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DIRECT VISUALIZATION OF ORAL-CAVITY TISSUE FLUORESCENCE AS NOVEL AID
FOR EARLY ORAL CANCER DIAGNOSIS AND POTENTIALLY MALIGNANT DISORDERS
MONITORING
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Direct visualization of the oral tissue amtofluorescence has been recently reviewed in several studies as a possible
adjunctive toal for early recognition and diagnosis of potentially malignant and malignant oral diserders. The aims
of this study were to assess: a) the value of a simple handheld device for tissue aato-Huorescence visualization of
potentially malignant oral lesions: and b) the sensitivity, specificity and diagnostic accuracy of tested device, using
histological examination as the gold standard. 175 consecutive patients, with at least one clinieal eral lesion, were
enrolled in the study. Clinical conventional inspections were performed for each patient by two blind operators.
Then. oral biopsy and histological examination were performed. Pathologist was blind with respeet to the
autofluorescence results. The 175 histological assessments revealed no dvsplasia, mild dysplasia, moderate/severe
dysplasia and OSCC, in the 67.4%. B.6%, 8%, 16% of cases, respectively. Oral lesions diagnosed as OSCC were
found as positive under fluorescent light in the 96.4% of cases. Statistically significant correlation was observed
between oral dysplastic lesions and the loss of tissue fluorescence (p-value=0.001). Low sensitivity values (60%
and 71%) were recorded about the ability of the device in differentiating mild dysplasia vs. lack of dyvsplasia and
maderate/severe dvsplasia vs absence of dysplasia, respectively. The device tested in our study was found lo not
replace the histopathology procedure, However, we assessed its usefulness for oral tissue examination, especially
within an oral medicine secondary care facility, before performing a biopsy and in momitoring aral lesivns,

-----

Ural Squamous Cell Carcimoma (OSCC) is the most

commuon cancer ol the oral cavity and it is the 6™ most
common malignancy with mare than 275,000 new cases
and 127,000 deaths worldwide in 2002 (1), Despite
oral cavity is a readily accessible region for visual
cxamination and cancer sk factors are well-known, a
significant amount of OSCCs are still diagnosed late
(Stage Ul or 1V), reducing the S-year survival rate and
worsening morbidity and monality related to the disease

Potentially Malignant Disorders (OPMDs) in the 50 %
of cases, commg from hyperplasia. mikl, moderate, and
severe dysplasia to carcinoma /a7 sifw, und finally invasive
OSCC from stages | o 1V (3).

Conventional Oral Examination (COE) using
incandescent white light (WL) is still the mosi widely
used approach for OSCC and OPMD diagnosis and
follow-up. The criteria used in COE for suspicion of an

Kev wends oval concer, antolliorexcence teukoplakia, oral lichen planus, epitheind dvsplosia
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OPMD or OSCC include changes in surface texture, loss
of mucosal integrity, color, size, boundary features and
tissue consislence and mobility. However, the COE of the
oral soft tissue is routinely performed in dental practice
by general dentists not trained in performing a differential
diagnosis of OPMDs and early OSSC. Indeed, even oral
medicine practitioners could find difficult to differentiate
between benign and early malignant changes on high
risk patients by performing COE alone (4). There is an
increasing awareness that many OPMDs and early OSCC
are clinically occult and not visible after WL examination
(5): when wvisible, they could represent the “tip of the
iceberg ™, signaling the presence of multuple or widespread
subclinical changes to the tissue around.

Together, these considerations explain why oral biopsy
represents today “gold standard” for the early detection
and diagnosis of OPMDs and OSCC in terms of nature and
degree of dysplasia’invasion (6). However, oral biopsy is a
surgical approach and it is also important to highlight that
often patients are reluctant to undergo one or multiple oral
biopsies. For these reasons, many adjunctive non invasive
tools have been proposed to detect early OPMDs and
OSCCs, overcoming the limnations of COE, including
the use of toluidine blue, brush cvtology. reflectance
visualization afier acetic application, illumination with
a chemiluminescent light source, and direct fluorescence
visualization (7). Recently, several studies have shown
that autofluorescence imaging may improve the ability to
chstinguish normal from premalignant and malignant oral
lissue (S),

The aims of present study were 1o assess: a) the
addiional value of a simple handheld device for tissue
anto-fluorescence visualization in evaluating climical
features of OPMDs and OSCC, previously detected by
COE: and b) the sensitivity, specificity and diagnostic
accuracy of the device tested in discriminating “fow risk”
vs. “high risk” OPMDs, using histological examination as
the gold standard.

MATERIALS AND METHODS

Perenis recraiimeny

Among all patients consecutively referred 10 Unit of Oral
Medicine of the Department off Oral Sciences (University of
Palermo). a wtal of 175 subjects, with 18 years old and/or older
and with ot least one oral kesions, as detected during COE under
WL and compatible with the clinical suspicion of OPMD or
QSCC, were included in the study, Patients who did not have a
lesion chinically diagnosed were excluded from trial to minimize
patient burden

Study design
Adter written informed consent. all patients underwent: 1)
COE under WL 2) clinical examination by using VELscope"
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(Visual Enhanced Lesion scope; LED Dental Inc., Bumaby, BC,
Canada) device in order 1o assess any tissue fluorescence change,
3) incisional scalpel or punch biopsy to obtain a definitive
histopathological  dingnosis. All OPMDs  visualized were
recorded cither as VELscope Positive (VsP) or as VELscope
Negative (VsN). According 1o manufacturer’s instructions. VsP
lesions were considered those areas which appeared abnormally
dark on fluorescence visualization in the body or boundary
of the lesion (Fig. 1), VsN lesions were defined as sites that
appearcd as an apple-green glow afier fluaresce nce ¢xamination
Furthermare, all VsP lesions, in which we oblained an apple-
green appearance after compression, were reclassified as Vs,

Examination

All COEs were performed by two Blind investigators (C.P
and D.C.), with experience in oral medicine and previously
trained to use the device, under rouline incandescent operalory
WL by using dental mirrors and gauzes for digital palpation,
Suspious leswons were first identified with a COE under WL
and features including the location of the lesion. the color
of lesion and the presence of single or muoltiple lesions were
identified and recorded. Then, room hghts were dimmed, the
ol cavity was examined and each clinically identified kesion
was cvaluated by using VELscope® device. All lesions, both
under WL and fluorescent light, were photographed by means
of a Nikon D100 diginal SLR camera (Nikon Inc., Melvilie, NY,
USA). Based on photographic aspect, the investigators, again in
blimdness, reported their subjective assessment of the impact of
Auorescence light upon lesions features of brightness. sharpness,
size and edge, by using a four-point Likert scale (decreased, no
change. shight improvement, marked improvement) (8).

(hral blopsy

All visualized lesions were biopsied using scalpel or punch
technigue. In the case of VsP lesions, biopsy was periormed on
the area that appeared dark under fluerescent light, whille in case
of VsN lesions, 0 was carned out close 1 the lesion boundary
with the clinically healthy tissue, Histological diagnoses were
performed by a pathologist (V.R.) dedicated 1o oral tissues, who
was blind with respect 1o the VELscope® results and clinical
features. He was asked 1o define for each case the following
characteristics: no dysplasia, mild, moderate/severe dysplasia,
carcinoma in situ or invasive carcinoma, using the definition of
these entities according to the WHO classification for grading
aral epithelial dysplasia (). In addition 1o that, the pathologist
assigned the cases as “low-risk™ or “high-risk™  lesions,
according 1o the binary system proposed by Kujan et al. (10),
Finally, the association between the Nuorescence changes in
the site of OPMD or OSCC and the histological diagnoses was
evaluated,

Statistical analvsis

Data were analyzed by means of StatView for Windows
(SAS Inc. v. 5.0.1, Cary, NC, USA). Descriptive statistics
were used to illustrate the patients” variables, The chi-squared
test for trend was calculaled o assess the ability of the rested
device in discriminating OPMDs with dysplasia vs. non
dysplastic OPMDs and “high risk™ vs “low rish” lesions, In
all evalustions, p=values < 005 were considered statistically
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signtheant, The STARD checklist for studies on the diagnostic
accuracy of tests was performed (11). The sensitivity, specificity
and diagnostic accuracy values of the disgnostic procedures
examined were caleulnied by standard statistical methods (12).
Positive and Negative Predictive Values (PPV and NPV) were
also calculated. The concardance rate of the clinical examination
under Auorescent light between the two observers was evaluated
using Cohen’s Kappa statistic, as measuring agreement bevond
that expected by chance (expressed as a coethcient ranging from
0w 10O (13)

RESULTS

The average patient age was 60.38 (£12.26; range:
23-83) and male patients represented the 45.14% (79/175)
of the sample. 61/175 patients (34.85%) were current
smokers (more than 10 cigarettes/day) and 36/175
patients (20.57%) were former smokers (ex-smokers for
less than 15 years). The 12.57% (22/175) of the sample
referred to consume alcohol on a regular basis (more than
I aleoholic units per day). The biopsies of 175 identified
lesions revealed no dysplasia in the 67.42% (118/175) of
the sample, mild dysplasia in 8.57% (15/175), moderate/
severe dysplasia in the 8% (14/175) and OSCC in the 16%
of cases (28/175). Table 1 shows the biopsy-confirmed
histological diagnoses, the site and clinical features, and
their appearance under fluorescent light,

There was a substantial agreement (k=0.87) between
the two observers after clinical oral examination by using
VELscope® device. Oral lesions diagnosed as OSCC
were found as VsP in the 96.42% of cases (27/28); thus,
it was detected only | false negative for the diagnosis of
the OSCC: whereas, 118 lesions with no dysplasia were
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highlighted 115 as VsN and 3 as VsP, suggesting the
presence of 2.60% (3/118) of false positives. The 71.42%
(10/14) of the lesion with moderate-severe dysplasia was
observed as VsP lesions whereas the 37.5% (6/15) of the
lesion with mild dysplasia were VsN. Table Il shows
statistical results for sensitivity, specificity and diagnostic
accuracy of VELscope® device in discriminating OPMDs
with dysplasia (mild and moderate/severe) vs OPMDs
without dysplasia. Statistically significant correlation
was found (p-value<0.0001) between the presence
of dysplasia and the loss of tissne fluorescence. Low
sensilivity values (60% and 71%) were recorded in
differentiating mild dysplasia vs lack of dvsplasia and
moderate/severe dysplasia ve  absence of dysplasia,
respectively. Specificity and diagnostic accuracy values
in discriminating all OPMDs with dysplasia vs. non-
dvsplastic lesions were 97 4% and 91.1%, respectively,
In order to evaluate the ability of VELscope® device
in discriminating “low risk™ vs “high rist” OPMDs, all
histological samples of OPMDs (147/175), excluding
thase of OSCCs (28/175), were revaluated according
to the binary system proposed by Kujan et al (10).
distinguishing “fow risk™ (131/147, 89.11%) and “high
risk” lesions {16/147; 10.88%) (Table IIl). VELscope®
visualization revealed 12/16 VsP reports among “high
risa” lesions (75%). The 25% (4/15) of OPMDs identified
as high risk, therefore, were identified as VsN under
VELscope® light. Oral lesions classified as “fow risk”™
were negative in the 92.36% (121/131) of cases using the
VELscope®, with false positive reports in 7.63% (10/131)
of reported cases. Sensitivity, specificity and diagnostic
accuracy values in discriminating “high risk” vs “low

Fig. L. a1 Non amogenaves speckled lewkoplokia un right tongue border. histalogically defined os lrukoeritroplakia with severe
dvsplasia” ( “high risk " lesion, according to the binary svsiem): bl the above described OPMD resulted VP Finorescen Figinr pronvicles
a marked improvement in visvelization of brightness, size and boundary, ¢} ervthroplakia on the rigit anteriar pillar of the soifi parfafe,
histologically diagnosed ar “infiitrating OSCC”: d) the clinicad featires o/ the above described lesions appears markedly cnhanced
after VELscope™ examination
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Table 1. Biopsy-confirmed diagnoses with demographic. clinical and VELscope™ examinatian featires

VELscupe®
Blo :;";::T;"'d F'It:::“ ﬂl“k::‘;‘“ . Nites of localization (n=) exumination | Smokers :':.ﬂ:;
results (m=)
Gingival m (15)
Buccal m (11)
Tongue dorsum (1) Vel*ily
O with oo dysplasia 50 Hnnmgr:m:;snrhllf: prich Tengue ventrum (V) 4 8
Tongue border (4) Vsl (49
Hard/Soft palate (3)
Retrocommssural m. (5)
Tongue dorsum (1)
Hemogenous white patch Gingrval m (1) Vil (6)
OL with mild dysplasia i (10h Tongue border (2) I None
Speckled OL (1) Buccal m (1) VsN ()
Tongue ventrum i4)
OL with maderate/ severe p Mon homogenous OL (3) Buceal m (4) VP idy : |
5 g
dysplasia White patch {2) Tongue ventrum i 1) VN (1)
Atrophsc red lesson (1) Cingival m (14)
Reticular and otrophic- Buccal m. (35) ViPi2)
OLP* 64 erosive (8) Tongue dorsum (7) 14 &
White patch (36) Tongue ventrum (3) VN (62)
Reucular lesions (%) Tongue border (5)
. e Atrophic-erosive red ViP (1) y
OLL with mild dysplasia 2 lesion (2) Buccal m. 42) VaN (1) None I
u""’“#hl I:i:?“" I White patch lesion (1) Tongue ventrum {2) VaN(1) I None
YIPL with mwderate or 3 Mulliple vermueous while LEE;II: llllll Vs (2) 2 Mo
A e pateh (3) Tongue ventrum (1) VaN(2)
; Multiple verrucous while Coangval m (1) .
‘ 5|
PL with mild dysplasia 2 patch 2) Boceal ma. (1) Vil (2) 2 !
Multiple verrucous winie Chngrval me (2)
\
L with no displasia 3 h(3) Buccal m. (2) ViN(3) None Mone
Leuko-ervthroplakia with
__‘wl':uh e ! | White-red patch (1) | Duceal m (1) VaN (1) | None
Ciangival m. (1) Vil (4)
Leuko-ervthroplakis with . Tongue border (1)
- moderate-severe dvsplasia J RS s Tongue dorsum (1) Tongue VN (1 ' Ho
ventrum (2) G Ul
I Ex Hard palote (1)
sxophytic leswon (14)
Ulcerative lesion {4) l:}"‘.’:'f @ {':i'h
Red lesion (2) st VsP (27)
. : Tongue dorsum (2)
OSCC 28 Vermueous white (3) patch Tangue border (7) 0 3
Ulcerative exophyiic ;fl gy VN (1)
asani(d) ang: ﬂ?h‘lf }1]:
PR W m
Whito-ted lasiae (L) Retrocommussural m (1)
y VsP (49)
TOTAL 175 175 175 VsN (126) 6l a2

Abbreviations: m= mucosa; OL = Oral Levkoplakia: OLP = Oral Lichen Plars., OLL = Oral Lichenoid Lesions, VPL = Verrucous
Proliferative Lewkoplakia; OSCC = Oval Squanious Cell Carcinoma.

*According to Van der Meif et o, all clintcally OLP-like lesians with histological evidence of epithelial dhspiasia were classified as
CLL, ot not as OLP with dvsplasia
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Hable 1. Clussification of the biopsy-confirmed diagnoses accarding to Kujan et al. Demographic, clinical and VELscope*

ExXcminaiion fealires,

S VELscope® exammation
Biopsv-confirmed diagnoses (i) Resull Smokers | Alkcohol drinkers
in=}
VP (12)
Iigh Risk OPMD . [ f 2
. Vi (4)
|
VP (10)
Low Risk OPMD 131 e8! 15
VsN(121)
VP (22)
TOTAL 147 50 17
V&N (115)

Aable L. Sratistical resulis. Nensitivity, specificliy and diagnostic aceuracy valwes of VELscope " device in discriminating high risk vs

fove risk lestons,

Biopsy-conlirmed diagnoscs

Lesions with dysplasia (mild Lesions with mild Lesions with moderate/ High risk
A and moderate/severe) vs lesions | dysplasia vs lesions | severe dysplasia vs lesions  lesions v low
Chi-squared without dysplasia without dysplasia without dysplasia Fisk lesions
ot b 0.001 <0.0001 <0.0001 <0,0001
s 10.64 33:.52 6689 40.85
C6Ss% 60% 71.4% 75%
97.4% 97.4% ‘.lT.-I"n'. 92.3%
Diagnostic
soEuracy. (%) 9N.1% 93.2% 94.7% H).5
PPV (%) 86.3% 75% 1% $4.5%
NPV (%) 92% 5% 96 6% YT%

Table IV, Clinical featres of the VeP lesions nnder fluorescent hght, compared with COE under WL, using a four-peint scale,

accevding ra Likert

Clinieal Features | No Change Slght Marked Decreased
Improvement Improvement
—= - - ¥
T 2% "= ¥ " % n= %
Sharpness 24 44 14 28.06 K 163 3 6.1
Brightness 17 4.7 10 20.4 22 44 9 None | -
Edge 9 18.4 14 3.7 24 19 None .
Nire 6 2.1 1] 22.4 12 44 9 None -
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Table Y. Resuirs of the main published siudivs abowt direct tissue aao-fluorescence viswalization, compared with vwr siudy
of Somaitivity Diagmostie
Awibors Year | Stwdy Design Patients Aims of the stualy Sperilicity (%) s Main cwnclusinns
(n=} ") BLL ATy
Dhreet unsescenee
Evalustion of the wivual iznthon can dentify
{rows secnional 20, 122 fiekd changes aroumd eaduted pubss limical hughermk fighia
o ot N wrdy b cprazes ol rmabignng w " ol 1t may belp bo estabilish safer
lemion sigure syical margine in
Tiamas &% gibon
Abslity of duweoct tiame
Dvtecton of Muncesconds vilualiesine
¢ imacalby ol 8 guide the managenscs of
Pk vl 2007 Case sonea L hueghiri ke o o caloulated Moot galiulatesd Not calcwluted pabigrtn with oral b,
prernalmgnant Locxl rimtany the detechion of
dispany elncally acenlt hugh-nsik
chanpcy
Ability af
duscrirmimeting
¢ roony B I fri The m s o wonkable a:l'-hmu
! o1 4
Lanw o 20K, dudy opsies :::l:lgrm:' 9K 100 Not ealeulmed biopts :'.I - ..mm’" .
(CLS)invasive i
CHC IO
WVilustion off o
w deveoe foi VEL=ope" = an adqurciive
Konk o al 2000 Cane sorwem 4 thee direct e Nar calrukebed Mat coloulated Moot caleullased 1wl fow the desection of aral
awisteedl e eswenee besiom not odherendg (dentified
wonunl aation
P Auiulluorrscence
Rk & VTR REOpHRILiE mqﬂdl with ﬂ;mnw““_
il sop | Cuccomrol | Sdemor 11 | end non meoplanic 95 0 B 2 Wt calculssed | prevides o semumive and noa
of il sudy control ol mugons wing
e invasive Tool for thy detedlmon
m" : of or il meop1iaa
Aysesament of VELsoope® miswpretabion did
Haher o ol Dbt omad the VELscope ' mol enhace of vtherwiee alke
s study PR smsiuneen | Do) | Heolesl | Hoeslodmed | o i masagesst of e
exammaton hoel e lesans
Detecrion of . The uddimon of direet vise
preseali g or ;ﬂ:f:;ﬁ Nisor tacemoe vomualipation
Ly aprak nih Cross-acetiaaal Al |89 cangerous letion, . . lo convantionasl vikual tamm
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risk” OPMDs were 75%, 92.3% and 90 5%, respectively,

As regards the apuitude of direct auto-fluorescence
visualization (VELscope®*) to enhance the evaluation
of chinical features of OPMDs and OSCC, previously
identified by COL, Velscope* device was shown to highly
improve brightness (44.9%), size (49%) and visibility of
the edges (44.9%) of VsP lesions, compared with COE
under WL ('Table V).

DISCUSSION

It is well known that the reduction of mortality and
morbidity for OSCC depends mainly on the recognition of
OPMDs, in fact, although it is believed that about 50% of
OSCC stems from OPMDs, not all OSCCs are preceded
by OPMDs (4). The most common oral diseases classified
as OPMD are leukoplakia, oral lichen planus, verrucous
proliferative leukoplakia and ervthroplakia, manifesting
as white-, red-, white-red patches or spots (6,14, 15).

In recemt years new diagnostic tools have been
developed to support visual examination: brush
biopsy, toluidine blue staining. Lugol’s iodine solution
staining, chemiluminescence, fluorescence imaging and
SPECIroscopy.

In detail, the association between cancer development
and loss of normal tissue fluorescence has been reponted for
a large number of tissues and organs (16). The mechanism
behind tissue autofluorescence tissue has been extensively
described elsewhere (17). Briefly, loss of autofluorescence
15 believed tw reflect the complex and progressive
morphological and biochemical changes, typical of
squamous epithelial carcinogenesis. Some of these changes,
as the breakdown of collagen matnix, the decrease of flavin
adenine dinucleotide concentration, the hyperchromatic
nuclei, the increased microcirculation involve changes in
the distribution of tissutal fluorophores, thus leading to
subclinical changes in the tissue autofluorescence features
(18). When oral mucosa is excited by a beam of blue-violet
light (400-460 nm), it has a distinctive green-apple color,
and, if there was an alteration of the tissue fluorophares,
mucosa exhibitls a characlenistic loss of fluorescence.
Several studies have evaluated the possibility of using tissue
autofluorescence to differentiate and carly detect cancers of
the oral cavity (19). Results reported in these studies are
s0 extremely interesting. although there 15 still a limited
evidence 1o conclude that the tissue autofluorescence can
provide new aids for OSCC screening and early detection
alone. Table V lists the main studies published in recent
vears about this issue.

Our study, similarly to most of those mentioned
above, is @ cross-sectional study but, differently, all
patients were evaluated by two blind operators, trving
0 minimize possible assessment biases. We found a
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statistical significant correlation between the presence of
dysplasia (mild and moderate/severe) and a VELscope®
positive result and between the presence of “high risk”™
lesion vs. loss of fluorescence. However, our study
reported relatively low values of sensitivity, indicating
that VELscope™ has a certain probability of giving false
negatives. This is a great limitation in using this device as
screening tool in “high risk™ population, since it cannot
always identify lesions with dysplasia, especially in mild
dysplasia. who represents the first histological change that
could be the first step of oral carcinogenesis, However,
specificity values are high, suggesting that the VELscope”®
has a low probability to give false positives, The NPV
reported values are extremely high, but they are affected
by the lesion prevalence in a high-risk population, like our
hospital base sample, where lesion frequency is higher
than that in general population.

Our study shows that direct visualizalion ol oral
cavity tissue autofluorescence contributes o enhance
the examination of some imporant clinical features of
the oral lesions, such as brightness. size and margins,
compared with COE under WL

On the basis of the reported values of sensibility,
specificity and diagnostic accuracy, the VELscope® device
can not fully replace histopathology procedure, which
still represents the gold standard for definite diagnosis of
OPMD or OSCC. Rather, this non invasive tool should be
seen as complementary device to both the conventional
visual examination and the histopathological assessment
during diagnosis and monitoring steps
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