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P López-Jornet, T De la Mano-Espinosa,

Department of Oral Medicine, Faculty of

Medicine and Odontology, University of

Murcia, Murcia, Spain

Correspondence to:
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The efficacy of direct tissue

fluorescence visualization in

screening for oral premalignant

lesions in general practice: an

update

Abstract: Objective: The aim of this communication is to revise

papers published on autofluorescence imaging, a non-invasive

technique that is used to identify neoplastic oral cavity

lesions. Methods: A literature search was performed, using the

PubMed database and the key words ‘autofluorescence’ and

‘Velscope’, limiting the search to papers in English or Spanish

published from 2002 to June 2009. Results: The Velscope� system

has a sensitivity of 98–100% and specificity of 94–100%.

Autofluoresence is a supplementary tool used in the diagnosis of oral

cancer, although other more reliable and robust studies are needed

for confirmation. Conclusions: There is insufficient evidence to

demonstrate that its use as an adjunct to conventional oral screening

provides additional benefit to conventional oral cancer screening

alone.
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Introduction

Head and neck cancer, including the oral cavity, is the sixth most fre-

quent cancer. Approximately 30 000 patients per year are diagnosed with

oral cavity or oropharyngeal squamous cell carcinoma (OSCC) in the Uni-

ted States. The baseline annual risk is approximately 1 ⁄ 10 000 of the

total adult USA population. While 84% of patients with oropharyngeal

cancers will survive at least 1 year following diagnosis, overall, 40% of

newly diagnosed patients will die within 5 years (1, 2).

The Oral Cancer Prevention Programme recommends systematic and

standardized examination, including the medical records, habits (tobacco

and alcohol), clinical examination (extraoral and intraoral) and inspection

of the lesion (2, 3).

Screening and early detection in populations at risk have been pro-

posed to decrease both the morbidity and mortality associated with oral

cancer. However, the visual detection of premalignant oral lesions

has remained a problem throughout the world. One explanation for this

is that early lesions of oral cancer and precancer are often slight and

rarely demonstrate the clinical characteristics observed in advanced

cases: ulceration, induration, pain or associated cervical lymphadeno-

pathy. Besides their clinical subtlety, premalignant lesions are highly
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heterogeneous in their presentation and may mimic a variety

of common benign or reactive conditions. Furthermore, there

is a growing realization that some premalignant and early

cancerous lesions are not readily detectable to the naked eye.

As such, additional screening aids for oral cancer are ‘desper-

ately’ needed (1–7). Recent years have seen the development

of visual tools for helping in the diagnosis of oral cancer, to

which luminous detection systems have been recently added

(chemoluminescence and tissue fluorescence techniques) with

the aim of improving detection and increasing our capacity to

identify potentially malignant lesions (1–12).

Tissue autofluorescence has been used in the screening and

diagnosis of precancers and early cancer of the lung, uterine

cervix, skin and, more recently, of the oral cavity Approximately

30 years ago, it was observed that tissue fluorescence could

potentially be used for cancer detection (1, 2). Changes in

fluorescence reflect a complex interplay of alterations to fluoro-

phores in tissue and structural changes in tissue morphology.

The endogenous fluorophores that are most relevant for optical

screening and the diagnosis of precancer and cancer are

those that excite in the spectrum from visible violet ⁄ blue

(400–450 nm) to UV-A (315–400 nm) and which have properties

that have been spectroscopically correlated with disease. The

concept behind tissue autoflorescence is that changes in the

structure (e.g. hyperkeratosis, hyperchromatin and increased cel-

lular ⁄ nuclear pleomorphism) and metabolism (e.g. concentration

of flavin adenine dinucleotide and nicotinamide adenine

dinucleotide of the epithelium, as well as changes of the sub-

epithelial stroma (e.g. composition of the collagen matrix and

elastin), alter their interaction with light (5–9). More specifically,

these epithelial and stromal changes can alter the distribution of

tissue fluorophores and, as a consequence, the way they fluoresce

after stimulation with intense blue excitation (400–460 nm)

light, a process defined as autoflorescence. The autoflorescence

signal is finally visualized directly by a human observer.

Autofluorescence imaging is non-invasive and rapid tech-

nique for inspecting the oral mucosa and identifying oral cavity

lesions developed by LED Medical Diagnostics (White Rock,

BC, Canada) using the Velscope� system (12). Given the

potential advantages of the technique, it is important to decide

whether it can be applied for screening purposes, for which

reason we have made a revision of studies published on auto-

fluorescence (Velscope�).

Material and methods

A literature search was conducted in the PubMed database

using as search words autofluorescence and ‘Velscope’ and

limiting the search to papers in English or Spanish pub-

lished between 2002 and June 2009. Other studies were

selected from references cited by the articles found in the

literature search. Inclusion criteria for the analysis were for

the article to specify: Velscope or autofluorescence oral

cancer. Laser-induced fluorescence spectroscopy and chemi-

luminescence were excluded. We found seven articles with

the key word ‘Velscope’ and 71 articles with the key words

‘autofluorescence’ oral cancer. Six articles fulfilled both

inclusion criteria.

Results

Six (13–18) were selected for the evaluation of this system.

Their main characteristics are shown in Table 1. Reported sen-

sitivity values ranged from 97% to 98% and specificity from

94% to 100% (13–18). The Velscope� is a portable device that

permits the direct visualization of the oral cavity and is sold

for use in the screening of oral cancer. It has a blue light cone

of 400–460 nm wavelength which permits lesions to be

detected by their fluorescence (visualization by light). The

cells of the mucosa epithelium absorb light energy and re-emit

it in the form of fluorescence, which can be visualized directly

by the human eye. The tonality for interpretation purposes is

straightforward: pale green for healthy tissue and dark green,

brown or black (loss of fluorescence) for a pathological situa-

tion. The Velscope� is intended to be used by a dentist or

health-care provider as an adjunct to traditional oral examina-

tion by incandescent light to enhance the visualization of oral

mucosal abnormalities that may not be apparent or visible to

the naked eye, such as oral cancer or premalignant dysplasia

(10). Velscope� is further intended to be used by a surgeon to

help identify diseased tissue around a clinically apparent lesion

and thus aid in determining the appropriate margin for surgical

excision. Optical changes (specifically, loss of fluorescence) in

the epithelium in and around oral cancers has been used to

map the ‘field of cancerization’. Correlation with histopatholog-

ical features and specific genetic alterations indicate that fluo-

rescence visualization is far superior to clinical judgment alone

in gauging the size, extent and distribution of the cancer field.

Discussion

Velscope�: supporters of this system affirm that it may help to

detect cases that would otherwise go unnoticed, although it

cannot ensure that the clinical decision concerning the poten-

tial for malignant transformation is correct. Using this system,

Kois and Truelove (13) of the University of Washington

detected new lesions in three subjects during a follow-up of

patients with previous oral dysplasia or carcinoma in situ, who

were subsequently biopsied. Poh et al. (14), from the Dentistry

Faculty of the University of Columbia, in a pilot study of

patients with a history of oral dysplasia or carcinoma in situ

and examined by direct visualization under autofluorescent

light, found three patients with occult lesions. Subsequent

biopsy identified one primary dysplasia, one primary cancer

and one recurrent cancer. Sensitivity was 98% and specificity

100%. A second study by Poh et al. (15) investigated the ability

of the Velscope� to identify cancerous tissue in patients with

known cancers and also to identify the margins of abnormal

tissue around the known lesion. Twenty patients were consec-

utively recruited as they were being assessed prior to removal

of a known cancer. The Velscope� was used to assess the

cancer and its margins. Biopsies of tissue with abnormal and
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normal fluorescence were then taken for histopathology.

All tumours showed a loss of fluorescence and this extended

outside the normal visual margin for all tumours except one.

When the fluorescing and non-fluorescing tissue was analysed,

32 of the 36 non-fluorescing tissue samples were found to be

histologically abnormal, whereas of the 66 fluorescing samples

only one was histologically abnormal. Using an arbitrary resec-

tion margin of 10 mm around the tumour would have left

6 ⁄ 20 cases with cancerous or highly abnormal tissue remaining,

making recurrence a high probability. This study demonstrates

that the Velscope� is useful for identifying abnormal tissue

that may appear normal under regular lighting.

Lane et al. (16) in a small pilot study evaluated the use of

the device in 44 patients with a history of biopsy-confirmed

oral dysplasia or carcinoma recruited from the Oral Health

Study at the British Columbia Cancer Agency. During each

visit, an assessment of the oral mucosa under white light was

conducted to identify new lesions or alterations to previously

identified lesions. After turning off the room light, the oral

cavity was viewed by direct fluorescence visualization (FV).

The clinicians then decided whether the lesions required

biopsy based on standard clinical features (patient history, clin-

ical appearance and toluidine blue staining results) and not on

the direct FV examination. Biopsied lesions were evaluated by

oral pathologists and a histological diagnosis was assigned. The

objective was to verify the effectiveness of the direct FV

device for differentiating high-risk oral premalignant lesions

and invasive SCC from normal oral mucosa. The association of

direct FV changes in the oral mucosa of biopsy-confirmed sites

of normal and severe dysplasia, carcinoma in situ, and invasive

SCC was therefore assessed. Using histology as the gold stan-

dard, the device achieved a sensitivity of 98% and a specificity

of 100% when discriminating normal lesions from high-risk

premalignant lesions and invasive SCC. According to the

authors, these preliminary results suggest that the direct FV

device has potential as an adjunct to conventional white-light

screening to increase the sensitivity of white-light screening

alone but not reduce the specificity.

Table 1. The summary of studies citing Velscope� (10, 17)

Citation Study design Outcome Results Critique

Poh et al. (14) Case study Detection of oral premalignant
and malignant lesions

Direct fluorescence
visualization was effectively
used to detect a new lesion
in three patients during follow-up

All cases were people
whom the investigators
knew had a history of
oral dysplasia or
carcinoma in situ

Poh et al. (15) Observational
(cross-sectional)
study

Detection of the extent of visibly
identified premalignant or
cancerous oral lesions

102 margins established
Sensitivity = 97%
Specificity = 94%

Pilot study
Spectrum and test-referral
bias participants limited
to those already known
to have had cancer;
results in overestimate
of Velscope’s sensitivity
and specificity

No blinding of investigators
Lane et al. (16) Observational

(cross-sectional)
study

Normal tissue; abnormal
tissue severe dysplasia
carcinoma in situ,
squamous cell carcinoma

50 lesions detected
Sensitivity = 98%
Specificity = 100%

Pilot study shows that device
may be able to distinguish
between normal and
abnormal tissue, but not
necessarily between oral
cancer and other forms of
abnormal oral tissues

Participants limited to those
already known to have had
cancer; results in overestimate
of Velscope’s

No blinding of investigators
Kois and
Truelove (13)

Case study Detection of oral
premalignant lesion

Direct fluorescence visualization
was effectively used to detect
a new lesion in three patients
during follow-up

All cases were people whom
the investigators knew had
a history of oral dysplasia or
carcinoma in situ

Huber (17) Observational Detection of oral
premalignant lesion

Ten suspicious lesions were
identified by conventional
examination. No lesions
identified using Velscope’s

Huff et al. (18) Observational Detection of oral
premalignant lesion

Lower-risk populations

1.3% prevalence of mucosal
abnormalities;

83% of these were potentially
premalignant epithelial dysplasia
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Huber (17) examined 130 patients who smoked at least one

packet of cigarettes a day, comparing the clinical findings

obtained by conventional examination with those obtained by

Velscope� While ten suspicious lesions were identified by con-

ventional means, none were found by Velscope�, which raises

questions concerning its use for screening purposes.

Additional information on the use of Velscope� is provided

by case reports (18, 19). For example, Comisi describes how a

case of squamous papiloma (attributed to VPH) was discovered

during a revision (19).

We should always bear in mind that in the early detection

of cancer by screening (application of a test to evaluate the

presence of the disease in asymptomatic subjects who appar-

ently suffer no illness and for whom conventional visual exam-

ination represents the gold standard) and ‘case detection’

(application of a given procedure to patients with an identified

lesion – in the case of precancer and oral cancer, biopsy) (1, 2).

A Velscope� should only be used bearing in mind the patient’s

history and after a thorough visual examination, since it is not

a diagnostic tool but a device to complement the visual and

manual inspection of the head and neck by specialists ⁄ experi-

enced professionals. It can provide information that will help

such specialists decide whether or not biopsy is needed. The

doctor’s training is important to avoid problems related with

the interpretation of the results since benign lesions also cause

a loss of fluorescence (geographic tongue, aphthous ulcers,

etc.).

As the revision carried out by Balevi (10) mentions, the

results obtained with autofluorescence in the case of the oral

cavity seem promising but most studies have included patients

attending clinics specialized in the diagnosis of oral patholo-

gies. Such a population is not representative of patients seen

in general dental practice and there is therefore a risk of bias

in the reference assays. However, a study of clinical cases does

not intend to change clinical practice but to identify a way of

helping and promoting research.

Systematic examination of the oral cavity for signs of oral

cancer is recommended, especially in high-risk individuals,

although there is no clear evidence that oral cancer screening

programmes can detect oral cancer earlier and reduce the num-

ber of deaths from this disease. The Velscope System� has

been proposed as a method to improve current oral screening

methods by assisting in the identification, evaluation and mon-

itoring of oral mucosal abnormalities.

Conclusion

There is insufficient information in the published medical lit-

erature, to demonstrate that the use of this technology as an

adjunct to conventional oral screening provides additional

advantages over to conventional oral cancer screening alone or

that its use will result in improved health outcomes.
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