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Abstract Regular screening through white light inspection
of the entire oral mucosa is the most important examination
method to identify precancerous lesions and early oral
carcinoma. Additionally, the physiologic autofluorescence
of the oral mucosa has been described as a novel screening
method for the detection of mucosal lesions that are not
visible by white light. This study aimed to evaluate the
sensitivity and specificity of the autofluorescence examina-
tion. Seventy-eight patients were examined in this study.
All of them suffered from suspicious oral mucosal lesions.
Two different investigation methods were applied: the
standard examination by white light and an examination
by a novel light source of 400 nm that evoked a green light
emission (>500 nm) in normal mucosa. It was proposed
that malignant oral mucosal lesions show different auto-
fluorescence characteristics than the green autofluorescence

of healthy mucosa. Red autofluorescence indicated SCC
with a sensitivity of 20% and a specificity of 98%. The
results showed that dysplasia and carcinoma could be
identified with a sensitivity of 96% and a specificity of 18%
by using the autofluorescence method. The sensitivity
decreased according to the grade of mucosal keratosis and
was influenced by the localisation of the lesion. In
conclusion, benign as well as malignant oral lesions could
not be distinguished by a diminished autofluorescence
signal. A red autofluorescence signal, however, could
indicate cancerous processes of the oral mucosa.
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Introduction

Cancer located in the mouth or oropharynx concerns
300,000 patients worldwide [1]. The prognosis decreases
with advanced cancer stage [2–4], and the therapy of
advanced cancer often leads to social stigmatization, speech
handicap, and nutrition problems [5–8]. Therefore, early
diagnosis of oral carcinoma is crucial for the patient’s
benefit. In the past, several minimally invasive diagnostic
methods for early diagnosis of oral precancerous or
malignant lesions have been published [9–17]. These
techniques are based on visual as well as cytological
principles. Examples include fluorescence or toluidine blue
staining and methods for differential diagnosis such as the
brush biopsy and consecutive image cytometry, immune
cytology, or gene expression analysis [12, 14, 15, 18–20].
The autofluorescence technique used in this clinical trial is
a new, commercially available screening instrument to
detect suspicious oral lesions.
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Physiologically, the oral mucosa shows a characteristic
autofluorescence signal of >500 nm if excited by light of
400 nm [21]. Treatment by florescent chemicals is not
necessary. Squamous cell carcinomas (SCCs), however, are
supposed to be characterized by a different autofluores-
cence signal [22, 23]. These observations have been
obtained by several studies and different wavelengths [21,
22, 24]. Svistun et al. achieved the best sensitivity and
specificity for distinguishing cancer or dysplasia from
normal mucosa at an excitation wavelength of 400 or
440 nm and a fluorescence observation at 530 nm, as done
in the presented study [25]. They analyzed several regions
of three resected carcinoma and one dysplasia using white
light, autofluorescence, and incision biopsy, followed by a
subsequent histopathologic analysis. They found a sensi-
tivity of 100% and a specificity of 83% for the detection of
cancer. Lane et al. examined 50 oral lesions to evaluate the
accuracy of the autofluorescence in distinguishing SCC and
carcinoma in situ from normal mucosa. They reported a
significant correlation of malignant lesions with a lower
intensity autofluorescence signal [26].

The differential diagnosis of inflammatory diseases such
as lichen planus, severe periodontitis, or posttraumatic
inflammation was not addressed in these studies.

Since the autofluorescence extinction of the oral mucosa
served as a screening instrument to detect invisible lesions,
there currently just exist data on the sensitivity. The
potency to differentiate benign and malignant lesions has
not been evaluated. The clinician, however, needs an
examination instrument that supports the clinical diagnos-
tics and the decision on how to treat a detected lesion.
Therefore, data on autofluorescence specificity are urgently
needed, but not available. This study aims to evaluate the
effectiveness of the autofluorescence investigation and the
capability to differentiate between suspicious and benign
oral lesions, dysplasia, and SCC.

Material and method

Material

For standard screening of the oral mucosa using white
light, the dental chair examination light was used (15V/
150W, 64634 HLX OSRAM, Munich, Germany). The
light source for autofluorescence excitation (Velscope™,
Rocker&Narjes GmbH, Köln) emitted blue light at a
wavelength of 400 nm. A dichroic mirror provided coaxial
excitation and emission pathway. The autofluorescence
was detected at >500 nm by the emission filter, which
allowed the green–red fluorescent light to pass and rejected
the blue excitation light. Another notch filter divided the
fluorescent light spectrum into red and green components.

For documentation and blinded evaluation, the oral
lesions were photographed with a digital reflex camera by
different light sources (Canon EOS 100 clinical white light
documentation, Nikon 50 and ISO 1400 for autofluores-
cence documentation). To record the intensity of auto-
fluorescence, the camera was directly connected with the
fluorescence light source so that the perspective, including
refraction and wavelength, matched the examiner’s
view.

Method

To be included in the study, a mucosal lesion of the oral
cavity was required that had been clinically diagnosed as
SCC or suspicious epithelial lesions requiring histological
evaluation for definitive diagnosis. Patients with clinically
healthy mucosa were excluded. The 78 patients participat-
ing in the study attended the outpatient clinic of the Oral
and Maxillofacial Surgery clinic of the Mainz University
Medical Centre and suffered from suspicious oral mucosal
lesions. Two different investigation methods were applied:
the standard examination by white light and the examina-
tion by a 400-nm wavelength light source that is supposed
to trigger a green light emission (>500 nm) in normal
mucosa. After documentation by digital reflex photography,
the suspicious lesion was anesthetized (UDS 1:200.000,
Aventis Pharma, Bad Soden, Germany), and a biopsy by
incision was performed. Then, the biopsies were fixed with
formaldehyde 4.5% (Roti-Histofix, Carl Roth GmbH+
CKG, Karlsruhe, Germany) and processed for light micros-
copy via paraffin-embedded, haematoxylin–eosin-stained
slices. All of these investigations were performed by the
same investigator.

The photographs of the standard and autofluorescence
examinations were evaluated independently and blindly by
two different examiners who categorized the white and the
autofluorescence aspect of the lesions. Using white light,
the visual aspects of a plain leukoplakia, a verrucous
leukoplakia, an erythroplakia, an erythroleukoplakia, an
ulcer, a completely fibrin-covered lesion, a partially fibrin-
covered ulcer, a partially fibrin-covered erythroleukoplakia,
as well as a verrucous, erythematous partially fibrin-
covered lesion were distinguished.

The clinical white light examination was conducted by
one clinician who specialized in oral oncology. These
findings were classified as (1) “abnormal but innocuous”
(clinically explainable conditions like inflammation, scar,
cheek bite, prosthesis incongruence, etc.), and (2) “suspi-
cious for premalignant or malignant lesions”.

The autofluorescence photographs were categorized
according to black, dark green, bright green, red, speckled
red/black, as well as a speckled green/black aspects (Figs. 1
and 2).
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These visual aspects were matched afterwards with the
histopathological diagnoses of the scalpel biopsies. The
diagnoses of mucosal hyperkeratosis, dysplasia, lichen
planus, inflammation, healthy mucosa, dysplasia, and SCC
were distinguished.

The sensitivity, specificity, positive and negative pre-
dictive values to diagnose SCC, and dysplasia were
calculated depending on two different autofluorescence
features:

(1) A low or absent autofluorescence signal (black or dark
green aspect), as well as red autofluorescence signal,
was evaluated as an indicator for dysplasia or SCC
(positive). Also, a speckled, heterotopic aspect of both
green and autofluorescence negative or reddish
regions indicated a positive finding.

(2) The presence of red mucosal autofluorescence was
evaluated as a separate indicator for dysplasia or SCC
(positive).

Furthermore, the clinical diagnoses were evaluated by
cross table analysis and the sensitivity, specificity, positive,
and negative predictive values were calculated as well.

Using a blinded study design, the influence of the
different examiners was minimized. The effect of the clinical
aspects, as hyperkeratosis or hyperemia, and the localization
of the lesion on the autofluorescence characteristics have
been demonstrated by cross tables. The sensitivity and
specificity were evaluated.

The statistical evaluation was performed using the SPSS
software (SPSS 15.0 for Windows, SPSS Inc., Chicago,
USA).

Fig. 1 Examples of fluorescence classification: a, b autofluoresence
extinction (white light aspect normal mucosa, histology healthy
mucosa); c, d low autofluorescence signal (white light aspect

leukoplakia, histology oral lichen planus); e, f physiological auto-
fluorescence signal (white light aspect leukoplakia, histology oral
lichen planus)
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Results

The 78 patients in this study had an average age of
61.7 years and 59% of them were males.

Forty-one percent of the oral lesions showed red features
like the erythroplakia (17%) or the erythroleukoplakia
(24%). A white, hyperkeratotic feature like the leukoplakia
was found in 21% of the cases. An ulcerous aspect was
described in 21% of the cases, and in 17%, a speckled
aspect was found, including fibrin-covered lesions.

The histology results identified 14% of the lesions as
mucosal hyperkeratosis, 33% as oral lichen planus, 9% as
inflammation, 4% as dysplasia, and 39% of the oral lesions
as a SCC. In 1% of the cases, normal mucosa was
histologically found, although an erythematous aspect has
been presented clinically (Table 1).

The accuracy of the clinical diagnosis to identify SCC
was evaluated by high sensitivity (97%) and specificity
(95.8%) values due to the experience of a specialized
examiner (Table 2).

Fig. 2 Examples of fluorescence classification: a, b speckled green
autofluorescence and low autofluorescence signal (white light aspect
erythroleukoplakia, histology dysplasia); c, d speckled red autofluor-

escence and low autofluorescence signal (white light aspect (verru-
cous) erythroleukoplakia, histology SCC); e, f: red autofluorescence
(white light aspect ulcer and fibrin, histology SCC)

Table 1 Histopathological diagnosis of lesions included

Frequency Percent

Mucosal hyperkeratosis 11 14

Lichen planus 26 33

SCC 30 39

Inflammation 7 9

Dysplasia 3 4

Healthy mucosa 1 1

Σ 78
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The blinded autofluorescence analysis revealed complete
autofluorescence extinction in 49% (38) cases. In 13% (10)
of the lesions, a physiological green autofluorescence was
found. Thirty-eight percent (30) of the lesions were
characterized by low autofluorescence, red autofluores-
cence, or a speckled, heterotopic aspect of both green and
autofluorescence negative, as well as reddish regions at the
same time.

The findings were reproducible by two different inves-
tigators in a blinded study design. Following the definition
(1) of positive findings, cross table calculations showed a
sensitivity of 93% and a specificity of 13–17% in
identifying SCC. The positive predictive value (PPV) was
calculated at 41%, the negative predictive value (NPV) at
75–80% (Table 3).

Pooling the histopathological findings of dysplasia and
SCC, a high sensitivity and a low specificity were also
found (sensitivity, 94%; specificity, 13–18%; PPV, 44–
46%; NPV, 75–80%; Table 3).

If only the red autofluorescence findings were used to
diagnose SCCs, according to definition (2), the sensitivity
was 18–21%, the specificity 98%, the PPV 86–88%, and
the NPV 62–63% (Table 3). If the histopathological
diagnoses of SCC and dysplasia were pooled, they were
identified with a low sensitivity and high specificity using
red autofluorescence (Table 3).

Taking the results of the clinical and the autofluores-
cence examinations together, the sensitivity to identify
SCCs could not be improved because the hyperkeratotic
SCC that was not diagnosed clinically did not show any
autofluorescence abnormalities either.

Looking at white light aspects and their autofluorescence
signals, 77% of the oral lesions that showed a physiological
autofluorescence of green light had a leukoplakia-like
aspect. The sensitivity of diagnosing hyperkeratotic SCC
correctly was 50% (Table 4).

Table 5 presents the autofluorescence characteristics and
their anatomical localization. Particularly, the dorsum of the

tongue did not show autofluorescence extinctions, although
two SCCs had been diagnosed in this area by means of
histology. Another cancerous lesion of this region could be
identified by a red autofluorescence pattern.

Discussion

This study evaluated the intensity and quality of the emitted
autofluorescence signal of >500 nm after excitation by
400 nm, and included 78 suspicious inflammation lesions,
mucosal hyperkeratosis, lichen planus , dysplasia, and SCC.
Taking all lesions of a deviated autofluorescence signal as
positive for SCC, a sensitivity of 93% and a specificity of
13–17% were found (definition (1)). Evaluating only
clinically erythematous features, such as dysplasia, lichenoid
lesions, or inflammation, the autofluorescence diagnosis led
to a false positive result in 59% of these cases (PPV, 41%;
Table 3). Erythematous, benign lesions could, therefore, not
be distinguished from SCC by autofluorescence.

For red autofluorescence, the PPV was 84–88 %; the
sensitivity to distinguish SCC from all other lesions,
however, was only 18–21%, the specificity, 98%, and the
NPV, 42–43% (definition (2)). Therefore, lesions showing a
red autofluorescence signal should need further clarification
via histology, indicated by a high PPV and a high
specificity value.

These results suggest that autofluorescence could help to
identify any type of pathological oral lesions using lower
fluorescence signal, but could not reliably distinguish
benign oral lesions from dysplasia or SCC.

The property of the autofluorescence technique to detect
oral lesions that are difficult to identify by white light has
already been demonstrated by Huff et al. and is accepted
[27]. Several other studies, however, have claimed that
fluorescence analysis is highly sensitive for identifying
malignant mucosal lesions in the oral cavity [26, 28]. These
excellent test results could be caused by a study population

Sensitivity (%) Specificity (%) PPV (%) NPV (%)

SCC 96.6 95.8 93.5 97.9

SCC/dysplasia 93.8 97.8 96.8 95.7

Table 2 Test characteristics of
the clinical diagnosis by white
light examination

Table 3 Test results of autofluorescence results for identification of SCC, lesions of SCC or dysplasia by low autofluorescence signal (a) and by
red color autofluorescence signal (b) (evaluation range is due to different investigators)

Sensitivity (%) Specificity (%) PPV (%) NPV (%)

a b a b a b a b

SCC 93 20 (18–21) 15 (13–17) 98 41 (40–41) 87 (86–88) 78 (75–80) 63 (62–63)

SCC/dysplasia 94 22 (20–23) 16 (13–18) 98 45 (44–46) 87 (86–88) 77 (75–80) 67 (66–67)
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of completely obvious malignant or benign findings of SCCs
and healthy mucosa. Suspicious inflammation of the oral
mucosa or oral lichen planus has not been included.
However, to evaluate the clinical relevance of fluorescence
analysis, these differential diagnoses have to be investigated.

As done by the presented study, also Jayaprakash et al.
investigated the autofluorescence characteristics of oral
lesions, identified by white light examination. They
reported a sensitivity of 80% to identify cancer by white
light examination, which is comparable to the results of our
study, showing 96.6%. They conducted a loss of autofluor-
escence to identify suspicious oral lesions. By this
autofluorescence algorithm, a test sensitivity of 93.3% to
identify cancer and 96% to identify cancer, as well as high-
risk-lesions, were described. If white light examination and
autofluorescence examination were taken together, all
cancer and high-risk lesions had been identified correctly
[29].

Our results, however, could not support the additional
diagnostic help of autofluorescence application. No cancer-
ous lesion that was clinically not identified was found by
the aid of the autofluorescence technique. The influence of
lesion characteristics and lesion localization on autofluor-
escence characteristics, as well as the red autofluorescence,
has not been concerned by Jayaprakash et al. [29].

The strong concordance of physiological green fluores-
cence and the hyperkeratosis of the lesion support the
assumption that hyperkeratotic lesions could elude autofluor-
escence detection. Concordantly, Betz et al. found lesions

easier to detect if they were not verrucous or exophytic [30,
31]. Also, concordantly, these authors found a limited
assessment of the dorsum of the tongue [31]. No lesion
localized at the dorsum of the tongue showed autofluor-
escence extinction, although two of these lesions of green
autofluorescence turned out to be invasive carcinoma after
histological diagnosis (Table 5). Concerning hyperkeratotic
oral lesions or lesions localized at the dorsum of the tongue,
these results suggest a limited benefit for cancer screening by
means of loss of autofluorescence.

The exact mechanisms underlying alteration in epithelial
autofluorescence remain unclear. Several fluorophores and
chromophores which could absorb the autofluorescence
signal, as well as an altered tissue structure, could influence
the overall optical signals. Fluorophores that emit light at
>500 nm are ceroide and eosinophile Granula, amino acids
such as tryptophan, and also NADH and oxidized FAD.
These coenzymes of the oxidative phosphorylation and
glycolysis are altered in the case of malignant mutation as
well as inflammation. An influence of inflammation on
autofluorescence signal therefore seems feasible, as shown by
this study, although Svistun proposed that inflammation did
not influence the autofluorescence characteristics [25]. The
source of red autofluorescence could be caused by porphyrin
that is a typical product of bacterial metabolism. If this were
the case, red autofluorescence would not be an appropriate
indicator for early diagnosis of SCC or dysplasia [30]. Other
fluorophores such as ceroide, however, could also show red
autofluorescence and are also being considered.

Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Hyperkeratosis 50 53 14 87

Erythema 92 0 41 0

Table 4 Diagnostic effective-
ness to identify SCC of hyper-
keratinized and reddish aspect

Table 5 Cross table of anatomical region and autofluorescence signal

Autofluorescence Total

No signal Low signal Red Green Speckled: red + no signal Speckled: no signal + green

Region

Cheek 11 9 0 3 2 1 26

Gingival 15 2 1 2 1 1 22

Floor of the mouth 3 0 0 0 4 0 7

Sulcus glossoalv. 2 0 0 0 0 0 2

Tongue lower side 0 0 2 0 0 0 2

Tongue dorsum 0 0 1 2 0 0 3

Palate 3 0 2 1 2 0 8

Arcus palatogloss. 3 0 1 0 0 1 5

Inner lips 1 0 0 2 0 0 3

Total 38 11 7 10 9 3 78
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The proposed benefit to detect many invisible, possibly
malignant lesions is challenged by the necessity to find a
definitive diagnosis of these mucosal lesions. Considering
our study results, the autofluorescence does not support
the examiner in terms of further therapy decisions
because the autofluorescence is not capable to distinguish
benign and malignant mucosal lesions. The low test
specificity of the autofluorescence screening does not
justify an invasive diagnostic effort. In case of clinically
unsuspicious oral lesions, minimal invasive methods
should be applied then.

Conclusion

With a high sensitivity and NPV, but a low specificity and
PPV, oral mucosal lesions could be detected by autofluor-
escence. The autofluorescence examination, however, is not
able to differentiate between benign and malignant oral
lesions. Red autofluorescence should be an indication for
scalpel biopsy due to a high PPV for cancer.
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