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ABSTRACT

 Squamous cell carcinomas of the oral cavity (OSCCs) are among the ten most common cancers 
(probably the eighth most common) in the world, accounting for 3-5% of all malignancies. Oral cancer 
is associated with high mortality and morbidity rates as a result of late diagnosis with less than 50% 
of the patients cured because in early stages it is asymptomatic and becomes advanced and symp-
tomatic at the time of diagnosis. Early detection of oral cancer is crucial in improving survival rate. 
Identification and detection of    oral potentially malignant disorders allow delivery of interventions to 
reduce the evolution of these disorders to malignancy. A variety of new and emerging diagnostic aids 
and adjunctive techniques are currently available. The objective of the present study was to evaluate 
the accuracy of autofluorescence (VELscope) for detection of oral cancers, oral potentially malignant 
disorders and its tissue fluorescence imaging light based detection potential towards benign lesions. 
A total of 92 patients, 38 males and 54 females (mean age 39.7years) who presented to the dental di-
agnostic department and later referred to the “Oral Medicine Department” Fatima Memorial Hospital 
College of Dentistry, Lahore, Pakistan were enrolled for this study. Following a complete visual and 
autofluorescence examination, all those patients who showed sinister changes/lack of fluorescence 
(n=22; males=11, females=11; mean age=43.9yrs) underwent incisional biopsy for histopathological 
assessment. Excluding the control group of 30 patients, 15 males and 15 females (mean age=37.5yrs), 
among the remaining 62 patients, 22 of those who showed loss of fluorescence on tissue fluorescence 
imaging, only 19 patients showed histopathological presence of neoplastic changes (mild/moderate/
severe dysplasia, CIS and well differentiated OSCC) concluding the sensitivity of autofluorescence 
(VELscope) for the detection of dysplastic lesions to be 86% and its specificity in detecting neoplastic 
lesions and diagnosing oral potentially malignant disorders and benign lesions to be 74%. 

Key words: Oral squamous cell carcinoma, Spectroscopy, Oral potentially malignant disorders, VEL 
scope, Early detection.

BACKGROUND

 The field of optical diagnostics comprises a variety 
of techniques designed to characterize the relationship 
between the optical and biological properties of tissue. 
Through the detection of changes in light after inter-
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vention with tissue, optical technologies provide infor-
mation on the physiologic and pathologic correlation of 
the tissue at a molecular level. Early research in optical 
diagnostics suggested that alterations in light-tissue 
interactions can be used to differentiate normal from 
malignant tissue.1 Subsequent advances in molecular 
biology, genomics, and proteomics, have vastly improved 
our scientific understanding of the complex biochem-
ical and morphological changes that occur as tissue 
undergoes the transformation from normal to neopla-
sia. Many of these early biological events have been 
shown to alter the optical properties of pre-cancerous 
and cancerous tissue. Light based detection systems 
identify these “optical signatures” created during tissue 
transformation to provide a real-time assessment of 
tissue structure and metabolism. One of such optical 
technologies is called “Autofluorescence or Tissue fluo-
rescence imaging” commercially available by the brand 
name “VELscope”. VELscope (Visually enhanced lesion 
scope) was invented by Peter Whitehead, Founder and 
CEO of LED Dental Inc. White Rock, British Columbia, 
Canada. It is a handheld device which detects alter-
ations in normal fluorescence (apple green hue) that is 
associated with morphological and biochemical changes 
during cancer development producing a black shadow 
on autofluorescence. VEL scope got approval in 2007 for 
use from the FDA Health Canada. It met all the DECS 
(Digital Excitation Control System) electrical safety 
requirements and was found to be easy to set up and 
use. The phenomena of fluorescence dates back to 1845 
when Sir John Frederick William Herschel observed 
celestial blue colour fluorescence from a solution of 
quinine sulphate (in tartaric acid) in sunlight which 
was later published in Philosophical Translation of the 
Royal Society of London.2 Later in 1852, G.G Stokes 
coined the word fluorescence from fluor-spar and was 
the first person to propose the use of fluorescence as an 
analytical tool in a lecture in 1864 “On the application 
of the optical properties to detection and discrimination 
of organic substances”.3 R. Meyer in 1897 proposed 
the name “fluorophores” to describe endogenous com-
pounds or specific functional groups responsible for 
fluorescence.4 Fluorescent imaging systems utilize 
spectroscopic principles to capture fluorescence emis-
sion spectra from a larger tissue sampling area than is 
possible with point spectroscopy. The acquisition of an 
image requires tissue illumination with a light source, 
often in the near-UV to green range. The subsequent 
fluorescence produced from the absorption and scat-
tering events is recorded with a camera and results in 
a real-time image. In addition, fluorescence imaging 
systems are capable of sampling larger tissue areas 

and provide two-dimensional information allowing for 
the detection of lesion-specific features such as homo-
geneities.5 Autofluorescence is based on the biological 
emission of fluorescent light from tissue exposed to 
ultraviolet (UV) or short wavelength visible (VIS) light. 
To better understand fluorescence, a brief review of 
the interaction of light and tissue is warranted. Light 
is formed by packets of energy termed photons. When 
tissue is exposed to light, photons may be absorbed, 
reflected, or scattered by specific molecules within the 
tissue. As light illuminates the targeted tissue, these 
biomolecules, termed fluorophores, absorb the energy 
in the illuminating light and respond by emitting fluo-
rescent light of lower energy (and longer wavelength). 
The change in wavelength then allows fluorescent 
light to be differentiated from illuminating light (UV 
or VIS light). Each group of fluorophores will respond 
to specific excitation wavelengths, and in turn, emit a 
different range of wavelengths resulting in a spectral 
pattern that ideally represents the biochemical and 
metabolic status of the tissue undergoing optical in-
terrogation. 6,7,8,9 Fluorescent light may be generated 
by the administration of an exogenous agent such as 
in drug-induced fluorescence or by the excitation of 
endogenous fluorophores (auto-fluorescence). As tissue 
undergoes the biochemical and morphological progres-
sion to neoplasia, the concentration and distribution of 
the fluorophores is transformed. Known fluorophores 
include components of the connective matrix (collagen, 
elastin), metabolic coenzymes (reduced nicotinamide 
adenine dinucleotide (NADH), flavin adenine dinucle-
otide (FAD), flavin mononucleotide (FMN), aromatic 
amino acids (tryptophan, tyrosine, phenylalanine), 
byproducts of the heme biosynthetic pathway (por-
phryins) and lipopigments (lipofuscin, ceroids). Factors 
influencing tissue autofluoresence include tissue archi-
tecture, light absorption and scattering properties of 
each tissue layer, the distribution and concentration 
of the fluorophores in the different tissue layers, the 
biochemical environment, and the metabolic status of 
the tissue. Though complex, tissue autofluorescence 
patterns reflect changes in tissue composition and have 
been shown to be capable of distinguishing benign from 
malignant tissue.6,7,8,9,10 Head and neck cancers account 
for 5 % of all tumors, and about 50% of head and neck 
tumors occur specifically in the oral cavity. In 2000, 
300,000 of the 615,000 new cases of oral cavity tumors 
reported worldwide were primary oral cavity squamous 
cell carcinomas.11 Since oral cancers are often detected in 
later stages, it is thought that early detection may low-
er the morbidity and mortality of oral cavity tumors. 

Among a number of potential techniques (Table 1) as 
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diagnostic aids for OSCC at its earliest stage and oral 
potentially malignant disorders, the light based detec-
tion systems preferably “Tissue fluorescence imaging” 
or “Autofluorescence” (VELscope VxR) has gained much 
importance in the recent years because of a number of 
its potential significances explained in Table 2. VEL-
scope is intended to be used by dentists or health care 
providers (especially Oral Physicians) as an adjunct to 
traditional oral examination 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 pre-malignant dysplasia. It is 
further intended to be used by Oral Surgeons to help 
identify diseased tissue around a clinically apparent 
lesion and thus aid in determining the appropriate 
margin for surgical excision.12,13 VELscope uses visi-
ble light in the 420 nm wavelength in order to cause 
fluorescent excitation of fluorophores in the tissues.

 Lane and associates in 200613 described a simple 
hand-held device that facilitates the direct visualization 
of oral-cavity fluorescence for the detection of high-risk 
potentially malignant and early cancerous lesions. 
Blue excitation light (400 to 460 nm) was employed to 
excite green-red fluorescence from fluorophores in the 
oral tissues. Tissue fluorescence was viewed directly 
along an optical axis collinear with the axis of excitation 
to reduce inter- and intra-operator variability. This 
device enables the direct visualization of fluorescence 
in the context of surrounding normal tissue. Results 
from a pilot study of 44 patients were presented. Using 
histology as the gold standard, the device achieves 
a sensitivity of 98 % and specificity of 100 % when 
discriminating normal mucosa from severe dysplasia/
carcinoma in situ (CIS) or invasive carcinoma.

 In an article on detecting oral cancer, Kois and 
Truelove in 200614 stated that VELscope can aid in 
patient assessment, and when added to a well-thought 
out clinical assessment process that takes into con-
sideration the age of the patient and risk factors that 
include tobacco, alcohol, and immunological status, it 
increases the clinician’s ability to detect oral changes 
that may represent potentially malignant or malignant 
cellular transformation. False positive findings are 
possible in the presence of highly inflamed lesions, 
and it is possible that use of VELscope alone may re-
sult in failure to detect regions of dysplasia, but it has 
been the authors’ experience that use of the VELscope 
improves clinical decision-making about the nature 
of oral lesions and aids in decisions to biopsy regions 
of concern. Where tissue changes are generalized or 

cover significant areas of the mouth, use of the scope 
has allowed practitioners to identify the best region for 
biopsy.14 Lesions that appear to be VELscope positive 
apparently and absorb light need to be followed with 
particular caution, and if they do not resolve within 
a 2-week period, then further assessment and biopsy 
are generally advised. It is much better to occasionally 
sample tissue that turns out to be benign than to fail 
to diagnose dysplastic or neoplastic/ malignant lesions.

INTRODUCTION

 Oral cancer is a multistep, multipathway and mul-
tifocal process extending over a period of 10–20 years, 
where most manifest carcinomas are assumed to be 
preceeded by readily detectable visible changes of the 
oral mucosa.15,16 Cancers of the oral cavity are believed to 
progress from potentially malignant lesions, beginning 
as hyperplastic tissue, with subsequent increasing lev-
els of dysplasia (mild, moderate, severe) into carcinoma 
in situ (CIS), and finally developing into invasive squa-
mous cell carcinoma.13 It is not known to which extent 
carcinomas may arise from clinically normal oral muco-
sa, but reliable molecular markers indicate that cancer 
may arise from lesions that by traditional histological 
assessment are assumed to be without any malignant 
potential.17,18 Several optical imaging techniques have 
shown promise in identifying these lesions, and several 
systems have gained FDA approval for clinical use. As 
the most thoroughly investigated optical techniques 
for the detection and characterization of oral lesions, 
autofluorescence spectroscopy and imaging systems 
have been shown to be capable of distinguishing nor-
mal oral mucosa from cancerous lesions. In addition, 
research suggests that autofluorescence techniques are 
capable of discriminating between lesion types, though 
sensitivities and specificities reported by researchers 
have varied. Research suggests that autofluorescence 
spectroscopy is exceedingly accurate in distinguish-
ing lesions from healthy oral mucosa (sensitivity 
82–100%, specificity 63–100%), though there is a lack 
of compelling evidence for the discrimination between 
lesion types for diagnostic purposes.5 Autofluorescence 
imaging systems, such as the commercially available 
VELscope, allow the clinician to probe oral cavity tissue 
for the direct visualization of potentially malignant 
and malignant lesions. Studies demonstrate that oral 
neoplastic lesions show a characteristic decrease in 
green fluorescence when probed with autofluorescent 
imaging systems. This fluorescent pattern allows for 
the clinician to visualize malignant changes of oral 
tissue that manifest as darkened areas surrounded by 
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healthy, green fluorescent tissue.18 Early detection of 
cancer distinguishes ‘‘screening” (application of a test 
to evaluate presence of the disease in asymptomatic 
individuals who apparently do not suffer from it) from 
‘‘detection of cases” (application of a particular procedure 
to patients with an identified lesion). In “mass screen-
ing” programs, also known as “community-based” or 
“population-based” screening, the target group is invited 
to participate specifically for the purpose of detecting 
potentially malignant lesions. These screenings may 
have a specific goal of detecting potentially malignant 
oral lesions, or they may be broader in scope and involve 
assessment of a person’s general oral health status. In 
a dental setting, the act of “screening” for oral cancer 
occurs when a patient reports for care. This often is 
referred to as an “opportunistic screening.” Convention-
al oral exploration (visual and palpation examination) 
constitutes the gold standard screening study for oral 
potentially malignant disorders and cancers that can 
be further aided by various diagnostic modalities for 
OSCC (Table 1). A list of oral potentially malignant 
disorders along with their malignant transformation 
rates is shown in table 3. 

 As highlighted by the American Dental Association, 
“Identifying white and red spots that show dysplasia and 
removing them before they become cancer has proved 
to be one of the most effective methods for reducing 
the incidence and mortality of cancer”. 19 

 Oral cancer is generally classified into cancers of 
the oral cavity and of the oropharynx. The oral cavity 
includes the lips, buccal mucosa, gingiva, hard palate, 
floor of mouth and anterior 2/3rd of the tongue, whereas 
the oropharynx consists of the posterior 1/3rd of the 
tongue, soft palate, tonsils and posterior pharyngeal 
wall. About 94% of oral cancers are squamous cell 
carcinoma20, a malignancy derived from the surface 
epithelial cells that line the oral cavity and oropharynx. 
Oral squamous cell carcinoma (OSCC) is primarily a 
disease of the adults with patient charactertics shown 
in table 4. The average age at diagnosis is 62, and 97% 
of cases occur in patients 35 and older.21 Men are more 
than twice as likely to be affected by OSCC as women. 
The risk of oral squamous cell carcinoma for cigarrete 
smokers becomes 10-fold over that of people who have 
never smoked cigarettes.22 Similarly recent epidemio-
logic studies have found that smokeless tobacco users 
are about twice as likely to develop OSCC as those who 
have never used23, except the swedish snuff users who 
seems to have genetically less risk towards OSCC. It is 
unclear whether alcohol abuse alone can cause cancer. 

Tobacco and alcohol synergism is well established and 
their combined use increases a person’s risk for oral 
squamous cell carcinoma by a factor of at least 15.20 

The diagrammatic summary of main OSCC risk factors 
is shown in Figure 1.

METHODOlOGy

 A total of 110 patients who came to the Dental Di-
agnostic Department, “Division of Oral & Maxillofacial 
Medicine, Dental Diagnostics and Dental Radiology” 
Fatima Memorial Hospital College of Dentistry, Lahore, 
Pakistan were referred to “Oral Medicine Department” 
FMH out of which only 92 patients (92/110=83.6%) 
consented for the research project. All 92 patients were 
investigated by a standard protocol that involved clinical 
visual examination and autofluorescence examination 
being divided into four groups namely Dysplasia/Neo-
plasia group (Group I), Oral potentially malignant 
disorders group (Group II), Benign lesions/ conditions 
group (Group III), and a control group (Group IV). 
The details of these four groups is shown in table 5. 
Following a comprehensive clinical examination under 
an incandescent light source the clinical diagnosis was 
established by the operator/experienced clinician (UK). 
In the first three groups, the principal area (site) of 
morphologically altered mucosa was selected and pho-
tographed. All further investigations were performed 
on this clinically detected area of mucosal abnormality. 
Autofluorescence examination was performed using the 
VELscopeVxR (Visually Enhanced Lesion Scope) shown 
in figure 2, under dimmed room light, with protective 
eye wear worn by the patient throughout the procedure. 
The possible outcome of the autofluorescence examina-
tion was determined by the manufacturer’s literature 
i.e. FVL – fluorescence visualization loss, FVR – fluo-
rescence visualization retained and FVI – fluorescence 
visualization increased. All autofluorescence pictures 
along with clinical pictures (for comparative analysis) 
were calibrated by experienced professionals from the 
LED Diagnostics (KDH and CFP).

 A surgical biopsy was performed for histopathologi-
cal assessment and the selection of the biopsy site took 
into consideration any area of FVL identified by the 
VELscope within the lesion, in all the Group I patients 
and three patients of Group II. All the biopsy specimens 
were sent to the Aga Khan Laboratories where the 
presence or absence of dysplasia in the biopsy samples 
were observed by experienced pathologists. Biopsy of 
Group III and Group IV patients was not performed as 
none of these patients consented for biopsy after being 
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re-assured that the diseases/conditions they have are 
totally benign (Group III) or no disease at all (Group 
IV) and neither did the remaining patients of Group II 
(10/13=77%) agree for biopsy (histopathology) mostly 
because of the fear of biopsy, socio-economic problems 
and also probably due to the re-assurance taken by 
the VELscope that currently they have no malignant 
change visible in the oral cavity.

 Data collected was entered through the IBM SPSS 
software (Statistical Package for the Social Sciences). 
Sensitivity and specificity of the autofluorescence test 
results, compared to clinical diagnosis by a specialist and 
dysplasia grade/neoplasia from biopsy, were calculated. 
Differences and associations between the autofluores-
cence test and dysplasia grade were examined using 
either Fisher’s exact test or χ2 test with significance set 
at P < 0.05.

RESUlTS

 The profile of 92 patients enrolled in the clinical trial 

is given in table 6. Of the 92 patients, 22 (22/92=24%) 
had clinically visible malignant/neoplastic changes in 
the oral cavity predisposed by different risk factors or 
occuring on the background of potentially malignant dis-
orders, 13 (13/92=14%) had oral potentially malignant 
disorders having no clinical signs of sinister/neoplastic 
changes in the oral cavity, 27 (27/92=29%) had different 
types of benign lesions/conditions and the remaining 
30 patients (30/92=33%) were controls i.e. they had no 
clinically visible abnormality what so ever related to 
their oral mucous membrane. Among the total of 92 
patients (38 males=41% and 54 females=59%), having 
mean age of 39.7 years, without considering their group-
wise distribution as shown in table 4, 15 patients had 
oral lichen planus, 9 had oral submucous fibrosis, 2 
had chronic hyperplastic candidosis, 3 had oral trauma, 
16 had coated tongue, 4 had frictional keratosis, 3 had 
mucositis, 4 had oral squamous cell carcinoma due to 
idiopathic reasons, 1 had haematinic deficiency, 1 had 
geographic tongue, 1 had median rhomboid glossitis, 1 
had pyostomatitis vegetans, 1 had smokeless tobacco 

TABLE 1: VARIOUS DIAGNOSTIC MODALITIES FOR ORAL CANCER DETECTION

Established utility Potential utility
1. Visual examination & 
palpation

2. Biopsy and histopatho-
logical examination

1 Light-based detection systems
           (optical techniques)

•	 Chemiluminescence	(ViziLite	plus®;	Microlux/DL®;	Orascoptic/DK)
•	 Tissue	fluorescence	imaging/Autofluorescence	(VELscope®)
•	 Spectroscopy
	 Tissue	fluorescence	spectroscopy
	 Elastic	scattering	(reflectance)	spectroscopy
 Raman spectroscopy

        
•	 Optical	coherence	tomography	(OCT)
•	 Narrow-based	imaging	(NBI)
•	 Multimodal	optical	imaging

2	Oral	brush	biopsy	(OralCD×®)
3 Vital staining

•	 Toluidine	blue	(TB)
•	 Lugol	iodine

4 Biomarkers
•	 Specific	blood	analysis	(CEA,	SCCAA,	IAP,	CYFRA,	ANXA1,	and	others)
•	 Specific	saliva	analysis	(IGF,	MMP-2,	MMP-9,	CYFRA	21-1,	TPS,	

IL-1B, DUSP1, HA3, OAZ1, S100P, SAT, miRNA, and others)
5 Imaging

•	 Dental	panoramic		tomography	(DPT)
•	 Computed	tomography	(CT)
•	 Cone	beam	computed	tomography	(CBCT)
•	 Magnetic	resonance	imaging	(MRI)

6 DNA ploidy (chromosomal polysomy)
7 Laser Capture Microdissection (LCM)

8 Lab-on-a-chip
     (micro-total-analysis system/TAS) 
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keratosis and 1 had telangiectasias. The rest of the 
disease specific details of the patients along with their 
mean ages and gender is shown in table 6. In Group 
I (Dysplasia/Neoplasia group) patients who presented 
with the clinical characteristics of oral squamous cell 

carcinoma predisposed by different risk factors or con-
ditions/diseases as shown in table 7, only 19 patients 
(10 males and 9 females) out of a total of 22 (11 males 
and 11 females, mean age=43.9%) of the group were 
being confirmed histopathologically as having neoplas-

TABLE	2:	ChARACTERISTICS	OF	VELSCOPE	SYSTEM

Strengths limitations
1. Simple to use and non-invasive. 1. Needs a dark environment.
2. No consumable reagents needed/no recurrent cost (compared 
to ViziLite).

2. High initial setting-up cost (purchase of 
the equipment).

3. Provides real time results. 3. No permanent record unless photo-
graphed (Not a major issue as it can be 

resolved by buying a compatible camera).
4. Can be performed by a wide range of operators after short 
training (Moderately technique sensitive).

4.	Low	specificity	for	dysplasia,	high	refer-
ral rate and over-treatment (may vary with 

operator variability).
5. Limited operator variability.
6. High sensitivity for any oral mucosal disorder.
7. Not time consuming.
8.	Utilize	spectroscopic	principles	to	capture			fluorescence	emis-
sion spectra from a larger tissue sample area than is possible 
with point spectroscopy.
9. Provides two dimensional information allowing for the detec-
tion	of	lesion	specific	features	such	as	homogeneities.	

TABLE	3:	POTENTIALLY	MALIGNANT	DISORDERS

Approximate malignant poten-
tial

Disorder Known etiological factor

Very high (90%+) Erythroplakia Tobacco/alcohol
High in some Instances  (30%+) Actinic  cheilitis Chronic hy-

perplastic candidosis (Candidal 
leukoplakia) 

Dyskeratosis congenita Prolifera-
tive verrucous 

Sublingual keratosis
Syphilitic leukoplakia

Xeroderma	pigmentosum

Sunlight
Candida albicans/Tobacco

Genetic Human papillomavirus  
(HPV)?: most often no  history of 

tobacco/alcohol
Tobacco/alcohol

Treponema pallidum/ Tobacco? 
Genetic

Moderately High (5-20%) Oral	submucous	fibrosis
Leukoplakia (non-homogenous)

Betel nut/Areca nut Tobacco/alco-
hol

Low (<5%) Atypia in immunocompromised 
patients

Discoid lupus erythematosus? 
Fanconi syndrome Leukopla-

kia(homogenous)
Lichen planus Paterson-Kel-

ly-Brown Syndrome (sider penic
Dysphagia;Plummer-Vinson

Syndrome)Scleroderma

HPV 

Autoimmune

Genetic;	anemia
Tobacco/alcohol

Idiopathic
Iron	deficiency
Autoimmune
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TABLE 4: FEATURES SUGGESTIVE OF OSCC

1 A large ulcer (>1cm) persisting for more than 1 month having irregular raised exophytic margins showing 
induration	and	fixation	on	palpation	surrounded	by	plaque	type	keratosis	across	the	margins	of	ulcer

2 Red lesion (erythroplakia)
3 Mixed	 red/white	 lesion	 	 (erythroleukoplakia/speckled	 leukoplakia);	 irregular	white	 lesion	 (verrucous	

leukoplakia)
4 Lump
5 Ulcer	with	fissuring	or	raised	exophytic	margins
6 Speckling	(it	is	defined	as	mixed	red	and	white	patches	intermingled	with	each	other	that			can		be	new	

or a complication over any oral potentially malignant disorder thus differentiating itself from speckled 
leukoplakia which is in simple terms speckling over a leukoplakic lesion)

7 Pain or numbness
8 Abnormal blood vessels supplying a lump
9 Loose tooth
10 Extraction socket not healing
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TABLE 5: GROUP WISE DISTRIBUTION AND CHARACTERISTICS OF PATIENTS

Dysplasia/Neoplasia

Group 1 Total = 22 patients

Oral potentially malig-
nant disorders Group 2 
Total = 13 patients

Benign conditions/lesions

Group 3 Total = 27 patients

Controls 
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Group 1 includes patients that showed neoplastic changes (dysplasia / CIS / OSCC) on the background of po-
tentially malignant disorders / conditions and other oral factors.
Group 2 includes patients that were suffering from oral potentially malignant disorders without any clinically 
visible spectroscopic evidence of dysplasia.
Group 3 is self explanatory.
Group 4 includes patients that had no clinically visible abnormality in their oral cavity. The oral mucous mem-
brane of that patient had no clinically visible lesion / conditions / disorders / diseases.

(References at the end of second part to be published in June 2014)


