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Abstract

Fluorescent diagnostics is a promising method for diagnosing non-melanocytic skin tumors, which makes it possible to identify clinically undetect-
able skin cancer foci and clarify the margin of the tumor lesion. The main drugs for fluorescent diagnostics are drugs based on 5-aminolevulinic
acid and its methyl ester. Sensitivity indicators of fluorescent diagnostics in basal cell, squamous cell carcinoma and extramammary Paget’s disease
reach 79.0-100.0%, specificity — 55.6-100%. But the effectiveness of this method may be reduced due to hyperkeratinization, keratinization, and
the presence of necrotic tissue on the surface of tumor foci. Comparative studies of the results of fluorescent diagnostics and histological mapping
during tumor removal using Mohs micrographic surgery showed approximately equal results in the determining of the tumor edges by these
methods, which indicates that safe and technically easily performed fluorescent diagnostics can serve as a good alternative to Mohs micrographic
surgery, one of the most accurate, but rather labor-intensive and technically complex method for determining the margin of skin cancer foci.
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DJTYOPECUEHTHAA OMATHOCTUKA TPU
HEMEJTAHOLUMUTAPHbBIX OIMYXOJNIX KOXH

E.B. ®unonenko!, B.A1. MsaHoea-Papkeruny?

'«MOCKOBCKMI HAYYHO-UCCIENOBATENBCKMM OHKONIOTMYECKMI MHCTUTYT M. [1.A. Tepuera
— dununan PIBY «HaumoHanbHbIM MEAMUMHCKMIA MCCNENOBATENLCKMMI LEHTP PAAMONOTMMY
Murucrepcrsa sgpasooxpanerms Poccuitckoit Penepaumu, Mocksa, Poccus
2Poccumckmin Yuusepeutet apyx6el Hapogos, Mockea, Poccus

Pesiome

OnyopecueHTHas JMAarHOCTKA — NEPCMEKTVBHbIA MeTof ANAarHOCTUKM HeMenaHOLMTapHBIX OMyXOJeln KOXU, KOTOPbIVi NMO3BOJNIAET BbIABUTb
KIVHUYECKM He onpefensemble oyary paka KoXu 1 yTOUHUTb FpaHuLbl pacnpoCTpaHeHns onyxoneBoro npouecca. OCHOBHbIMU JIEKaPCTBEH-
HbIM MpenapataMu AnA NPoBefeHUA GNyopecLiEHTHON [AMAarHOCTUKM ABMAIOTCA JIEKapCTBa Ha OCHOBE 5-aMUHONEBYIMHOBOW KUC/IOTbI U ee
MeTuoBoro 3¢upa. MNokasatenu YyBCTBUTENbHOCTY (GyopecLeHTHON ANAarHOCTUKIN Npy 6a3anbHOKNETOYHOM, MOCKOKIETOUHOM pake KON
1 3KCTpamaMmMapHoMm pake MepkeTa gocturatot 79,0-100,0%, cneymdunyHocTr — 55,6-100%. 2HDEKTUBHOCTD STOrO METOAA MOXKET CHUXKATbCA 3a
CYeT rmnepKepaTMHU3aLmm, OPOroBEHNA Y MPUCYTCTBUA HEKPOTUYECKON TKaHW Ha MOBEPXHOCTM OMyxosieBbix o4aroB. CpaBHUTENIbHbIE ncChe-
[OBaHVA pe3ynbTaToB GpiyopecLeHTHON ANAarHOCTVKIN U FUCTONOFMYECKOro KapTUPOBaHUA NPV yAAIEHNM OMYX0SIM METOAOM MUKporpaduye-
cKou xmpyprum Mooca nokasanu BbICOKY0 KOPPENALMIO Pe3ynbTaToB ONpefeieHnA KpaeB Onyxonn STMN MeToAaMu, YTO CBUAETENbCTBYET O
TOM, YTO 6e30nacHas 1 TEXHUYECKN NIErKO BbIMOHMMAsA GJlyopecLieHTHasA ANarHOCTMKA MOXET CyXKUTb XOPOLLEei anbTepHaTUBON MUKpPOrpa-
duueckon xupyprum Mooca — ogHOMY 13 Hanbosee TOUHbIX, HO JOCTaTOYHO TPYAO03aTPATHOMY U TEXHUUYECKM CITIOXHOMY METOAY onpeaeneHus
rpaHuL, O4aroB paka KoXu.

KnioueBble cnoBa: ¢pnyopecLieHTHas AUArHOCTIKA, Pak KOXK, 6a3a/lbHOKNETOUHBIN PaK KOXU, MIOCKOK/IETOUHbIN Pak KOXWM, SKCTpaMamMMap-
HbI paK MNepxeTa, Kpal onyxonu, 5-aM1nHONEBYIMHOBAsA KNCIOTa, METUOBBIN 3GUP 5-aMUHONEBYNIMHOBOW KUC/IOTbI.

Ana untnposaHua: OunoHeHko E.B., MBaHoBa-PagkeBuy B./. OnyopecueHTHaA uarHOCTMKa NPV HEMENaHOLUMTapHbIX OMyXOoNnAX Koxu //
Biomedical Photonics. — 2022. - T. 11, N2 4. — C. 32-40. doi: 10.24931/2413-9432-2022-11-4-32-40.

KoHTtaktbi: QunoHeHKo E.B., e-mail: derkul23@yandex.ru
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Introduction

Tumor lesions of the skin are one of the most com-
mon neoplasms in the structure of oncological mor-
bidity. In recent decades, there has been a significant
increase in the incidence of skin cancer in the world. In
2021, 68,240 cases of skin cancer (except for melanoma)
were detected in Russia, and 442 619 patients diagnosed
with skin cancer (except for melanoma) were under dis-
pensary registration by the end of 2021 [1]. Successful
treatment of patients with malignant skin tumors is
based on the implementation of adequate specialized
treatment, which is ensured only by timely and accurate
diagnosis with an assessment of the exact margin of the
tumor lesion. Diagnosis of tumors and precancerous
lesions of the skin is based on the data of the clinical
picture obtained during a visual external examination
of the patient, and instrumental research methods. To
detect skin cancer, fluorescence diagnostics (FD) is suc-
cessfully used — a study based on the selective accumu-
lation of a photosensitizer or the induction of the forma-
tion of endogenous photosensitizers — porphyrins — in
the tumor tissue, followed by registration of their fluo-
rescence when irradiated with light of a certain wave-
length [2,3].

There are few works devoted to the use of FD as a
diagnostic method in clinical practice. A search in the
Pubmed database for the keywords “fluorescent diag-
nostics, photodiagnostics, photodynamic diagnostics,
photosensitizer, skin tumors” revealed about 150 scien-
tific papers, 80% of which were devoted to studying the
kinetics of photosensitizer accumulation in tumor foci
and healthy skin using local fluorescence spectroscopy
for optimization methods of photodynamic therapy
with various photosensitizers, as well as the study of the
phenomenon of autofluorescence of tumor tissues. Only
19 articles over the past 20 years have been relevant to
the subject of this review. The data presented in them
was analyzed and included in the review.

In most studies, 5-aminolevulinic acid (5-ALA) and its
derivatives are used to perform fluorescent diagnosis of
non-melanocytic skin tumors. 5-ALA is an intermediate
metabolite in heme biosynthesis. Exogenous adminis-
tration of 5-ALA increases the rate of production of pho-
toactive protoporphyrin IX (PPIX) in all cells of the body
in which the process of heme biosynthesis occurs. The
enzyme ferrochelatase catalyzes the conversion of PPIX
to photoinactive heme. In unaltered cells, this process
occurs rather quickly (2-4 h). In tumor cells, due to the
higher activity of the enzymes of the initial stage of heme
synthesis (in particular, porphobilinogen deaminase), as
well as a decrease in the activity in them of ferrochela-
tase (due to the limited availability of Fe?"), photoactive
PPIX accumulates. An increase in the concentration of
PPIX in the tumor occurs within a few hours, and its high
level is maintained for up to 24 hours, while in normal

cells PPIX is quickly converted into photoinactive heme
under the action of ferrochelatase. Thus, in the interval
from approximately 2 to 24 hours, there is a significant
difference (up to 10-15 times) between the concentra-
tion of photoactive PPIX in tumor and healthy tissues.
This makes it possible to perform the PDT procedure
with minimal impact on healthy tissues, to determine
the optimal resection margins during surgical removal,
and to perform highly efficient fluorescent diagnostics
to detect tumors and clarify their margin [2,4,5].

It should be noted that even without exogenous
administration of 5-ALA in tissues of locally advanced,
especially decaying tumors, the fluorescence of por-
phyrins is slightly higher than in surrounding healthy
tissues due to the biochemical mechanisms described
above. C.T. Andrade et al. consider that only additional
exogenous administration of 5-ALA and its derivatives
in most cases leads to an increase in the fluorescence
contrast of tumor and healthy tissues and the possibil-
ity of a complete diagnosis [6]. In their studies, these
authors demonstrated intense autofluorescence in foci
of basal cell carcinoma (BCC), actinic keratosis, and, to a
lesser extent, seborrheic keratosis. For actinic keratosis
and seborrheic keratosis foci, additional application of
topical 5-ALA solution did not lead to an increase in fluo-
rescence intensity. The authors believe that a possible
cause was the inefficient penetration of the 5-ALA solu-
tion due to hyperkeratinization and necrotic tissue on
the surface of the lesions. Also, part of the lesions of BCC
and actinic keratosis had extensive keratinization on the
surface, which apparently acted as a physical barrier to
the penetration of the 5-ALA solution. In such foci, even
60 min after the application of 5-ALA, no increase in flu-
orescence intensity was noted. A possible solution is to
remove the keratin layer by curettage, which is a simple
medical procedure. For SC foci, high light absorption by
melanin prevents fluorescence visualization both in the
case of autofluorescence and in fluorescent diagnostics
with exogenous administration of 5-ALA. The fluores-
cence intensity of BCC foci significantly increased after
topical application of a 5-ALA solution, which allowed
the authors to recommend FD for the diagnosis of this
pathology.

In the study by S. Neus et al. [7] also confirmed the
high diagnostic value of FD in patients with BCC. The
authors evaluated the effectiveness of FD in patients
with foci of BCC on the scalp. Tumor margin were deter-
mined using a Wood'’s lamp by fluorescence after expo-
sure to 20% 5-ALA ointment for 3.5 hours. Tumor resec-
tion was performed along the margin determined using
FD. 28 foci of BCC were analyzed. In 22 (78.6%) cases, the
margin determined by FD completely coincided with
the results of histopathological examination. In 6 foci,
the margin determined by FD did not correlate with the
histopathologically assessed tumor margin. Of these,
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4 (14.3%) lesions were not completely removed; Two
(7.1%) lesions were completely resected, indicating that
the tumor was within the FD-defined margin, but not at
the resection margin. Therefore, the rate of incomplete
removal of BCC lesions was 14.3% (4/28). FD sensitivity
and specificity were 79% and 100%, respectively.

In 2015 E.V. Filonenko [2] published the results of a
study on the efficacy of FD with 5-ALA (oral solution at
a dose of 1.0 mg/kg 3 hours before diagnosis) in 237
patients with BCC, squamous cell carcinoma (SCC)
and metatypical skin cancer. In 100% of patients, FD
made it possible to clarify the margin of tumor foci. In
118 patients, 506 foci of additional fluorescence were
detected, of which 63 patients were diagnosed with
skin cancer during morphological examination. The
sensitivity of the method was 100.0%, the specificity
was 55.6%

Similar results were obtained in other studies of
FD in patients with BCC and SCC. So, in the study of J.
Liutkeviciute-Navickiene et al. [8] FD with 5-ALA and
5-ALA methyl ester (MAL) as a topical application was
performed in 126 patients with CCCC and SCC. The sen-
sitivity of the method was 95.4%, the specificity was
88.6%. In the work of Y. Won et al. [9] FD with ME-5ALA
using computerized analysis of fluorescent images was
performed in 10 patients with BCC. The sensitivity of the
method was 82.6%, the specificity was 94.1%.

In recent years, the number of studies has been
published in which the effectiveness of FD with 5-ALA
and its derivatives was evaluated in comparison with
Mohs micrographic surgery (MMS), one of the most
accurate, but rather labor-intensive and technically
complex method for determining the margin of skin
cancer foci. When using MMS, the neoplasm is excised
with simultaneous histological examination of layered
sections. The affected tissue is removed layer by layer,
and the removed layers are sent for urgent histological
analysis. If malignant cells are found in it, tissue excision
continues. This happens until the entire next resected
area consists of healthy tissues. MMS provides intraop-
erative microscopic assessment of 100% of the lesion
margins, which allows the removal of only the affected
tissue and reduces the recurrence rate [10]. The high
prevalence of skin cancer, combined with the costs and
time associated with MMS, determines the relevance of
developing new methods for refining tumor margins
that could increase the effectiveness of MMS or serve
as an alternative to MMS [11,12]. These studies have
shown a correlation between the results of determin-
ing the edges of the tumor by the FD method with the
results of determining the edges of the tumor by the
MMS method.

In the study by B. Stenquist et al. [13] in 12 patients
with basal cell skin cancer (BCC), fluorescence after
application of 5-ALA ointment and histological map-
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ping using MMS correlated in 42% of tumors with
partial correlation in other lesions. A.M. Wennberg et
al. [14] showed a strong correlation of tumor margins
on digital fluorescence imaging after pre-exposure of
5-ALA ointment with MMS histological mapping in 50%
of patients. Another study [15] evaluated the effective-
ness of using FD with MAL to clarify the margin of the
tumor lesion of BCC foci. The exposure time of the oint-
ment with a photosensitizer was increased compared
to standard methods and averaged 13 hours. The study
involved 27 patients with BCC with lesions with an aver-
age diameter of 1.05 = 0.35 cm. The margin of tumor foci
was determined using a digital fluorescence imaging
system with assessment of PPIX accumulation in tumor
tissue relative to normal tissue. The BCC lesions were
then surgically removed according to defined margins
using MMS. In 12 (44.44%) of 27 foci, the edge of the
tumor, according to FD, coincided with the histopatho-
logical picture. The average fluorescent contrast value
was 2.7. Although 15 pigmented BCC lesions showed
reduced or absent fluorescence in the center, fluores-
cence in their periphery was used as a guide for resec-
tion. In these 15 lesions, the number of additional MMS
resection steps required to clear the lateral margin,
each with an additional 1 mm excision, was one step
in 14 (93.3%) BCC lesions and two steps in 1 (6.6%) BCC
lesion. Results similar in effectiveness were obtained
in a study by Jeon et al. [sixteen]. In 38 patients with
SCC, the margin of the tumor was determined by the
FD method with 5-ALA (20% ointment) or MAL (16%
ointment), after which the tumor was resected. After
tumor resection, the mean number of additional MMS
resection steps required to completely remove the
tumor was 1.37+0.75. In 29 patients who underwent
resection without FD (control group), the average num-
ber of additional resections was 1.83+0.89 (p = 0.02). In
the FD group, 29 cases (76.3%) required one additional
resection to completely remove the tumor, while nine
(23.7%) required two or more resections. In the group
without FD, one additional resection was required in
13 cases (44.8%) for complete excision of the tumor,
while in 16 cases (55.2%) two or more resections were
required (p = 0.008).

The literature describes attempts to use the FD
method for the differential diagnosis of tumor and pre-
cancerous skin diseases with determining the stage of
the disease by fluorescence intensity. So, T. Smits et al.
[17] demonstrated that fluorescent diagnostics with
5-ALA derivatives cannot be used as a non-invasive
diagnostic procedure to differentiate different stages
of actinic keratosis, since no significant differences in
fluorescence were found between different stages of
actinic keratosis. However, fluorescent contrast is gen-
erally higher in Bowen'’s disease than in KIN | and KIN I
lesions. The highest fluorescent contrast was found in
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squamous cell carcinoma lesions, but the small number
of such lesions (3 out of 86 biopsied lesions were classi-
fied as SCC) and the fact that they belonged to the same
patient prevented a reliable statistical comparison. In
further studies [18], the authors showed that only KIN
I and KIN Ill foci show significant differences in fluores-
cent contrast values (1.3 and 2.5, respectively; p<0.05).
The highest contrast ratios were determined in the foci
of microinvasive SCC - 2.7.

A number of studies have shown the high efficacy
of FD in patients with extramammary Paget’s disease
(EMPD). In the work of M. Wan et al. [19] in 21 patients
with EMPD, the margin of the tumor lesion was deter-
mined by the FD method (photosensitizer - 20% 5-ALA
ointment, exposure time 3.5 h) and the method of mul-
tiple exploratory biopsies (MSBs). The authors showed
a strong correlation between the margin of the tumor
lesion, determined by the FD method, and the margin,
determined by the biopsy method with histological
examination.

The high diagnostic value of FD in EMPD was also
confirmed in the study by M. Wu et al. [20] The study
included 36 patients. 5-ALA was used as a photosen-
sitizer in the form of a 20% solution with an exposure
time of 2 h. Tumor margin were determined visually,
using FD and FD methods in combination with reflec-
tive confocal microscopy. 130 samples were taken from
patients, in which the tumor process was confirmed. Out
of 130 sections with a pathologically confirmed tumor
process, 83 sections (63.8%) were located outside the
macroscopically defined margin of tumor foci with a dis-
tance of 3.5+3.1 mm and a median of 2.7 mm; 46 (35.4%)
sections were beyond the borders of the marker line of
tumor foci, determined by the FD method with a dis-
tance of 2.1+1.7 mm and a median of 1.5 mm; 27 (20.8%)
sections — outside the FD marker line with reflective
confocal microscopy with a distance of 1.4+1.2 mm and
a median of 0.9 mm.

Despite the high sensitivity and specificity of skin
cancer FD, the development of modified FD methods
aimed at increasing these parameters continues. For
example, van der Beek et al. [21] presented the results
of a study demonstrating a significant increase in the
specificity and sensitivity of FD with 5-ALA in the form
of a liposomal spray using the normalized fluorescence
method. This approach reduces the contribution of
external factors that distort the fluorescence intensity
of PPIX, such as reflection due to non-perpendicular
light hitting the skin, absorption of radiation by a thicker
stratum corneum, or a change in radiation intensity due
to a difference in the distance between the skin and the
light source. The technique is based on the simultane-
ous measurement of PPIX-mediated fluorescence and
autofluorescence after exposure to pulsed light with a
wavelength of 407 nm. The source of autofluorescence

is most likely bound collagen. Since the emission spec-
tra of autofluorescence and fluorescence of PPIX are
separated, it is technically possible to simultaneously
measure autofluorescence in the green region of the
spectrum and fluorescence and fluorescence of PPIX in
the red region of the spectrum. At the same time, the
system calculates the normalized fluorescence of PPIX.
As a result, if there is a variable that affects the inten-
sity of both types of fluorescence, it is possible to filter
out this “noise” using data on the intensity of autofluo-
rescence. The recorded fluorescence intensity is visual-
ized with a pseudo color overlay, where red indicates
the highest fluorescence and blue indicates the low-
est fluorescence in the image. The analyzed focus was
considered potentially suspicious for the presence of a
pathological process when the fluorescence intensity
(normalized or not) was exceeded by 33% or more than
fluorescence in normal skin. The use of the normalized
fluorescence assessment technique made it possible to
increase the sensitivity of FD from 39% to 97% and the
specificity from 27% to 100%.

FD can be used not only to determine the margin of
a tumor lesion, but also as a method for monitoring the
effectiveness of treatment. So, in the study by M. Bosseila
et al. [22] evaluated the change in the fluorescent con-
trast of mycosis fungoides in 22 patients using fluores-
cence spectroscopy with 20% 5-ALA ointment (3-hour
exposure). Diagnosis was performed twice, before and
after specialized treatment for 12 weeks, including
PUVA therapy with 8-methoxypsoralen and narrow-
band medium wave UVB therapy (311 nm) in combi-
nation with subcutaneous injection of IFN-ainterferon
into resistant lesions. Studies have shown that the posi-
tive dynamics, confirmed by a decrease in the level of
malignant CD4+/CD7- T cells, was accompanied by a
decrease in the average fluorescent contrast from 2.2 to
1.94 (p = 0.009). Based on the data obtained, the authors
conclude that in the case of mycosis fungoides, fluores-
cent diagnostics can be an effective tool for assessing
the response of the tumor focus to therapy.

J. de Leeuw et al. [23] suggested using the FD
method for screening for tumor and precancerous
diseases in people working outdoors and exposed
to constant UV radiation. The study involved 93 vol-
unteers. In each patient, two drugs were used as a
pro-photosensitizer: 5-ALA and MAL, which made it
possible to compare their effectiveness. MAL in the
form of a 16% cream was applied under an occlusive
dressing on the right side of the forehead for 3 hours.
Liposomal spray 5-ALA 0.5% was applied every 5 min-
utes on the left side of the forehead without occlusion
for 2.5 hours, followed by 0 5-hour pause to allow the
5-ALA liposomes to fully absorb into the skin. Imme-
diately afterward, fluorescent images were taken of
both sides of the forehead. The fluorescent image of
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the right (MAL treated) side of the forehead showed
a very high and uniform fluorescence intensity in
most of the examined skin areas with little differ-
ence between normal and diseased skin. The left side
(treated with 5-ALA liposomal spray) in most cases
showed low fluorescence of normal skin and moder-
ate but distinct fluorescence of non-melanocytic skin
tumor foci. At the same time, the authors note that the
significantly lower absorption of 5-ALA in liposomes
in normal skin leads to a lower degree of photosen-
sitivity, and the faster clearance of 5-ALA provides a
better safety profile compared to MAL cream (8 hours
versus 36 hours of photosensitivity). As a result of the
study, fluorescence was detected in 287 lesions in 61
patients. According to histological examination in 28
patients, positive fluorescence was detected in 212
benign lesions. Including 22 patients in 204 fluores-
cent foci, sebaceous hyperplasia was diagnosed, and
the remaining 8 foci of false positive fluorescence in
6 patients corresponded to viral warts, benign lichen-
oid inflammation and dysplastic melanocytic nevi.
In 29 patients, actinic ketosis was histologically con-
firmed in 71 fluorescence foci. 4 patients had 3 foci of
BCC and 1 lesion of SCC. False-negative fluorescence
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was detected in only one lesion located on the scalp
(negative fluorescent detection of a lesion clinically
suspected and histologically confirmed as actinic
keratosis). In 5 patients, 5 foci of actinic keratosis were
detected by a fluorescent method and subsequently
confirmed by histological examination, previously
not noted by either the patients or the doctors who
conducted the examination. When the fluorescence
detection system used in this study was combined
with clinical examination and dermatoscopy, the spec-
ificity of this method was 92%.

One paper was found in the literature devoted to
evaluating the effectiveness of the use of photosen-
sitizers for FD not based on 5-ALA and its derivatives.
So, in the work of S.V. Kamrava et al. [24] FD with a
photosensitizer based on chlorin e6 was performed in
40 patients with SCC (i.v. administration at a dose of
1.0 mg/kg 4-6 hours before diagnosis). The sensitivity
of the method was 90%, specificity — 80%, accuracy —
87.5%, positive predictive value - 93%, negative pre-
dictive value - 72%.

In table the results of the main studies on the effec-
tiveness of FD in nonmelanocytic skin tumors are sum-
marized.

Ta6auuya

CBOJHblE faHHble Pe3ynbTaTUBHOCTU NPUMEHEHUA d)nyopecueHTHon AWarHOCTUKHM y NnauueHToB

C HeMeNnaHoOLUUTapHbIMU ONYXONAMU KOXKKU
Table

Summary data on the effectiveness of the use of fluorescence diagnostics in patients

with non-melanoma skin cancer

Yucno
naymneH-
TOB

ABTOpbDI
3aTop

®doToceHcMbunn-

AnuHa
BOJIHbI
nsny4yeHvs

Pesynbratbl

Jlamna Byga, YyBcTBUTENbHOCTL 82,6%

1 Wonwucoast. 10 naunen- BKPK M3-AJIK
2007, [9] TOB BCC 20% ma3b
Won et al. 10 patients MAL
2007, [9] 20% ointment

2 Smits ncoaBT. 14 naumeH- 86 ouaro, BTom 5-AJIK
2007,[17] TOB uncne 3TMKPK,  20% ma3b
Smits et al. 14 patients 67 akTUHWYe- 5-ALA
2007, [17] CKnI KepaTo3 20% ointment

(32KIN I, T8 KIN
I, 17 KIN 1), 10
HOpManbHas
KOXa

86 lesions,
including 3

SCC, 67 actinic
keratosis (32
KIN I, 18 KIN II,
17 KIN1l1), 10
normal skin

A\ MaKc 365 HM
Wood's lamp,
A max 365 nm

KceHoHoOBas
namna c dpunb-
Tpom 370-440
HM

Xenon light
source with a
custom band
pass filter
370-440 nm

CneumnounyHocTb 94,1%
Sensitivity 82.6%
Specificity 94.1%

He o6Hapy»eHO CyLecTBeHHbIX
paznuumin Bo GryopecLeHumMmn mexay
Pa3NMYHBIMM CTAAVAMU aKTUHUYECKOTO
Kepato3sa. OnyopecLeHTHasA
KOHTPaCTHOCTb Npu 6one3Hun boysHa,
KaK npaBunio, Bbille, YeM npu
nopaxeHunax KIN [ v KIN |1

No significant differences in
fluorescence were found between
different stages of actinic keratosis.
Fluorescent contrast in Bowen's disease
is generally higher than in KIN I and KIN
Il lesions
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3 NeuswucoaBt. 28 naumeH- BKPK

2008, [7] TOB BCC
Neus et al. 28 patients
2008, [7]

4 deleeuwn 93 nmaum-  CKpPUHWHT
coasT. [23] eHTa OMNyXO0neBbIX 1
2009 93 patients npeponyxone-
de Leeuw et BbIX 3a60neBa-
al.[23] HUI y noaei,
2009 paboTatoLmx

Ha ynuue 1 nog-
BEpraoLmnxcs
MOCTOAHHOMY
BO3[€NCTBUIO

YO-nsnyuenua
Screening for
neoplastic and
preneoplastic
diseases

in people
who work
outdoors and
are constantly
exposed to UV
radiation

5 LiutkeviciGte- 126 naun- TKPK n BKPK
Navickienen eHTOB SCCand BCC
COaBT. 126
2009, [8] patients
Liutkevicitte-

Navickiene
etal.
2009, [8]

6 Kleinpenning 13 nauneH- 36 oyaros, B TOM

1 COaBT. TOB yucne 7 MNMKPK,
2010, [18] 13 patients 17 akTuHUYe-
Kleinpenning cKun kepaTos (5
etal. KINL6KINII, 6
2010, [18] KIN 111), 3 BKPK,
9 HopmarnbHasa
KoXa
36 lesions,
including 7

SCC, 17 actinic
keratosis (5 KIN
I,6 KINII, 6 KIN
1), 3BCC, 9
normal skin

5-AJIK Jlamna Byga, A
20% ma3b MaKcC 365 HM
5-ALA Wood's lamp,
20% ointment A max 365 nm
5-AJIK LED, A makc
(0,5% 5-AJK, 450 Hm
VNHKancynMpoBaH- LED, A max

Hasa B ogHOC/IONHbIe 450 nm
JIMNOCOMbI pa3me-

pom 50 HMm; cnipei

5-AJ1K 0,5% Kaxable

5 MUH B TeyeHue 2,5

4 Ha MopakeHHbIN

YUYaACTOK KOXW)

M3-ANK

16% Ma3b (3Kcrno3u-

0.5% 5-ALA
encapsulated in 50
nm sized unilamellar
liposomes

The 5-ALA 0.5%
spray every 5
minutes for 2.5
hours to the
involved skin area
MAL

16% ointment
(exposure 3 hours)

5-AJTK u M3-ANK A\ Makc 378-
(3kcnosnuma 2-44) 426 HM

5-ALA and ME-ALA A max 378-426
(exposure 2-4 hours) nm

M3-AJIK KceHoHOBas
16% ma3sb namna ¢ epunb-
MAL Tpom 370-440
16% ointment HM

Xenon light

source with a
custom band
pass filter

370-440 nm

YacToTa monHoro yaaneHusa onyxose-
Boro oyara bKPK — 85,7%, HenonHoro
ypaneHua — 14,3%.
YyBcTBUTENBHOCTL — 79%
CneymounyHocts — 100%

The frequency of complete removal
of the tumor focus of BCC is 85.7%,
incomplete removal is 14.3%.
Sensitivity — 79%

Specificity — 100%

MonoxuTtenbHas ¢nyopecueHLya obHa-
pyeHay 61 naymneHTa. M3 Hnx y 28

— BO6pPOKaYeCTBEHHbIE NMOopaxeHnA (B
TOM yncney 22 — runepnnasma casibHbIX
xenes), y 33 — onyxonesas 1 npegony-
xonesas natonorus (B Tom uncney 29

— aKTMHNYeCKNin KepaTos, y 3 — BKPK, y

1 - MKPK)

Positive fluorescence was found in

61 patients. Of these, 28 had benign
lesions (including 22 had sebaceous
gland hyperplasia), 33 had tumor and
precancerous pathologies (actinic
keratosis in 29, BCCin 3 and SCCin 1
patient)

YysctButenbHocTb 95,4%
CneumdunuHocTb 88,6%
MonoxuTenbHasa NPOrHocTNYecKas
LIeHHOCTb 6,1%

OTpuuaTenbHasa NPorHocThYecKas LeH-
HOCTb 96,3%

B 30% cnyuaeB rpaHuLibl OMyxXoneBoi
TKaHW Npy npuMmeHeHnn M3-AJIK
onpepenAnucb 6onee YeTKo, YeM Npu
npumeHeHun 5-AJ1IK

Sensitivity 95.4%

Specificity 88.6%

Positive predictive value 6.1%

Negative predictive value 96.3%

In 30% of cases, the margin of the
tumor tissue were more clearly defined
with MAL than with 5-ALA

Tonbko ouaru KIN | v KIN Il nokasbisatot
[OCTOBEPHbIE Pa3/inyus B 3HAUEHWAX
¢dnyopecueHTHON KoHTpacTHocTH (1,3

n 2,5, cootBeTcTBeHHO; p<0,05). Cambie
BbICOKME KOIPULIMEHTbI KOHTPACT-
HOCTM 6blnv ONpegeneHbl y 04aro
MUKPOWHBA3UBHOTO MJIOCKOKIETOYHOrO
paka - 2,7

Only KIN I'and KIN Il foci show
significant differences in fluorescent
contrast values (1.3 and 2.5,
respectively; p<0.05). The highest
contrast ratios were determined in

foci of microinvasive squamous cell
carcinoma - 2.7
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9 Jeon v coaBT.
2013, [16]
Jeonetal.
2013, [16]

10 Andradewun
COaBT.
2014, [6]
Andrade
etal.
2014, [6]

11 Filonenko
2015, [2]
Filonenko
2015, [2]

40 nauneH-

TOB
40 patients

8 VanderBeek 30 naumnen-

TOB
30 patients

38 nauu-
€HTOB B
rpynne

oo w29
nauueHToB
B KOH-
TPOJIbHON
rpynne

38 patients
in the FD
group

and 29
patients in
the control

group

43 nauwm-
eHTa
43 patients

227 nauu-
€HTOB
227
patients

MKPK
SCC

BKPK
AKTUHMYECKNI
KepaTo3

BCC, actinic
keratosis

MKPK
SCC

71 lesions,
including 29
BCC, 31 actinic
keratosis, 11
seborrheic
keratosis

BKPK, MKPK,
METATUTUNYHBIN
pakK KoXMu

BCC, SCC,

metatypical skin

cancer

XnopwuH e6

1 Mr/Kr 3a 4-6 4 1o
on

Chlorine e6

1 mg/kg 4-6 hours
before FD

5-AJIK
5-ALA

19 naumeHTOB:
M3-AJIK

16% Mma3b
JKCno3unumsa 3 4
19 naumeHTOB:
5-AJIK

20% ma3b
JKCNo3ULKMa 6 Y
19 patients:

MAL

16% ointment
Exposure 3 hours
19 patients:
5-ALA

20% ointment
Exposure 6 hours

5-AJIK

5% pactBop 5-AJIK
6blJ1 CMONb30BaH
ana 54 ouaros (21
BKPK, 22 akTnHu-
Yyeckum kepatos, 11
cebopeiHbIl Kepa-
T03). 10% pacTBop
—ana 17 ovaros (8
BKPK 1 9 akTnHnue-
CKNI KepaTo3)
5-ALA

5% 5-ALA solution
was applied on 54
lesions (21 BCCs,
22 AK, and 11 SK).
10% ALA solution
was applied on 17
lesions (8 BCCs and
9 AK)

5-AJIK

(pacTBOpP ANA npu-
eMa BHYTpb 1 MI/Kr
3a 3y o ®N)
5-ALA

(oral solution 1T mg/
kg 3 hours before
FD)
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A\ MaKc 633 HM
A max 633 nm

A Makc 407 Hm
A max 407 nm

Jlamna Bypa,

A\ MaKc 356 HM
Wood's lamp,
A max 365 nm

LED, A makc
400 Hm,

50 MmBT/cm?
LED, A max
400 nm, 50
mW/cm?

LED, A Makc
400-405 Hm,
LED, A max
400-405 nm

YysctButenbHocTb 90%
CneumounuHocTtb 80%

TouHocTb 87,5%

MonoxuTenbHaa NpPorHocTMyeckas
LleHHOCTb 93%

OTpuuaTenibHaa NpPorHocTnyeckas LeH-
HOCTb 72%

Sensitivity 90%

Specificity 80%

Accuracy 87.5%

Positive predictive value 93%
Negative predictive value 72%

CneundUYHOCTb 1 YyBCTBUTENIBHOCTD
MeTofa HeHOPMIUPOBaHHOW dnyopec-
LieHLMN CYLLEeCTBEHHO HIXKE, YEM Y
mMeTofa 0OHapyXeHUA HOPMUPOBAHHOW
dnyopecueHummn (27% 1 39% npoTrs
100% 1 97%)

The specificity and sensitivity of the
non-normalized fluorescence method
is significantly lower than that of the
normalized fluorescence detection
method (27% and 39% versus 100%
and 97%)

Mocne peseKkuun onyxonu cpegHee
KOJIMYECTBO JOMOJIHUATENbHBIX Pe3eK-
uuii no Moocy, NoHago6VBLUNXCS Ans
MOJIHOTO YZaneHns onyxosnu, 6bino
Huxe B rpynne O (1,37+0,75), yem B
rpynne 6e3 @ (1,83+0,89)

After tumor resection, the mean
number of additional Mohs resections
required to completely remove the
tumor was lower in the FD group
(1.37+0.75) than in the non-FD group
(1.83+£0.89)

B ouarax BKPK oTmeueHo foctoBep-
Hoe yBefIYeHne NHTEHCMBHOCTU
dnyopecueHumnn B 3 pasa vepes 1 yac
nocne HaHeceHuA pacTeopa 5-AJTK. B
ouarax akTUHMYeCKoro 1 cebopeliHoro
KepaTo3a UHTEHCUBHOCTb GryopecLieH-
LuK B TeyeHre 1 4 nocse HaHeceHWs
pactBopa 5-AJIK ocTaBanacb Ha ypoBHe
ayTodnyopecueHUmm

In the foci of BCC, a significant increase
in fluorescence intensity by 3 times
was noted 1 hour after the application
of the 5-ALA solution. In the foci of
actinic and seborrheic keratosis, the
fluorescence intensity remained at the
autofluorescence level for 1 hour after
application of the 5-ALA solution

YysctButenbHoctb 100,0%
CneuunduryHocTb 55,6%
Sensitivity 100.0%
Specificity 55.6%
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12 ElHoshy n 27 nauneH- BKPK 5-AJIK
COaBT. TOB BCC 20% ma3sb
2016, [15] 27 patients 5-ALA
El Hoshy et al. 20% ointment
2016, [15]

13 Wanwncoast. 21 naumeHt SMPI 5-AJIK
2018, [19] 21 patients EMPD 20% ma3b
Wan et al. 5-ALA
2018, [19] 20% ointment
14 WuwncoaBt. 36 nauueH- SMPI 5-AJIK
2021, [20] TOB EMPD 20% pacTtBop
Wu et al. 36 patients 5-ALA
2021, [20] 20% solution

KceHoHOBas B 12 (44,44%) oyarax rpaHuLibl ONyXomnu,

namna c unb- onpegeneHHble no O], NONHOCTbIO

Tpom 370-440 coBnanu C rpaHMLaMu, onpeaenex-

HM HbIMU rMCTOMaToNorMyecku. B 14 ouarax

Xenon light rMCTONATONOrMYECKM FPAHNLIbl ONYXOmnu

source witha  6b1n 6onblue Ha 1 MM, YeM onpeaense-

custom band  mble no @[], B 1 — 6obLUe Ha 2 MM

pass filter 370- In 12 (44.44%) foci, the margin of the

440 nm tumor, determined by FD, completely
coincided with the margin determined
histopathologically. In 14 foci,
histopathologically, the margin of the
tumor were 1 mm larger than those
determined by FD, and in 1 foci, they
were 2 mm larger

Jlamna Byga, MNokasaHa cunbHasa KOpPenALnio Mexay
A MaKc 365 HM  rpaHULIaMM OMyXOJIEBOTO MOPAXKEHUS,
Wood's lamp, onpepeneHHbIM1 MeToAOM Gnyopec-

Amax 365 nm  UeHTHOW ANArHOCTVKU, U FpaHnLaMu,
onpepeneHHbIMY METOAOM 6roncum ¢
rmcTonarosnoruein

A strong correlation was shown
between the margin of the tumor
lesion, determined by the method

of fluorescence diagnostics, and the
margin, determined by the method of
biopsy with histopathology

Jlamna Bypa, A
MaKcC 365 Hm

Wood's lamp,
A max 365 nm

BusyanbHbit ocmoTp — 63,8% N0X-
HOOTpULIATENbHBIX PE3YJIbTaTOB,

O/ - 35,4% NOoXKHOOTpPULATENBbHBIX
pe3synbtatoB, O] + KoHdOKanbHaA
MuKpockonua — 20,8% NoXHooTpuLa-
TeJIbHbIX pe3ynbTaToB

Visual examination — 63.8% of false
negative results, FD — 35.4% of false
negative results, FD + confocal
microscopy — 20.8% of false negative
results

*®[1 - pnyopecueHTHaa fuarHocTuka, 5-AJ1K — 5-ammHoneBynuHoBas Kucnota, M3-AJIK — MeTunoBbin 3dup 5-aMVHONEBYIMHOBOW KNCNOTI,
BKPK - 6a3anbHoKNeTouHbI pak koxu, MKPK — nnockokneTouHbli pak koxu, IMPI - skcTpamamMapHbii pak Mepketa
*FD - fluorescent diagnostics, 5-ALA - 5-aminolevulinic acid, MAL — 5-aminolevulinic acid methyl ester, BCC - basal cell carcinoma, SCC - squa-

mous cell carcinoma, EMPD - extramammary Paget’s desease

Conclusion

The main indications for FD with 5-ALA are the iden-
tification of clinically poorly expressed skin tumors, the
search for hidden foci of precancer and skin cancer, as
well as the clarification of the margin of the tumor lesion
and monitoring the effectiveness of various specialized
treatment options.

PPIX-induced fluorescence during preoperative plan-
ning is a valuable method for determining the peripheral
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margin of the tumor. The edges of tumors determined
by histological mapping during tumor removal by Mohs
micrographic surgery correlate well with the margin
detected by tumor-specific fluorescence, which indicates
the possibility of using fluorescence diagnostics as a full-
fledged alternative to Mohs micrographic surgery - one
of the most accurate, but rather labor-intensive and tech-
nically complex method determination of the margin of
skin cancer foci.
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