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Fluorescence diagnostics of oral cancer
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Background. Early detection of oral cancer improves the results of treatment. Flu-
orescence diagnostics (FD) helps to identify the real margins of malignant tumour.
However, in some cases the artefactual fluorescence of healthy mucous appears.
The aim of this study was to investigate the possibilities of fluorescence diagnostics
of oral cancer as a more sensitive, effective and more specific method of FD.

Materials and methods. A total of 84 patients with morphologically verified
malignant tumours underwent fluorescence diganostics. They were grouped into
three groups. The first group consisted of 20 patients with malignant recurrent
oral cancer, who underwent systemic (intravenous) photosensitizer administra-
tion (2.5 mg/kg). After 24-48 h, visual fluorescence diagnostics and spectroscopic
measurements were performed. The second group consisted of 60 patients with
different malignant tumours except oral cancer. They also underwent systemic
(intravenous) photosensitizer administration (2.5 mg/kg). After 24-48 h, visual
fluorescence diagnostics and spectroscopic measurements were performed. The
third group consisted of 7 patients with malignant recurrent morphologically
verified oral cancer; they underwent I/a FD. A catheter was inserted selectively
into the feeding artery of the tumour via the superficial temporal artery. Photofrin
(10 mg) was injected via the catheter directly into the tumour. Inmediately after
injection, 1 h and 4 h after injection, the visualization of mucosal tissues of the
hypopharyngeal and oropharyngeal regions was performed under illumination of
A =405 £ 5 nm light. Spectroscopic investigations of malignant and healthy tis-
sues were also performed. Besides, there was the fourth group which consisted of
30 healthy volunteers. They were provided no treatment. The visual fluorescence
diagnostics and spectroscopic measurements of healthy mucosa were performed
for these volunteers.

Results. A specific pink fluorescence of malignant tissue was noted while
illuminating a tumour with violet light. The margins of fluorescence usually co-
incided with those of a malignant tumour. In doubtful cases, biopsy and mor-
phological examination of the tissue were performed. All malignant tumours,
except melanoma, showed a specific pink fluorescence when illuminated with
violet light, and no fluorescence was noted in normal mucosa. However, in some
cases glow artefacts were observed. We identified these “glow artefacts” — a non-
specific lilac fluorescence - in the healthy mucosa of 20 patients (in 6 patients
from the first group and in 14 from the second group). Usually, artefactual fluo-
rescence was noted in the gums (in 18 patients from 20) and at the basis of the
tongue (in 11 patients from 20). There was no artefactual fluorescence in 7 pa-
tients who underwent I/a FD.

Conclusions. Fluorescence diagnostics is useful for early detection of primary
and recurrent malignant oral tumours, except melanoma. However, an artefactual
fluorescence in the gums or in the basis of the tongue can appear. I/a FD allows
avoiding this artefactual fluorescence.
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INTRODUCTION

Early detection of oral cancer improves the results of
treatment. One of the promising diagnostic methods is an
optical method also known as optical biopsy. This diag-
nostics of malignant tumours is based on a quite selec-
tive accumulation of porphyrins in tumour tissue (1).
Porphyrin-enriched tumour tissue irradiation with light
of an appropriate wavelength leads to the emission of
pink-red fluorescence. This principle is used as a diagnos-
tic procedure and is called fluorescence diagnostics (FD).
Light-induced FD is a noninvasive technique for the real-
time characterization of superficial tissue layers (2). The
method relies on differences in the fluorescence emission
from various types of tissue.

In several studies, the different intensity of fluorescence
in normal and tumour tissues has been exploited for pho-
todiagnostics (3). The fluorescence from a normal tissue,
excited near 400 nm, is higher than that from tumour in the
range 450-550 nm, but lower in the range 600-700 nm (4),
and by taking the ratio of red intensity (600-700 nm) over
the blue / green intensity (450-550 nm) the contrast be-
tween tumour and the adjacent normal tissue is enhanced
significantly (5).

Autofluorescence is emitted by different endogenous
chromophores of the tissue. The total autofluorescence
emission has a broad wavelength distribution as it repre-
sents the contribution from different chromophores (6). An
intensive fluorescence in the red part of the spectrum has
been observed for some types of malignant and premalig-
nant lesions (7).

In order to enhance tumour demarcation, exogenous
sensitizers can be administered (8, 9). The most popular
sensitizer is the haematoporphyrin derivative Photofrin. In
cases of both endogenously and exogenously administered
porphyrins, the red tumour fluorescence appears under ex-
citation near 400 nm. It has been used successfully in stud-
ies of malignant lesions in various organs (10-18). Both the
autofluorescence of endogenous tissue and the fluorescence
of a tumour-marking sensitizer have been investigated in
these studies.

There are valuable articles on the fluorescence of lesions
in the head and neck region (19-22). The results presented
in these articles are promising and suggest further, more
detailed studies.

Malignant tumours in the oral cavity and oropharynx
are in many cases visualized by the naked eye, but early
recurrent malignancies and precancerous lesions may be
difficult to visualize, particularly when they appear in cica-
trices (23). In these cases fluorescence diagnostics is valu-
able. It helps to identify the real margins of the malignant
tumour. However, in some cases an artefactual fluorescence
of healthy mucosa appears. It can be caused by oral mu-

cosa microorganisms. On the other hand, porphyrins from
food can influence the artefactual fluorescence, too. It is
important to avoid this artefactual fluorescence. We believe
that intra-arterial fluorescence diagnostics (I/a FD) may be
useful for that purpose (24, 25). Intra-arterial infusion of
chemotherapy agents for oral cancer has been applied for
several decades (26-30).

We were the first to start intra-arterial hematoporphy-
rin derivative mediated photodynamic therapy (i/a PDT) in
the head and neck in 1990 (31, 32). This method allowed
us to use small doses of the expensive sensitizer; moreover,
there was no necessity for patients to avoid ultraviolet or
sun radiation.

The aim of the present study was to investigate the pos-
sibilities of intra-arterial fluorescence diagnostics of oral
cancer as a more sensitive, effective and more specific me-
thod of FD.

MATERIALS AND METHODS

A total of 84 patients with morphologically verified malig-
nant tumours underwent FD. They were grouped into three
groups.

The first group consisted of 20 patients with malignant
recurrent oral cancer, who underwent systemic (intrave-
nous) photosensitizer administration, followed by visual
FD and spectroscopic measurements of malignant and
healthy tissues.

The second group consisted of 60 patients with different
malignant tumours except oral cancer. For these patients,
the FD measurements and spectroscopic investigations of
malignant and healthy tissues were performed, followed by
sensitized tumour therapy.

The third group consisted of 7 patients that underwent
I/a FD. They had malignant recurrent morphologically
verified oral cancer. Also, there was the fourth group which
consisted of 30 healthy volunteers. They were provided no
treatment. The fluorescence visual diagnostics and spectro-
scopic measurements of healthy mucosa were performed
for these volunteers.

There are three historically recognized methods of
intra-arterial infusion (33) for oral cancer: conventional
intra-arterial infusion via the superficial temporal artery
(34, 35), superselective intra-arterial infusion via the femo-
ral artery (Seldinger’s method) (36,37), and a new superse-
lective intra-arterial infusion via the superficial temporal
artery (38).

We used the most popular conventional intra-arterial
infusion via the superficial temporal artery. A catheter was
inserted selectively into the feeding artery of the tumour
via the superficial temporal artery (Fig. 1). The depth of
catheter installation was defined by the injection of meth-
ylene blue through the catheter (Fig. 2). When the tumour
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Fig. 1. Catheter inserted into the feeding artery of the tumour
via the superficial temporal artery

Fig. 3. Tumour tissues coloured in blue due to injection of methylene blue

tissues were coloured in blue, the catheter was fixed to the
skin of the preauricular region (Fig. 3). Photofrin (10 mg)
was injected via catheter directly into the tumour. Im-
mediately after injection, 1 h and 4 h after injection, the
visualization of mucosal tissues of the hypopharyngeal and
oropharyngeal regions was performed under illumination
of A =405 + 5 nm light.

Spectroscopic investigations of malignant and healthy
tissues were also performed. The autofluorescence spectra
were measured with a QE65000 fiber spectrometer (Ocean
Optics). A special bifurcated fiber bundle probe (Ocean
Optics) was used to register the fluorescence signal from
particular places in the patient’s mouth. It was composed
of a bundle of quartz fibers: the central one (200 pum in
diameter) for excitation and six (200 pm in diameter)
situated around the excitation fiber - for fluorescence
detection. The fluorescence was excited with 405 + 5 nm
wavelength light. Four different places of healthy oral mu-
cosa — soft palate, the flank of the tongue, the mucosa of
the cheek and gum, and one place of healthy chest skin
were investigated in all patients. Biopsy and morphologi-
cal examination of tissues from luminous and surround-
ing nonluminous sites were carried out after spectrosco-
pic investigations.

The photosensitizer was injected i. v. (2.5 mg/kg), and
after 24-48 h the visualization of mucosal tissues of the
oropharyngeal region was performed under A =405 £+ 5nm
light. Four different places of healthy oral mucosa (soft pal-
ate, the flank of the tongue, cheek and gum mucosa) and
one place of the healthy chest skin were investigated spec-
troscopically. Biopsy and morphological examination of lu-
minous and surrounding nonluminous site tissues followed
after spectroscopic investigations.

RESULTS AND DISCUSSION

A specific pink fluorescence of malignant tissue was noted
while illuminating tumours with violet light 1-4 hours
after i/a or 18-72 hours after i/v injection of the photo-
sensitizer (Fig. 4). The margins of fluorescence usually
coincided with the ones of malignant tumour. In doubt-
ful cases, the biopsy and morphological examination of
the tissue were performed. All malignant tumours, except
melanoma, showed a specific pink fluorescence when il-
luminated with violet light, and no fluorescence was noted
in normal mucosa (Fig. 5).

However, in some cases glow artefacts were observed
(Fig. 6). We identified these “glow artefacts” as a non-spe-
cific lilac fluorescence in a healthy mucosa of 20 patients
(6 patients from the first group and 14 from the second
group). Usually, the artefactual fluorescence was not-
ed in the gums (in 18 patients from 20) and at the basis
of the tongue (in 11 patients from 20). In all cases of i/v
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photosensitizer administration, the red fluorescence usu-
ally appeared 18-24 hours after intravenous injection of the

photosensitizer. This fluorescence was evident for 3-6 days.

In all cases of i/a photosensitizer administration, red fluo-
rescence usually appeared one hour following the intraarte-

Fig. 4. Pink fluorescence of malignant tissue while
illuminating tumour with violet light

Fig. 5. No fluorescence was noted in normal mucosa
when illuminated with violet light

Fig. 6. Glow artefacts — a non-specific lilac fluorescence in healthy mucosa

rial injection of the photosensitizer. This fluorescence was
evident for 2-3 days. There was no evidence of artefactual
fluorescence in 7 patients who underwent i/a photosensi-
tizer administration.

No generalized photosensitivity has been reported fol-
lowing intra-arterial photosensitizer administration. The
reason is small doses (10 mg) of the photosensitizer while
applying i/a FD. In intravenous FD, usualy the dose of
2.5 mg/kg,i. e. 150-200 mg, was used.

The primary results of spectroscopic investigation in-
dicate that after intra-arterial Photofrin administration the
fluorescence of the photosensitizer in the chest skin was
barely traceable (Fig. 7). This means that there was almost
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no systematic accumulation of Photofrin. A low fluores-
cence intensity of the photosensitizer was registered in the
surrounding healthy tissues near the tumour, and a very
intensive fluorescence of Photofrin was registered in the tu-
mour itself (Fig. 7).

CONCLUSIONS

Fluorescence diagnostics is useful for the early detection
of primary and recurrent malignant oral tumours, except
melanoma. However, artefactual fluorescence in the gums
or at the basis of the tongue can appear. The i/a photosen-
sitizer administration allows avoiding this artefactual fluo-
rescence. It also enables to use small doses of the expensive
sensitizer, and there is no necessity for the patient to avoid
ultraviolet or sun radiation applying I/a FD.
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BURNARYKLES NAVIKU INTRAARTERINE
FLUORESCENCINE DIAGNOSTIKA

Santrauka

Tikslas. Ankstyva burnaryklés naviky, tiek pirminiy, tiek recidy-
vy, diagnostika pagerina gydymo rezultatus. Fluorescenciné dia-
gnostika (FD) padeda nustatyti tikslias burnaryklés naviky ribas
bei ankstyvus recidyvus. Ypac tai aktualu, kai recidyvai yra ran-
diniame audinyje. Deja, burnarykléje kartais matomas ,,artefak-
tinis“ sveiko audinio $vytéjimas, kurj dazniausiai sukelia burna-
ryklés mikroflora. Nauja FD metodika - intraarteriné FD - turéty
padeti i§vengti $io $vytéjimo ir padidinti FD efektyvuma, jautru-
ma ir specifiskumg.

Tiriamieji ir metodai. Diagnozuojant piktybinius burnaryklés
navikus, 84 pacientams buvo taikyta fluorescenciné diagnostika,
7 pacientams — intraarteriné fluorescenciné diagnostika (i/aFD).
Kaniuliavus pavir$ine smilkinine arterija, per ja j navikg suleista
10 mg fotofrino. Pries fotofrino suleidimg ir tuoj po jo, po 1 val. ir
4 val. tiek sveiki, tiek navikiniai burnaryklés audiniai buvo tiriami
ap$vietus juos violetine 405 nm Sviesa. Kartu atlikta keturiy skir-
tingy burnaryklés tasky bei vézinio audinio spektroskopiné analizeé,
kurios metu vertinta tiek audiniy autofluorescencija, tiek fotofrinu
indukuota fluorescencija. I visy fluorescuojanciy ir i§ aplinkiniy
nefluorescuojantiy viety paimta medziaga morfologiniams tyri-
mams. Buvo tiriamos trys skirtingos grupés: 1) 30 sveiky savanoriy,

kuriems burnaryklés audiniai buvo tiriami nesuleidus fotosensibi-
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lizatoriaus ir ap$vieciant juos violetine 405 nm $viesa; 2) 20 pacien-
ty, kuriems burnaryklés piktybiniai navikai diagnozuoti sistemine
(intravenine) FD; 3) 60 pacienty, kuriems piktybiniy, bet ne bur-
naryklés, naviky gydymui taikyta sisteminé fotodinaminé terapija
ir kartu FD ir kuriems burnaryklés audiniai buvo tiriami apsvie-
¢iant juos violetine 405 nm $viesa. Visy grupiy Zzmonéms buvo at-
likta keturiy skirtingy burnaryklés tasky spektroskopiné analizé ir
jvertinta audiniy autofluorescencija, o 2 ir 3 grupiy pacientams — ir
fotofrinu indukuota fluorescencija. I$ visy fluorescuojanéiy ir is ap-
linkiniy nefluorescuojanciy viety paimta medziaga morfologiniams
tyrimams.

Rezultatai. Taikant tiek sistemine, tiek i/a FD, violetine $viesa ap-
$viestas navikas $vytéjo avietine spalva, o $vytéjimo ribos sutapo su

naviko ribomis. Sveiki burnaryklés audiniai ne$vytejo. Dvide$imciai

antros ir tre¢ios grupiy pacienty, kuriems taikyta sisteminé FD, buvo

«

matyti ,artefaktinis“ $vytéjimas. Nei vienam pacientui, kuriam taiky-
ta i/a FD, artefaktinis $vytéjimas nepasireiske. Preliminariais spek-
troskopiniy tyrimy duomenimis, intraarteriné fotofrino injekcija
sukeélé nedidele apie navikg esanciy sveiky audiniy fluorescencija, tuo
tarpu navikiniai audiniai fluorescavo labai intensyviai.

I$vados. Fluorescenciné diagnostika padeda anksti nustatyti
tiek pirminj, tiek recidyvuojantj burnaryklés vézj. Sio diagnostinio
metodo taikyma kartais apsunkina ,artefaktinis sveiko audinio
$vytéjimas. Intraarteriné FD padeda i$vengti ,artefaktinio® $vytéji-
mo, maziau sunaudojama brangaus sensibilizatoriaus. Be to, pacien-
tui nebereikia ménesj vengti saulés ir ultravioletiniy spinduliy.

Raktazodziai: fluorescenciné diagnostika, burnaryklés veézys,

intraarteriné



