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Introduction

The 5-year survival rate for upper aerodigestive 
tract tumours remains at a dismal 50%, despite 
advances in therapeutic modalities. The principal 
contributors to poor survival are delayed diagnosis 
and a high incidence of contemporaneous, second 
primary tumours.1 These localized lesional hotspots 
are, according to Slaughter’s theory of field 
cancerization, the result of repeated carcinogenic 
exposure.2

Early detection, and the accurate determination 
of tumour spread have strong implications for 
prognosis; consequently improvements in 
diagnostic tools are constantly sought. The detection 
of early stage neoplasms during routine physical 
examination by conventional white light endoscopy 
is not trivial. Malignant change can appear 
inconspicuous, or be confused with infection or 
inflammation. A keen expert eye is often needed to 
distinguish the malignant from normal tissue. 

Autofluorescence is already recognized as a 
diagnostic tool in the detection of early lung cancer, 
and its use may be extended to multiple other 
malignancies.3 Autofluorescence is also a proven 
complementary diagnostic tool (with high sensiti
vity and specificity indices) in the photodiagnosis 
of head and neck squamous cell carcinomas. As a 
visual aid, it has been used to delineate surgical 
margins and, with white light endoscopy, could be 
used as a screening tool for high-risk populations.1

Autofluorescence endoscopy entails the detection 
of naturally generated fluorescence, following 
excitation of the mucosa by shortwave blue light in 
the visible spectrum (375-440 nm). Changes in 
tissue fluorescence have been attributed to changes 
in tissue metabolism, reactive changes of the 
adjacent stroma, and epithelial thickening, which is 
commonly found. The fluorescence itself is 
generated by natural fluorophores within the tissue; 
these emit light of a longer wavelength than that of 
the excitation photon.4 Reduced autofluorescence 
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of Helsinki. The study population consisted of 
patients selected from the Otorhinolaryngology 
Clinic, Hospital Universiti Sains Malaysia. These 
patients presented with either a mass, or the clinical 
signs and symptoms suggestive of tumourigenicity 
in the upper aerodigestive system. Forty-five 
patients were recruited to this study between June 
2011, and March 2012. 

Selection criteria

Our inclusion criteria were that patients should be 
of 18 years of age, or older, and that they should 
have presented with a mass involving the upper 
aerodigestive tract, or show signs and symptoms 
suggestive of an aerodigestive tract tumour. The 
exclusion criteria were pregnancy, a previous 
history of surgery involving the upper aerodigestive 
tract, and prior radiotherapy.

Equipment

Autofluorescence endoscopy was performed using 
rigid 0°, 70°, and 90°, 4 mm Hopkin rod telescopes 
with D-Light C/AF excitation light source systems 
(manufactured by Karl Storz), attached to a 
television monitor and camera system. The upper 
aerodigestive tract was locally anaesthetized prior 
to introducing the rigid endoscope. Ten percent 
cocaine hydrochloride solution was used as a 
topical anaesthetic, with vasoconstrictors used prior 
to nasal endoscopic procedures; 0.1% xylocaine 
spray was used for surface analgesia before oral or 
laryngeal endoscopic examination. All procedures 
were recorded and stored using the AIDA storage 
system. Biopsy forceps were used to sample 
adequate tissue for histopathologic examination. 

Procedure

Autofluorescence endoscopy was performed as per 
the manufacturer’s instructions. Our patient cohort 
were instructed as to the aims and objectives of the 
study, after which they provided written informed 
consent. A detailed history, and complete ear, nose 
and throat examinations were then carried out. White 
light endoscopy, followed by autofluorescence 
endoscopy, was performed. A biopsy of the mass 
was then taken, fixed in 4% formalin, and submitted 
for histopathologic examination (HPE). The 
decision to biopsy was based on our suspicion 
of  a  tumour following both white light, and 

can be promoted by atypical, or larger nuclei, which 
are common features of malignancy. Auto
fluorescence also drops when there are fewer elastic 
fibres in the lamina propria. 

The appearance and intensity of autofluorescence 
depends on the structure of the examined tissue, 
and especially its fluorophore content. Fluorophores 
are predominantly connective tissue proteins, e.g., 
elastin and keratin, or proteins involved in 
metabolism, such as nicotinamideadenine- 
dinucleotide (NADH). In cancerous cells, the non-
fluorescent oxidative form of NAD prevails, at the 
expense of NADH. This provides one explanation 
for the correlate of altered autofluorescence and 
malignancy. Normal, healthy mucosa, ordinarily 
generates a bright-green autofluorescence due to 
translucent elastic fibres in the lamina propria. 
Dysplasia decreases fluorescence as tissue 
architecture and metabolism alters. Ultimately, the 
loss of green autofluorescence typically indicates 
severe dysplasia, or cancerous lesions.4 

At present, the literature concerning autofluo
rescence endoscopy as a diagnostic tool for upper 
aerodigestive tract tumours is patchy. Despite a 
wealth of information on its effectiveness in 
detecting oral and laryngeal tumours in the western 
literature, we know little about its efficacy in 
diagnosing the cancers more prevalent in Southeast 
Asia, such as nasopharyngeal carcinoma (with an 
age standardized incidence of 10.2 (male) and 3.6 
(female) per 100 000 population).5

Thus, the aim of this study was to evaluate the 
effectiveness of autofluorescence endoscopy in 
aiding the diagnosis of upper aerodigestive tract 
tumours. Of particular interest, was its effectiveness 
in discriminating between benign and malignant 
tissue during endoscopy, with diagnostic correlation 
provided by histopathologic examination.

Materials and methods

Study design

A cross sectional prospective study

Study population and sample size

This study was carried out following approval from 
the University Human Ethical Committee (Approv-
al number: USMKK/PPP/JEPeM [238.3.(06)]) and 
was performed in accordance with the Declaration 
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A chi-square test was then used to evaluate the 
relationship between the two dependent qualitative 
variables.

Results

Our study involved forty-five patients. On 
comparison of the diagnoses generated by histo
pathology, and autofluorescence endoscopy, we 
found that autofluorescence endoscopy indicated 
that 21 patients had a malignant tumour, with 
17  patients diagnosed with a potentially benign 
tumour. The youngest patient of our cohort was an 
18 year old, and the oldest was 75. The mean age 
was 43.1 ± 15.5. 73.3% of the patients enrolled in 
our study were males; the remaining 26.7% were 
female.

Histopathologic data were collected for eleven 
lesions from the oral cavity and oropharynx, nine 
from the larynx, and twenty-five lesions from the 
nasal cavity and nasopharynx (Table 1). Of the 
eleven lesions from the oral cavity and oropharynx, 
five were confirmed to be benign (by histopathologic 
examination); the remaining six were malignant. 
Of the nine suspicious lesions biopsied from the 
larynx, our histological diagnoses included 
laryngeal tuberculosis (two patients), Reinke’s 
oedema (one patient), laryngeal neurofibroma (one 
patient), a vocal cord cyst (one patient), a vallecular 
cyst (one patient), and laryngeal carcinoma (three 
patients). Lesions from the nasal cavity and 
nasopharynx consisted of twelve benign lesions, 
and thirteen malignant lesions; all of which were 
confirmed histologically. Ten of the thirteen 
malignant lesions were confirmed to be 
nasopharyngeal carcinoma, with the remainder 
diagnosed (by histopathologic examination) as 
olfactory neuroblastoma, sinonasal carcinoma, and 
nasopharyngeal non-Hodgkin lymphoma.

Of the eleven lesions biopsied from the oral 
cavity and oropharynx, autofluorescence endoscopy 
correctly identified the five benign cases, and five 
of the six malignant lesions. The one discrepancy 
was a false negative; this was a well-differentiated 
squamous cell carcinoma of the tongue that was 
incorrectly identified as normal by autofluorescence 
endoscopy. Of the suspicious laryngeal lesions, 
autofluorescence endoscopy correctly identified 5 
benign cases, and 3 malignant cases. For these 
cases, a single false positive for malignancy 
occurred for a patient with tuberculosis. Of the 

autofluorescence endoscopy procedures. Patients 
were then given a follow-up appointment to review 
the HPE results, and decide on further management. 
Both white light and autofluorescence endoscopy 
were performed using the appropriate rigid scopes, 
with the television monitor and camera system. The 
patients were required to sit upright on the 
examination chair, with the neck slightly extended. 
Topical anaesthetic was then applied. White light 
rigid endoscopy was performed initially, followed 
by autofluorescence rigid endoscopy; toggling 
between each modality was achieved using a switch 
on the monitor, or a foot switch. 

The findings were classified as follows:

Data analyses

Diagnoses achieved using autofluorescence 
endoscopy were compared with the results of the 
corresponding histopathologic examination. These 
data were then tabulated and classified as true or 
false positive, and true or false negative. Data were 
stored in a computer based filling system, and 
analysed using the PASW Statistics 20 software 
(SPSS, IBM, USA). The sensitivity, specificity, 
and positive and negative predictive values for 
autofluorescence endoscopy were then calculated 
as follows:

Sensitivity = true positive/ (true positive + false 
negative)
Specificity = true negative/ (true negative + false 
positive)
Positive Predictive value = true positive/ (true 
positive + false positive)
Negative Predictive value = true negative/ (true 
negative + false negative)

Autofluorescence findings Interpretation
Typical homogenous, 
pale green fluorescence

Normal

Intense bright green to whitish 
fluorescence

Increased 
autofluorescence 
Abnormal, 
Suggestive of 
malignancy

Sharply circumscribed area of 
decreased autofluorescence, with 
occasional reddish spots

Decreased 
autofluorescence 
Abnormal, 
Suggestive of 
malignancy
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lesions, as confirmed by histopathologic exami
nation.

Twenty-one of twenty-two malignancies were 
correctly identified by autofluorescence endoscopy, 
with one false negative. Using the histopathology 
data as our diagnostic standard, the sensitivity and 
specificities of white-light endoscopy for tumour 
detection were found to be 79%, and 62% 
respectively. Both test criteria improved for 
autofluorescence endoscopy, with a sensitivity of 
95%, and specificity of 74% (Table 3). 

Discussion

Our study cohort presented with suspicious lesions 
found throughout the upper aerodigestive tract. We 
found that the autofluorescence emitted by the 
mucosal lining of the upper aerodigestive tract was 

twenty-five suspicious nasopharyngeal and nasal 
cavity masses seen by white light endoscopy, 
autofluorescence endoscopy correctly identified six 
normal cases (lymphoid tissue), one benign fibrous 
dysplasia of maxilla, and all thirteen malignancies. 
For this dataset, 5 false positives were reported 
where a suspicion of malignancy was later reversed 
by histopathologic examination; these revealed 
normal lymphoid nasopharyngeal tissue (2 
patients), chronic inflammatory changes of the 
nasopharynx (2 patients), and a nasopharyngeal 
cyst (1 patient). A Pearson chi-square test was then 
used to identify an association between abnormal 
autofluorescence findings and malignant histo
pathologic diagnoses, with a P-value of less than 
0.05 (Table 2); this finding led us to reject the null 
hypothesis. Therefore autofluorescence endoscopy 
could differentiate between malignant and benign 

Table 1
Autofluorescence characteristics of each lesion

Histology Autofluorescence intensity
(no. of patients)

Normal Decreased Increased
1 Mature squamous epithelium of the buccal mucosa 1
2 Tonsillar lymphoma 1
3 Laryngeal carcinoma 3
4 Nasopharyngeal lymphoid tissue 6 2
5 Tongue carcinoma 1 3
6 Nasopharyngeal carcinoma 8 2
7 Vallecular cyst 1
8 Pseudoepitheliomatous hyperplasia of tongue with fungal infection 1
9 Nasopharyngeal non Hodgkin lymphoma 1
10 Buccal carcinoma 1
11 Sinonasal carcinoma 1
12 Neurofibroma of the larynx 1
13 Chronic inflammation of the nasopharynx 2
14 Laryngeal tuberculosis 1 1
15 Olfactory neuroblastoma 1
16 Reinke’s oedema 1
17 Squamous papilloma of the uvula 1
18 Nasopharyngeal cyst 1
19 Chronic inflammation / ulcerated buccal mucosa 1
20 Chronic inflammation of the tonsil 1
21 Fibrous dysplasia of the maxilla 1
22 Vocal cord cyst 1

Total 18 19 8
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cence, whereas carcinoma of the tongue often 
showed increased autofluorescence intensity.

Our demonstration of a sensitivity of 95%, 
specificity of 74%, and negative / positive predictive 
values of 94%, and 78% respectively, lead us to 
conclude that suspicious lesions identified by white 
light, can be better visualized using autofluorescence 
endoscopy, than lesions that appear less harmful, 
i.e. autofluorescence imaging is more effective at 
visualizing malignant, than benign lesions. A 
similar observation was made by Lane et al.,6 in 
their 44 patient study concerning oral cavity 
dysplasia or previous head and neck cancers. Using 
the same approach as ours (i.e. comparing histology 
with autofluorescence testing) the autofluorescence 
testing of suspicious lesions resulted in high 
sensitivity, specificity, and positive and negative 
predictive values (these were 98%, 100%, 100% 
and 86% respectively). 

Conversely, Mehrotra et al.,7 in their study 
involving 156 lesions classified as clinically 
harmless or benign, showed that autofluorescence 
demonstrated poor metrics with a sensitivity of 
50%, specificity of 39%, a positive predictive value 
of 6%, and a negative predictive value of 90% 
(compared to histologic diagnosis). Our study 
clearly showed that autofluorescence endoscopy 

variable. A normal healthy larynx would appear 
bright green, with a light bluish coloration for the 
mucosal lining of the normal healthy nasopharynx. 
The oral cavity and oropharynx were areas easily 
evaluated using the autofluorescence endoscope, 
with normal healthy areas showing a greenish hue. 
Biopsies were taken from all of these areas, and all 
showed some variability in autofluorescence. Less 
exposed areas such as the base of tongue and 
hypopharynx were more difficult to inspect using 
the endoscope. As an extra confounding factor, 
porphyrin-forming bacteria, indigenous to these 
sites, appeared as red fluorescent spots on the 
autofluorescence mode, thereby complicating 
interpretation. However, most malignant tumours 
of the upper aerodigestive tract presented with 
decreased autofluorescence, including all patients 
with laryngeal carcinoma (Figure 1). Lesions 
subsequently identified to be nasopharyngeal 
carcinoma exhibited either reduced or increased 
autofluorescence (Figure 2), with the former 
predominating. For the cases of nasopharyngeal 
carcinoma with increased autofluorescence, local 
ulceration and bacterial overgrowth could have 
been responsible for this fluorescence change. For 
malignant lesions of the oral cavity, buccal 
carcinoma demonstrated decreased autofluores

Table 2
Cross tabulation showing the relationship between autofluorescence endoscopy, and data collated by histopathologic examination 

(HPE)
HPE findings Total X2 Statistica (df) P-value

Malignant Benign
Autofluorescence

findings
Abnormal 21 6 27 22.544 (1) < 0.001
Normal 1 17 18

Total 22 23 45
a Chi-Square Test for Independence.
(P < 0.001).

Table 3
Diagnostic capabilities of autofluorescence and white-light endoscopy for the detection of 

upper aerodigestive tract tumours (compared with histopathology)
White-light Autofluorescence 

Sensitivity 79% 95%
Specificity 62% 74%
Positive predictive value 70% 78%
Negative predictive value 72% 94%
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a diagnostic sensitivity of 88%, and a specificity of 
56%, by autofluorescence imaging. 

Visual screening of oral cancers remains the 
superior oral examination modality, as reported by 
Chang et al.10 in their study of 13 878 male patients. 
Of all of the available diagnostic visual aids for the 
screening of oral cancer, autofluorescence remains 
one of the most widely researched. Its use is reputed 
to allow the physician to differentiate between oral 
cancer and premalignant lesions,11 and to 
discriminate between healthy oral mucosa and 
suspicious lesions. For example, de Veld et al.12 
reported a sensitivity of 82-100%, and specificity of 
63-100%, when diagnosing oral cancer with 
autofluorescence. Despite a lack of data to show 
that autofluorescence imaging can provide any 
clues as to tumour type, some researchers have 
started to advocate its use as part of routine oral 
screening procedures for “at-risk” populations, i.e. 

was a better diagnostic tool in ruling out, than ruling 
in, malignancy. With a high negative predictive 
value at 94.4%, the strength of autofluorescence 
endoscopy was shown to be in differentiating 
between malignant and benign lesions.

A preliminary study by Betz et al.8 of auto
fluorescence imaging and the spectroscopy of 
normal and malignant mucosa in patients with head 
and neck cancer showed that 20 out of 30 lesions 
(66.6%) showed a noticeable decrease in autofluo
rescence intensity compared to the surrounding 
tissue. 10 (33.3%) malignant lesions generated a 
strong red fluorescence at the surface of the 
malignant lesion, indicative of the presence of 
porphyrins. Because these reddish areas were of 
varying size and appearance, they were not 
considered to be of value for tumour margin 
delineation.8 Later, Betz et al.9 studied 56 patients 
with oral or oropharyngeal cancer, and demonstrated 

Figure 1
Carcinoma of the larynx viewed by white light endoscopy (a), and by autofluorescence endoscopy (b). 
A decreased fluorescence intensity of the tumour compared to surrounding tissue can be seen in (b).

Figure 2
View of the nasopharynx showing a nasopharyngeal carcinoma by white light endoscopy (a), and its 
decreased autofluorescence intensity by autofluorescence endoscopy (b).

a b

a b
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found that these carcinomas were typified by a 
lower fluorescence intensity compared to normal 
tissue; a finding that we now confirm in this study.

In our study, autofluorescence endoscopy 
correctly diagnosed that 10 of our 45 patients had 
malignant lesions in the nasopharynx. Of these 
malignant lesions, 2 demonstrated increased 
autofluorescence and 8, decreased autofluorescence 
intensity. While there were no false negative 
diagnoses of nasopharyngeal carcinoma reported in 
our study, we did report 5 false positives, that were 
subsequently found to be normal, inflamed, or a 
cyst. We also reported a false positive for the case 
of laryngeal tuberculosis.

Overall, the reduced specificity of auto
fluorescence endoscopy in terms of false positives 
could be attributed to a few factors; these include 
the presence of blood beneath the epithelium 
secondary to trauma, haemorrhage, or inflammation 
(acute or chronic). We would suggest that our false 
positive cases were likely due to inflammation, as 
there was no evidence of trauma. False negatives 
were uncommon, and if present, could be attributed, 
in the main, to bacterial overgrowth resulting in the 
production of fluorophores, and to hyperkeratosis, 
which also increases autofluorescence intensity.15 
The single false negative in our study (the tongue 
carcinoma) was believed to be due to bacterial 
overgrowth in the oral cavity, which masked the 
authentic lesional signal.

The examination technique using autofluo
rescence endoscopy is similar to narrow band 
imaging, which provides some insight into the 
biological nature of suspicious lesions. Compared 
with results obtained using autofluorescence, 
narrow band imaging is reported to have a higher 
specificity for tumours involving the larynx, oral 
cavity, and oropharynx (ranging from 90-100%).15 
We could find very few data to describe the 
effectiveness of narrow band imaging for naso
pharyngeal carcinoma. Henceforth, we would 
suggest that comparative studies of autofluorescence 
and narrow band imaging, especially for early 
detection of nasopharyngeal carcinoma, might 
provide valuable data for diagnostic efficacy. 

Conclusions

Autofluorescence endoscopy is a quick, reproduci
ble, non-invasive, and effective imaging technique 
with which to aid the diagnosis of upper aero

those engaged in high level alcohol consumption, 
betel quid chewing, and cigarette use.10

Indirect laryngoscopy, prior to microlaryngoscopy 
with histologic evaluation, remains the standard 
diagnostic tool with which to identify laryngeal 
pathology. Although indirect laryngoscopy remains 
one of the simplest methods of laryngeal assessment, 
its success depends, to a large extent, on the 
experience of the laryngologist in differentiating 
between healthy tissue, and cancerous or 
precancerous lesions. Rapid technological advances 
in the innovation and development of endoscopic 
tools have generated some alternatives. These have 
included epithelial staining with toluidine blue, 
tumour identification with Lugol’s iodine, and 
chemiluminescence.13-15 Some of these methods 
have been considered impractical, costly, or even 
risky in terms of potential adverse reactions.

In comparison, autofluorescence endoscopy has 
slowly emerged as an important diagnostic adjunct, 
with corroborating data demonstrating its success 
in detecting various cancers. Both Malzahn et al.,1,6 
and Zargi et al.,17 have reported its successful use in 
detecting laryngeal cancers. In the study reported 
by Zargi, the sensitivity and specificity metrics for 
autofluorescence (86.9% and 82.8% respectively) 
outperformed those for white light microlaryn
goscopy (71% and 80.6%, respectively), leading 
this group to conclude that autofluorescence 
imaging was more accurate in identifying malignant 
laryngeal lesions. Furthermore, a meta analysis of 
studies comparing the effectiveness of auto
fluorescence endoscopy showed its increased 
effectiveness (88% accurate) in diagnosing 
precancerous and cancerous lesions of the larynx 
versus white light endoscopy (77% accurate).18 

Characteristics of being minimally invasive, 
inexpensive, reproducible, and accurate and easy to 
handle, makes autofluorescence endoscopy an ideal 
tool to be incorporated during indirect laryngoscopy, 
and microlaryngoscopy.

The use of autofluorescence to diagnose 
nasopharyngeal carcinoma has been rarely reported. 
Ordinarily, benign pathology has been shown to be 
more common than malignancy, although blind 
biopsy is commonly practiced to detect 
malignancy.19 A study by Qu et al.,20 involving 27 
subjects with nasopharyngeal carcinoma, concluded 
that an endoscopic system with an autofluorescence 
mode, showed increased sensitivity and specificity 
in localizing nasopharyngeal carcinoma. Qu et al.20 
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digestive tract tumours, enable early detection, and 
improve patient outcome.
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