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Abstract

This article reviews clinical experience in treating skin neoplasms using photodynamic therapy with combined ultrasound and fluorescence diag-
nostics for neoplasms in the nose, lateral face, and adjacent areas. Injectable forms of chlorine-type drugs were used as photosensitizers — photodi-
tazine or photoran at a dose of 0.7 to 2.5 mg per kilogram of patient body weight. The drug was administered intravenously for 30 minutes 2.5-3.0
hours before tumor irradiation. Of 107 observations over a 9-month observation period, one case of marginal tumor recurrence in the treatment
area was detected. Thus, the recurrence rate was 0.93%. The results show that three-dimensional tumor visualization for the H-zone with complex
noninvasive diagnostics allows achieving high efficiency in photodynamic therapy of non-melanoma tumors of the above anatomical localizations.
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Peslome

B AaHHOW cTaTbe PacCMOTPEH KIIMHWUYECKMIA OMbIT IEYEHUA HOBOOOPA30BaHUI KOXKY METOAOM GOTOAMHAMUYECKON Tepanmm C COYETaHHOM
YNbTPa3ByKOBOW 1 GJIyOpeCcLeHTHON AMarHOCTUKON Ansi HOBOOGpa3oBaHWi B 30HE HOCA, GOKOBOW MOBEPXHOCTU NINLLA U CMEXHbIX 0bNlacTel.
B kauecTBe GpoTOCEHCMOUNM3ATOPA MPUMEHSNV NHBEKLMOHHbIE GOPMbI MPENapaToB XNOPUHOBOIO psaaa, GoToamnTasvH unm GoTopaH, B Jo3e
ot 0,7 Bo 2,5 Mr Ha KulorpamMm Macchl Tena nauueHTa. [penapat BBOAWV BHYTPUBEHHO B TeyeHue 30 MUH 3a 2,5-3,0 Y o Havyana o6nyyeHns
onyxonu. M3 107 HabnopeHn Npu Cpoke HabnogeHnsa 9 Mec BbifBNEH OAMH Cllyyall KpaeBoro peuuanea Onyxosin B 30He JiedeHus. Takum
obpa3om, YacToTa BO3HUKHOBEHUA peunanBos coctasuna 0,93%. MonyyeHHble pe3ynbTaThl MOKa3biBaloT, YTO TPEXMepPHaa BU3yanuauus
onyxonu Ana H-30Hbl C KOMMIEKCHON HEUHBA3VBHOW [VNarHOCTNKON NMO3BONAET AOCTUYb BbICOKON 3PpPEKTUBHOCTM NPy GOTOANHAMUYECKOW
Tepanumn HeMenaHOMHbIX OMyXOoJiel BbllleyKa3aHHbIX aHaTOMUYECKUX JIOKanm3aLnii.
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Introduction

In the Russian Federation, for the period from 2013 to
2023, the crude incidence rate (both sexes) of non-mel-
anoma skin cancers increased from 46.09 to 62.79 cases
per 100,000 population. The growth rate for the speci-
fied period was 15.44% [1]. For non-melanoma tumors, a
wide range of surgical and non-surgical treatment meth-
ods are used in accordance with clinical guidelines [2].
Photodynamic therapy (PDT) is one of such methods [2-
5]. The desire for uniformity and standardization of clini-
cal treatment protocols are key steps to the implementa-
tion of current recommendations for the effective use of
PDT in oncology. It is known that up to 90% of all non-
melanoma skin cancers are localized on the face [2]. The
emerging need for gentle, organ-preserving approaches
increases the relevance of PDT in the clinical practice of
an oncologist. The key objective of therapy is to achieve
a good cosmetic result while maintaining antitumor ef-
ficacy. It is also necessary to take into account that criti-
cal loss of fluorescent radiation (photobleaching) occurs
during photodynamic reactions. The practical signifi-
cance of fluorescence diagnostics (FD) is due to the abil-
ity of a photosensitizer (PS) to selectively accumulate in
malignant neoplasms relative to surrounding healthy tis-
sues, creating a fluorescent contrast [6]. High-resolution
ultrasound with assessment of tumor microvasculariza-
tion can be a valuable tool for clarifying neoplasm char-
acteristics such as thickness, contours, echostructure,
and prevalence [3].

Combining therapeutic and diagnostic capabilities
into a single technology will help personalize the selec-
tion of energy parameters for laser exposure and moni-
tor PDT in real time.

Materials and methods

A total of 107 cases of clinical observations of ultra-
sound-guided PDT of epithelial malignant tumors in
patients of both sexes and different age groups with
basal cell skin cancer were selected for participation in
the study. They underwent inpatient treatment in the
fluorescence diagnostics and photodynamic therapy
room from November 2023 to March 2024. During the
ultrasound-guided PDT procedure, injectable forms of
chlorine photosensitizers - photoditazine or photoran
were used at a dosage of 0.7 to 2.5 mg per kilogram of
patient body weight. The drug was administered intra-
venously for 30 minutes 2.5-3.0 hours before the start
of tumor irradiation. The average age of patients was 73
years. The tumors were divided into comparable groups
based on indicators regarding high-risk zones of recur-
rence, ultrasound characteristics, local fluorescence
data, and laser exposure parameters. During PDT, high-
resolution ultrasound examination was performed on
an expert-class Philips Epic 7 device using MFI techno-
logy. At the next stage, FD was performed in the blue and
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red spectrum ranges in real time using PDT apparatus
"Harmony" and UFF630/675-01 (video LED photothera-
peutic fluorescence devices), as well as a LESA-01 laser
fiber-optic spectrometer. For the laser irradiation ses-
sion, a Lakhta-Milon model 662-2.8 device (OOO Kvali-
tek, MILON laser LLC group of companies, St. Petersburg,
Russia, registration certificate of the Federal Service for
Supervision of Health, Safety and Social Development
No. FS 02262003/2932-06) with a wavelength of 662
nm was used. Light was delivered to the tumor using a
certified light guide with macrolenses (manufactured
by OOO Polironik, Moscow, Russia). The light dose and
power density were 100-250 J/cm?. All PDT and FD pro-
cedures were performed in specially equipped rooms
in accordance with the requirements of the "Sanitary
Norms and Rules for the Installation and Operation of
Lasers" No. 5804-91. Further clinical observations were
carried out 3, 6 and 9 months after PDT under ultrasound
navigation in an outpatient care center.

Results

In a retrospective study, cases of non-melanoma skin
cancer were analyzed in a group of patients with tumors
located in the H-zone of the face. With respect to the
anatomical areas, the neoplasms were divided into three
groups: group 1 — nasal zone (n=44), group 2 - lateral
face surface zone (n=33) and group 3 - adjacent local-
ization zone (n=30). All patients from the studied groups
underwent expert-class ultrasound examination with an
assessment of the ultrasound characteristics of thickness
and prevalence (Fig. 1).

The diagnostic results showed that the thickness of
the formations in the nasal area averaged 2.1 mm (mini-
mum 1.5 mm, maximum 3 mm). As for the prevalence
of neoplasms in this area, the average value was 9 mm,
with a minimum value of 6.38 mm and a maximum
value of 12.25 mm. In the area of the lateral surface of
the face and adjacent localizations, the thickness of the
neoplasms was slightly smaller, averaging 1.8 mm (with
a minimum thickness of 1.35 mm and a maximum of 2.6
mm). The prevalence rates in these areas were 9.7-10
mm (minimum 7.5 mm, maximum 13 mm) (Table 1).

After ultrasound navigation, local fluorescence imag-
ing was performed in the blue and red spectral ranges.
During local fluorescence spectroscopy (HeNe laser,
632.8 nm), the degree of PS accumulation was assessed
using calculations of the fluorescence contrast “tumor/
healthy tissue” based on average fluorescence intensity
values (Fig. 2).

PDT in combination with ultrasound diagnosis and FD
demonstrated high efficiency in dynamic observation of
107 cases of skin neoplasms for 9 months after therapy. The
observation periods for patients from the specified groups
were divided into time periods in accordance with the
schedule. The first period was from 1 week to 3 months, the
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Puc. 1. lpumep ynbTpa3BYKOBOro MCClefOBaHUE BbICOKOIO
paspelleHMs Ha annaparte 3kcnepTtHoro knacca Philips Epic 7
Cc ucnonb3oBaHueMm TexHonorun MFI nepea ®AT: a — BHyTpu-
KOXXHOE TrUMNO3XOreHHoe HEeOAHOPOAHOE C HEPOBHbIMU HeueT-
KMMKU KOHTYpamu o6pa3oBaHue, ropu3oHTa/ibHbIMKU pa3MepamMu
(NpoTsi>KeHHOCTb) He meHee 11 mm; b — TonwuHa o6pa3oBaHus
2,8 MM, aKTUBHbIW LleHTpasibHbIA U NepudepudecKnini cocyancTblin
PUCYHOK.

Fig. 1. Example of high-resolution ultrasound examination on the
Philips Epic 7 expert class device using MFI technology before
PDT: a - intradermal hypoechogenic inhomogeneous formation
with uneven fuzzy contours; horizontal dimensions (extent) not
less than 11 mm; b - thickness of the formation 2.8 mm, active
central and peripheral vascular pattern.

Ta6nuuya 1.

Intensty

620 610 660 680 0 720
‘Wavelength (nm)

N

0
0 1 2 3 4

Puc. 2. Cnektpbl dnyopecLueHLn U COOTBETCTBYIOLLME MM TFUCTO-
rpaMMbl, XapaKTepu3ylolMe WHTEHCUBHOCTb  (JIloopecLeHLUn
(Bo36ykaeHne HeNe-nasep, 632,8 HM): 1 — (KpacHbiit) — bnyo-
pecueHuus onyxonu yepes 3 4yaca nocne BBeaeHus PC; 2 — (cu-
HUR) - dnyopecueHUMss Onyxonu nocjie nepBoro 3tana o06-
nyyenus (100 k/cm?); 3 — (po30Bblit) — hyopecLeHLUs Onyxonu
nocne BToporo 3atana o6ayyenus (50 [K/cm?); 4 — (TEMHO-CUHUI) —
dnyopecLeHLUs HopManbHOM KOXM NaumneHTa (KoHTponb 1); 5 — (buo-
IeTOBbIN) — GpyopecLeHLUs KOXKU Bpada (KOHTposb 2).
®doToceHcuGunusartop: GpotonoH, gosa 2,0 Mr/Kr Beca. dnyopec-
LleHTHasi KOHTPACTHOCTb ~6 . 06/y4eHue 662 HM, 250 MBT/cm2.
Fig. 2. Fluorescence spectra and their corresponding histograms
characterising fluorescence intensity (HeNe-laser excitation,
632.8 nm): 1 - (red) — tumour fluorescence 3 hours after PS
injection; 2 — (blue) — tumour fluorescence after the first stage
of irradiation (100 J/cm?); 3 — (pink) — tumour fluorescence after
the second stage of irradiation (50 J/cm?); 4 - (dark blue) -
fluorescence of the patient's normal skin (control 1); 5 - (violet)
- fluorescence of the doctor's skin (control 2).
Photosensitiser: fotolon, dose 2.0 mg/kg weight. Fluorescence
contrast ~6 . Irradiation at 662 nm, 250 mW/cm?2.

XapaKTepuCcTUKKU onyxosien (ToNLWMUHa U pacnpoCTPaHEHHOCTb) 1 Naowaamn na3epHoro BO34e1MCcTBus

B 3aBUCUMOCTH OT JIOKa/iM3aunu onyxoau
Table 1.

Tumor characteristics (thickness and extent) and laser treatment areas depending on tumor location

063328%1&3,

Pasmepbi O6wasa naowaab
(NpoTAXKeHHOCTDb), nasepHoro
MM BO34eNCTBNA

O6nactb 60K0BOW

NOBEPXHOCTM LA 33 1,8 1,35-2,60 9,7 7,50 - 13,00 3 3-5
Lateral facial surface area

O6nacTb HoCa

Nasal region 44 2,1 1,51-3,00 9 6,38 -12,25 3 3-5
06nacTb CMEXHbIX JIOKaNM3aLmn 30 18 132-250 10 7,70 - 12,00 3 3_5

Area of related localisations
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m06nacTb Hoca m O61acTb GOKOBOW NOBEPXHOCTM AULA
0O6.1acTb CMEXKHBbIX I0KaNN3aLMin

£0 3 mecaues ot 3-6 mecAues  6-9 mecAues

Puc. 3. PacnpegeneHne HoBooGpa3oBaHUii KOXKU Ans uccnepye-
MbIX Fpynn cornacHo rpad)vn(y AWHAMMUYECKOro HabnwaeHus.

Fig. 3. Distribution of skin neoplasms for the studied groups
according to the dynamic observation schedule.

second - from 3 to 6 months, the third — from 6 to 9 months,
and the fourth — from 9 months and more (Fig. 3).

All patients underwent regular monitoring, which
allowed for timely detection of relapse and provision of
the necessary subsequent treatment. Of the 107 obser-
vations, 106 cases of relapse-free observation and one
case of marginal tumor relapse in the treatment area 9
months after PDT were identified. Thus, the relapse rate
was 0.93%. Registration of one relapse of the disease
(0.93%) during the specified observation period indi-
cates the high therapeutic efficiency of PDT.

Fig. 4 shows an example of the result obtained 9
months after PDT under ultrasound navigation of a skin
neoplasm on the bridge of the nose.

Puc. 4. Pe3ynbraTt nevyeHus nauueHTta 4yepes 9 mec nocne ®AT
nop Y3-HaBurauuen HoBoo6pa3oBaHUsA KOXKU CMTIUHKKU Hoca. PoTo-
ceHcubunusatop: ¢oTonoH, agosa 2,0 mr/Kr Beca. 06ny4yeHue
662 HMm, 250 MBT/cMm?.

Fig. 4. Patient's treatment result 9 months after PDT under ultra-
sound guidance of dorsal nasal skin neoplasm. Photosensitiser:
Fotolon, dose 2.0 mg/kg body weight. Irradiation at 662 nm,
250 mW/cm?.

Conclusion

The study confirmed that PDT is a highly effective
method for treating basal cell skin cancer, including
tumor foci localized on the skin of the H-zone of the
face. At the same time, three-dimensional visualization
of the tumor for the H-zone with complex non-invasive
diagnostics had an advantage in PDT of non-melanoma
tumors of the above anatomical localizations.
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