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Abstract
The results are discussed of research on fluorescence diagnostics of skin and mucosal tumors carried out by a workgroup of the
Research Institute of Eye Diseases, Moscow, between 2006 and 2012. The main achievement to be mentioned is development of
an easy to perform, noninvasive, safe and cost-effective method of autofluorescent image acquisition and analysis that does not
require induction of protoporphyrin IX or use of exogenous fluorophores. An original method of probabilistic tumor borders
detection, valuable for surgical planning, has been also devised. A comprehensive approach has been suggested to analysis of
autofluorescence pattern in the region of interest, which ensures high sensitivity and specificity of diagnostics. The results obtained
are believed to be suitable for extrapolation to neoplasm of other, non-ocular localizations.
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Skin cancer incidence today keeps growing. More
than 130 thousand melanoma cases and 2—3 million malignant epithelial tumors are diagnosed each year. Basal
cell carcinoma constitutes 75—97% of all malignant epithelial tumors [1—3]. It mostly affects head and neck
zones (up to 70% of cases) [4, 5] including periorbital
skin and eyelids. Despite scientific progress and high
technology, there remains a need for simple and effective
diagnostic techniques. Fluorescence diagnostics became
an area of research in 1940s after the Wood’s lamp introduction [6] and since then has achieved significant advances [7,8].
Human tissues contain a lot of natural fluorophores,
mainly flavins, proteins, and porphyrins [9], each characterized by unique absorption and emission spectra
(Fig. 1). Emission spectra of different tissue constituents
often overlap to a greater or lesser extent depending on
the length of exciting radiation waves. The total fluorescence spectrum of the tissue is therefore confluent and
demonstrates rather high versatility in its shape and
range.
Ultraviolet fluorescence is characteristic of extracellular proteins, such as collagen and elastin. It can also be
found in some aromatic amino acids – tryptophan, tyrosine, and phenylalanine, components of intracellular
proteins. Blue and yellow-green fluorescence is much
more common. It is seen in reduced pyridine nucleotides
(NADH, NADFH) and oxidized flavoproteins (FMN,
FAD), as well as in vitamins and products of metabolism
including pyridoxals and folic acid derivatives, etc.
Red fluorescence, predominantly produced by endogenous porphyrins (Fig. 1b), is usually less intensive in
comparison to ultraviolet and short-wave visible fluorescence [9-11]. Porphyrins are natural pigments consisting
of tetrapyrrolic macrocycles and metal complexes. Protoporphyrin IX (PpIX), a precursor of heme, the non-protein component of hemoglobin, myoglobin, cytoANNALS OF OPHTHALMOLOGY 5, 2013

chromes, catalase, peroxidase, etc., is of the most interest
for oncology (Fig. 2). It is found that rapidly proliferating
neoplastic cells are capable of selective accumulation of
PpIX due to higher activity of enzymes responsible for
initial stages of heme biosynthesis accompanied by iron
and ferrochelatase deficiency [12—14]. This gave rise to
development of fluorescent methods of tumor detection.
The main difficulty in early studies was the absence
of analytic algorithms able to clearly identify weak fluorescence of endogenous PpIX in the total emission spectra of the inspected area.
Further development of fluorescence diagnostics was
boosted by a discovery made by A.Policard concerning
the capability of exogenously administered hematoporphyrin to induce red fluorescence of neoplastic tissue
[12]. Due to high phototoxicity and long duration of the
effect of exogenous fluorophores (hematoporphyrin derivatives, chlorins, etc.) they are now used mainly in photodynamic therapy [8], while diagnostics has turned back
to evaluation of autofluorescence of endogenous protoporphyrins.
The next breakthrough was the development of autofluorescence induction through administration of PpIX
precursor — 5-aminolevulinic acid (5-ALA) [15]. Today
this method is the most popular [15—18]. However,
5-ALA administration can cause CNS side effects and
severe phototoxic reactions even in young and otherwise
healthy patients. It is also found that in some cases induction of PpIX fluorescence decreases diagnostic efficacy in general [19]. Thus, the need for an effective
method of native (non-induced) autofluorescence examination has grown [20, 21].
In 2006 two methods of estimating skin and mucosal
tumor proliferative activity were developed in the Research Institute of Eye Diseases of the Russian Academy
of Medical Sciences, Moscow. One of them is based on
local spectroscopy data, the other on fluorescent imag1

a
Fig. 3. Iterative approximation of the model autofluorescence
spectrum (keratin+protoporphyrin IX) to the real spectrum acquired
during spectroscopy.
Explanation in the text.

b
Fig. 1. Absorption (a) and emission (b) spectra of main fluorophores
of biological tissues.
Explanation in the text.

Fig. 2. Scheme of heme biosynthesis.
Explanation in the text.

ing, both providing the opportunity to avoid any inducing
agents or exogenous fluorophores (RU 2362489 and RU
64783) [19, 22].
The method of local spectroscopy data analysis
works through modeling of a spectrum that is approximate to the total autofluorescence spectrum of the tissue.
It was found that three substances (viz., collagen, keratin,
and protoporphyrin) constitute 97% of the total autofluorescence spectrum of skin within the range of 650—800
2

nm upon light excitation at 632.9 nm [9]. Knowing reference fluorescence spectra of keratin and aqueous solution of protoporphyrin IX (collagen spectrum is not taken
into account as it almost coincides with that of keratin
within the indicated range), it is possible to evaluate contribution coefficients of each of the three substances
within the total spectrum (Fig. 3).
However, spatial mapping based on fluorescent imaging, shows more promise than local spectroscopy as it
enables studying fluorophores distribution within a large
area of skin, thus establishing borders of the pathologic
process, while local spectroscopy reveals only the content
of fluorophores in a given point. Borders detection is particularly important in cases of difficult tumor sites, for
example, the inner corner of the eye, when one has to
decide if proposed treatment method is appropriate or
any adjustment of surgery extent is needed [23].
The new method of autofluorescent imaging and its
analysis developed in the Research Institute of Eye Diseases, Moscow, is easy to perform and does not involve
significant expenses. The full set required includes a special photoregistering device with color filters and their
transmission bands corresponding to prevalent fluorophores of the tissue (i.e. skin and mucous). A more costeffective option could be a domestic camera with acceptable characteristics of CCD-matrix (Canon EOS 300D
in our case). Specialized analytic software was also developed for further processing of the acquired autofluorescent images (CancerPlot, RU 2007613931, 2007). It allows calculating percentages of the red channel contribution to color formation of each pixel, which corresponds
to actual PhIX concentration in the area concerned, and
is therefore called “proliferation factor”. The results are
displayed as proliferation factor isolines applied to the
autofluorescent image (Fig. 4). Delta of proliferation factor (ΔR, %) serves as a diagnostic criterion. It is the difference between respective values for the growth and the
surrounding tissues, which are taken for the background.
Probability of tumor borders occurrence within the inANNALS OF OPHTHALMOLOGY 5, 2013

Fig. 4. CancerPlot interface.

Fig. 5. CancerPlot interface.

Proliferation factor isolines are shown in yellow (explanation in the text)

Green lines applied to the autofluorescent image represent probabilistic tumor
borders (explanation in the text).

spected region is estimated separately (RU 2400265).
The user manually chooses two zones of interest, one
within the tumor, the other within the healthy tissues.
The image is then scanned automatically and the program sorts out sections where autofluorescence patterns
of both areas of interest are combined. This algorithm
drastically differs from earlier approaches based only on
analysis of tumor luminescence intensity. Visual borders
are applied to the original autofluorescent image for the
user’s convenience (Fig. 5) and pass through the maximums of tumor border probability.

The described method of native autofluorescence examination of skin and mucosal tumors has proved practical possibility to avoid using fluorescence inducers and
exogenous fluorophores without affecting the sensitivity
of the diagnosis in general. Studies of the method specificity [24] conducted by the Research Institute of Eye
Diseases, Moscow, revealed a so called «zone of uncertainty» where the distribution curves of proliferation factor delta for benign and malignant tumors overlapped
(Fig. 6). An additional criterion — the averaged reciprocal of tumor borders probability, named the coefficient of

Fig. 6. Distribution of patients in the groups according to the delta of proliferation factor.
Explanation in the text.
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Fig. 7. Correlation between the coefficient of tumor borders dithering and the delta of proliferation factor. Red-colored region statistically
corresponds to malignant process.
Explanation in the text.

Fig. 8. Skin papilloma in the inner corner of the left palpebral fissure (histologically proven).
a – macrograph, b — autofluorescent image, c – autofluorescent image with proliferation factor isolines (yellow), d – autofluorescent image with probabilistic tumor
borders (green).
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Fig. 9. Skin basal-cell carcinoma in the left periorbital region (histologically proven).
a — macrograph, b — tumor macrograph, c — autofluorescent image, d — autofluorescent image with proliferation factor isolines (yellow), e — autofluorescent image
with probabilistic tumor borders (green).

Fig. 10. Squamous cell carcinoma in the left lower eyelid margin involving palpebral mucous (histologically proven).
a — macrograph, b — autofluorescent image, c — autofluorescent image with proliferation factor isolines (yellow), d — autofluorescent image with probabilistic tumor
borders (green)
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tumor borders dithering (Kdith), has been proposed as a
solution. It represents the degree of functional atypism of
neoplastic cells, possible invasion and occult growth.
Owing to such comprehensive analysis of tumor fluorescence pattern, diagnostics specificity increased considerably (from 0.69 to 0.85). With the developments introduced, the method now enables attributing every case to
either benign or malignant tumors with a high degree of
statistical credibility (Fig. 7).
Clinical cases are provided to illustrate the above.
Case 1. Patient K, female of 46, had skin growth of
2×1,5×3 mm in the inner corner of the left palpebral fissure (Fig. 8a). Autofluorescence diagnostics showed low
proliferative activity at its base. The delta of proliferation
factor was 3.2%, i.e. within the range of physiological
values for this region [24]. Probabilistic optical borders of
the growth could be detected almost throughout with a
high degree of confidence. The coefficient of tumor borders dithering Kdith was 0.99. According to the graph, Fig.
7, this growth matches the “green zone”, i.e. can be considered as benign. Histological examination later revealed
a skin papilloma.
Case 2. Patient V, male of 58, had skin tumor of
5х4х4 mm in the left periorbital region. An evident excess
of proliferative activity of the tumor over that of the surrounding tissues was detected. The delta of proliferation
factor was 6.2 and thus lied within the «zone of uncertainty» in Fig. 7. Unlike the previous case, probabilistic
tumor borders could not be easily detected to the full extent, which conformed to the high coefficient of borders
dithering — 1.42 Thus, the case could be attributed to
malignant tumors («red zone» in Fig. 7). Histological examination diagnosed a basal-cell carcinoma.

Case 3. Patient N, female of 63, had tumor in left
lower eyelid margin involving palpebral mucous, size of
5х3×2 mm. The delta of proliferation factor amounted to
12.6% indicating a considerable excess of proliferative activity of the tumor over that of the intact tissues. The coefficient of tumor borders dithering was 2.2.These combined data strongly suggested a malignancy (Fig. 7). Histological diagnosis was squamous cell carcinoma.
As it has been shown above, studies on fluorescence
diagnostics carried out by the Research Institute of Eye
Diseases of the Russian Academy of Medical Sciences in
2006—2012 have led to tangible results. A non-invasive,
simple in application, safe and cost-effective method of
autofluorescent image acquisition and analysis has been
developed, that is not associated with the use of fluorescence inducing agents or exogenous fluorophores in primary examination of skin and mucosal tumors of periorbital region. An original technique of probabilistic tumor
borders detection, highly valuable for surgical planning,
was also worked out. A comprehensive approach of tumor autofluorescence pattern analysis, which demonstrated high sensitivity and specificity, has been put into
clinical practice of the Institute, and a specialized diagnostic room for autofluorescence examinations has been
arranged.
We believe that the results obtained can be extrapolated to neoplasm of other, nonocular localization. The
future of the method is associated with improving its efficacy in differentiating malignancies and inflammation.
Elaboration of a new CancerPlot interface to promote
broadening of its clinical use is also being planned.
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