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CLINICAL

PRACTI CE

A cross-sectional study evaluating
chemiluminescence and autofluorescence
in the detection of clinically innocuous
precancerous and cancerous oral lesions

Ravi Mehrotra, MID; Mamta Singh, MID; Shaji Thomas, NIDS; Preeti Nair, MIDS; Shruti Pandya, MSc;

Niraj Shakti Nigam, BDS; Pankaj Shukla, MID

ancer of the oral cavity is
the sixth most common
malignancy reported
worldwide, and it has one
of the highest mortality
rates among all cancers.! In 2008, an
estimated 35,000 people developed
cancer of the oral cavity and
oropharynx in the United States,
and approximately 7,500 people died
of the disease.? In India, oral cancer
is the most prevalent cancer in men
and the third most prevalent cancer
in women, and it makes up 40 per-
cent of all cancers in the country.?
Early diagnosis of oral cancer greatly
increases the probability of achieving
a cure with minimum impairment
and deformity.
Light-based oral cancer screening
aids have been developed with the
stated goal of assisting dentists in
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Background. ViziLite Plus with TBlue system
(Zila Pharmaceuticals; now Zila, a division of
Tolmar, Fort Collins, Colo.) and VELscope (LED
Dental, White Rock, British Columbia, Canada) are
oral cancer screening aids that have been developed to GTI C‘X“
assist dentists in identifying precancerous and cancerous oral lesions.
Methods. The authors screened patients with an overhead exami-
nation light and then with VELscope or ViziLite. Patients with a clini-
cally innocuous lesion underwent a biopsy, and the authors compared the
results of tissue pathological analysis with findings from the screening
aid tests to determine the sensitivity and specificity of each device. The
authors tested these devices to determine their ability to aid in the
decision-making process regarding whether further evaluation of a clini-
cally innocuous lesion was required.

Results. The authors biopsied 102 lesions and examined them with the
ViziLite. They found three dysplasias and one malignancy, none of which
were detected with the ViziLite (sensitivity = 0 percent, confidence
interval [CI] = 0-60.2 percent; specificity = 75.5 percent, CI = 66.7-82.8
percent). The authors biopsied another 156 lesions and examined them
with VELscope. They found 11 dysplasias and one malignancy, six of
which were detected with VELscope (sensitivity = 50 percent,

CI = 21.1-78.9 percent; specificity = 38.9 percent, CI = 30.8-46.9 percent).
Conclusions. The study results indicate that use of ViziLite or
VELscope along with a conventional screening examination for lesions
deemed clinically innocuous was not beneficial in identifying dysplasia or
cancer. Additional clinical studies are needed before these devices can be

recommended.

Clinical Implications. Clinicians and patients could have a false
sense of security after obtaining a negative ViziLite or VELscope exami-
nation result because potentially large numbers of precancerous and can-
cerous lesions will be missed by both devices.
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identifying precancerous and cancerous oral
lesions at their earliest stage. Specifically, these
devices are intended to be used as adjuncts to the
conventional oral cavity examination to help visu-
alize potentially dysplastic and cancerous oral
lesions. We evaluated two of these products in this
study: the ViziLite Plus with TBlue system (Zila
Pharmaceuticals; now Zila, a division of Tolmar,
Fort Collins, Colo.) and VELscope (LED Dental,
White Rock, British Columbia, Canada).

Investigators assess the accuracy of an oral
cancer screening aid by comparing the screening
aid findings with those of pathological testing in a
masked fashion (that is, the clinician using the
screening aid is unaware of the patient’s patholog-
ical diagnosis and the pathologist is unaware of
the findings from use of the screening aid) and in
a general population setting. To date, no pub-
lished prospective clinical trials, to our knowledge,
have evaluated the ability of ViziLite or VELscope
to detect oral precancerous and cancerous lesions
when used as a screening tool. Consequently,
recent reviews in the literature of these devices*®
have questioned the benefits of these light-based
systems because their accuracy remains unknown.

Unlike new pharmaceuticals and medical
devices that require approval by the U.S. Food
and Drug Administration (FDA) before they can
be marketed in the United States, certain grand-
fathered medical devices such as ViziLite and
VELscope may be marketed without FDA
approval.® If a manufacturer claims that a med-
ical device is “substantially equivalent” to another
medical device that was sold before 1976 (when
the FDA first began regulating medical devices),
the FDA may grant a 510(k) clearance that allows
the manufacturer to market that device without
substantive review of its safety and efficacy.®

The 510(k) clearance of the ViziLite Plus with
TBlue system was based on the manufacturer’s
claim that the device was “substantially equiva-
lent” to colposcopy examination lights sold to illu-
minate the uterine cervix during a gynecologic
examination.” The 510(k) clearance of VELscope
was based on the manufacturer’s claim that it, in
turn, was “substantially equivalent” to the
ViziLite system.?

The purpose of our study was to evaluate the
use of these two systems as adjunct aids in diag-
nosing lesions deemed clinically innocuous
according to conventional light examination. We
also assessed the sensitivity and specificity of
ViziLite and VELscope in the identification of
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oral dysplasia and carcinoma by independently
comparing pathological examination results with
those obtained with these visual screening aids.

PARTICIPANTS, MATERIALS AND
METHODS

In June 2008, 258 patients seeking dental care
and found to have clinically innocuous lesions
were investigated across a 10-day period by a
team of dental and medical specialists (R.M.,
S.T., P.N.) in the outpatient department of the
government-run District Hospital in the Vidisha
district in the state of Madhya Pradesh in central
India. The team included specialists in oral medi-
cine (P.N.), oral and maxillofacial surgery (S.T.)
and oral pathology (R.M.). All three specialists
had received significant clinical training and had
considerable experience with both the ViziLite
and VELscope devices to ensure reproducible and
accurate clinical findings and screening aid
results. However, we did not calibrate the exam-
iners. The institutional ethical committee of the
District Hospital at Vidisha approved the study.

We enrolled in the study patients who were 18
years and older after they provided written con-
sent. One of the three specialists examined each
patient with a conventional overhead light; we
then assigned patients randomly to either the
VELscope or ViziLite devices depending on which
examiner screened them. The specialists rotated
between the two devices to prevent fatigue as well
as to ensure unbiased selection of patients. Before
the examination, patients rinsed their mouths
thoroughly with water.

We defined all identified oral lesions according
to Sciubba’s® definitions:
== (Class I: lesion “causing suspicion of intraep-
ithelial neoplasia” or frank malignancy necessi-
tating immediate biopsy;
= (Class II: clinically innocuous lesion “that in the
investigators’ opinion required no further atten-
tion other than clinical follow-up.”

Exclusion criteria. We excluded patients
with Class I lesions detected with a conventional
overhead examination light (and referred them
for treatment) and those without any oral lesions.
We included patients with Class II lesions for
subsequent evaluation with the light-based
adjunct screening tools. Furthermore, we
excluded oral lesions that were submucosal (for

ABBREVIATION KEY. FDA: Food and Drug
Administration.
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example, cyst, salivary gland tumor) or covered
with a clinically intact normal epithelium (for
example, hemangioma, fibroma). In addition, we
excluded from the study patients with pigmented
lesions such as nevi and amalgam tattoos and lip
lesions, specifically those on the vermilion border
or cutaneous surfaces, as well as patients who
refused to undergo a scalpel biopsy. Finally, we
excluded patients with medical problems and
those who wore dental appliances, such as ortho-
dontic or other fixed prostheses, that might inter-
fere with the examination.

Intraoral examinations. The clinicians per-
formed the examinations with the VELscope and
VizilLite devices according to the manufacturers’
instructions. In addition to evaluating the Class II
lesion, the clinician examined the entire oral
cavity of every patient with the light-based
screening aid in an attempt to identify new lesions
not apparent during the oral examination with the
conventional overhead light. It would have been
best for all patients to be examined by multiple
examiners with both VELscope and ViziLite.
Unfortunately, we conducted this screening at a
rural facility with time constraints and limited
resources. Only one VELscope device and a lim-
ited supply of ViziLite kits were available.

Patients underwent an examination with the
conventional overhead light and then, depending
on which screening aid was available, underwent
an examination with VELscope or ViziLite. The
assignments were completely random. As
explained earlier, we excluded patients with
Class I lesions (that is, suspicious enough to war-
rant a biopsy). Consequently, they did not undergo
examinations with the light-based devices because
the examiners already had determined that they
needed to undergo a biopsy. Findings with the
light-based devices for these patients—whether
positive or negative—would be meaningless.

After a participant rinsed with a dilute 1 per-
cent acetic acid solution and the clinician exam-
ined the mouth with a chemiluminescent light,
normal mucosa—a negative ViziLite finding—
appeared blue or dark, while abnormal mucosa—
a positive ViziLite finding—appeared acetowhite.
The ViziLite Plus with TBlue system also con-
tains a toluidine blue dye, which is intended to be
used only to mark lesions for follow-up exami-
nation that are positive according to the ViziLite
screening. The manufacturer claims no diagnostic
capability for the dye.

The VELscope is a portable device that is used

CLINICAL|PRACTICE

to examine the oral cavity. Normal mucosa—a
negative VELscope finding—appears as a bright
green glow, while abnormal mucosa—a positive
VELscope finding—is identified by a loss of fluo-
rescence and appears dark.

Three of us (R.M., N.S.N., P.S.) obtained demo-
graphic information about each patient, including
age, sex and tobacco use. The examiners per-
formed detailed clinical examinations in each
patient to assess the site and size of all oral
mucosal lesions, and they recorded this informa-
tion on a standard form.

Using the standard scalpel technique, two of us
(S.T., P.N.) obtained biopsy samples from patients,
who were under local anesthesia. The samples
were processed at laboratories in Mumbai, India.
Hospital pathologists first analyzed the specimens
and then an independent pathologist with exper-
tise in oral dysplasia and cancer analyzed the
specimens; we used the independent pathologist’s
findings in the final data analysis. The patholo-
gists were masked with regard to the clinical data
and screening aid test results.

We used specimens from patients who under-
went scalpel biopsies and ViziLite screening to
determine the sensitivity and specificity of the
ViziLite Plus with TBlue system; likewise, we
used specimens from patients who underwent
scalpel biopsies and VELscope screening to deter-
mine the sensitivity and specificity of that device.

We calculated statistical confidence intervals
(CIs) on the basis of a ¢ distribution and the exact
binomial Clopper-Pearson interval. We analyzed
the data with statistical software (Mathematica
6.0.3, Wolfram Research, Champaign, Ill.).

RESULTS

One hundred two patients who were examined
with ViziLite also underwent a biopsy, and 156
patients who were examined with VELscope also
underwent a biopsy. The table shows patients’
demographic data and the locations of the lesions
identified in both groups.

ViziLite group. Of the 102 participants in the
VizilLite group who underwent a biopsy, three had
dysplasia (one mild, two moderate) and one had
cancer; none of these was detected with the
adjunct screening device. Consequently, the sensi-
tivity rate of ViziLite—defined as a measure of the
likelihood that a patient with dysplasia or carci-
noma found on biopsy will have a positive ViziLite
result—was 0 percent (0 of four positive findings)
(CI, 0-60.2 percent). The ViziLite findings were
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TABLE

lesions that were not already
apparent during the clinical exami-

Demographlc data for patlents' nation with a conventional over-

VARIABLE PERCENTAGE OF PATIENTS* head light alone.
ViziLite Plus With TBlue! | VELscope The pathological test results
= = ¥ . .
(n =102) (n = 156) from the independent pathologist
Median Age (Years) 39 a1 were in agreement with those from
Male:Female Ratio 7.5:1 8.7:1 the hospjtal pathologists who ini-
Tobacco Use 73 69 tially analyzed all of the biopsy
Location of Lesions specimens.
Buccal mucosa 50 54
Retromolar trigone 14 16 DISCUSSION
Tongue 19 10 This is the first study, to our
Alveolar mucosa 7 9 C ey
Gingiva 4 < knowledge, to compare ViziLite
Floor of mouth 3 5 ar}d VELscope screening .resul‘ts
Palate 3 4 with histopathologic findings in
* Unless otherwise specified, ¥es1ons deemed tq be clinically
T ViziLite Plus with TBlue is manufactured by Zila, a division of Tolmar, Fort Collins, Colo. mnocuous accordmg to conven-
i VELscope is manufactured by LED Dental, White Rock, British Columbia, Canada. tional hght examination

negative in 74 patients with benign lesions and
positive in 24 patients with benign lesions. The
specificity rate—defined as a measure of the likeli-
hood that a patient with a benign lesion will have
a negative ViziLite result—was 75.5 percent (74 of
98 negative findings) (CI, 66.7-82.8 percent). The
positive predictive value—defined as the proba-
bility that a positive ViziLite test result would be
confirmed by scalpel biopsy—was 0 percent (CI, 0-
14.3 percent). The negative predictive value—
defined as the probability that a negative ViziLite
test result would be confirmed by scalpel biopsy—
was 94.8 percent (CI, 89.9-99.9 percent).

VELscope group. Of the 156 participants in
the VELscope group who underwent a biopsy, 11
had dysplasia and one had cancer, six of which also
were detected with VELscope (five dysplasias [two
mild, three moderate] and one cancer). The sensi-
tivity rate of VELscope—defined as a measure of
the likelihood that a patient with dysplasia or car-
cinoma will have a positive VELscope result—was
50 percent (six of 12 positive findings) (CI, 21.1-
78.9 percent). VELscope findings were negative in
56 patients with benign lesions and positive in 88
patients with benign lesions. The specificity rate—
defined as a measure of the likelihood that a
patient with a benign lesion will have a negative
VELscope result—was 38.9 percent (56 of 144 neg-
ative findings) (CI, 30.8-46.9 percent). The positive
predictive value of VELscope was 6.4 percent (CI,
2.4-13.4 percent), and the negative predictive value
was 90.3 percent (CI, 82.8-97.9 percent).

Neither ViziLite nor VELscope identified any
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The poor sensitivity and poor
positive predictive values of these devices (ViziLite,
0 percent; VELscope, 50 percent) have significant
implications for dentists and physicians who
attempt to rely on these aids to determine whether
a lesion is benign or precancerous or cancerous.
Our study results show that because of their high
false-negative rates, potentially large numbers of
precancerous and cancerous lesions will be missed
with the ViziLite or VELscope. Consequently, both
the clinician and patient will have a false sense of
security after a negative ViziLite or VELscope
finding is reached because many dysplasias prob-
ably will have remained undetected and undiag-
nosed. These high false-negative rates invariably
will lead to a delay in diagnosis, and a potentially
greater number of oral cancers will be diagnosed at
more advanced stages.

Although some published reports have shown
that ViziLite improves the sharpness and bright-
ness of oral lesions,!® Oh and Laskin!! concluded
that ViziLite produced reflections that made visu-
alization more difficult than that with typical
operatory lighting. In another study, Farah and
McCullough' reported that ViziLite did not dis-
criminate between 55 keratotic, inflammatory,
potentially malignant and malignant oral
mucosal white lesions with positive ViziLite find-
ings that underwent a scalpel biopsy; these
results are in agreement with ours. Furthermore,
Kerr and colleagues®® reported that a significant
number of suspicious red lesions, which typically
are revealed to be dysplasia or frank carcinoma
on biopsy, were not detected with ViziLite.

Copyright © 2010 American Dental Association. All rights reserved. Reprinted by permission.
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Toluidine blue stain. Epstein and colleagues™
assessed clinically suspicious lesions with ViziLite
and then with toluidine blue stain before biopsy.
They found that ViziLite improved the brightness
and/or sharpness of the majority of lesions, but the
false-positive rate was high; this was reduced with
toluidine blue. Toluidine blue is not available com-
mercially or approved by the FDA for evaluating
oral lesions. Furthermore, the toluidine blue swab
enclosed with ViziLite Plus with TBlue test kits is
not approved by the FDA as a diagnostic tool but is
intended to be used only as a marker to highlight a
lesion. This is stated clearly in the manufacturer’s
instructions: “The marking system is not intended
to be used as an indicator of lesions warranting
further study, including biopsy.”

We found that ViziLite did not detect any of
the dysplasias or cancerous lesions in study par-
ticipants, regardless of whether they were red or
white. Furthermore, in our study, as with other
studies, ViziLite did not detect any lesions that
the clinician did not detect with an overhead
examination light alone.

VELscope is based on a principle that excita-
tion by blue or ultraviolet light will generate
tissue autofluorescence that is produced by sub-
mucosal collagen, elastin and other naturally
occurring fluorophores.’® Autofluorescence distin-
guishes fluorescence of naturally occurring tissue
components from artificially introduced fluores-
cent molecules, such as molecular biomarkers.

The mechanism by which clinicians use
VELscope’s tissue autofluorescence to detect
epithelial carcinomas may be explained by the
fact that hemoglobin strongly absorbs the auto-
fluorescent light produced by collagen and
elastin.'™ More specifically, the increased pres-
ence of submucosal blood resulting from cancer-
induced angiogenesis may result in absorption of
collagen- and elastin-produced autofluorescent
light and, therefore, the tissue area may appear
dark during the VELscope examination.

As our study results show, the VELscope
examination failed to detect six of 11 dysplasias.
Because angiogenesis generally is associated with
severe dysplasia or carcinoma in situ, as well as
invasive disease, and is absent in healthy oral
epithelium, mild dysplasias and moderate dys-
plasias,? clinicians should not rely on VELscope
to detect precancerous lesions.

Huff and colleagues?®! reported that the addi-
tion of VELscope screening to an oral exami-
nation with standard overhead lighting resulted

CLINICAL|PRACTICE

in the discovery of a greater number of oral dys-
plasias in a general dental practice. However, this
study has significant limitations because the
authors did not report if VELscope actually
detected any new dysplastic lesions or even iden-
tified all of the lesions that were detected with
standard overhead lighting.

In a proof-of-concept study, Lane and col-
leagues® reported that VELscope had a 98 percent
sensitivity and a 100 percent specificity when dis-
criminating between carcinoma in situ or invasive
cancer and healthy oral mucosa. However, in their
study, unlike ours, the investigators used VELscope
only in patients who were already known to have
carcinoma in situ or invasive cancer on biopsy. Fur-
thermore, all abnormalities found with VELscope
also were observed with the standard examination
light alone. Like Lane and colleagues, we did not
find any lesions with VELscope that were not
apparent during an oral examination involving the
use of a standard overhead light.

The increased submucosal hemoglobin that
apparently has been detected with VELscope can
result from a variety of traumatic and inflamma-
tory conditions, which may account for VELscope’s
poor specificity. The high false-positive rate asso-
ciated with VELscope has raised concerns about
its potential harm, causing unnecessary stress
and fear among patients, as well as increasing
morbidity through unnecessary surgical biopsy
procedures.?

Manufacturer’s advice. The manufacturer of
VELscope offers advice to reduce the number of
false-positive results caused by inflammation and
other noncancerous lesions that may result from
the presence of submucosal blood.?* The company
recommends applying pressure to a lesion that
appears dark and, therefore, is suspicious to see if
it blanches (that is, if the green color returns with
pressure). This advice appears problematic be-
cause absorption of autofluorescent light
resulting from true angiogenesis also may be
hidden by this temporary tourniquet action, while
absorption of autofluorescent light from the pres-
ence of submucosal blood caused by minor trauma
may not. Indeed, there is no clinical basis to sup-
port this procedure based on our review of the
VELscope literature.

Study limitations. Experienced clinicians
performed the clinical examinations and exami-
nations with the adjunct screening aids. However,
they were not calibrated in using the VELscope
and ViziLite devices; they also were not cali-
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brated regarding classification of lesions identi-
fied during the oral examinations. The two
adjunct screening aids are fairly straightforward
in their application, so the lack of calibration was
not as important as the lack of calibration in clas-
sifying lesions. Clinicians should keep this fact in
mind when interpreting our results. We made no
attempt to assess variability between observers.

Regarding other study limitations, it is worth
noting that because this was not an opportunistic
screening, in which dentists might use these
devices for all adult patients regardless of
whether or not they have a visible lesion, our
study design does not reflect exactly the way in
which these devices are currently used. Again,
clinicians should keep this fact in mind when
interpreting these results. Because specialists
from different fields conducted the examinations
in this study, day-to-day practice and use of these
adjunct screening aids may differ.

CONCLUSION

Although ViziLite and VELscope have been pro-
moted as valuable adjuncts in the early detection
of oral precancerous and cancerous lesions, the
results of our study indicate that they do not add
any benefits to a conventional screening exami-
nation involving the use of a standard overhead
light. Additional clinical studies are needed to
evaluate the effectiveness and costs of light-based
oral cancer screening aids before they can be
recommended. =
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