and histologically, to discriminate cellu-
lar and tissue characteristics of carcinogenesis. Optical detec-
tion has been proposed as an auxiliary tool for the diagnosis
of several cancer lesions at different sites including lung, skin,
esophagus, and oral cavity.6–12 The major advantage pointed
out is the fast response through a noninvasive investigation,
enabling, for instance, the scanning of large areas in high-risk
patients or a better selection of a biopsy site. This is interest-
ing especially considering the field cancerization and con-
demned mucosa, common features presented by subjects of
high tobacco and/or alcohol consumption and patients with
history of oral cancer.13,14 For oral investigation, this tech-
nique seems to be attractive since the oral cavity provides
easy access and the additional information provided by fluo-
rescence may help clinicians to achieve the diagnosis, espe-
cially of those occult lesions. Laser-induced fluorescence
�LIF� can provide information regarding the biochemical
composition and tissue architecture. In this way, each biologi-
cal tissue shows a characteristic spectrum. This technique,
also called point spectroscopy, evaluates the reemitted light
collected from the target tissue after light excitation. Differ-
ences in tissue components and structure modifies the fluores-
cence emission, including its intensity and behavior, so that
normal and cancer tissues may be discriminated after fluores-
cence analysis.12

A fluorescence spectroscopy system is usually composed
of a light source for tissue excitation, an investigation Y-type

1083-3668/2008/13�3�/034018/6/$25.00 © 2008 SPIE
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robe, a spectrometer, and a computer. In the probe, a central
ber delivers the excitation light while others collect the light
eing emitted from the tissue.12

The fluorescence spectrum of each lesion type must be
btained to enable the determination of the unique spectral
eatures that discriminates as neoplasia. This may enable the
etection of a lesion through an optical analysis, with no ne-
essity for an invasive procedure.

The tongue is a major oral site for squamous cell carci-
oma, and even though the oral cavity constitutes a site of
irect investigation, it shows poor prognosis mainly due to the
elayed diagnosis.2 A noninvasive and direct investigation
ay play an important role in the diagnosis of oral lesions;

hysicians and patients are often reluctant to have a biopsy
erformed on suspicious lesions that have a high probability
f benign diagnosis, as well as to perform multiple biopsies in
ultiple primary tumors or large lesions. The contribution of
ore information will help the clinician to distinguish the

issue characteristics relevant for diagnosis. The first step for
he validation of a diagnostic tool is to evaluate its sensitivity
nd specificity for detection.

The current model involving chemical induction of carci-
oma at the lateral tongue in Golden Syrian hamsters provides
n appropriate model for the study of the carcinogenic process
nd enables the evaluation of our proposed diagnostic proce-
ure. Even though humans are not usually exposed to 7,12
imethylbenz�a�anthracene �DMBA�, this carcinogenic agent
as chosen due to its application in several animal models for

he study of the response of different types of cancer treat-
ent and carcinogenesis characterization.15–21

Materials and Methods
.1 Carcinoma Induction
eventy-two Golden Syrian hamsters were divided into 12
roups: a control group without any carcinogen contact and
he others with DMBA �7,12 dimethylbenz�a�anthracene� in-
uction. The 0.5% DMBA in acetone was topically placed at
he central area of the left lateral tongue, three times a week.18

he animals were kept without water supply for 6 h to mini-
ize the spread of the carcinogenic solution in the oral cavity

nd its deglutition. The experimental groups were investigated
very 2 weeks after the first month of induction to evaluate
he fluorescence and histological changes induced by the car-
inogenesis.

.2 Fluorescence System
he fluorescence spectroscopy system used is composed by
n excitation laser, a Y-type probe, a spectrometer and a com-
uter �Spectr-Cluster, Cluster, Russia�. A HeCd laser
442 nm� and a Nd+3:YAG laser �532 nm� were employed
s excitation light sources. The probe was connected at one
nd to the laser and to the spectrometer at the other. A
10-�m central fiber delivers the excitation light and six sur-
ounding ones, 100 �m each, collect the reemitted light from
he target tissue; the total diameter of the investigation tip is
round 2 mm. The excitation light at the investigation tip is
round 7 mW for both lasers, and each fluorescence spectrum
s collected in less than 3 s. The spectrometer evaluates the
78- to 842-nm range and its spectrum resolution is 5 nm.
ournal of Biomedical Optics 034018-
2.3 Fluorescence Measurements

The animals were previously anesthetized with ketamine
�Francotar, Virbac, Brazil� and xylazine �Virbaxyl, Virbac,
Brazil�. The investigated tissue was gently scraped with cot-
ton tips soaked in 0.9% NaCl solution to remove any debris
covering the tongue surface. The right and the left lateral bor-
ders of the tongue were investigated in a posterior/anterior
direction; if a clinically visible lesion was present, an ad-
equate number of point measurements were taken to scan the
entire altered surface. The probe was perpendicularly placed
in gentle contact with the tissue surface. The animals were
evaluated every 2 weeks after the first month of induction,
monitoring the carcinogenic process. The visual characteris-
tics were recorded for each clinically detectable lesion, taking
into account its surface color and heterogeneities. Some ex-
amples of clinical appearances are leukoplakia, erythroplakia,
heterogenous leukoplakia, ulcerative or exophytic lesion, and
presence of necrotic covering tissue or bleeding. An attempt
was made to correlate the clinical features for each fluores-
cence spectrum recorded.

2.4 Histological Analysis

After the fluorescence measurements, the animals were sacri-
ficed with anesthesia overdose and the tongues were removed
for histological analysis. The diagnosis was performed by
three oral pathologists under evaluation of hematoxylin-eosin
stained slides of both lateral borders of the tongue. The as-
signed diagnosis was one of the following: normal squamous
mucosa; mild, moderate, or severe epithelial dysplasia; carci-
noma in situ, and invasive squamous cell carcinoma.

2.5 Spectrum Analysis

The spectroscopic data was classified according to the histo-
logical diagnosis. The fluorescence spectra from normal and
abnormal lateral borders of the tongue were compared to rec-
ognize any spectral signature consistent with malignancy. In-
dices were empirically determined as the ratio of integrated
intensities over a selected bandwidth emission. Two discrimi-
nation indices were determined for each excitation wave-
length. A cut-off value differentiating normal and carcinoma
was set for each index and the sensitivity and specificity de-
termined for each condition.

The same spectral data set was also processed using a mul-
tivariate data analysis at a commercially available software
Unscrambler v.9.1 �CAMO, Oslo, Norway�. This analysis
aims to recognize spectral features that cluster the samples
into different groups; it provides a pattern recognition and
classification.

The first spectral analysis was a type of intraspectral analy-
sis since we determined indices based on a ratio of two emis-
sion regions of the same spectrum. The multivariate data
analysis is a type of an interspectral analysis where each spec-
trum is compared to other ones from the same group and the
other group. In this last case, the entire spectrum is considered
during the analysis to recognize the most valuable diagnostic
features. The intra- and interspectral analyses were compared
to determine the one showing the highest levels of sensitivity
and specificity as a diagnostic tool.
May/June 2008 � Vol. 13�3�2
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Results and Discussion
high variability of the induced lesions was observed even

etween the same induction time groups. This is probably due
o the inherent intersubject systemic and local differences as-
ociated with the carcinogenic process. In this sense, the ani-
als were regrouped following the histopathological analysis,

espite the initial grouping. The number of dysplasia samples
as small and evaluation of the efficacy of the fluorescence
etection for premalignant lesions during the carcinogenic
rocess was not possible. The analysis was then focused on
iscrimination of normal versus cancer. Even though the clini-
al characteristics of the squamous cell carcinoma were dis-
inct between the lesions, they were all grouped together ac-
ording to the histological diagnosis. A histological example
f a carcinoma sample is presented at Fig. 1. This resulted in
cancer group with a dispersed behavior since the distinct

linical characteristics showed different fluorescence spectra;
n the other hand, the normal group showed a very similar
ehavior, even between different animals.

To eliminate the possible influence of aging at the fluores-
ence behavior, a group of 10 animals with no exposure to
MBA were investigated monthly up to the total period of 26
eeks. The fluorescence spectra obtained at the right and left

ateral tongue showed similar behavior during the total inves-
igated time; the differences observed were only at overall
ntensity. At the end of 26 weeks, five animals were sacrificed
nd the tongues removed for histological analysis. No malig-
ant or displastic changes were present, all lateral tongues
ere diagnosed as showing normal mucosa.

An example of the fluorescence spectrum discrimination
etween normal, at the right lateral tongue, and cancer is
hown in Fig. 2. Each curve represents the fluorescence spec-
rum collected from an investigation point; note the spectral
ifferences observed for distinct sites with the same squamous
ell carcinoma diagnosis.

Several clinical cancer types were achieved: exophytic, ul-
erated, showing different levels of invasion, associated or not
ith leukoplakia and erythroplakia, single or multiple lesions.
hese all presented with different spectral characteristics. For
ome cancer lesions, the blue excitation was more efficient
nd for others the green excitation was better. This illustrates

ig. 1 Histological slide showing an example of an induced squa-
ous cell carcinoma at the tongue of a hamster.
ournal of Biomedical Optics 034018-
the distinct light interactions that exist for different lesion
types, since distinct biochemical and structural characteristics
will take place. The inherent difference associated with the
use of two wavelengths pertains to the excitation of distinct
fluorophores or of the same fluorophores but with different
quantum efficiency; and to the light scattering and penetration
wavelength dependence. In this way, the 532-nm excitation
laser can induce fluorescence from deeper biomolecules and
tissue structures. For 442-nm LIF, the major related endog-
enous fluorophores are flavins �FAD� and porphyrins.12 The
FAD fluorescence decrease and the porphyrin-like fluores-
cence are associated with malignant transformation. Several
studies have investigated the fluorescence spectroscopy effi-
cacy for cancer detection in the SCC-induced model of a ham-
ster cheek pouch.19–21 Our results, even targeting a distinct
oral tissue, are in agreement with these studies, showing an
increased fluorescence emission around 620 and 640 nm. The
use of endogenous porphyrin as a biomarker for cancer detec-
tion is still controversial, as its origin may be related to su-
perficial microbial contamination or neoplastic metabolism.22

However, two main emission peaks were evident in the
carcinoma spectra, one around 635 nm and the other around
670 nm. This was the optical feature more common at the
obtained carcinoma spectra. In the first spectral processing,
these emission peaks were considered as markers for malig-
nancy, and four indices were obtained correlating two spectral
regions at the same spectrum �Eq. �1��, one set as the refer-
ence intensity �Ir�, the more intense emission region, and the
other one as the diagnostic intensity �Id�. The wavelength in-
tervals for Ir were established according to the laser excita-
tion, the values are shown in Table 1.

A�index� =
� Id

� Ir

. �1�

Fig. 2 Fluorescence spectra under 442-nm excitation from normal
�contralateral� and squamous cell carcinoma at the left lateral tongue
are compared. Each curve represents an investigated point and all
spectra were normalized at the backscattered excitation wavelength.
These are some examples of the variable fluorescence behavior ob-
tained from the cancer lesions.
May/June 2008 � Vol. 13�3�3
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The dispersed fluorescence behavior observed for different
tages of carcinoma development was confirmed according to
efined indices. For the four indices determined for each point
pectroscopy �sample�, the carcinoma group showed the high-
st degree of variability �Fig. 3�. Even though the spectral
ispersion shows the fluorescence sensitivity for clinical alter-
tions, it results in less specificity when considering the vali-
ation of a diagnostic technique due to classification in a

able 1 The reference �Ir� and the diagnostic intervals �Id� for each
ndex are presented.

ndex Reference Interval �Ir� Diagnostic Interval �Id�

1 590–610 nm 625–645 nm

2 590–610 nm 650–700 nm

3 510–530 nm 625–645 nm

4 510–530 nm 650–700 nm

ote that Ir was determined as the spectral region of higher fluorescence inten-
ity at the normal spectrum, and the Id as the region where distinct emission
ands were identified in the cancer spectrum.

ig. 3 Plots of the determined indices for each sample �fluorescence sp
he cancer samples. Note the variability for the cancer group for all i
ournal of Biomedical Optics 034018-
single group. The distinct fluorescence behavior will probably
confound any kind of mathematical tool proposed for dis-
crimination analysis.

With the indices, it is possible to establish a limit below
which the values indicate a normal site and those above, a
carcinoma site. This enables the determination of the sensitiv-
ity and specificity of the proposed spectral processing. By
varying the limit for the four indices, the best result was
achieved with the index A3, under blue excitation, with a sen-
sitivity of 90.9% and a specificity of 81.5%. The best result
under green excitation showed a sensitivity of 76.9% and a
specificity of 90.8% for index A1.

Multivariate data analysis can be used for interspectral in-
vestigation where different mathematical and statistical analy-
ses are performed to obtain pattern recognition for sample
classification. Unscrambler v.9.1 was used for different mul-
tivariate analyses and the best results for this group of spectra
were obtained with K-nearest neighborhood �KNN� analysis
showing a sensitivity of 95.7% and a specificity of 91.6% for
442-nm excitation and a sensitivity of 87.5% and a specificity
of 88% for 532 nm. This type of analysis makes a comparison
of all samples, in this case, all fluorescence spectra, and clus-
ters the groups, according to their specific fluorescence pro-
files, but it is not possible to propose a model for the discrimi-

�. The filled squares represent normal samples and the open triangles
ectrum
ndices.
May/June 2008 � Vol. 13�3�4
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ation of an unknown sample, i.e., without defined
istological classification.

Evaluating the receiver operating characteristic �ROC�
urves it is possible to determine the best limits for each index
s well as to compare the two spectral analyses employed, the
nter- and intraspectral processing. The determination of the
imit must take into account both sensitivity and specificity,
nd because when one increases the other decreases, it is nec-
ssary to balance them. Figure 4 presents the ROC curves
btained for the four indices and the results obtained with
NN analysis. In theory, KNN analysis and the intraspectral

nalysis for the green excitation showed similar results, but
or the blue excitation the KNN result was still superior.

The high level of sensitivity and specificity obtained using
noninvasive procedure demonstrates the power of fluores-

ence spectroscopy as a diagnostic tool for detecting carci-
oma, especially considering that the carcinoma group
howed such variability. A diagnostic technique with fast re-
ponse may provide important information for the clinician,
elping in lesion classification, the scanning of extensive ar-
as, the lesion margin delineation, and also in choosing the

ig. 4 ROC curves obtained for the four indices varying the limit valu
et limit and the filled diamond shows the KNN result.
ournal of Biomedical Optics 034018-
biopsy site. Another attractive application would be for moni-
toring treatment response where repeated biopsies may be not
reasonable. The point spectroscopy can investigate only su-
perficial lesions, since its response is dependent on the exci-
tation light penetration into the tissue and on the collection of
the fluorescence exiting from the surface. The volume of the
excited tissue and the origin of the emitted fluorescence, are
not yet completely understood. The amount of keratinized
layer or the presence of a high vascularization will influence
the collected fluorescence, the first showing a higher light
scattering and the second a higher absorption and so minimiz-
ing and modifying the fluorescence evaluated. Another rel-
evant issue that must be noted is that a carcinoma lesion is
usually heterogeneous; areas of normal and premalignant pa-
thology are often present side-by-side with neoplastic regions.
For diagnostic and treatment purposes, the final diagnosis of
the whole lesion is the most malignant pathology, in this case
squamous cell carcinoma, even though the fluorescence spec-
trum could be collected from a displastic or even normal sur-
face of the malignant lesion. This definitely affected our re-
sults, since all the spectra from a carcinoma lesion were

ormal versus cancer discrimination. Each open square represents one
e for n
May/June 2008 � Vol. 13�3�5
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rouped together, despite the histological and clinical distinct
eatures of the investigated spot.

Many factors influence the spectral intensity and structure
f the collected fluorescence, and they remain to be defined.
evertheless, it was possible to achieve levels of 95.7% of

ensitivity and 91.6% of specificity, using the LIF spectros-
opy in this experimental animal model.

The LIF spectroscopy under 442-nm laser excitation was
fficient as a diagnostic tool for induced squamous cell carci-
oma at the lateral border of the tongue. The distinct clinical
haracteristics were evident in different fluorescence spectral
ehaviors. The blue excitation showed the best sensitivity and
pecificity levels for the normal versus carcinoma discrimina-
ion, compared to 532-nm excitation. The inter- and intraspec-
ral analyses performed were similar for green excitation but
he KNN analysis showed superior result for blue excitation
ompared to the index analysis.

The results obtained in this study show the viability of
sing a noninvasive and safe optical technique with a fast
esponse to discriminate induced carcinoma and normal ham-
ter tongue. The spectroscopic fluorescence pattern was effi-
ient in detecting cancer with high sensitivity even in this
pecific model where the observed high variability in clinical
esion aspects showed in distinct fluorescence spectra. A clini-
al translation of fluorescence spectroscopy for cancer diag-
osis is of great relevance, especially considering its potential
se to detect premalignant and occult lesions, to help in the
iopsy site location, to monitor treatment response, and in the
ollow-up of high-risk cancer patients.
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