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ORIGINAL ARTICLE

The clinical effectiveness of reflectance optical
spectroscopy for the in vivo diagnosis of oral lesions

Diana V Messadi', Fariba S Younai?, Hong-Hu Liu®, Gao Guo? and Cun-Yu Wang2

Optical spectroscopy devices are being developed and tested for the screening and diagnosis of oral precancer and cancer lesions. This
study reports a device that uses white light for detection of suspicious lesions and green-amber light at 545 nm that detect tissue
vascularity on patients with several suspicious oral lesions. The clinical grading of vascularity was compared to the histological grading
of the biopsied lesions using specific biomarkers. Such a device, in the hands of dentists and other health professionals, could greatly
increase the number of oral cancerous lesions detected in early phase. The purpose of this study is to correlate the clinical grading of
tissue vascularity in several oral suspicious lesions using the Identafi® system with the histological grading of the biopsied lesions using
specific vascular markers. Twenty-one patients with various oral lesions were enrolled in the study. The lesions were visualized using
Identafi® device with white light illumination, followed by visualization of tissue autofluorescence and tissue reflectance. Tissue
biopsied was obtained from the all lesions and both histopathological and immunohistochemical studies using a vascular endothelial
biomarker (CD34) were performed on these tissue samples. The clinical vascular grading using the green-amber light at 545 nm and
the expression pattern and intensity of staining for CD34 in the different biopsies varied depending on lesions, grading ranged from 1 to
3. The increase in vascularity was observed in abnormal tissues when compared to normal mucosa, but this increase was not limited to
carcinoma only as hyperkeratosis and other oral diseases, such as lichen planus, also showed increase in vascularity. Optical
spectroscopy is a promising technology for the detection of oral mucosal abnormalities; however, further investigations with a larger
population group is required to evaluate the usefulness of these devices in differentiating benign lesions from potentially malignant
lesions.

International Journal of Oral Science (2014) 6, 162-167; doi:10.1038/ijos.2014.39; published 25 July 2014

Keywords: angiogenesis; optical spectroscopy; oral lesions

INTRODUCTION

According to data from the American Cancer Society, an estimated
41380 new cases of cancer of the oral cavity and pharynx were
expected in 2013, leading to an estimated 7 900 deaths.' The overall
5-year survival rates for oral cancer have remained low at approxi-
mately 50% for the past decades and are considered among the worst
of all cancer death rates including those for colorectal, cervix and
breast origins. This is in part due to the lack of training of health
professionals for early detection of premalignant/malignant lesions.
Despite significant advances in cancer treatment, early detection of
oral cancer and its curable precursors remains the best way to ensure
patient survival and improved quality of life.”

It is well established that virtually all oral squamous cell carcinomas
are preceded by visible changes in the oral mucosa, usually by way of
white (leukoplakia) and red (erythroplakia) patches.'™ In addition,
there are other inflammatory disorders of the oral mucosa, such as lichen
planus and submucous fibrosis that have been associated with an
increased risk of oral squamous cell carcinoma development, designating

these conditions as precancerous lesions.* Furthermore, it is well
documented that capillary changes precede tumor growth, with a
pattern of tumor angiogenesis that is different from the usual neovas-
cularization seen during repair and regeneration processes.”® Direct
optical visualization of these patterns would be helpful in early deter-
mination of the underlying pathology and can also aid in determining
the site for biopsy.’

Recent advancements in oral cancer research have led to the develop-
ment of potentially useful diagnostic tools at the clinical and molecular
level for the early detection of oral cancer. The gold standard for oral
cancer diagnosis remains tissue biopsy with pathological assessment, but
this technique needs a trained health care provider, and is considered
invasive, painful, expensive and time consuming. Recently, scientific
research in the field of oral cancer has focused on finding alternative
approaches to traditional biopsy with emphasis on multifocal imaging
devices. Depending on the type of light and the imaging approaches used,
optical imaging of the oral tissues can detect minimal changes within the
tissues, such as alterations in tissue architecture and composition,
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expression of specific biomarkers and vascularity/angiogenesis. The most
common devices that have been marketed to dentists include: ViziLite™"
(Zila, Batesville, AR, USA), VELscopeTM (LED Dental, Vancouver,
Canada), DIFOTI™ (Electro-Optical Sciences, Irvington, NY, USA)
and Identafi® (StarDental-DentalEZ, Lancaster, PA, USA).

In the past decade, several forms of autofluorescence technology
have been developed for inspection of the oral mucosa. Velscope and
Identafi optical devices are the two most common devices used by
general dentists. Fluorophores within the oral epithelium and stroma
absorb ultraviolet and visible light and can re-emit some of this light at
longer wavelengths in the form of fluorescence. Autofluorescence ori-
ginates from a variety of fluorophores in the oral cavity and is sensitive
to alterations in both tissue morphology and biochemistry associated
with neoplasia.'®'* Oral cancer and precancer display a loss of auto-
fluorescence across a broad range of ultraviolet and visible excitation
wavelengths; as described later, this loss of fluorescence is largely
attributed to a decrease in fluorescent crosslinks associated with stro-
mal collagen that underlies the neoplastic lesions.'*™ Oral cancer is
also associated with increased angiogenesis, which can affect both
autofluorescence and reflectance spectra. In addition to combining
the anatomical imaging with fluorescence, fiber optics and confocal
microscopy, the Identafi technology with green—amber light (540- to
575-nm wavelength) illumination also examines the tissue reflectance
to detect changes in angiogenesis. Reflectance spectroscopy uses light
within the absorption spectrum of hemoglobin, in the range between
400 and 600 nm—to visualize the underlying vasculature.'>™'®
Angiogenic vasculature in tumors differs from that in healthy tissue
in several respects. Chronic overproduction of pro-angiogenic factors
in tumors leads to uncontrolled development of new blood vessels. As a
result, the number of blood vessels within a given microscopic area
(i.e., microvessel density, MVD) is usually high but rarely uniform.*'°

The assessment of tissue angiogenesis in oral mucosal lesions with
the green—amber light enables the clinician to correlate MVD iden-
tified by specific endothelial cell markers with clinicopathological
parameters.'® The reduction in the reflectance spectra of oral cancer
and precancerous lesions has been shown to occur around 577 nm and
542 nm, and this is could be due to the increase in light absorption
from the enhancement of microvasculature density and oxygenated
hemoglobin concentrations in neoplastic tissue.'®™'® Angiogenesis is
an early step in carcinogenesis and a significant increase in microvessel
count occurs in mild and moderate dysplasia.'*~° Studies have shown
that tumor-induced angiogenesis results in altered vascular morpho-
logy, and the degree of change can assist with determining the pro-
gnosis of oral lesions.”’ ™ This suggests that assessment of tissue
angiogenesis in oral mucosal lesions enables the clinician to differenti-
ate dysplastic lesions from benign ones. To date, however, there are
very few published reports regarding the use of the 545 nm green—
amber light." ™"

The aim of the current pilot study is to correlate the clinical grading
of tissue vascularity in a variety of oral mucosal lesions, including
leukoplakias and erythroplakias using the Identafi system with the his-
tological grading of the biopsied lesions using specific vascular markers.

MATERIALS AND METHODS

The device used to screen the oral suspicious lesions for vascular
changes was the Identafi® system (StarDental-DentalEZ, Lancaster,
PA, USA). This portable tool has a light source in the form of a
probe-like device that resembles a dental mirror and can, following
appropriate infection control methods, be easily inserted into the
mouth for oral examination. The amber light is designed to enhance
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the reflective properties of the oral mucosa, allowing a distinction
between normal and abnormal tissue vasculature.'®

Study population

Study subjects (21) were enrolled in a clinical protocol reviewed and
approved by the Institutional Review Boards at The University of
California (Los Angeles, CA, USA). Patients were eligible and recruited
if they were 18 years of age or older and had a suspicious lesion in the
oral cavity that needed to be biopsied, these lesions included, leuko-
plakia, erythroplakia, lichen planus and nonspecific ulceration. All
subjects enrolled in the study gave written informed consent.

Imaging procedures

The Identafi® device has three light sources that can be used for the
clinical examination: a white light for regular illumination, a violet light
that excites fluorescence at 405 nm for tissue absorption, and a green—
amber light at 545 nm for tissue reflectance. Reflectance spectroscopy
uses light within the absorption spectrum of hemoglobin—namely,
between 400 and 600 nm—to visualize the underlying vasculature.'*"”
Patients recruited for the study were clinically assessed for their oral
lesion by two oral medicine practitioners using the device’s white light
illumination and baseline photographs were obtained using a Nikon
4000 intra-oral camera. Briefly, the Identafi® system probe was used to
shine light in the mouth showing the entire field of view. A mirror was
attached to the probe to help visualize areas behind the teeth and in the
pharynx. The suspicious lesions were visualized and photographed by
using first the white light, the tissue autofluorescence and then the tissue
reflectance light settings. Measurements were performed in a darkened
room to minimize the effects of ambient light. All images were reviewed
three times, by the two oral medicine clinicians that were blinded to the
histology. The clinical diagnoses of the lesions selected ranged from
erythroplakia, leukoplakia, and lichenoid reactions to non-specific nodu-
lar, vascular and pigmented lesions.

Clinical grading of the microvascular parameters includes the num-
ber of mucosal blood vessels and the average microvessel diameter
were semiquantitavely assessed independently by two oral medicine
specialist and given a scale of 1-3 under the 545 nm light, with 3 given
to the most intense vascularity observed, considering both the number
and architecture of blood vessels in the oral lesions, and 1 having the
least number of microvasculature.”** Upon completion of the
optical measurements, tissue biopsies were obtained from the lesions
by using either scalpel or punch technique under local anesthesia and
samples were submitted for histopathological assessment.

Histopathological correlation

Biopsies and resected tissues were evaluated using standard histo-
pathological analysis by a board-certified oral pathologist who was
blinded to the clinical diagnosis. Histopathology diagnosis of the oral
lesions included the following categories: hyperkeratosis, lichenoid
reaction, squamous cell carcinoma, dysplasia and other oral diseases
as described later.

Angiogenic marker

A commonly used endothelial cell marker CD34 was utilized to
identify positive stained endothelial cells.**"*> Briefly, 4-pum paraffin
sections from the resected tissue paraffin blocks were deparaffinized in
xylol and rehydrated in graded alcohol series. Endogenous peroxidase
was inhibited using 3% H,0O, in methanol. The sections were then
washed in distilled water and heated in a microwave oven (in citrate
buffer 10 mmol-L™", pH 6) for 15 min for epitope retrieval. Monoclonal
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Table 1 Patient demographics

Gender Age Tobacco Alcohol CD34 grading Clin grade Clinical diagnosis
F 78 N N 3 1 Leukoplakia

M 51 Y Y 3 3 Squamous cell carcinoma
M 81 Y Y 2 2 Proliferating verrocous leukoplakia
M 53 Y Y 2 2 Leukoplakia

M 71 N N 3 3 Lichen Planus

F 71 N N 3 3 Leukoplakia

M 73 Y N 1 1 Leukoplakia

M 56 N N 3 3 Squamous papilloma

F 54 Y Y 1 1 Leukoplakia

F 72 Y N 2 2 Leukoplakia

M 71 N N 2 3 Lichen planus

M 45 Marijuana Y 3 3 Leukoplakia

M 47 N N 3 2 Peripheral ossifying fibroma
M 84 N N 1 1 Proliferating verrocous leukoplakia
M 53 Y N 3 3 Leukoplakia

M 32 N Y 2 2 Leukoplakia

M 20 N N 2 2 Peripheral ossifying fibroma
F 63 N Y 1 2 Melanotic macule

M 55 N N 2 3 Vascular malformation

M 49 Marijuana N 1 2 Leukoplakia

M 62 N N 1 3 Squamous cell carcinoma

F, female; M, male.
CD 34: antibody for detection of endothelial cells.
Clinical grade: clinical grading using the angiogenic amber light probe.

antibodies against CD34 (Santa Cruz Biotechnology, Santa Cruz, CA,
USA) were used and immunohistochemistry was performed using
standard techniques. For negative control, sections were treated as
above but without the primary antibody. Antibody binding was
revealed using H,O, as a substrate and diaminobenzidine as chromo-
gen. A standard approach for quantifying angiogenesis in tissue sec-
tions is the measurement of MVD maximal number of blood vessels
per unit area of section.”® Used in hundreds of studies, microvascular
density is a significant prognostic indicator in many cancers.

Vascular quantification

MVD was estimated using a light microscope (Zeiss Axioscope; Zeiss,
Oberkochen, Germany) by counting the microvessels at 200 mag-
nification as reported by Weidner ( 1995).%° The immunostained sec-
tions for CD34 were carefully scanned at low magnifications, X4 and
X10 objective lens, thereby finding three separately located lesion
areas, where the highest number of discrete microvessels were stained
(hot spots). Each hot-spot area was equivalent to a high power field
with a X20 objective lens and field diameter 0.50 mm. The vascular
grading is both influenced by the number of vessel profiles in the initial
scanning for hot-spots and by the area of the vessel profiles within the
hot spots in the successive grading process. Vessels were counted in
three hot spots areas and were assessed in a blinded fashion by two
investigators independently. Depending on the number of positive
vessels, lesions were graded as group 1 (fewer than 25 vessels/field);
group 2 (25-75 vessels/field) and group 3, over 75 vessels per field.***°
The determination of angiogenesis was performed without knowledge
of the clinical vascular grading. There were no training used sets to
correlate the clinical grade to the CD34 histology; actually both the two
clinical graders and the histopathological grader were blinded from
each other’s grading so not to bias their results.

Data and statistical analysis
Distributions of demographics (age and gender), tobacco use, alcohol
use, CD34 MVD grading and clinical grade, as well as lesion diagnosis,
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were calculated. The correlation between CD34 grading and clinical
grading was evaluated through 2X2 concordance table and correlation
coefficient. SAS Statistical Software V9.4 was used for all statistical
analysis.

RESULTS
Patients were evaluated by direct visualization of the oral cavity with
the white light, the violet light-excited fluorescence (405 nm) and the
green—amber reflected light (545 nm). The patients experienced no
harmful or adverse side effects from the screening. For the 21 patients
included in the study, the mean age was 59 years (standard deviation
16) with a range from 20 to 84 years. The data were collected from
September 2011 to October 2012. The majority of the subjects were
male (n=16, 76%) with female being 24% (n=5). Ten (48%) out of
the 21 patients had a history of recent or past tobacco use (Table 1).
Table 2 shows the histopathological diagnosis for the oral mucosal
lesions in this study. Among the 21 cases, nine lesions were diagnosed
as hyperkeratosis, five lesions were either dysplastic or squamous cell
carcinoma, two were lichenoid reaction and the remainder had other
benign diagnoses (see Table 2 for the complete distribution of dia-
gnosis list). Figures 1 and 2 show the difference with the green—amber

Table 2 Histopathological diagnosis of biopsied cases

Histopathological diagnosis Frequency Percentage/%
Leukoplakia/hyperkeratosis 9 42.86
Lichenoid reaction 2 9.52
Leukoplakia/dysplasia 1 4.76
Proliferating verrocous leukoplakia 2 9.562
Squamous cell carcinoma 2 9.52
Vascular proliferation (HH8-ve) 1 4.76
Focal melanosis 1 4.76
Peripheral ossifying fibroma 2 9.52
Squamous papilloma 1 4.76




Non-invasive oral lesions detection device
DV Messadi et al

165

Figure 1 Leukoplakia/hyperkeratosis lesion showing decreased vascularity. (a) Picture of a proliferating verrucous leukoplakia on the left upper gingival tissue of an
84-year-old male shows clinical picture of the lesion taken with the white reflectance (regular light) Identafi® StarDental optical device. (b) Application of the Identafi®
system with the green amber reflectance light show low number of blood vessels of the suspicious areas, where the red small blood vessels picture is not prominent. (c)
Immunohistochemical expression of CD34, note low number of positive brown staining blood vessels (x40); (d) the same tissue at X200. A biopsy taken from this area

showed hyperkeratosis with no dysplasia.

light at 545 nm where grade 3 hyperkeratosis (Figure 2a) shows enhanced
vascularity under the light (Figure 2b) and increased vascularity (Figure 2¢
and 2d) when compared to a similar hyperkeratosis diagnosis of
Grade 1 (Figure 1) with decrease in number of blood vessels. The

same Grade 3 intense vascular staining was also observed in a case
of squamous cell carcinoma (Figure 3).

The expression pattern and number of positive vessels for CD34 in
the different biopsies varied depending on the lesions diagnoses with

Figure 2 Leukoplaikia/hyperkeratosis lesion showing enhanced vascularity. (a) Picture of a leukoplakia lesion on the left buccal mucosa of a 53-year-old male patient
taken with the white reflectance (regular light) Identafi® StarDental optical device. (b) Application of the Identafi® system with the green amber reflectance light at
545 nm enhanced visualization of the keratinized lesions over that of the white light image shown in (a), thus enhancing the superficial vasculature and demonstrating
an increase in blood vessels number in the leukoplakia/hyperkeratotic lesion. (¢) Immunohistochemical expression of CD34, note the high number of intense brown
staining of positive blood vessels (xX40); (d) the same tissue at X200. A biopsy taken from this area showed hyperkeratosis with mild inflammation and no dysplasia.
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Figure 3 Squamous cell carcinoma lesion showing enhanced vascularity. (a) Picture of an erythroplakia lesion on the lower gingiva of a male patient taken with the
white reflectance (regular light) Identafi® StarDental optical device. (b) Application of the Identafi® system with the green amber reflectance light at 545 nm show
increase vascularity in the squamous cell carcinoma lesion demonstrated by increase in the number of red blood vessels observed. (c) Immunohistochemical
expression of CD34, note the high number of intense brown staining positive blood vessels (x40); (d) the same tissue at xX200. A biopsy taken from this area

showed a moderately differentiated squamous cell carcinoma.

Table 3 Angiogenic correlation between histology (CD 34) and
clinical grading

Clinical grade
CD34 grading
1 2 3
1 3 2 1
2 0 5 2
3 1 1 6

grading ranging from 1-3 (Figures 1d, 2d and 3d). Table 3 shows the
distribution of concordant/discordant relationship between clinical
grading and CD34 grading for the study patients. Out of the 21
patients, 14 (66%) had perfect agreement between CD34 and clinical
grading. The overall correlation between CD34 and clinical grading
was 0.5155 (95% confidence interval: 0.1218-0.9091). It should be
noted that the increase in vascularity was observed in abnormal tissues
when compared to normal mucosa but this increase was not limited to
carcinoma only (Figure 3 and Table 1), as leukoplakia/hyperkeratosis
(non-cancerous lesions) and other oral diseases, also showed increase
in vascularity (Figure 2 and Table 1).

DISCUSSION

Several studies have recently been published on the use of tissue reflec-
tance for diagnosis of suspicious lesions in several organs, including a
recent study using Identafi® for screening of 124 subjects. This study
demonstrated a sensitivity of 82% and a specificity of 87% in differ-
entiating between neoplastic and non-neoplastic oral conditions. The
study results appeared to vary between sampling depths, and kerati-
nized vs. non-keratinized tissues.'® To date, however, there are very
few published reports regarding the use of the 545 nm green—amber
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light.'®*” Tissue reflectance setting in these multispectral devices is
based on the premise of detecting changes in angiogenesis with
green—amber light (540- to 575-nm wavelength) illumination. While
the white light examination is performed first as the standard of care
for the visual examination of the suspicious lesions, examination with
the Identafi® system amber light is subsequently used to distinguish
between normal and abnormal tissue vasculature.”*>’

In this pilot study, we are the first to correlate the tissue reflectance
that detects vascular changes clinically with histological vascularity in
various oral lesions. In this small sample size study, the clinical tissue
reflectance angiogenesis grading significantly correlated with histolo-
gical vascularity grading; using the angiogenic marker CD34, this
biomarker is mainly used to identify the positive endothelial cells
and to quantify vascularity in tissue sections.” In addition, our find-
ings confirmed that the 545 nm, the green—amber light enhanced the
clinical appearance of the keratinization and the vascularity of the
lesions, making them larger and more visible to the naked eye than
the regular white light.'® This visual enhancement of the lesion vas-
cularity was observed in abnormal tissues when compared to normal
mucosa. However, the increase in vascularity was not limited to car-
cinoma only, as leukoplakia/hyperkeratosis (non-cancerous lesions)
and other oral diseases such as lichen planus that had an inflammatory
component, also showed increase in vascularity. Whether leukoplakia/
hyperkeratosis lesions with grade 3 vascularity had a higher potential
for malignant transformation is not clear from this study and may only
be determined with long term follow-up of these patients.

In this study, from a point of care perspective, non-invasive exam-
ination with the Identafi system enhanced the clinical assessment and
confirmed the clinician’s suspicion of increased vascularity in the oral
mucosal lesions. Therefore, patients that demonstrated a grade 3 on
both, the clinical and the histological vascular grading, were assigned



for more frequent periodic clinical assessment and careful long term
follow-up. However, to truly establish the magnitude of this metho-
dology’s contributions to early detection of precancerous and cancer-
ous conditions, larger well-designed prospective studies are required.

Optical spectroscopy is a promising technology for the diagnosis of
oral neoplasia. As further research into the biological mechanisms of
angiogenesis associated with oral cancer continues, a more clear
understanding of the microvascular changes in oral premalignant
lesions and oral cancers will advance our understanding of the oral
carcinogenic process.>'*° That knowledge coupled with further stud-
ies of the molecular basis for fluorescence imaging will help determine
those factors that contribute to false-positive and false-negative results
in using these imaging modalities.

CONCLUSION

The results of this pilot study are very encouraging, but further investi-
gations with a larger population group is needed to establish defini-
tively, whether this screening device significantly increases the
assessment sensitivity in detecting precancerous lesions over compre-
hensive white light examination and to validate the efficacy of this
screening device for use by general dentists.
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