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Abstract

The paper presents the results of a complex palliative treatment using photodynamic therapy of patients with pancreatobiliary malignancies
complicated by obstructive jaundice. In the main group, which included 22 patients, palliative comprehensive treatment was performed using
local and systemic photodynamic therapy of pancreatobiliary neoplasms complicated by obstructive jaundice. In the comparison group, consisting
of 165 patients, palliative complex treatment of complications was performed without the use of photodynamic therapy. The used photosensitizers
were chlorin-based fotoditazin (21 patients) and radachlorin (1 patient). The first step was a systemic PDT. In the course of infusion through a
peripheral access into the cubital vein, blood was irradiated externally by laser with monochromatic light with a wavelength of 662-665 nm and
a light dose of 1200-1400 J/cm?2. As the second stage of the treatment, 3-5 hours after the end of the infusion, an intraductal PDT was carried
out by irradiation with monochromatic light with a wavelength of 662 nm and a light dose of 220 J/cm?2 After the use of local and systemic
photodynamic therapy, a statistically significant decrease in the size of the tumor focus in patients with pancreatic malignant neoplasms was
established within a week after treatment in the main group according to the ultrasound examination of the abdominal cavity. Restoration of
bile excretion into the intestine was noted in 100% of patients with malignant neoplasms of the bile duct and head of the pancreas. We also note
an increase in median survival of patients in the main group to 5.9 months compared with 4.7 months in the comparison group.
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Peslome
B pabote npefcTaBneHbl pe3ybTaTbl KOMMIEKCHOTO MasIMaTVBHOTO JIeYeHNA C NpUMeHeHneM poToanHamuyeckoin Tepanum (OAT) 60bHbIX
CO 3N10KayecTBeHHbIMY HOBOOGpa3oBaHuAMK (3HO) naHKpeaTobunmapHON 30HbI, OCIOKHEHHBIMU MeXaHNYeCKOW XenTyxol. B ocHoBHoOW
rpynne, BKtoyasLen 22 60sbHbIX, 6bl/I0 MPOBEAEHO NanMaTBHOE KOMIMIEKCHOE JlIeYeHre C MPYMEHEHEM NIoKanbHOW 1 cuctemHon OAT
HOBOO6Pa30BaHMI MaHKPeaTooMMapHOW 30Hbl, OCSIOXHEHHbIX MEXaHUYECKOW »KeNTyxol. B rpynne cpaBHeHUs, cocTosBLuen 13 165 60/bHbIX,
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6bIIO NMPOBEAEHO MANNATABHOE KOMIIEKCHOE JleueHne OCnoXHeHun 6e3 npumeHeHusa OAT. B kauectBe doToceHcmbunmsaTtopa
MCMONb30Bany NpenapaTbl XI0OPMHOBOrO pAaa: dotoautasuH (y 21 nauneHTa) n pagaxnopuH (1 nauyueHT). NepBbiM 3Tarnom NPOBOANAN
cuctemHyto O/IT. B npouecce nHdpysnm yepes neprudpepryeckunin fOCTyn B KybrTanbHyio BEHY HaABEHHO NMPOBOAUIIN lTa3epHOe 0bnyyeHne
KPOBU MOHOXPOMATUYECKIM CBETOM C [I/IHO BOJIHbI 662-665 HM 1 cBeTOBO fo301 1200-1400 [Ix/cm?. Mo ncteyeHnm 3-5 4 c MOMeHTa
OKOHYaHUA UHOY3UM BTOPbIM 3TanoM OCYLeCTBAAMNACh SIOKanbHaA BHyTpunpoTokoBas OAT nytem obiayyeHUA MOHOXPOMATUYECKUM
CBETOM C ANIVHON BOJIHbI 662 HM 1 o301 cBeTa 220 [x/cm2 Ha GpoHe nprmeHeHWs NoKanbHom 1 cuctemHon OAT B ocHOBHOW rpynne
B TeUEHMe Heflenv Nocse ieYeHnsi YCTaHOBJIEHO CTAaTUCTUYECKM 3HAUMMOE YMEHbLLIEHME pa3MepoB OMyX0NeBoro ovara y 60sbHbix ¢ 3HO
NOAPKeNy[OYHON Kene3bl Mo JaHHbIM YbTPa3BYKOBOrO MCCNefoBaHNA OPIOWHON MONOCTH, OTMEYEHO BOCCTAHOB/EHVE BbiBEAEHUA
xenum B KnweyHrK y 100% 60nbHbix ¢ 3HO xenuyeBbiBOAALLMX MPOTOKOB U FOMIOBKM NOAXKENY[OUHON »Kenle3bl. YCTaHOBJIEHO yBemyeHne
MeAMaHbl BbIXKMBAEMOCTM NaLMEHTOB OMbITHOW rpynmnbl 40 5,9 Mec No CpaBHEHUIO € 4,7 MeC B KOHTPOJbHOW rpymne.

KnioueBble cnoBa: 3/10KayeCTBEHHble HOBOO6pa3OBaHVIﬂ I'IaHeraTO6VIJ'IVIapHOI7I 30Hbl, MéXaHu4yecKasa Xentyxa, (I)OTOJJ,VIHaMVIHeCKaﬂ
Tepanusa.

Ona untupoBanus: Lieimax A.E., Jlasapes A.Q., CekepxkuHckas EJ1., Kyptykos B.A., MuweHko A.-H., TennyxvH B.H., LLloiixeT A.H. MannnatnsHoe
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Introduction

Malignant neoplasms of the pancreatobiliary zone re-
main a significant cause of death in the structure of onco-
logical diseases of the Russian population. The standard-
ized prevalence of pancreatic malignancy in 2018 was
13.5 cases per 100,000 population, and the prevalence
of gall bladder and extrahepatic bile duct malighnancy
was 5.9 cases per 100,000 population [1]. The prognostic
median survival in non-resectable patients with a high
risk of surgical treatment, according to the Harrel concor-
dance index, is 3.7 months [2]. The mortality rate within
a year from the diagnosis in patients with malignant dis-
ease of the pancreatic head was 66.9% in 2018, in those
with gall bladder and extrahepatic bile ducts malignan-
cy, 65.6% [1].

The modern approach to the treatment of patients
with pathology of the pancreatobiliary zone is the use
of a combined method with the leading role of surgi-
cal treatment. At the same time, it is essential to prevent
complications of malignant diseases of the pancreatobi-
liary zone, the most common of which are mechanical
jaundice and purulent cholangitis. At the time of detec-
tion and diagnosis, fewer than 20% of patients are op-
erable, so the vast majority of patients receive palliative
treatment [3-7].

In recent years, photodynamic therapy (PDT) has
been used to treat patients with pancreatobiliary cancer
[8, 9]. The first clinical study of the effectiveness of PDT in
the treatment of locally advanced pancreatic tumors was
perrformed in 2002 by S. G. Bown et al. The authors used
the photosensitizer (PS) mesotetrahydroxyphenyl chlo-
ride in 16 patients with a tumor diameters from 2.5 to 6
cm. The median survival rate of patients after PDT was 9.5
months, and the 1-year survival rate from the moment
of diagnosis was 44%. In 2 patients with tumor invasion
into the gastroduodenal artery, gastrointestinal bleeding
was observed, which was conservatively stopped, and 3

patients developed duodenal obstruction [10].

Of considerable interest is the research by M. T .Hug-
gett et al, which included 15 patients with locally ad-
vanced pancreatic head cancer [11]. The average size of
the tumor was 4.0 cm. The authors used Verteporfin as
the PS. As a result of the treatment, no signs of tumor
progression were observed in 11 patients 1 month af-
ter PDT, and in 6 patients 3 months after PDT. The me-
dian survival after PDT increased from 3-6 months to 8.8
months, and the survival from the moment of diagnosis
reached 15.5 months. The side effects after local PDT in-
cluded, in 3 patients, mild to moderate abdominal pain,
and 1 patient had diarrhea.

More than 80% of patients with pancreatic head
cancer and bile duct malignancies have local or remote
metastatic lesions [3-7]. PDT in combination with surgi-
cal treatment has a great potential in eliminating com-
plications, reducing tumor size, and improving patient
survival [8, 9].

The purpose of this study was to evaluate the effec-
tiveness of PDT in complex palliative treatment of pa-
tients with pancreatobiliary cancer complicated by me-
chanical jaundice.

Materials and methods

The comparative prospective study included 187 pa-
tients with mechanical jaundice of tumor origin who re-
ceived treatment in the period from 2013 to 2019.

The main group consisted of 22 patients with pancre-
atobiliary malignancy who received complex palliative
treatment with PDT. All the patients signed an informed
consent for PDT. In 13 patients (59.1%), stage IV of the
disease was established, stage Ill in 3 (13.6%), stage llain
5(22.7%), and stage Ib in 1 (4.6%). In 21 (95.5%) patients,
the process was found to be inoperable, and 1 (4.5%) pa-
tient underwent nominally radical surgical treatment. In
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18 patients with stage lll, lla, Ib of the malignant process,
surgical interventions were impossible due to decom-
pensation of concomitant diseases of the cardiovascular
or urinary systems, or liver failure. 1 patient was given 5
courses of PDT at intervals of 1 to 6 months, and another
patient received 2 courses at the interval of 6 months.

In the comparison group, which included 165 pa-
tients with pancreatobiliary tumors, palliative complex
treatment without PDT was performed in the period
from 2013 to 2016. 44 patients (26.67%) were diagnosed
with stage IV of the disease, 27 (16.36%) with stage llI,
12 (7.27%) with stage llb, 48 (29.09%) with stage lla, 32
(19.39%) with stage Ib, 2 (1.21%) with stage la.

Comparative analysis of the topography of the pan-
creatobiliary zone in both groups of patients revealed
no statistically significant differences (Table 1). Accord-
ing to the paired sample t-test, there were no statistically
significant differences in gender, age, or duration of the
disease between the compared groups.

In the main group, 5 (22.7%) patients had mild, 6
(27.3%) moderate, and 11 (50.0%) had severe mechanical
jaundice. In the comparison group, there were 36 (21.8%)

of pancreatobiliary zone complicated by obstructive jaundice

patients with mild, 33 (20.0%) with moderate, and 96
(58.2%) with severe mechanical jaundice. The severity of
jaundice was assessed according to the classification of
mechanical jaundice suggested by M. |. Bykov et al. [12].

In the main group, 4 (18.2%) patients had blood leu-
kocytosis, 8 (36.4%) had purulent cholangitis. In 9 (40.9%)
patients, clinical and laboratory signs of renal dysfunc-
tion with creatinine elevation above 106 mmol/l in men
and 90 mmol/l in women were detected, accompanied
by oliguria in all patients.

The comparison group included 75 (46.0%) patients
with purulent cholangitis. In 73 (44.8%) patients, blood
leukocytosis was observed, in 27 (16.6%), clinical and
laboratory signs of renal dysfunction were detected
with a rise in creatinine above 106 mmol/l in men and 90
mmol/l in women, accompanied by oliguria in 25 (15.3%)
patients, and anuria in 2 (1.2%).

According to abdominal ultrasound, the largest sizes
of pancreatic tumors before treatment in patients of the
compared groups did not significantly differ (Table 2).

Complex treatment in both groups involved pal-
liative surgical interventions, including percutaneous

Ta6nuual

Tonorpadua 3noKauecTBEHHbIX HOBOOOPa3oBaHWI NaHKPeaToHGUAMAPHOM 30HbI

Table 1

The pattern of the disease in patients with acute complications of tumors of the pancreatobiliary zone

3noKa4yecTBeHHoOe H03006pa303aume

OCHOBHasA (n - 22)

Tpynna 60/bHbIX

CpaBHeHus

»KenuHbIx NPOTOKOB, B TOM UYKCIIE:
Bile ducts, including:

BHYTPUNEYEHOUHbIX
intrahepatic

BHemneyeHOUHbIX
extrahepatic

»KenyHoro ny3sbipa
gallbladder

amnynbl DaTepoBa cocouka
Ampulla of Vater

Mop»kenyaouHON xenesbl, B TOM Ynce:
Pancreas, including:

rofIoBKM
head

Tena 1 XBocTa
body and tail

5
1
1
0
3

22,73 60 3681 >0,
4,55 18 1,04 >0,1
4,55 21 12,88 >0,
0,00 8 4,91 >0,1
13,64 13 798  >0,1
17 77,27 105 6442 >0,
17 77,27 104 6380 >0,
0 0,00 1 061 >0,1
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Ta6nuua 2

CpaBHUTEAbHAsA XxapaKTepUCTUKA HAUBOABLLMX pa3MePOB 3A0KaUYECTBEHHbIX HOBOOGpa30BaHUIM NOAXKEAYAOUHOM XEAe3bl B ABYX
rpynnax A0 A€Y4eHUA Mo AQHHBIM YALTPa3BYKOBOIO MUCCAeA0BaHMA 6prolHoi nonroctu (Me (Q,;; Q,), B Mm)

Table 2

Comparative characteristics of the largest sizes of pancreatic malignancies before treatment according to ultrasound examina-

tion of the abdominal cavity (Me (Q1; Q3), in mm)

MakcnmanbHbIli pa3mep o6pa3oBaHus, MM

MeTop

nccnenobannsA OCHOBHasA rpynna

Ve

Ultrasound 40,40 (35,38; 46,50)
Mprmeuarmne: Me - meanaHa, Q,, Q, — HUXKHUI 1 BEPXHWIA KBAPTUIN
Note: Me is the median, Q1, Q3 are the lower and upper quartiles

42,66 (39,36; 45,95) >0,1

catheterization of the bile ducts (right and left lobular
ducts, external-internal drainage, antegrade and retro-
grade stenting, etc.) under ultrasound and x-ray control
in order to stop mechanical jaundice and impose bypass
biliodigestive anastamoses, as well as detoxification, an-
tispasmodic, hepatoprotective, infusion, and antibacte-
rial therapy.

In the main group, 5 (22.7%) patients underwent a
single drainage of the bile ducts, while 17 (77.37%) had it
twice. During primary bile duct drainage, 20 (91.0%) pa-
tients had external bile duct drainage (19 on the right, 1
on the right and left), 1 (4.5%) had external gall bladder
drainage, and 1 (4.5%) had bilobate external bile duct
drainage. For the second time, 17 (77.3%) patients had
external drainage replaced by external-internal drain-
age, 2 (9.1%) had hepaticojejunostomy, and 1 (4.5%) un-
derwent conditionally radical gastropancreatoduodenal
resection. Subsequently, antegrade stenting of the bile
ducts was performed in 11 (50.0%) patients. In the post-
operative period on the 7th to 30th days, all the patients
underwent PDT.

In the comparison group, 39 (23.6%) patients had
external drainage of the bile ducts, 24 (14.5%) had ex-
ternal drainage of the gallbladder, and 2 (1.2%) had bi-
lobate external drainage of the bile ducts. In 80 (48.5%)
patients, hepaticojejunostomy was used, choledochoje-
junoanastomosis in 4 (2.4%), and transhepatic drainage
of the bile ducts was performed on 32 (19.4%). During
repeated drainage in 4 (2.4%) patients, secondary proce-
dure was performed to transform the external drainage
into the external-internal one.

Palliative local and systemic PDT was performed in all
patients of the main group, with the use of the following
photosensitizers:

1. 21 patients underwent PDT ith photoditazine (OOO
“VETA-GRAND', Russia), of which 20 had a single

course, and 1 had a double course. The infusion was
performed by intravenous drip-feed at the dose of
1 mg/kg of body weight. The calculated dose was
dissolved in 200-500 ml of 0.9% normal saline de-
pending on the patient’s hemodynamic parame-
ters and administered by intravenous drip-feed for
30-40 minutes;

2. in 1 patient, PDT was performed with Radachlorin
(OO0 “RADA-PHARMA", Russia); 5 courses were ad-
ministered. The infusion was performed by intra-
venous drip-feed at the dose of 1 mg/kg of body
weight. The calculated dose was dissolved in 200-
500 ml of 0.9% normal saline depending on the pa-
tient’s hemodynamic parameters and administered
by intravenous drip-feed for 30-40 minutes.

At the first stage, a systemic PDT was performed. Dur-
ing the infusion, through peripheral access into the cubi-
tal vein supravenously, blood was irradiated with mono-
chromatic light with a wavelength of 662-665 nm and an
exposure dose of 1200-1400 J/cm? with “LAMI-Helios”, a
specialized dual-frequency programmable laser device
(OO0 “Novyie Khirurgicheskiye Technologii’, Russia). In
accordance with TU 9444-001-53807582-2010, the radia-
tion power was 0.7 W, and the radiation power density
was 0.22 W/cm?,

After 3-5 hours since the completion of the infusion,
the second stage was implemented, which was local
photodynamic therapy by irradiation with monochro-
matic light with a wavelength of 662 nm at a dose of 220
J/ecm? with “LAMI-Helios”, a specialized dual-frequency
programmable laser device with power of 0.7 W and
power density of 0.22 W/cm? using percutaneous tran-
shepatic antegrade access and/or endoscopically with
video esophagoscopy/duodenoscopy via retrograde ac-
cess depending on the nature of the patient’s disease:
in patients with malignant tumors of extra- and intra-
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Ta6nuua 3

of pancreatobiliary zone complicated by obstructive jaundice

CpaBHUTEAbHAs XxapaKTepUCTUKa HAMBOABLLKUX pa3MepPOB 3A0KaYECTBEHHbIX HOBOOOpa3oBaHWI FONOBKU MOAXKEAYAOUHOM Xene-
3bl Y MAaLMEHTOB OCHOBHOM rpynnbl N0 AQHHbIM YALTPa3BYKOBOro uccrepoBaHus U MCKT ¢ BHYTPUBEHHbIM OOAOCHBIM KOHTpa-
cTMpoBaHUeM 6proLIHON NonocTH B AMHamMuke (Me (Q1; Q3), B Mm)

Table 3

Comparative characteristics of the largest sizes of malignant neoplasms of the head of the pancreas in the main group ac-
cording to ultrasound and MSCT with intravenous bolus contrasting of the abdominal cavity in dynamics (Me (Q1; Q3), in mm)

MakcumanbHblil pa3mep o6pasoBaHuA, MM

MeTop nccnepoBaHuns

Ao OAT 3-7 pHen nocne OAT -

35,50 (30,00; 44,00)

Y3u
Ultrasound

MCKT ¢ BHyTp1BEHHbIM 60JIIOCHBIM
KOHTpacT/pOBaHMeEM

MSCT with intravenous bolus
contrasting

Mpumevarue: Me - meanana, Q,, Q, — HUXKHWUI 1 BEPXHUI KBAPTUN
Note: Me is the median, Q1, Q3 are the lower and upper quartiles

39,50 (33,50; 48,50)

39,00 (32,00; 44,78)

<0,05

34,00 (27,50; 38,75) 0,438

hepatic biliary ducts and gall bladder, only through the
antegrade access, patients with malignant tumors of
hepaticopancreatic ampulla and pancreas, first, through
antegrade, and then via retrograde access.

All patients of the main group with pancreatic malig-
nancies had the size of their neoplasm determined be-
fore PDT, as well as within 1 week after PDT, with the use
of instrumental methods of examination, including ul-
trasound and multispiral computed tomography (MSCT)
with intravenous bolus contrast.

The Shapiro-Wilk test was used to analyze the distribu-
tion of the studied indicators. The test results showed an
abnormal distribution of all the studied indicators. Statis-
tical evaluation of the results was performed with non-
parametric Wilcoxon test for related samples. The survival
rate of patients in the study groups was analysed with the
Kaplan—-Meier estimator, and a log-rank test was used to
compare the survival curves. The critical level of the study
results significance was assumed to be p<0.05. Statistical
data was obtained with the use of SigmaPlot 11.0 statisti-
cal program (registration number 775050001).

Results and discussion

In both groups, the clinical manifestations of me-
chanical jaundice were stopped. The assessment of the
biliary tree patency after PDT revealed, in all patients
of the main group, that bile excretion in the intestine
was restored, the feces had normal color, the urine be-

came light yellow, the skin itching disappeared, the
skin jaundice decreased, there were no side effects
of allergic origin or postoperative complications from
the complex treatment. In the comparison group, 131
postoperative complications were observed among
165 patients.

The analysis of the largest size of the pancreatic head
malignant tumor in the main group according to ab-
dominal ultrasound and MSCT with intravenous bolus
contrast enhancement performed as follow-up showed a
statistically significant reduction in the size of the tumor
according to the results of abdominal ultrasound, from
39.50 mm to 35.50 mm (Table 3).

A comparative study revealed a statistically signifi-
cant decrease in the size of the neoplasm according to
abdominal ultrasound 1 week after treatment; no statis-
tically significant decrease or increase in the size of the
neoplasm was found according to abdominal MSCT with
intravenous contrast enhancement.

In the compared groups, the Kaplan-Meier estimator
was used to perform a comparative assessment of pa-
tient survival. The highest average overall long-term sur-
vival was found in patients of the main group who were
followed for a year or more (Table 4). The survival curves
of the studied groups were compared with a log-rank cri-
terion, which revealed that the average overall survival in
the main group of patients was higher than in the com-
parison group (p < 0.05) (Fig. 1).
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Thus, these results confirm the data obtained from
the study by M. T. Huggett et al. [11] concerning an in-
crease in the median survival rate of patients. The pro-
posed new method of local and systemic photodynamic
therapy in combination with complex treatment of pa-
tients with pancreatobiliary malignancy allowed for the
improvement in the quality of life of the patient, with
high safety and no surgical complications, increase the
overall survival rate and reduce the risk of complications
due to the slower growth of the neoplasms. At the mo-
ment, PDT is the therapy of choice for patients who are
not recommended radical surgical treatment and who
are unable to tolerate other types of palliative treatment
satisfactorily due to their high toxicity. This is especially
important for patients with pancreatobiliary malignancy,
since more than 80% of them have local or remote meta-
static lesions. PDT has a great potential in combination
with the surgical method in eliminating complications,
reducing the size of the tumor, increasing survival; unlike
chemo- and radiation therapy, PDT does not involve im-
munosuppression and the risk of systemic complications.

Clinical observation

The patient, aged 75, was admitted to the affiliated
hospital of the Departmental and Hospital Surgery Sub-
department named after Professor I. I. Neymark with a
course of Continuing Professional Education in surgery,
with complaints of dark urine, discolored stool, jaundice
of the skin, itching, aching in the right hypochondrium.

1.0 .

——— Qcrosxas rpynna/Main group

—— TI'pymna cpaesresmna/Comparison group
0.8 1 p<005

Boamoxnocrb BepkuBama/Chance o f survival

0.0 T T T T T T 1
0 100 200 300 400 500 600 700

Bpema, nan/Time, davs

Puc. 1. KpuBble BbI)KUBAeMOCTU GOJIbHbIX NOCN€ KOMMIEKCHOro
JleyeHus, BKovasLllero GoToAMHaMMYEeCKyto Tepanuio (OCHOB-
Hasa rpynna) u 6e3 Hee (rpynna cpaBHeHuUs)

Fig. 1. Survival curves of patients after the complex treat-

ment including photodynamic therapy (main group) and with-
out it (comparison group)

He considers himself ill for 5 months, since he noticed
the above symptoms. The jaundice was determined to be
mechanical, of tumor genesis. The patient underwent ex-
ternal drainage of the bile ducts under ultrasound control

Ta6nuua 4

CpaBHUTEAbHAs XapaKTepucTUKa rpynn 60AbHbIX CO 3AOKaueCTBEHHbLIMU HOBOOOPa30BaHUAMMU MaHKPEaToOUMAUAPHOW 30HbI

no nokasatensM BbbkuBaemoctu (Me (Qﬁ Q3), B AHAX)
Table 4

Comparative characteristics of patient groups in terms of survival (Me (Q1; Q3), in days)

MepunaHa BbDKUBaHUA, AHN

CTaHAapTHasA ownbkKa

OcHoBHasA
Main 177 (275; 87)
(n-22)
CpaBHeHuA
Comparison 141 (287;38)
(n - 165)

MpumevaHue: Me - meanana, Q,, Q, — HUXKHUI 1 BEPXHUIA KBAPTUNIN.

Note: Me is the median, Q1, Q3 are the lower and upper quartiles.

59,09

29,87

95% poBepuTeNbHbIN MHTEPBanN

61,17-292,83

0,042

82,45-199,55
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on the right, with cholangiography. According to cholan-
giography data, the expansion of intrahepatic ducts and
ductus hepaticocholedochus was present, with a break
at the level of the middle third of the ductus hepatico-
choledochus. The mechanical jaundice was relieved.

After T month in the emergency hospital, the patient
had a cholecystectomy due to acute destructive chole-
cystitis, biliary stone extraction, and a biopsy of the tu-
mor in the ductus hepaticocholedochus. Pathoanatomic
conclusion on intraoperative biopsy: cancer of the com-
mon bile duct mucosa (adenocarcinoma) T3N1MO (ac-
cording to intraoperative data).

Subsequently, the patient, in a state of moderate se-
verity, was admitted to the affiliated hospital of the De-
partmental and Hospital Surgery Subdepartment named
after Professor I. I. Neymark with a course of Continuing
Professional Education in surgery. The skin was jaun-
diced, heart rate: 70 bpm, blood pressure: 110/60 mm
Hg, the size of the liver according to Kurlov: 9x8x6 c¢m,
peritoneal signs: negative, feces: acholic, urine: dark yel-
low.

Complete blood count at admission: hemoglobin:
154 g/l, hematocrit: 48.2%, WBC: 4.8x10°%/I, ESR: 10 mm/h.
Biochemical blood analysis at admission: total bilirubin:
118 mmol/l, indirect: 5 mmol/I, direct: 113 mmol/Il, AST:
67 U/I, ALT: 128 U/I, alkaline phosphatase: 449 U/, alpha-
amylase: 85 mg/|, total protein: 67 g/l, creatinine: 99
mmol/l, fasting glucose: 5.3 mmol/I, sodium: 136 mmol/I,
potassium: 4.9 mmol/I.

Abdominal ultrasound findings: liver: Oblique Y-Di-
mension: 170 mm; thickness of the right lobe: 136 mm;

of pancreatobiliary zone complicated by obstructive jaundice

Craniocaudal dimension: 116 mm; thickness of the left
lobe: 80 mm; thickness of the caudate lobe: 23 mm. No
space-occupying lesions were found in the liver. The di-
ameter of the portal vein is 12 mm; the IVC diameter is
14 mm. Intrahepatic ducts are expanded: segmental to 5
mm, lobular to 9 mm. The ductus hepaticocholedochus
is expanded to 15 mm and is bluntly broken off at the
level of the head of the pancreas; its course is non-linear.
The maximum size of the head is 30 mm; body: 20 mm,
the tail: 25 mm. The Wirsung’s duct was not dilated. Con-
clusion: biliary hypertension syndrome, low block level.
The increase in the size of the liver.

The patient underwent antegrade and retrograde
cholangiography prior to complex treatment, which
provided a visualization of a tumor stricture in the area
of the common hepatic duct after the confluence zone
of the lobular ducts (Fig. 2a). The procedures performed
included endoscopic papillosphincterotomy, stenting
of the common bile duct, local and systemic PDT. Retro-
grade cholangiography and choledochoscopy were per-
formed after complex therapy with PDT based on Rada-
chlorin, according to the method outlined above (Fig. 2b,
¢). Retrograde cholangiography performed in the follow-
up after the complex treatment showed a recovered lu-
men of the common bile duct, with restored borders and
patency. Retrograde choledochoscopy performed on
the patient after the complex treatment visualized the
restored patency of the common bile duct and a reduced
size of the neoplasm in the choledochus.

The complete blood count at discharge: hemoglo-
bin: 140 g/l, hematocrit: 45.4%, WBC: 5.48x10%I, ESR: 34

Puc. 2. Pe3ynbtaTbl MCCNef0BaHUI, NOJly4YEHHbIE B X0€ Tepanuu naumMeHTa:
a — aHjerpajHas u peTporpagHas xoanaHruorpadus o NpoBeAeHUs KOMMNIEKCHOrO e4eHuss ¢ npumeHeHuem ¢poTo-

AWHaMUYECKOMN Tepanuu;

b — peTrporpagHas xonaHrnorpadus nocsne NpoBefeHUs KOMMNIEKCHOro 1e4eHuns ¢ npuMmeHeHnem GpoToanHaMU4EeCKon

Tepanuu;

C — X0JIeOXOCKONUS noce NpoBeJeHUs1 KOMNJIEKCHOMO 1Ie4YeHuUsl ¢ NpumMmeHeHnem GpoToguHaMUy4ecKomn Tepanum
Fig. 2. The results of the study conducted during the patient’s therapy

a — antegrade and retrograde cholangiography before the complex treatment using photodynamic therapy;

b - retrograde cholangiography after the complex treatment using photodynamic therapy;

¢ — retrograde patient choledochoscopy after the complex treatment using photodynamic therapy
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of pancreatobiliary zone complicated by obstructive jaundice

mm/h. Biochemical blood analysis at discharge: total bili-
rubin: 11 mmol/l, indirect: 6 mmol/|, direct: 5 mmol/I, AST:
14 U/I, ALT: 19 U/|, alkaline phosphatase: 158 U/, alpha-
amylase: 98 mg/I, total protein: 67 g/I, urea: 5.2 mmol/I,
creatinine: 79 mmol/|, fasting glucose: 7.04 mmol/l, so-
dium: 145 mmol/I, potassium: 4.5 mmol/I.

The patient was discharged for outpatient observa-
tion and treatment, in a satisfactory condition.

Conclusion

Palliative treatment with PDT of the pancreatobili-
ary zone malignant tumors complicated by mechanical
jaundice allowed to restore the lumen of the bile ducts,
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which stopped the clinical presentation of life-threaten-
ing complications.

Palliative treatment with PDT of malignant neo-
plasms of the pancreatic head complicated by mechani-
cal jaundice made it possible to reduce the largest size
of the neoplasm within a week (according to abdominal
ultrasound) and to increase the survival rate of patients
who are not recommended radical surgical treatment.

The findings of our study indicate the good prospects
of further research into the possibilities of the use of PDT
in the complex treatment of this severe category of pa-
tients.
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APPLICATION OF PHOTODYNAMIC THERAPY
IN COMPLEX TREATMENT OF PURULENT DISEASES
OF THE HAND
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Suvorov A.U.!, Kiseleva S.V.!
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3The State Research and Clinical Center for Laser Medicine, Moscow, Russia

Abstract

For many years, the treatment of purulent diseases of the hand has stayed relevant. Despite the progress in modern medicine, this pathology
retains its prevalence and, most importantly, is often found in patients of the working age, which determines the socio-economic importance
of the search for new approaches to the treatment of purulent diseases of this localization. In the purulent surgery department of State Clinical
hospital N¢ 4, a study and treatment of two groups of patients were carried out: patients with phlegmons and felons of the hand with open
management of postoperative wounds using traditional treatment methods (antibiotic therapy, immobilization, dressings with antiseptic solutions
and ointments, the use of wound enzymes) and with the use of photodynamic therapy (PDT) in the postoperative period. PDT was performed on
the second or third day after opening the phlegmon or felon using an ATKUS-2 semiconductor laser (AO “Poluprovodnikovye pribory’, Russia)
with an output power of 1 to 2 W, an operating wavelength of 660 + 0.03 nm and an energy density between 20 and 25 J/cm? after application of
the photosensitizer based on chlorin e, to the treated wound area. The article describes the technique of PDT in patients with purulent diseases
of the hand. It was found that it is optimal to perform PDT as early as possible after the operation period, but not earlier than on the second day
after the operation, because earlier dressing is especially painful in the absence of sutures and can lead to bleeding from a postoperative wound
when the dressing is removed. The effectiveness of treatment in the studied groups was evaluated: the terms of inpatient healing in the groups
were compared; the dynamics of the course of the wound process was analyzed. When comparing the results of the two groups, a significant
acceleration in the healing of the postoperative wounds was noted in patients for whom PDT was used - 5 days (1.4 times) faster compared to
treatment according to the generally accepted technique. The early appearance of granulations and the antibacterial effect of this procedure are
noted, which significantly improves the treatment outcome for this pathology. This makes the use of PDT relevant and appropriate in the complex
treatment of purulent diseases of the hand

Keywords: photodynamic therapy, purulent diseases of the hand, drainage system, photosensitizer, necroectomy.
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NPUMEHEHME ®OTOANHAMMYECKOM TEPAMMM
B KOMMJIEKCHOM JIEYEHUM THOMHbIX 3AEOJIEBAHUMA
KHNCTU

IO.J1. YenypHas', I.T. Menkousu' 2, H.T. ynsmypagoea' -, T.A. lagxukepnmos',

A.1O. Cysopos', C.B. Kucenesa'

'Topopackas knunHnueckas GonbHruua Ne 4, Mockea, Poccua

2Poceuickas MeaMUMHCKAS OKAAEMMs HEMPEPbIBHOTO NPOMECCMOHANLHOrO 0BPA30BAHMS,
Mocksa, Poccus

SlocynapcTeeHHbI HayuHbIM LeHTp nasepHoin meaunumtel M. O.K. Ckobenkuna PMBA,
Mockea, Poccus

Pesome
MHorve rofibl He TEPAIOT aKTyanbHOCTIN BOMPOChI IeYEHUA THONHBIX 3a60neBaHNi KMCTW. HecMoTpA Ha Nporpecc B COBPeMeHHO MefuLHe,
[laHHaA MaTosIorVA COXPaHAET CBOK PacMpOCTPaHEHHOCTb U, YTO Hamboree BaXXHO, YacTO BCTPEYAETCA Y MaLMEHTOB TPYAOCMOCOOHOro
BO3pacTa, YTo 0OyC/IaBMBAET COLMANIbHO-OKOHOMUYECKYIO Ba>KHOCTb MOMCKA HOBbIX MOAXOLOB K SIeYEHMI0 FTHOVHbIX 3a60neBaHnii JaHHON
nokanusauuu. Ha 6ase otaeneHus rHoiHo xupyprum 'bY3 MKb N2 4 npoBefieHO UcCieAoBaHNe 1 ledeHne ABYX rpynn 60MbHbIX: MaLeHTOB
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c dnermMoHamu 1 NaHaPULMAMY KACTU NPV OTKPbITOM BeA€HUN NOC/IE0NePaLMOHHBIX PaH NPy MPUMEHEHUV TPAANLIMIOHHbBIX METOAVIK IeUYEHU
(aHTMbaKTEpUanbHaa Tepanus, UMMOOMIM3aLMA, MOBA3KMN C aHTUCENTUYECKMMY PAcTBOPaMM U Ma3aMU, NPYMEHeHWe paHeBbIX pepMEHTOB)
1 C MPUMeHeHneM B nocsieonepalMoHHom nepuoge dotoanHammyeckor tepanum (OAT). OAT BbINOAHANN Ha BTOPble-TPETbM CYTKM Nnocsie
BCKPbITVA GIErMOHbI UM MAaHAPWLMA C UCMONb30BaHMEM MOYNPOBOAHMKOBOTO lazepHoro annapata «ATKYC-2» (AO «[lonynpoBogHUKOBbIE
npr6opbI», Poccna) ¢ BbIXOAHOI MOLLHOCTbIO OT 1 0 2 BT, pabouei nnHoi BonHbI 660+0,03 HM 1 MNOTHOCTbIO SHeprin ot 20 Ao 25 [x/cm’
nocnie annavKauumn Ha obpabatbiBaemyio paHeByio 061acTb GoToceHCM6MM3aTopa Ha OCHOBE XJIOPUHa €,

B cTatbe onucaHa metoguka nposeaeHus OAT y NauyMeHTOB C FTHOMHbIMY 3a601EBAHNAMI KUCTW. YCTaHOBJIEHO, YTO ONTUMaJIbHO NMPOBOANTDL
OAT B MakcManbHO PaHHKE CPOKM MOCie OnepaLiMoHHONO NepUoAa, HO He paHee, YeM Ha BTOpPble CYTKM NMociie onepaLmni, Tak Kak nepeBaska
B 6osiee paHHMEe CPOKN 0COBEHHO GONIE3HEHHA B YC/IOBUAX OTCYTCTBUA LUBOB U MOXKET MPVBECTM K KPOBOTEUEHMIO U3 MOC/IEONEPALIMOHHON
paHbl Mpu yganeHun nossAsku. lMpoBefeHa oueHKa 3PpGEKTUBHOCTM NeYeHWs B MCCiedyeMbiX rpynmnax: BbiMOJIHEHbl CPABHEHWE CPOKOB
CTaLIOHAaPHOTO 3aXXMBJIEHVA B rPynnax, NMpoBefeH aHanu3 AMHaMUKM TeYeHUA paHeBoro npouecca. Mpu cpaBHeHUN pesynbTaToB Tepanuu
OTMeYeHO JOCTOBEPHOE yCKopeHMe B 1,4 pa3a (Ha 5 CyTOK) 3aXK1BNeHUA MOCieonepaLioHHbIX PaH Y MaLMEeHTOB, Y KOTOpbIX MpumMeHsanacs OAT,
0 CPAaBHEHNIO C JIeYeHUEM Mo obLenpuHATol Metoarke. OTMeUYeHO paHHee NosBMIEHVE FPaHYIALMIA U aHTUbaKTepranbHbiv 3ddekT OT, uto
CYLLECTBEHHO YNyYLLIAeT pe3ynbTaT leueHrs JaHHOW naTonornun. 31o aenaet nprmeHeHne OAT akTyanbHbIM U LLe1ecoobpasHbliM B KOMMIEKCHOM
JIEYEHVM THOVIHbIX 3a60NEBAHUI KNCTU.
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KnioueBble cnoBa: GOTOAMHAMUYECKAs TEPANVA, THOMHbIE 3a6051eBaHNA KNCTU, APEHAXKHO-MPOMbIBHAA crcTema, GpoToceHcmbunmsartop,
HEKPIKTOMUISA.
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Introduction

The problem of treating panaritium and hand phleg-
mons remains complex and relevant, despite the prog-
ress achieved by modern medical science. Among the
primary patients who go to the surgeon with purulent
diseases, patients with panaricia and phlegmon of the
hand make up from 15% to 31% [1], 50% to 85.5% of
them being people of working age. It is noted that men
develop this disease more often than women [2]. Tem-
porary disability caused by purulent diseases of fingers
and hands entails economic losses which are many times
higher than those related with purulent processes of
other localizations.

According to the literature, 17-60% of patients with
bone panaritium undergo phalange amputation. Up to
48% of minor hand injuries are complicated by suppura-
tion, which makes microtrauma one of the leading fac-
tors in the development of a severe purulent process on
the fingers and hand [1, 2].

Very often, pain in purulent inflammatory pathology
of the hand is felt constantly, which leads to a serious de-
terioration of the patients’ quality of life. Due to the viola-
tion of the function of the hand and the peculiarities of
the course of the pathological process, purulent diseases
of the hand result in a sharp decline in the effectiveness
and quality of professional activity [3, 4].

In the surgical treatment of purulent pathology of
fingers and hands, the method of choice is the one de-
veloped and implemented in the 1990s by the Depart-
ment of General Surgery of the Pediatric Department
of Russian National Research Medical University (under
the supervision of Prof. A. P. Chadaev), the main prin-

ciples of which are optimal access, adequate necrec-
tomy and installation of a drainage and irrigation sys-
tem (DIS) in the wound, with the imposition of primary
stitches on the skin at the stage of surgery completion.
However, in the case of extensive injuries to the hand, it
is often not possible to fully close the wound defect, so
there is a need for open wound management. In addi-
tion, there are a number of medical contraindications to
applying DIS and maintaining a wound under primary
sutures, such as bite wounds and crushed wounds [1-5].
Open management of hand wounds leads to a higher
number of hospital bed days. At the same time, the risk
of secondary infection increases, and there is a need for
frequent dressings, which in the absence of stitches are
very painful. Thus, it is necessary to find more new ef-
fective methods of treating wounds in the early post-
operative period.

Photodynamic therapy (PDT), widely used world-
wide for the treatment of purulent diseases, is one of the
promising methods of treatment of purulent wounds of
various localities [6-9].

PDT is a method of treating oncological diseases, as
well as certain skin diseases (psoriasis, ichthyosis, pus-
tular diseases, etc.) or infectious diseases, inflammatory
diseases of the mucous membranes (including chronic
periodontitis), based on the use of photosensitizers and
laser radiation of a certain wavelength [10-16]. At the
beginning of the XX century, scientists G. Raab and G.
Tappeiner found that some dyes, which are harmless or
slightly poisonous to infusoria in the dark, kill them very
quickly in the light. This phenomenon was called the

14

BIOMEDICAL PHOTONICS T.9, Ne 1/2020



Chepurnaya Yu. L., Melkonyan G.G., Gulmuradova N.T., Gadjikerimov T.A., Suvorov A.U., Kiseleva S.V.
Application of photodynamic therapy in complex treatment of purulent diseases of the hand

photodynamic effect. The effect is observed only in the
presence of oxygen in the environment [17, 18].

Hardly any information is found in domestic and for-
eign literature concerning the use of PDT in the treat-
ment of purulent diseases of the hand.

The purpose of this work was to study the effective-
ness of PDT-based treatment and traditional therapy
methods for patients with purulent diseases of the hand
in open management of postoperative wounds.

Materials and methods

The results of treatment of 86 patients with purulent
diseases of the fingers and hands admitted to the the
Department of purulent surgery of the City Clinical Hos-
pital No. 4 of Moscow for the period from December 2017
to December 2018 were analysed. The age of patients
ranged from 19 to 64 years, 78 (90.7%) of them being of
employable age. Deep forms of panaritium occurred in
51 (59.3%) patients, phlegmons of the hand in 31 (36.0%),
phlegmons of the hand with a transition to the forearm, in
4 (4.7%). The hand that most often (in 90% of the patients)
was affected was the right hand. The most common con-
comitant pathologies in the patients were type Il diabetes
mellitus, in 10 (20%) cases, cardiovascular diseases, in 8
(16%), multiple drug use, 3 (6%), systemic lupus erythema-
tosus, 1 patient. In terms of the causal factor, non-indus-
trial injuries prevailed (45%), followed by bitten wounds
(30%), industrial injuries (10%), post-injection phlegmons
(5%), and wounds of unknown origin (10%).

Depending on the treatment method, the patients
were divided into two comparable groups by age and
gender, forms of the disease, and the duration of the dis-
ease before admission to the hospital. The main group
consisted of 43 patients who underwent PDT after the
opening of the suppurative focus; the control group con-
sisted of 43 patients who were treated according to the
generally accepted method.

All patients had a standard examination before the
study, which included an assessment of clinical and
laboratory data, radiography of the damaged hand, and
ultrasound examination of the soft tissues of the hand.
According to the indications, tetanus vaccination was
administered (tetanus toxoid and tetanus serum accord-
ing to the scheme), and wound components underwent
bacteriological and histological examination at various
times of the treatment.

At the first stage, patients in both groups were treat-
ed surgically. Purulent focus dissection, necrectomy and
drainage were performed under local conductor anes-
thesia corresponding to the level of the infectious lesion.

Patients of the control group were subsequently sub-
ject to the standard combined treatment, which includ-
ed antibacterial therapy, analgesics, daily dressings with
antiseptics, physiotherapy (UHF, ultraviolet irradiation,
magnetotherapy).

Puc. 1.MMpoBegeHune ceaHca ¢oTOogUHAMUYECKON TEpPaNUUN FTHOM-
HOM paHbl KUCTH

Fig. 1. Conducting a session of photodynamic therapy of the
purulent wound of the hand

PDT was administered to the main group of pa-
tients in the postoperative period. A PDT session was
administered as early as possible: on the second (less
often on the third) day after the opening of the sup-
purative focus, in the context of open wound man-
agement. In the earlier postoperative period, the
appointment of a PDT session is not recommended,
since there is a high risk of bleeding from the wound
upon the removal of the dressing; in addition, wound
dressing in the first day is quite painful. The number
of PDT courses varied from 1 to 2, depending on the
area of damage to the hand and the dynamics of
wounds cleaning.

A PDT session consisted of the following stages. A
bandage with a photosensitizer based on e, chlorine
(PS) was applied to the wound for 20 to 30 minutes. The
amount of PS was calculated based on the dosage of 1
ml per 3-5 cm? of the treated surface. Then the wound
was washed with saline solution to remove the residual
PS. Activation of PS was performed immediately after
the completion of the drug exposure and the removal of
PS residues by light exposure to the wound surface with
laser radiation with an output power of 1-2 W, at a wave-
length of 660+0.03 nm, and energy density from 20 to
25 J/cm? (Fig. 1). The treatment was performed with “AT-
KUS-2" device (AO “Poluprovodnikovyie Pribory’, Russia).
The irradiation time for external light supply provided
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Puc. 2. Mukpodiopa paHbl Np1 NnepBUYHOM NoceBe
Fig. 2. Wound microflora after the initial seeding
with optic fiber guides with a polished end was deter- Results

mined by the formula [19, 20]:

T(s)=E_(J/cm?) /P (W/cm?),
where T is the irradiation time, E —is the required light
dose (energy density), and P_is the power density.

The cases administered PDT were observed to have a
wound cleansing process, a reduction of microcirculatory
disorders, and a reinforcement of previously suppressed
sequential reparative processes: macrophage reaction,
collagen synthesis, scarring and epithelization. Maturing
granulation tissue with vertical vessels, fibroblasts, and
pronounced fibrillogenesis was determined on days 6
-7. To assess the bacterial landscape of the wound, the
wound contents were inoculated in a sterile test tube
with a nutrient medium before and after the PDT session.
The biological material was collected with a sterile cot-
ton swab and then transferred to nutrient media in Petri
dishes. Histological examination of the wound edge tis-
sues was performed on days 2, 3 and 6 after PDT sessions
in order to assess the dynamics of inflammation and de-
termine the timing of the granulation tissue emergence.

Statistical processing of the obtained data was per-
formed by variation statistics with the definition of Stu-
dent test with 2017 Microsoft Office (Word, Excel). The
mean values were compared, including the determina-
tion of measurement error and the reliability of differ-
ences in the length of hospital stay and time of wound
healing between the study groups. Differences were as-
sessed as significant at p<0.05.

The duration of inpatient treatment of patients with
purulent wounds of the hand depended on the origin
of the wound, the depth of the lesion, and the time of
hospitalization from the moment of the injury. In the tra-
ditional therapy group, the average duration of inpatient
treatment was 13+1 days, complete wound healing was
observed 17+1 days after the surgery; 30% of patients re-
quired repeated necrectomy, lavage of the purulent ne-
crotic focus. In patients who underwent PDT in the post-
operative period, the duration of inpatient treatment was
7+1 days (p = 0.03), and complete wound healing was
observed after 12 days.

The primary bacterial seeding of wound discharge
performed during surgical treatment revealed Staphylo-
coccus aureus in 1/3 of the patients (32.8%) which was
confirmed by the results of laboratory studies and coin-
cides with earlier data from other authors [1, 2, 21]. The
results of inoculations with no growth of microorganisms
may be due to anaerobic microflora, which is not possi-
ble to plate with conventional methods of sample collec-
tion for inoculation.

The microbiological study of intraoperative inocula-
tions before PDT produced the following data: Staphy-
lococcus aureus: 32,8%; Streptococcus agalacticae: 6,1%;
Streptococcus epididymis: 5,1%; Streptococcus viridans:
2,0%; Esherichia Coli: 10,6%; Enterobacter: 0,5%; Entero-
coccus: 0,5%; Posturela: 5,6%; no growth: 32,3% (Fig. 2).

In part of the inoculations, the associated microflora
was found to be Candida albicans (10.4%).
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The antimicrobial effect of PDT was revealed by bac-
teriological research: in the inoculations produced after
the completion of PDT courses, the growth of microor-
ganisms detected during primary bacteriological studies
was absent in all observations.

According to the clinical findings and the histologi-
cal data, on the 2nd and 3rd days after PDT, the wound
became cleared of purulent necrotic masses, and on the
5th day, granulation tissue appeared. Visual examination
found that the amount of discharge from the wound in
patients after PDT significantly decreased, the hyperemia
of the wound edges and edema decreased by day 2 after
the course of PDT, the quantity of fibrinous overlay was
significantly lower than in patients of the control group,
and the use of wound enzymes was no longer required.

After PDT, an analgesic effect was observed in all
patients, which was expressed in a significant decrease
in pain syndrome when subjectively evaluated on the
standard pain scale. During the second dressing in both
groups, the pain syndrome was 8-9 points, and immedi-
ately after the PDT session, the indicator decreased to 5-6
points and then progressively decreased to 1 point as as-
sessed during dressing on the 5th day. In patients who
did not undergo PDT, the pain syndrome on the 5th day
remained at the level of 4-5 points.

The advantages of using this technique in the treat-
ment of purulent wounds of the hand can also include
the absence of additional destructive tissue lesions in the
wound, the possibility of affecting deeply located tissues.

After PDT, amputation of the affected phalanges or
repeated necrectomy were not required. During PDT,

there was almost no bleeding during subsequent dress-
ings.

No allergic reactions to the introduction of PS were
observed. During the PDT session, the patient experi-
enced no pain syndrome. No hyperthermia and no local
inflammatory reaction were observed during the PDT
session and after it.

As an example of the effective use of PDT in the treat-
ment of hand phlegmon, we present the following clini-
cal observation.

Patient K., 42 years old.

He was hospitalized in the Department of purulent
surgery of the City Clinical Hospital No. 4 from December
5 to December 11, 2017 with a diagnosis of phlegmon of
the back of the left hand.

Complaints on admission: pain in the left hand, hy-
perthermia.

According to the patient, 3 days before admission, he
injured his left hand in a fight, and a day later he noted
signs of inflammation. He was hospitalized in a purulent
surgery unit. On admission: hyperthermia 38.9°C, state of
moderate severity.

The clinical findings at admission (Fig. 3a): the back of
the left hand is swollen, hyperemic, in the projection of
the third intermetacarpal space, a wound of 2.0x4.0 cm in
size is observed, with pronounced perifocal edema and
hyperemia. Palpation of the back of the hand discovered
a sharp pain, and a fluctuation was determined. Move-
ments in the third and fourth metacarpophalangeal
joints are limited and painful. Regional lymph nodes are
not enlarged.

a

Puc. 3. KnuHnyeckasa kapTuHa ¢nermoHbl 1€BO KUCTH:
a — 4o onepauuu;
b — nocne HEKPIKTOMMUU U BCKPbITUS GNErMOHbI;
Cc — yepes 2-e cyT nocne nposegenus OAT;

d — Ha 12-e cyTKK nocne onepauuu (amMoynaTopHbIi 3Tan neyeHus)

Fig. 3. The clinical picture of the phlegmon of the left hand:
a - before the operation;
b — after the necrectomy and phlegmon autopsy;
¢ — 2 days after the PDT;

d - on the 12th day after the operation (outpatient treatment)
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a

Puc. 4. PeHTreHorpamma npu noctynneHuu (a u 6 — pasHble
NpoeKLunm)
Fig. 4. X-ray upon admission (a and 6 — different projections)

The x-ray of the hand dated 05.12.2017 (Fig. 4) shows
no destructive or traumatic changes of the bone.

The ultrasound of the soft tissues of the left hand
performed at admission showed an infiltration of tissues,
with many accumulations of liquid.

The clinical and laboratory data were as follows: leu-
kocytosis: up to 25,000 g/I, RBC: 4.04 million, hemoglo-
bin: 136 g/l, hematocrit-38%, left shift in neutrophil band
cells, ESR: 35 mm/h, blood glucose level: 5.2 mmol/Il. On
the day of admission, the patient underwent surgery, in-
cluding incisions and necrectomy. However, in the post-
operative period, inflammatory phenomena persisted, as

well as purulent discharge from the wound, edema of the
back of the hand, hyperthermia up to 38.3 C° (Fig. 3b).

Inoculations from the wounds found Staphylococcus
aureus and Escherichia coli sensitive to the 3rd and 4th
generation cephalosporins.

On the 2nd day after the operation (07.12.17), the pa-
tient was prescribed PDT with PS based on e, chlorine
with an exposure of 15 min. The wound was irradiated
with ATKUS-2 device for 4.5 minutes at a laser power of
2 W, a wavelength of 660+£0.03 nm, and an energy den-
sity of 25 J/cm? During the session, the patient noted
a tingling sensation in the area of the wound. After the
session, the patient noted a decrease in pain, and the vi-
sual inspection after the completion of the PDT session
showed that the amount of discharge from the wound
decreased.

In the tissue sample taken from the wound edge be-
fore PDT, there are foci of necrosis and tissue edema (Fig.
3b). On the first day after the PDT session, a decrease in
inflammatory phenomena was noted at histological ex-
amination; on the second day, fresh granulations were
visualized in the wound, and no purulent discharge was
detected (Fig. 3c), which was also confirmed by the re-
sults of inoculation of the wound content.

In the Department, the patient received analgesic
therapy and daily aseptic dressings. Physical therapy was
not administered.

The patient’s condition at discharge was satisfactory.
The postoperative wound was without signs of inflam-
mation, the bottom of the wound was covered with red
coarse granulations, there was no discharge, the wound

Puc. 5. buontat TKaHu, B3TON U3 Kpas paHbl nauueHTa K. (0kpacka reMaTOKCUM/IMHOM U 903MHOM):
a — po Kypca ®/IT: pparMeHTbl HEKPOTUHECKU U3MEHEHHbIX MbILLEYHbIX BOJIOKOH U GUGPUHO3HO-NENKOLUTAPHOrO C/0K;
0TEeK, NOJIHOKPOBUE COCYAOB rNyGOKUX OTAEJIOB PaHbl, OCTPOBKU GOpMUPYIOLLENCS FPaHYNSILLMOHHOW TKaHU (yBennmyeHue

x120);

b — Ha BTOpble cyTKu nocne Kypca ®AT: makpodaru u otaenbHble HEOPUEHTUPOBaHHbIe GUGPOGIAcTbl BGAU3U cocyan-

CTbIX 31eMeHTOB (yBenuyeHue x200)

Fig. 5. Tissue biopsy taken from the edge of the wound of patient K. (stained with hematoxylin and eosin):
a — before the PDT course: fragments of necrotic altered muscle fibers and fibrinous-leukocyte layer; edema, vascular
congestion in the deep sections of the wound, islets of forming granular tissue (magnification x120);
b — on the second day after the PDT course: macrophages and individual non-oriented fibroblasts near vascular ele-

ments (magnification x200)
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became completely clean. The edges of the wound are
without inflammation, with signs of epithelization. The
patient was discharged for outpatient treatment on the
5th day after the surgery. Plastic surgery to close the
wound defects was not required, as the wounds healed
(Fig. 3d).

Conclusion
The developed method of the use of PDT in the com-
plex treatment of purulent diseases of the hand with
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open wound management has a positive effect on the
course of the wound healing process, helps to accelerate
purification and reduce the healing time of wounds by
1.4 times, reduces the duration of inpatient treatment by
1.8 times compared to the traditional method, and con-
tribures to good functional results. The new method of
PDT use improves the immediate and long-term results
of patients treatment, which is of great socio-economic
significance.
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Abstract

Intermediate ultraviolet (UVB) therapy is considered a relatively safe method of treating skin diseases with an autoimmune component in devel-
opment compared to medical drug methods, including PUVA therapy. This is due to the small depth of penetration of the rays of this wavelength
range into skin, which provides a purely local effect on the human body. Excimer lamps are an alternative to the expensive excimer laser for pho-
totherapy of psoriasis or vitiligo. However, for effective phototherapy using UVB lamps, the distance from an emitter to a patient’s skin must be
considered. In this paper, we report on treatment of patients using an excimer lamp, the control unit of which is equipped with an optical system
for controlling of ultraviolet radiation dose, which allows automatically calculating the time for a set UVB dose. The article describes the results of
phototherapy using an excimer lamp of several cases of psoriasis, vitiligo and other forms of dermatitis with a good therapeutic and cosmetic ef-
fect. When using an excimer lamp, not a single case of exacerbation of dermatological diseases was established.
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ONbIT NPUMEHEHUS SKCMMEPHOM JTAMITBI,
OCHALLEHHOM CUCTEMOM KOHTPOJ14 UVB ,[I,OBbI,
B OEPMATOJIOTUU

A.B. Wury', U.E. Topwwura?, H.B. Hekpacoea?®, T.M. bycbko?

"BanTuiickmit depepansHbii yHusepcuteT um. M. Kanta, Kanununrpaa, Poccus
2CMONEHCKMI rOCy1APCTBEHHBIN MeaMUMHCKMA yHuBepcuTeT, CmoneHck, Poccua
3TBY3 «leHTp cneunanuanpoBaHHbIX BULOB MEAMUMHCKOM nomoLum KanmHuHrpaackom
obnactuy, Kanununrpaa, Poccus

Pesiome

UVB Tepanus cuMTaeTca OTHOCUTENIbHO 6€30MacHbIM CMOCO6OM JIeYeHUA KOXKHbIX 3a60neBaHUn C ay TOUMMYHHbBIM KOMMOHEHTOM B pas-
BUTUN B CPAaBHEHUWN C MeAVKAaMEHTO3HbIMY MeToAamu, BKiodas MYBA Tepanuio. 3To 06ycnoBieHO Manow ryouHON NPOHVKHOBEHUS
Nyyeln AaHHOTO fMana3oHa AJIMH BOJH B KOXHbIN MOKPOB, YTo obecrneurBaeT cyrybo fiokanbHOe BO3AECTB/E HAa OPraHN3M YesioBeka.
JKCMMepHble NlamMMbl ABAAOTCA aibTEPHATMBO AOPOroCTOALEMY SKCUMEPHOMY Na3epy npu poToTepanun ncopuasa u sutunmro. OgHako
ans s¢pdekTMBHON doToTEepanuy ¢ ncnonbzosaHuem UVB namn HEO6XOAMMO yUUTbIBATb PACCTOsIHUE OT M3NlydaTens JO KOXKW NauneHTa.
B paHHoI paboTe coobLyaeTca 0 fieYeHnr 60MbHBIX C CMONb30BaHNEM SKCUMEPHO Nammbl, 610K ynpaBneHna KOTOPOI CHabXEH onTtu-
YecKoW CCTEMOV KOHTPOSIA A03bl YNIbTPadUONETOBOrO N3/TyYEHNSA, YTO MO3BOJIAET aBTOMATUYECKM NPOU3BOAUTD PAaCcUYET BPEMEHU ceaHca
ans 3agaHHon UVB fo3bl. B cTaTbe NpriBefeHO onvicaHve pe3ysbTaToB $OTONeYeHs C NCMOb30BaHNEM SKCMMEPHON NlaMmbl HECKOMbKUX
crlyyaeB rncopmasa, BUTUANIo 1 Apyrux Gopm AepMaTUTOB C XOPOLUMM TepaneBTUYECKM U KOCMeTUudeckum 3ddekTom. Mpu ncnonb3osa-
HVM SKCYMEPHOI NamMrbl HE YCTaHOBJIEHO HU OAHOTO ClyYas 060CTPEHVA AePMaTONOrMYeCcKX 3a60neBaHuii.

KnioueBble cnoBa: ncopuras, BATUANFO, aTonuyeckuin gepmatut, dototepanus, UVB, akcumepHaa namna, go3a ynbrpadunoneToBoro mns-
NyyeHuna

Ana yntnposanusa: lWuty [1.B., TopwunHa U.E., Hekpacosa H.B., Bycbko T.M. OnbIT NpUMeHeHNA SKCUMEPHON namMnbl, OCHALWEHHOW cucTe-
Mol kKoHTpona UVB po3bl, B agepmatonorun//Biomedical Photonics.— 2020.- T. 9, N2 1.— C. 21-26. doi: 10.24931/2413-9432-2020-9-1-21-26
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Introduction

In modern medicine, drug-based immunocorrection
drugs are traditionally used for the complex treatment
of immune system-related dermatological diseases and
for the prevention of their recurrence. The chronic persis-
tent nature of dermatoses with an immune component in
pathogenesis requires long-term use of this group of drugs.
However, taking into account the need for their lifelong use,
there is a high risk of developing a wide range of side ef-
fects, as well as the tolerance syndrome to the drug [1], so
today UV physiotherapy of skin diseases is considered the
safest and most popular method of treating various forms
of psoriasis [2], vitiligo [3] and other forms of dermatoses.

Experimental studies conducted in the early 80’s of
the last century showed high efficiency of phototherapy
with the use of UVB irradiation (280-315 nm range) [4].
It has been proved that rays with a wavelength of more
than 315 nm (UVA) are ineffective in the treatment of
psoriasis, and short-wave radiation of the UVC range
causes mutations and is carcinogenic, since it is within
the absorption bands of DNA and RNA [5]. UVB therapy
is a relatively safe treatment method due to the minimal
impact of radiation on the human body. The rays of this
wavelength range are completely dispersed in the epi-
dermis [6], initiating photobiological reactions that con-
tribute to the improvement of the skin [7].

Along with the spectral composition of the ultraviolet
radiation, an important parameter in the process of pho-
totherapy, which has a significant impact on the effective-
ness of treatment, is the level of the ultraviolet dose when
irradiating the patient’s skin [8]. It is believed that the opti-
mal effectiveness and safety of phototherapy in the treat-
ment of psoriasis and/or vitiligo is achieved with the value
of the minimum erythema dose (MED), which reflects the
level of the patient’s skin sensitivity to UVB radiation. A
well-known technique for the determination of a patient’s
MED is used, which was described by P. Asawanonda et
al. [8]. With a UVB dose below MED, phototherapy may be
ineffective, and irradiation of the skin with a dose higher
than MED will lead to a burn of the patient’s skin, which
may provoke an exacerbation of the disease [9].

Excimer lasers, which can generate coherent and
directed radiation at a wavelength of 308 nm, are of-
ten used as a source of UVB radiation. Laser radiation
produced by the decomposition of an exciplex XeCl*
molecule has stable spectral and energy characteristics
and is easily dosed, which makes excimer lasers a tradi-
tional choice for dermatological applications [10]. The
disadvantages of the XeCl laser include the large size
and weight of the device, the small area of the radiating
surface, the need for maintenance, and the high cost of
installation; in addition, the gas mixture used in the laser
contains a hazardous dose of chlorine.

Phototherapy of large areas affected with dermal
diseases is often provided with low-pressure fluorescent

mercury lamps, which emit narrow-band ultraviolet with
a band peak of about 311 nm. The configuration of UVB
emitters based on such lamps is diverse: from portable
lamps for home use to UV booths. However, mercury
UVB lamps are characterized by a strong dependence of
the radiation intensity on the temperature of the walls
of the quartz envelope and a significant decrease in the
radiation power over their relatively short service life (no
more than 1,500 hours) [11], which significantly affects
the accuracy of calculating the UVB dose with the use of
these lamps.

The gas mixture of excimer lamps does not contain
metal vapors, so the temperature of the flask walls of
such lamps has little effect on their radiation power [12],
and the use of an electrodeless system [13] of an excimer
lamp can provide a service life of more than 8,000 hours
[14]. Thus, excimer lamps do not need warming up be-
fore use and provide highly stable ultraviolet radiation.

Unfortunately, the use of semiconductor LEDs devel-
oped for UVB phototherapy (UVB LED) is not widespread,
because there are problems with a rapid decline of the
power of such LEDs, which reduces the efficiency of the
semiconductor device [15].

Unlike lasers, all lamps developed for UVB therapy are
characterized by a significant decrease in the intensity of
radiation when the distance from the emitter to the ir-
radiated surface increases, and for the calculation of the
UVB dose received by the patient during a phototherapy
session, it is necessary to take into account the distance
to the patient’s skin. It is obvious that the accuracy of dis-
tance measurement and the constancy of the distance
will determine the actual UVB dose and the effectiveness
of treatment in general.

Materials and methods

91 patients with the winter form of vulgar (plaque)
psoriasis were treated, including 24 patients with | - Il
Fitzpatrick skin phototypes, 55 with vitiligo, and 12 with
atopic dermatitis. Before the treatment, informed con-
sent was obtained from the patients.

All patients were treated with an excimer lamp [16]
developed in the Optical Radiation Laboratory of Im-
manuel Kant Baltic Federal University, where two XeCl
emitters based on a barrier discharge were used as a
source of UVB rays [17]. A distinctive feature of this de-
vice is the possibility of complete automatic no-touch
control of the level of UV radiation dose received by the
patient.

Results

The results of treatment of patients with psoriasis

The group of patients with psoriasis included 24 pa-
tients: 13 (54.2%) men and 11 (44.8%) women. The aver-
age age of patients was 34 (ranging from 21 to 48 years).
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Puc. 1. Ouyar ncopuasa Ha npaBow cru6aTenbHOW BHY-
TPpeHHel NOBEPXHOCTU BEPXHEN KOHEYHOCTH:

a — 10 leYeHus;

b — nocne 6-ro ceaHca ¢poToTepanum
Fig. 1. Right bending inner surface of an upper limb:

a - before the treatment;

b — after the 6th session of phototherapy

The duration of psoriasis from its onset was from 1 to 19
years. All patients were treated on an outpatient basis in
accordance with the described method. The initial UVB
dose was from 0.1 to 0.3 J/cm?2 The course of treatment
included 12 sessions held at regular intervals 3 times a
week: Monday, Wednesday, Friday or Tuesday, Thursday,
Saturday. Each subsequent dose of the therapy session
was increased by 0.1J/cm?, which brought the final radia-
tion dose within the range of 1.2-1.4 J/cm?. Positive re-
sults in the form of plaques flattening and decreased in-
flammation activity were observed from the 6th session
of the therapy. A persistent effect, expressed in maintain-
ing the institutional stage of psoriasis, was persistent in

all patients over the 8 months of the follow-up after the
completion of therapy.

Clinical observation # 1. Male, 54 y. 0. Diagnosis: plaque
psoriasis. The PASI value before the start of therapy was
18 (Fig. 1a). After the final session of excimer lamp ther-
apy, the patient had a clinical decrease in erythema, the
plaques flattened, and the peeling on their surface was
resolved (Fig. 1b). The PASI index was found to be 8. Ob-
servation of the patient for the next 6 months showed no
signs of relapsing psoriasis: slight dyschromia persisted
in the former areas of rash.

Clinical observation # 2. Male, 48 y. o. Diagnosis:
plaque psoriasis, extensive, advanced stage. Disease his-
tory: he has been suffering from psoriasis for 20 years,
and for a long time, he was treated with narrow-band
phototherapy on a UV 1000 KL unit (Herbert Waldmann
GmbH & Co, Germany) at a wavelength of 311 nm, which
gave a temporary effect. He received treatment with
Apremilast for 1 year, without any improvement. Clinical
findings: the process is widespread, the skin of the lower
extremities and the lower leg area features multiple flat
papular elements of pinkish-red color, ranging in size
from a pinhead to a small coin, infiltrated, dense, rising
above the level of healthy skin, prone to coalescence and
peripheral growth, grouped in plaques (Fig. 2a). Papules
are covered with abundant easily separated scales of sil-
very-white color. The isomorphic reaction and the triad
of psoriatic clinical sings are positive.

After the final series of excimer lamp therapy ses-
sions, the patient had significantly flatter plaques, and
the peeling on their surface was resolved (Fig. 2b).

Fig. 3 shows the results of the ultrasound examination
of the patient’s psoriatic plaque before treatment and 1
month after its start. The studies were performed with

a

Puc. 2. Oyar ncopuasa Ha IeBOI HAPYXHOW MOBEPXHOCTU BEPXHEN KOHEYHOCTH:

a - [0 leyeHus;
b - nocne 12-ro ceaHca pototepanuun

Fig. 2. Left outer surface of the upper limb:
a — before the treatment;
b — after the 12th session of phototherapy
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Puc. 3. [laHHble yN1bTPa3ByKOBOIro UCCeA0BaHUS NCOpUaTUYECKON GNALLIKHU:

a — [0 nevyeHus;
b - cnycTta 1 mec nocne Ha4yana nevyeHus
Fig. 3. Left outer surface of the upper limb:
a - before the treatment;
b — a month after the start of the treatment

DUB SkinScanner unit (Taberna pro medicum GmbH,
Germany).

The results of treatment of patients with vitiligo

The second group of patients included in the study
was represented by 55 patients with vitiligo, including
28 (51%) men and 27 (49%) women. The average age of
patients was 33 (ranging from 14 to 62). The duration of
the disease was from 8 months to 12 years. All patients
received treatment on an outpatient basis. Sessions
were held 3 times a week with a minimum, individually
set irradiation exposure. The initial UVB dose was 0.2 to
0.5 J/cm?2. The dose of each subsequent therapy session
was increased by 0.1 J/cm?, so that the dose of the fi-
nal irradiation session was within the range of 1.7-2.0
J/cm?. The total number of sessions was individual and
did not exceed 16. The sessions were held at regular in-
tervals 3 times a week: Monday, Wednesday, Friday or
Tuesday, Thursday, Saturday. In the majority of the pa-
tients, active repigmentation of vitiligo foci began from
the 4th session. Further monitoring of patients with vit-
iligo showed a persistent positive effect that remained
for 12 months.

Clinical observation # 3.\Woman, 45 y. o. Diagnosis: vit-
iligo. Disease history: the patient has had it for 20 years.
She did not receive any treatment. Clinical findings:
on the skin of the upper and lower extremities; on the
forearms and shins, there are multiple milky-white de-
pigmented spots of irregular shape with clear borders,
prone to peripheral growth and coalescence.

After the completion of the series of UVB therapy ses-
sions with an excimer lamp, the patient had a significant
clinical repigmentation of the lesions.

The results of treatment of patients with atopic dermatitis

The third follow-up group consisted of 12 patients
with atopic dermatitis, including 5 (42%) men and 7
(58%) women. The average age of the patients was 17
years old (ranging from 12 to 26). The duration of the
disease ranged from 1 year to 26 years. The initial UVB
dose for patients with atopic dermatitis was from 0.1 to
0.2 J/cm?. Patients received 10 therapy sessions, which
were conducted at equal intervals 3 times a week: Mon-
day, Wednesday, Friday or Tuesday, Thursday, Saturday.
Each subsequent dose of therapy was increased by 0.1 J/
cm?, so that the dose of the last session of irradiation was
at a dose of 1.0 - 1.1 J/cm?. A positive effect in the form
of smoothing of lichenized foci was observed from the
fourth or fifth irradiation sessions. The follow-up of the
patients for a year after the completion of therapy did
not reveal episodes of exacerbation of dermatosis.

Clinical observation # 4. Girl, 13 y. o. Diagnosis: atopic
dermatitis in the exacerbation phase. History of the dis-
ease: atopic dermatitis from early childhood, exacerba-
tions twice a year in autumn and spring. The last exacer-
bation was within 1.5 months. Clinical findings: the pro-
cess is widespread, involving the skin of the face, neck,
upper and lower extremities, and the corpus, there are
multiple erythematous and erythematous/papular foci
of red color with fuzzy borders, symmetrical, prone to
coalescence. Against the background of erythema, there
are erosions covered with serous crusts (Fig. 5a). There
are pronounced manifestations of lichenification (the
skin is rough to the touch, thickened, flaky, the skin pat-
tern is exaggerated). Multiple excoriations are observed.
The dermographism in the foci is white.

The result of treatment: the inflammatory process
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a

b

Puc. 4. 04arn BUTUAUIO HA rONIEHSAX:
a — [0 nevyeHus;
b - nocne 15-ro ceaHca ¢potoTepanuun
Fig. 4. Lower legs of a patient:
a - before the treatment;
b — after the 15th session of phototherapy

Puc. 5. ATonnyeckuit gepMaTtuT Ha crubaTenbHOW CTOpoHe
JIOKTEBOro cycTaBa:

a - 10 leYeHus;

b - nocne 10-ro ceaHca ¢poTtoTepanuun
Fig. 5. Bending side of an elbow joint:

a — before the treatment;

b — after the 10th session of phototherapy

stopped, reducing peeling, itching, dryness of the skin
(Fig. 5b).

Conclusion

The use of a device that automatically monitors the
level of UV radiation dose received by the patient makes
UVB therapy of patients with autoimmune skin diseases
safe and effective. We have not found any cases of exac-
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Abstract

In developed countries, the main methods of research and dynamic monitoring of cystic kidney formations are CT and MR, but their use is im-
possible in patients with severe concomitant diseases, as well as in the presence of metal structures, pacemakers, etc. Additionally, taking into ac-
count the high dose of radiation exposure when using CT obtained by the patient during dynamic observation, the development of alternative
methods is relevant. These include, but not limited to, ultrasound using contrast enhancement, which can be used as an alternative or additional
method in primary diagnosis or in the dynamic observation of cystic kidney formations. In the article, the authors provide their own experience
with the use of an ultrasound contrast medium for the diagnosis and dynamic observation of complex kidney cysts, as well as the introduction
of ultrasound observation using a contrast medium to classify patients according to Bosniak M.A.

The study included the results of the use of contrast enhanced ultrasound (CEUS) in 28 patients with various cystic formations of the kidneys. The
patients were previously divided into two groups: the first consisted of 13 patients with simple cysts, the second - 15 with suspected complex
cysts. As a result of the study, the patients were distributed as follows: 15 patients were classified as Bosniak type |, 7 patients — as type Il, 3 - type
Ill, 3 - type IV. The studied CEUS method is simple and effective. The specificity of the method was 78.57%, the accuracy of the method was
85.71%, the predictive value of the positive result was 81.25%, and the predictive value of the negative result was 91.66%. CEUS helps to quickly
and accurately conduct differential diagnosis between a simple cyst and a complex one, as well as classify cysts according to M.A. Bosniak.

Keywords: contrast enhanced ultrasound, CEUS, contrast agent, Bosniak classification.
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NUCMOJIbSOBAHUE KOHTPACTHOIO YCHIIEHMA
[P YJIBTPA3BYKOBOM UCCJIEAOBAHUU MPOCTbIX
U CJTOXHbIX KUCT NOYEK

9.A. Conosbes', J1.A. Mutuna', b.4. Anekcees', C.O. Crenanos’, A.C. Kannunckuit',
B.O. Oumutpos', E.A. Hasomnkun?
'MHUOW um. T.A. Tepuera — dpunman PIbY «HMMPL» Munsapasa PP, Mocksa, Poccus

2MoCKOBCKMI rOCYAAPCTBEHHbIN YHUBEPCUTET MULLEBLIX NPOM3BOACTB, Mocksa, Poccus

Pesiome

B pa3BuTbIX CTpaHax OCHOBHbIMV METOAAMMN UCCIIE[0BaHNA 1 AMHAMUYECKOTO HabMOAEHNA 33 KICTO3HbIMU 06pa3oBaHNAMM MOYEK ABNA-
torcA KT 1 MPT, ofHaKo UX NPpUMEHEHNEe HEBO3MOXXHO Y MaLMEHTOB C TAKENbIMU COMYTCTBYOLWMMU 3a601€BAHMAMY, @ TaKKe NPy Hanuunm
B OpraHvi3mMe MEeTaNIoKOHCTPYKLMI, KAPANOCTUMYNATOPOB U T.A. [JJONONHUTENBHO NPUHMMAsA BO BHUMaHWUE BbICOKYIO 403y JlyYeBOii Harpys-
Ky npu ncnonb3oBaHuy KT, nosyyaemoi nauneHTom Npu AnHaMUYeckom HabntoaeHnm, ABNAETCA akTyanbHON pa3paboTka anbTepHaTUBHbIX
MeTofMK. K OTHOCUTCA ynbTpa3ByKOBOE MCCIIEA0BaHME C MPUMEHEHEM KOHTpacTHoro ycuneHus (KYY3/), KoTopoe MoXeT Mcnosib3oBaTbCs
KaK anbTePHATUBHbIN N JOMOHUTENbHbIN METOZ B NEPBUYHO ANArHOCTUKE UV B AMHAMUYECKOM HabiofeHN KICTO3HbIX 06pa3oBaHui
noyek. B ctaTbe aBTOPbI NPUBOAAT COOCTBEHHDI OMbIT MPUMEHEHUA NPU YNbTPAa3BYKOBOM UCCIEA0BAaHMMN KOHTPACTHOrO Npenapata Ans Ava-
FHOCTVKM U AMHAMUYECKOTO HabMofeHNA CNOXKHBIX KUCT MOYEK, @ TaKXKe BHEAPEHNA STON TEXHONIOMMW ANA pacnpefenieHysa NauneHToB no
Knaccnowmkauum M.A. Bosniak.
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B ocHoBYy mccnepoBaHuA BowwM pe3ynbTatbl NpuMeHeHna KYY3W y 28 naumeHToB C pa3fvyHbIMKA KUCTO3HbIMM 06pPa3oBaHUAMU MOYEK.
MpenBaputenbHO NauyneHTbl 6biny pa3aeneHbl Ha ABe FPYNMbl: MePBYIO COCTaBMAM 13 MaLUMEHTOB C MPOCTbIMK KUCTamu, BTOPYIO — 15 naum-
€HTOB C MOJO3PEHNEM Ha CJIOXKHbIE KUCTbI. B pesynbTtate nccnefoBaHna 6bi10 NonyyeHO crepyoliee pacnpeaeneHune naymeHTos no M.A.
Bosniak: 15 oTHeceHbl K | kKateropun, 7 - ko I, 3 - k lll, 3 - K IV. Uccnepyembiin metop KYY3W otnnuaetca npoctotoit 1 3GPeKTUBHOCTbIO.
CneundunyHocTb MeTofa coctaBuna 78,57%, TOUHOCTb MeToAa — 85,7 1%, MPOrHOCTUYHOCTb MOMOXKUTENbHOIO pe3ynbrata — 81,25%, NporHo-
CTUYHOCTb OTpULIATENbHOrO pesynbrata — 91,66%. KYY3M nomoraeT 6bICTPO 1 KauecTBeHHO NpoBecTy AnddepeHLnanbHy0 AUarHOCTUKY
MeXXAy MPOCTON KNCTOW 1 CIIOKHOMN, a Take Knaccuduumposatb KUCTbl o M.A. Bosniak.

KntoueBbie cnoBa: Y3 ¢ KOHTPaCTHbIM YCUEHMEM, KOHTPACTHbIN Npenapart, Knaccudukauua M.A. Bosniak.

AnauntnposBanua:ConosbeBf.A., MutnHall.A., Anekceesb.f.,CrenaHoB C.O., KannuHckninA.C., AumntposB.O.,Ha3onknHE.A.icnonb3oBaHne
KOHTPACTHOTO YCUEHNA NPU YIbTPa3ByKOBOM VCCIIEA0BAHNN MPOCTbIX U CIIOXKHBIX KACT noyek // Biomedical Photonics. — 2020. - T.9, N2 1. -

C. 27-33.doi: 10.24931/2413-9432-2020-9-1-27-33

KouTtakTbi: ConoBbe f.A., e-mail: yan.solovev@mail.ru

Introduction

Cystic kidney disease is fairly common, with the oc-
currence rate in people under the age of 40 from 5% to
20%, and exceeding 30% in patients older than 60 or
70. During ultrasound examination of the kidneys, spe-
cialists often encounter complex cysts: they are distin-
guished by the presence of partitions, calcinates, thick
contents, a solid component, as well as thickened walls.

Currently, computer tomography (CT) and magnetic
resonance imaging (MRI) are the standard for differential
diagnosis of benign and malignant kidney formations.
The introduction and use of a contrast agent allows for
the visualization of the solid component, the septum,
calcinates, and other inclusions that accumulate contrast
in cystic formations, which makes it possible to deter-
mine which patients require surgery. According to the
degree of severity of partitions and their location, cysts
are assigned to one of the four main groups in accor-
dance with the classification developed by M. A. Bosniak
and adopted in 1986 Kidney cysts classification by M. A.
Bosniak [1-3], in its simple version, can be presented as a
table (Table 1).

The authors distinguish between 4 categories of kid-
ney cysts based on the presence of multiple partitions,
filling with the contrast agent, as well as the presence or
absence of calcinates and a solid component [5]. Cysts
assigned to group lll and IV require surgical treatment
since the probability of the presence of a malignant le-
sion is high, 92% and 100%, respectively [6-9]. When
CEUS is performed, these cysts accumulate the contrast
agent in the walls, partitions, have a solid contrasting
component, or feature all of the above at the same time.

Not so long ago, contrast agents (CA) were intro-
duced to the ultrasound imaging procedure. Contrast-
enhanced ultrasound technique (CEUS) is developing.
The technology has found intensive application in the
diagnosis of heart and liver diseases, and by 2008 rec-
ommendations for extrahepatic use of CA were issued
[10-12].

The purpose of this research is to determine the diag-
nostic significance of the use of contrast agent for ultra-
sound, as well as to evaluate the possibility of using CEUS
for the follow-up of simple and complex kidney cysts.

Materials and methods

In the period from 2017 to 2018, we used contrast
enhancement ultrasound to examine 28 patients with
various cystic kidney formations. In most patients with
simple cysts, CEUS was performed in connection with
another cancer as the principal disease or in order to con-
firm the presence of liver metastases. The study included
cysts ranging in size from 15 mm to 35 mm. Larger cysts
were screened out. Not all patients with the studied cysts
were further examined with other diagnostic methods,
including CT with contrast enhancement and MRI with
contrast enhancement. Contrasting for ultrasound was
performed with a SonoVue CA (Bracco Swiss S. A., Swit-
zerland) based on sulfur hexafluoride on a Philips Epiq 7
unit (Philips, Netherlands), with a 1-5 MHz convex trans-
ducer. Initially, all patients underwent ultrasound of the
kidneys without contrast enhancement, then 2.4 ml of
SonoVue was injected into the vein via an ulnar catheter.
During the study, a video recording was performed for 3
minutes. After the study, the organ and formations were
evaluated both visually and with QLAB software (Philips,
Netherlands).

The accumulation of contrast in unchanged kidney
tissue and in the walls of cysts was evaluated, special at-
tention being paid to the partitions in the lumen of an-
echoic formations, as well as to complex cysts, in which
blood flow appeared in the modified partitions and walls
in the arterial phase.

Results and discussion

During the study, we identified the following con-
ventional groups of patients with the use of contrast en-
hanced ultrasound diagnostics (Fig. 1).
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Ta6nuual

Knaccuoukauma KUCTO3HbIX obpa3oBaHui nouky no M.A. Bosniak [4]
Table 1

Classification of kidney cystic formations according to M.A. Bosniak [4]

Karteropusa no
Bosniak Ocob6eHHOCTN

MpocTas, fo6poKaYeCTBEHHAA C TOHKOW CTEHKOMW, HE COLEPXKUT CEMT,
0yaroB 0ObI3BECTBIEHWI 1 CONUIHBIX KOMMOHEHTOB. o MNAOTHOCTK
COOTBETCTBYET BOJIE U HE KOHTPACTUPYETCH.

Simple benign with a thin wall, does not contain septa, foci of
calcifications or solid components. The density corresponds to water
and does not contrast

JlobpoKayecTBeHHas K1CTa, B KOTOPOW MOTyT ObITb

HEMHOroumnceHHble TOHKME CenTbl. B cTeHKe 1wy centax BO3MOXHbl

MeJIKMe oyary 06bI3BeCTBIEHUA. [OMOreHHOE M’MMOUHTEHCVMBHOE MO

CPaBHEHUIO C MAPEHXMMON 06pa3oBaHVie AMAMETPOM <3 CM, C YETKMU
Il rpaH1LaMK, He HakanauBatoLlee KOHTPacT.

A benign cyst in which there may be a few thin septa. Small foci

of calcification are possible in the wall or septa. Homogeneous

hypointense (compared to parenchyma) formation with a diameter of

<3 cm, with clear boundaries, without contrast

B KnCTax, OTHOCALYMXCSA K STOW KaTeropum, MOXeT ObiTb 6osbLue
TOHKMX CenT. BO3MOXHO HE3HAUUTENbHOE YCUIEHME CENT U CTEHKM
KUCTbI, @ TaKXKe MUHMasbHOE YTOJLIEHNE UX. B KucTe moryT

6bITb OTHOCWTENIBHO KPYMHbIE 0Yary oObI3BECTBIIEHMSA, MetoLLVe
HOAYNAPHYIO CTPYKTYPY, HO HE HaKan/IMBaKLLiMe KOHTPACTHOE
BeLeCcTBO. MArKOTKaHHbIE 3N1EMEHTbI, YCUMBAOLLME CUTHANbI,
OTCYTCTBYIOT. K 3TOI KaTeropum OTHOCATCA TaKKe PacroNiOKeHHble
MOJIHOCTbIO MHTPAPEHANbHO KNCTO3HblE 06PAa30BaHNA AMAMETPOM
>3 CM, He HaKanMBaloLL/ie KOHTPACTHOE BELLECTBO, UMEIOLLME YETKO
OYEepYEHHbIE FPaHNLibl U MOBbILLEHHYH MAOTHOCTb.

The cysts belonging to this category may contain more thin septa.

A slight strengthening of the septa and cyst walls, as well as their
minimal thickening. The cyst may contain relatively large foci of
calcification with a nodular structure, but not accumulating contrast
medium. Soft tissue features amplifying the signals are absent. This
category also includes fully intrarenal cystic formations with a diameter
of >3 cm that do not accumulate contrast medium and have clearly
defined borders and increased density

IIF

KncTo3Hble 06pa3oBaHns C HEPOBHbLIMU YTOMLEHHBIMU CTEHKAMU UMK

CenTamu, B KOTOPbIX MOXXET HaKamMBaTbCsl KOHTPACTHOE BELLECTBO
11l (KOHTpacTHOe ycuneHue).

Cystic formations with uneven thickened walls or septa, in which

contrast medium can accumulate (contrast enhancement)

AIBHO 3110KaueCTBEHHbIE KMCTbI, COAepPXKaLLne MArKOTKaHHbI
KOMTOHEHT, ANA KOTOPOro XapaKTepHO KOHTPACTHOE yCuieHMe.
Obviously malignant cysts containing a soft tissue component, which
is characterized by contrast enhancement

PesynbraT nccneposaHunsa

[lo6pokauecTBeHHas KuCTa.
Benign cyst
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[lobpokayecTBeHHas KucTa.
Benign cyst

Heobxogumo HabnogeHne
60nbHOrO.

VIHorga BO3MOXHO
3/10KaYeCcTBEHHOE
nepepoxaneHve.
Observation is necessary.
Malignant degeneration is
sometimes possible

Moka3aHo xmpypruyeckoe
neyeHne nnn HabngeHne B
OnHamuke. bonee uem B 50%
cnyyaes Kuctbl Il Kateropun
6bIBalOT 3/10Ka4ECTBEHHbIMU.

Surgical treatment or
observation in dynamics.
In more than 50% of
cases, category Il cysts are
malignant

PekomeHnpyetca
Xnpypruyeckoe
yaaneHue. B ocHoBHOM
3TO 3/710Ka4eCTBEHHbIe
HOBOOOPa3oBaHMA.
Surgical removal is
recommended. These are
mainly malignant neoplasms

BIOMEDICAL PHOTONICS T.9, N2 1/2020

29



w
-
O
—
(0
<
<
yd
O
oz
O

Soloviev Ya.A., Mitina L.A., Alekseev B.Ya., Stepanov S.0., Kalpinskiy A.S., Dimitrov 0.V., Nazoikin E.A.
The use of contrast enhancement in the ultrasound diagnosis of simple and complex kidney cysts

KomnnekcHoe Y3WN / Complex US

n=28
[ |
MpocTble kncThbl / Simple cysts CnoxHble knctbl / Complex cysts
n=13 n=15
| |
OpHa neperopogka [1Be neperopoaku HeopHopogHble
One partition Two partitions Heterogenous
n=5 n=2 n=8
KYY3U / CEUS
n=28
[ | | |
Bosniak | Bosniak Il Bosniak Il Bosniak IV
n=15 n=7 n=3 n=3

Puc. 1. Mpynnbl nauMeHTOB ¢ KUCTaMu NoYvekK go v nocne KYY3U
Fig. 1. Groups of patients with renal cysts before and after CEUS

In the first group, consisting of 13 (46.42%) patients,
contrast enhancement was administered primarily for
the diagnosis of secondary liver damage. The study un-
expectedly revealed some simple cysts in the kidneys.
Cysts were visualized as simple thin-walled anechoic for-
mations of a benign nature. They had no partitions. Their
contents were determined to be liquid. During CUSI, no

additional inclusions were found in the lumen of the
cysts. All 13 patients were classified by us as category |
according to the M. A. Bosniak classification.

The second group consisted of 15 (53.58%) pa-
tients who, as a result of ultrasound examination in
the gray scale and other methods of kidneys examina-
tion, were found to have clearly visualized additional
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Puc. 2. KoHTpacTupoBaHue B apTepuasbHyio ¢pa3y NpocTon KUCTbI
lMpu uccnepoBaHMn B CTaHAAPTHOM peXuMme y nauuMeHTa 3anofo3peHo conupHoe obpasoBaHue. lNpu
MCNONb30BaHMM KOHTPACTHOro npenapata B apTepuanbHylo ¢a3y BU3yalM3MpPOBaHO HEKOHTpacTHoe
o6Gpa3oBaHue, KOTOpoe Hamu OblsI0 ONMCAHO KaK NpocTas Kucta no Knaccudpumkaumm Bosniak |

Fig. 2. Left outer surface of the upper limb

When examined in standard mode, a solid formation was suspected. When using a contrast agent, a non-
contrast formation is visualized in the arterial phase, which we ascribe as a simple cyst according to the

Bosniak | classification

structures in the cyst, or the presence of partitions was
suspected.

Among the patients who were suspected of having
complex cysts during standard ultrasound, CEUS re-
vealed a thin septum in the cyst in 7 cases. All the forma-
tions had clear contours, the partitions did not contrast,
5 patients had one thin partition in their cysts, and 2 pa-
tients had two partitions. In the process of CEUS, the par-
titions did not accumulate contrast, but became clearly
visible. We have assessed this phenomenon as “apparent
false contrasting” All these patients with single septa in
cysts were classified as Bosniak category |l.

Upon the administration of contrast, 3 patients were
found to have a complex cyst with multiple partitions,
uniformly thickened, partially accumulating the contrast
agent. The same result was obtained by CT with contrast
enhancement. In one case, the septum featured a calci-
nate up to 2 mm in size. All 3 patients were assigned to
category lll according to the M. A. Bosniak classification
and assigned rigorous follow-up.

In 5 patients, cysts with thick curved septa and sus-
pected solid components were visualized during a
standard ultrasound examination. Among them, in one
observation, the cyst was found to have an unevenly
thickened capsule up to 3.5 mm in size. We initially con-
sidered the capsule to be a tumor change, but it did not
display contrast in either the arterial or the venous phase.
The patient was observed to have a low-grade fever and
moderate pain in the lumbar region on the left. Due to
the suspicion of inflammatory changes, surgical treat-
ment was performed. Histological examination of the re-

moved tissue did not reveal a tumor. Based on the results
of ultrasound, we initially considered this case as belong-
ing to Bosniak category lll. After a negative histological
report for the presence of a tumor process was received,
the patient was reassigned to category |.

In another observation, a solid formation with a par-
tially thickened capsule was suspected during a standard
ultrasound. CEAS visualized a simple cyst that remained
contrast-negative throughout the study. This case was
considered by us as a simple cyst and classified as | by
Bosniak. The patient was assigned for a follow-up (Fig. 2).

In the other three observations, both with a gray scale
image and with the introduction of contrast, the forma-
tions looked like cystic solid tumors with pronounced
contrast in irregular-shaped partitions and the solid in-
clusions. This group of patients underwent surgery. His-
tological examination of the surgical material led to the
diagnosis of cystic kidney cancer. The patients were clas-
sified to category IV by Bosniak (Fig. 3, 4).

As a result of the study, we obtained the following re-
sults of the patient distribution in accordance with M. A.
Bosniak’s classification: 15 are classified as category |, 7 as
category ll, 3 as category lll, and 3 as category IV (Fig. 1).

As a result of the analysis of the standard mode ultra-
sound findings, 2 out of the 28 patients examined were
suspected of having a cyst with the signs of a complex
one. Thus, the sensitivity of the method was 92.85%. Dur-
ing CEUS, contrasting, including false contrasting, was
registered in 6 patients. Thus, the specificity of the meth-
od was 78,57%, its accuracy 85,71%, positive predictive
value: 81.25%, negative predictive value: 91,66%.
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Puc. 3. KOHTpacTMpoBaHUe CNOXHOM KUCTbl. ApTepuanbHasn ¢asa.
Y nauueHTa co CNOXKHOM KMCTON U neperopogkamu npu mMHorokpatHom KT uccnepoBaHMM BO3HMKao
COMHEHME B NocTaHOBKe cTtaguu no Bosniak. NMpu ncnonb3oBaHMM KOHTPACTHOro npenapara SonoVue
BU3yanu3npyeTCs CJIOXKHAsA KUCTa C TpemMs KOHTpacTUpyeMbiMMU neperopoakamu. Hamu ata cnoxHas
KUcTa Gbl1a pacueHeHa Kak Bosniak IV

Fig. 3. Complex cyst contrast. Arterial phase.
In a patient with a complex cyst and septa, multiple CT scans gave doubts to assigning a Bosniak stage.
When using the SonoVue contrast agent, a complex cyst with three contrasting partitions can be seen. We
classified this complex cyst as Bosniak IV

Puc. 4. KoHTpacTMpoBaH1e onyxosin NOYKMN C KUCTO3HbIM KOMNOHEHTOM. ApTepuanbHas dpasa.
Y nauumeHTa ¢ onyxoJiblo MOYKU AOMNOJIHUTENbHO NpK Y3U ¢ npUMEeHeHMeM KOHTPacTHOro npenaparta BU3y-
annM3npoBaH KUCTO3HbIA KOMMNOHEHT C KOHTPacTUPyeMbIMMU NeperopojKkamMu.

Fig. 4. Kidney tumor with a cystic component contrast. Arterial phase.
In a patient with a kidney tumor, an additional cystic component with contrasting septa can be seen by
using ultrasound with contrasting agent

Conclusion

The results of the study indicate that ultrasound with
contrast enhancement can be performed as an addition-
al method of investigation when obtaining questionable
results or as a diagnostic tool for follow-up of complex
kidney cysts. CEUS allows to identify the kidney cysts
walls, which cannot be visualized with ultrasound in stan-

dard mode. The technique helps to conduct a quick and
effective differential diagnosis between a solid formation
and a usual cyst. According to the accumulation of con-
trast agent in cysts, patients can be put into categories
according to M. A. Bosniak’s classification, and the deci-
sion is then taken whether to perform surgical treatment
or place the patient under dynamic observation.
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Abstract

The review is dedicated to the analysis of the effectiveness of the treatment of erythroplasia of Queyrat (EQ) using photodynamic therapy (PDT).
Particular attention is paid to the relationship between EQ and human papillomavirus (HPV) infection. The data of various researchers are pre-
sented, confirming the correlation between the development of the EQ and the HPV infection, however, it is noted that due to the small number
of studies it is difficult to draw reliable conclusions on the presence and strength of this connection. The mechanisms of PDT involved in the imple-
mentation of both the antitumor effect in the treatment of EQ and the antiviral effect against HPV are considered. The data of 12 clinical studies and
observations of the results of PDT of the EQ conducted in recent years are analyzed. An analysis of literature data showed that in the treatment of
EQ, one of the two photosensitizers is usually used locally: 5-aminolevulinic acid or 5-aminolevulinic acid methyl ester. The treatment parameters in
all the analyzed studies were similar: exposure to the ointment for 3-5 hours followed by irradiation with a light dose of 37-105 J/cm?. The number
of PDT courses in different studies varied from 1 to 19. The effectiveness of treatment varied widely in different studies and clinical observations.
Most studies have demonstrated high efficacy of PDT with complete regression in 36-83% (100% in one study) and a relapse-free follow-up period
of up to 51 months. However, there were also individual clinical observations of patients in whom the treatment with the method of PDT was
ineffective. It is possible that the described results were associated with improperly selected regimes of PDT or a large lesion area. Most authors
especially note a very good cosmetic effect and a complete absence of scars after the treatment. Thus, PDT is an effective and promising method
for the treatment of EQ that requires, however, a more thorough development of the application regimen and a deeper study of the antitumor and
antiviral components of the mechanism of action.

Keywords: 5-aminolevulinic acid, aminolaevulinic acid methyl ester, photodynamic therapy, erythroplasia of Queyrat.
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BO3MOXHOCTU ®@OTOANHAMMYECKOM TEPAMMM
MPU SPUTPOIITA3UU KEMPA
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Pesiome
0630p noceALeH aHanu3y 3GPeKTUBHOCTY IeYeHNA SpuTponnasun Keiipa metogom potoarnHammuyeckon tepanvu (OAT). Ocoboe BHMaHNe
yAeneHo BOMpocam B3anMOCBA3N dpuTponnasun Kelipa ¢ nHGmumnpoBaHreM BUpYycoMm manuiniombl Yenoseka (BIMY). MpriBegeHbl gaHHbIe
nccnefoBaHun, NOATBEPXKAAIOLME KOPPENALMIO MeXAy pa3BuTMeM 3aboneBaHuA 1 nHGuUmMpoBaHuem BIMY, oTmeyeHo, UTo B CBA3M C He-
60/IbLUVIM KOJIMYECTBOM UCCIIEJOBAHMI CIIOXKHO AenaTb JOCTOBEPHBIE BbIBOAbI O HANIMUMN 1 CUile 3TOi CBA3U. PaccmoTpeHbl MexaHuambl OAT,
yyacTByoLiME B peanm3auum Kak NpoTMBoomnyxosieBoro agpdekTa npu neveHnmn sputponnasmm Keinpa, Tak 1 NpoTVBOBUPYCHOTO AENACTBUA B
oTHowweHwuu BMY. MpoaHanu3npoBaHbl AaHHble 12 KIMHUYECKUX NCCnefoBaHNi 1 HabnoaeHun pesynbtatoB OT npu sputponnasumn Keinpa,
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NPOBEeAEHHbIX B NOCeHME rofibl. YCTAHOBEHO, UTO MW leveHnr 3aboneBaHuA, Kak NpaBusio, NCNosb3yoT MECTHO OAVH 13 ABYX GOTOCEHCU-
6111M3aTOPOB: 5-aMNHONEBYNIMHOBYIO KCNOTY (5-AJTK) unu ee meTrnoBbin 3¢up. NMapameTpbl neYeHns BO BCEX UCCIe[0BaHNAX Obinn 6nn3Km:
3KCMO3MUKMA Ma3y NPOACIKUTENIBHOCTBIO OT 3 10 5 U € mocnefyiowmnm obnyyeHrem co cBeToBoi fo3oi 37 - 105 xk/cm2 KonmuecTso Kypcos
QT B pasHbix NccefoBaHNAX coctaBnano ot 1 Ao 19. 3GPeKTVBHOCTb IeUEHUSA WMPOKO BapbUPOBaa B PasHbIX MCCNEAOBAHUAX U KITUHN-
yecknx HabnoaeHuAX. BoNbLWNHCTBO NCCIeA0BaHMNII AEMOHCTPUPOBASIO BbICOKYI0 3ddpekTrBHOCTL OLT C MONHOW perpeccrien obpasoBaHuU
B 36 - 83% HabnogeHn 1 NPOAOMKNTENBHOCTbIO 6e3peumanBHOro neproga fo 51 mec. imenncb 1 otaenbHble KIMHUYecKue HabnogeHns,
B KoTopbix O[IT okaszanacb HeadpdeKTMBHA. BO3MOXKHO, ONMcaHHble pe3ynbTaTbl Oblnv CBA3aHbI C HEMPaBUIbHO NOA0OPAHHLIMU PEXMMaMU
OAT vny 6onbLuoi NOLWaAbio NopaXKeHUsA. BoNbLUMHCTBO aBTOPOB OTMEYAIOT XOPOLLUNI KocMeTnyecknin 3dpekT OAT 1 nonHoe oTcyTCTBME
py6LI0B Nocie NpoBeAeHHOro neveHus. Takum obpasom, OAT AnseTca 3PpPeKTUBHLIM U NePCNEKTUBHBIM METOAOM SIeYeHUA SPUTPONIa3nm
Keripa, ofHaKo, TpebytoLlwym TLaTeNbHON OTPaboTKN PeXMMOB NPUMeEHeHWA 1 6onee rny6oKoro nsyyeHrsa NPOTUBOOMYXOJIEBOrO 1 MPOTUBO-
BMPYCHOrO KOMMOHEHTOB MeXaH13Ma AeCTBUA.

REVIEWS

KnioueBble cnoBa: 5-aM1HOMNEBYIMHOBAA KWCIOTa, METVNOBbIN 3GUP 5-aMUHONEBYIMHOBOWN KUCOThI, GOTOANHAMUYECKas Tepanus, 3pu-
Tponnasua Kenpa
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Introduction

Penile cancer is a relatively rare pathology. In Western
countries, the disease is rare, its frequency being below
1 case per 100,000 men [1]. In the United States, the pro-
portion of penile cancer is from 0.3% to 0.6% of all can-
cers in men and 2% in the structure of malignancies of
the male genitals [2]. Penile cancer is divided into surface
forms (erythroplasia of Queyrat, Bowen’s disease), which
originate from squamose epithelium, are limited to itand
do not penetrate the underlying dermis, and invasive tu-
mors (all T categories). Invasive forms are represented by
squamous cell carcinoma, which accounts for more than
95% of all cases of penile cancer [2].

Erythroplasia of Queyrat, as a specific clinical process,
was first described by L. Queyrat in 1911. In 1912, J.T.
Bowen described two cases of precancerous dermatosis,
which was later called Bowen’s disease. Both terms have
been used interchangeably in dermatology and urology
for a long time, but currently these are clinically different
diseases [3].

Erythroplasia of Queyrat refers to carcinoma in situ
(CIS) of the penis characterized by the appearance of a
slowly growing shiny bright red plaque with clear bor-
ders on the balanus or the inner leaf of the foreskin; the
disease is mainly found in senior men. Between 10% and
33% of penile CIS cases progress to invasive squamous
cell carcinoma [4].

The connection between erythroplasia of Queyrat
and HPV

Many studies state a close correlation between penile
CIS and human papillomavirus (HPV) infection. Accord-
ing to the literature, the prevalence of HPV in penile can-
cer varies from 15% to 71%, depending on the type of
tumor and the sensitivity of the virus detection method.

HPV is associated with 80 to 100% of cases of basaloid
and warty penile cancer, and 33 to 35% of keratinizing
and verrucous forms of the disease [5, 6].

The main topic of discussion is the relationship of
HPV infection with the risk of progression of erythropla-
sia of Queyrat to squamous cell carcinoma and the risk
of relapse after antitumor treatment if HPV infection re-
mains. The number of studies is limited, which makes it
impossible for us to draw reliable conclusions about the
presence and the strength of this relationship. However,
the connection between primary erythroplasia of Quey-
rat and HPV infection has been confirmed in many stud-
ies [6, 7].

U. Wieland et al. [8], who studied the correlation be-
tween erythroplasia of Queyrat and other forms of penile
cancer and HPV infection, obtained results that clearly
confirm the relationship. The authors found HPV DNA
in all patients with erythroplasia of Queyrat and none in
the control group of patients with inflammatory penile
lesions. HPV type 8 was detected in all tissue samples of
patients with erythroplasia of Queyrat, and type 16 was
found in 88% of the samples. Half of the surveyed indi-
viduals were found to have genital HPV of type 39 and/
or 51, with a high carcinogenic risk. It should be noted
that all the HPV type 8 DNA nucleotide sequences found
in erythroplasia of Queyrat showed some polymorphism
among themselves and differed in the specificity of the
nucleotide sequence from the reference HPV type 8
sequence. Determination of viral load in patients with
erythroplasia of Queyrat by PCR showed that the level of
HPV type 16 in biopsies from the pathological focus was
1 to 5 orders of magnitude higher than the level of HPV
type 8. In Bowen'’s disease, HPV type 8 was not detected
in the biopsy material.
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The study of J. B.Wang et al. also included results con-
firming the link between HPV infection and penile CIS [9].
The authors found type 16 HPV DNA in 56.9% of cases
of squamous cell carcinoma of the external sex organs in
situ. The test for HPV type 16 DNA was positive in 33.3%
of cases of erythroplasia of Queyrat.

The methods of treatment of erythroplasia of Qu-
eyrat

For a long time, the leading method of treatment
of the disease was surgical. In most cases, penectomy
was performed, which is a crippling operation and a
strong psycho-traumatic factor for patients, in some
cases leading to depression. With this in mind, organ-
preserving treatment options were studied in order to
improve functional results without reducing patient
survival rate. Local application of 5-fluorouracil alone
or in combination with other methods can be effective
for non-invasive lesions of non-hairy skin areas [10],
since there are some reports of clinical observations of
secondary progression of the tumor process from hair
follicles after treatment [11]. Effective treatment meth-
ods also include local simple excision, circumcision for
lesions limited to the foreskin, and Mohs micrographic
surgery [2, 12, 13]. Laser surgery with carbon dioxide
or Nd:YAG [14, 15], cryotherapy [16], and radiotherapy
[17] are also used to treat erythroplasia of Queyrat.
Recently, 5% Imiquimod cream has been successfully
used [18, 19].

Erythroplasia of Queyrat is characterized by high
rates of relapse after the use of all the described thera-
pies, which may be associated with participation of HPV
in the pathogenes of the disease [3]. Thus, one of the
goals of therapy is to target the HPV. Currently, there is
no optimal treatment option for HPV-associated penile
CIS, in which it is possible to effectively fight both the
underlying disease and the HPV infection. Features of
the pathogenesis of the disease indicate the feasibility of
developing a treatment method that has both antitumor
and antiviral effects, which is why photodynamic therapy
(PDT) is of particular interest in the treatment of erythro-
plasia of Queyrat.

The mechanism of the antiviral effect of PDT

The photodynamic antiviral effect does not depend
on specific interaction with receptors. This non-specific-
ity of photodynamic damage is one of its advantages.
Given the genetic flexibility of viruses (as well as bacte-
ria), this non-targeted mechanism of action is less likely
to initiate the development of resistance in viruses [20].
Since photodynamic effects are usually local, the clinical
use of photodynamic inactivation is limited mainly to lo-
calized viral lesions, such as herpes lesions or warts [21].
Systemic effects of photodynamic treatment have been
identified recently that trigger the body’s immune re-

sponse [22-25]. This makes the use of PDT as an antiviral
treatment an even more promising method.

The therapeutic effect of PDT on viruses is imple-
mented at the expense of the formation of reactive oxy-
gen intermediate (mostly singlet oxygen) with the activa-
tion of the photosensitizer under the influence of light of
a certain wavelength.

The localization of the photosensitizer near sensitive
molecular targets is extremely important in the imple-
mentation of the photodynamic effect. This is due to the
short lifetime of singlet oxygen formed in the biological
environment, which is measured by microseconds [26].
The specific time of inactivation depends on the location
of the photosensitizer, for example, 0.4 + 0.2 us near the
membranes in living cells [27] or 1.2 + 0.3 ps in blood ves-
sels [28]. Longer periods of singlet oxygen existence have
also been recorded [29]. The distance of intracellular dif-
fusion of singlet oxygen is small relative to the cell diam-
eter. This means that the effect of singlet oxygen gener-
ated inside the cell is spatially limited to its immediate
environment. However, singlet oxygen generated near
the cell membrane may be able to penetrate the mem-
brane.

The size of viruses usually ranges from 0.02 to 0.3 um,
although some very large viruses up to 1 um are also
known. Viruses contain one type of nucleic acid: DNA or
RNA, which is bound to a protein shell called a capsid.
In complex viruses, the capsid is surrounded by a lipo-
protein envelope, which is a structure derived from the
membranes of the virus-infected cell. Taking into account
the basic structure of viruses, there are three main molec-
ular targets for reactive oxygen intermediates (ROI) gen-
erated during the photodynamic reaction: nucleic acids,
viral proteins, and viral lipids, if any (Fig.) [22, 30, 31]. The
latter are an additional target for ROI, and, consequently,
such viruses with a lipid and/or protein shell are usually
more sensitive to photodynamic effects [22].

Review of the findings of clinical studies of PDT of
erythroplasia of Queyrat

In PDT performed in patients with erythroplasia of
Queyrat, the photosensitizer used is usually 5-aminolev-
ulinic acid (5-ALA) or 5-ALA methyl ether [32]. Both 5-ALA
and its methyl ether are used locally, in the form of an
ointment, which is applied to the affected area as a layer
of 1 -3 mm. The exposure time of the ointment in differ-
ent studies was from 3 to 5 hours. Almost all researchers
noted pronounced pain syndrome in patients during ir-
radiation; the majority of other adverse reactions report-
ed were dysuria, edema of the irradiated tissues and the
development of erythema.

The effectiveness of PDT in erythroplasia of Queyrat
varies widely in different studies and clinical observations.

A group of researchers from Sweden published the
results of a long-term follow-up of 2 patients with eryth-
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roplasia of Queyrat after PDT with local application of
20% 5-ALA ointment [33]. One patient was administered
3 courses of PDT, the other, 8 courses. The light dose of
each irradiation session was 40-65 J/cm?, and the pow-
er density was 40-65 mW/cm? The immediate result of
treatment in both patients was evaluated as a complete
regression. The follow-up period after treatment was 35
and 40 months. During this time, no recurrence of the
disease was registered.

A successful clinical follow-up of a patient with eryth-
roplasia of Queyrat was performed after one course of
PDT at P. A. Hertsen Moscow Oncology Research Center
[34]. Irradiation was performed once after a 5-hour expo-
sure to the ointment with 5-ALA. The light dose was 150
J/cm?. The patient was followed up for 1.5 years, with no
relapse observed.

Literature provides reports of less successful re-
sults of treatment of erythroplasia of Queyrat using
PDT with 5-ALA. Researchers from the University
Hospital of Wales and the Royal Gwent Hospital (UK)
report a clinical follow-up of a patient with eryth-
roplasia of Queyrat after 3 courses of PDT with 20%

5-ALA ointment. The exposure time of the ointment
was 4 hours, and the light dose was 105 J/cm? [35].
The courses were administered with one month in-
tervals between them. After the third course of PDT,
the result was evaluated as a regression of the tumor.
However, the researchers noted the occurrence of
erythema which remained at the site of irradiation.
4 months after the completion of PDT, on the back-
ground of the administration of 5-fluorouracil, a neo-
plasm was diagnosed at the same place, and a focus
of squamous cell cancer was detected during histo-
logical examination.

In early 2020 Q.N. Jia et al. reported a clinical follow-up
for a patient with erythroplasia of Queyrat who received
2 courses of PDT with 20% 5-ALA ointment. The exposure
time to the ointment was 4 hours, the light irradiation
dose was 37 J/ cm?, the irradiation time was 20 minutes
[36]. The interval between the courses was 2 weeks. The
visit that followed resulted in the discovery of a nodule
on the previously treated area of the penis, and the pa-
tient was diagnosed with squamous cell cancer based on
a histological examination.
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There are numerous reports in the literature about
the treatment of erythroplasia of Queyrat by PDT with
5-ALA methyl ether.

In 2005, researchers M. R. Lee and W. Ryman [37] de-
scribed a clinical case of successful use of PDT with 5-ALA
methyl ether. Light irradiation was performed after a
3-hour exposure to the cream with 5-ALA methyl ether. The
applied layer of cream was 1 mm thick, and 1 g of cream
contained 160 mg of the active substance. The radiation
wavelength was 630 nm, the light dose was 37 J/cm?, and
the power density was 70 to 100 mW/cm? The duration
of follow-up was 18 weeks, during which no relapse was
detected. Further follow-up was discontinued due to the
patient’s death unrelated to the principal disease.

P. G. Calzavara-Pinton et al. presented the results of
a large-scale retrospective study of the effectiveness of
5-ALA methyl ether in 145 patients with tumor, pre-tu-
mor and infectious diseases treated in 20 dermatologi-
cal departments and clinics in Italy [38]. In particular, the
study evaluated PDT results in 8 patients with erythropla-
sia of Queyrat. Irradiation was performed after 3-4-hour
exposure of the cream with 5-ALA methyl ether (160 mg
of the active substance in 1 g of the cream, applied in 1
mm thick layer). The radiation wavelength was 630 nm,
and the light dose was 37 J/cm?. In 5 out of 8 patients,
the result of the treatment was evaluated as a complete
regression. As the follow-up showed, 2 of these 5 patients
later had a relapse.

A group of researchers from Italy presented the re-
sults of PDT with 5-ALA methyl ester of erythroplasia of
Queyrat in 23 patients [39]. The treatment included 2
courses of PDT with an interval of 1-2 weeks. A cream of
5-ALA methyl ether (160 mg of active substance in 1 g
of cream, 1-mm thick layer) was applied to the affected
area. The exposure time was 3 hours, after which red light
irradiation was performed. The light dose was 37 J/cm?.
Complete regression was obtained in 19 patients, with a
follow-up period of 8 to 30 months without relapse (18
months on average). In 3 observations within 3 months
after PDT, a relapse of the disease was registered, and 1
patient was found to have fibrosis at the site of irradia-
tion. The cosmetic result in the majority of patients was
evaluated as excellent, 4 patients had hyperpigmenta-
tion at the PDT site.

Skroza N. et al. report a case of successful PDT treat-
ment with 5-ALA methyl ether in a patient with long-
term erythroplasia of Queyrat [40]. A complete clini-
cal response, confirmed by postoperative biopsy, was
achieved after 5 weekly courses of treatment. In the
course of therapy, moderate edema, erythema and pain
were registered within 5 to 7 days after each course of
PDT; no problems with urination were observed.

Chinese researchers described the experience of PDT
with 5-ALA in 7 patients with erythroplasia of Queyrat [41].
The exposure time of the ointment was from 3 to 5 hours,

the light dose: 80-100 J/cm?, the power density: 60 mW/
cm? Patients were given from 2 to 7 courses of PDT with
an interval of 2 weeks. In 6 out of 7 patients, regression of
the pathological process was achieved, while the authors
made a special note a good cosmetic effect and complete
absence of scars. In 1 case, complete regression could not
be achieved due to the initially significant area of the le-
sion, which spread over 90% of the surface of the penis.

L. Feldmeyer et al. report the results of long-term
follow-up of 11 patients with erythroplasia of Queyrat
treated with PDT at the University Clinic of Zurich [42].
As a photosensitizer, 5-ALA methyl ether was used in the
form of 16% ointment with an exposure time of 3 hours.
The light dose for each course of PDT in all patients was
75 J/cm?2. As a result of treatment, 3 out of 11 patients had
a complete regression of the tumor, with no relapses dur-
ing the entire follow-up period of 1.5, 24 and 51 months
after the final course of PDT. The number of courses was
19,7 and 11, respectively, and the interval between them
was 1 to 48 weeks.

In 4 patients after 5 to 16 courses of PDT, the immedi-
ate effect of treatment was assessed as a partial regres-
sion, which persisted for 2 to 45 months with a follow-up
period of 4 to 45 months. Later, 2 of these patients were
found to have complete regression of the neoplasms af-
ter 20 and 45 months of follow-up without any further
therapy. In 4 of 11 patients, the progression of the disease
was registered after 2 to 4 courses of PDT.

LY. Park et al. report the results of clinical observation
of a patient with erythroplasia of Queyrat after 10 courses
of PDT with 5-ALA methyl ether [43]. The exposure time
of the ointment was 3 hours, the light dose was 37 J/cm?,
the power density was 70-100 milliwatt/cm?. The result
of the treatment was estimated as a partial regression.
In this connection, treatment with 5% Imiquimod cream
was continued. After 4 months, a continued growth of
the neoplasm was diagnosed, and a histological exami-
nation revealed squamous cell cancer.

A team of Russian authors reports on the experience
of successful use of PDT with local application of 5-ALA
methyl ether [44]. The patient underwent 2 courses of
PDT with an interval of 1 week. The exposure time of the
ointment was 3 hours, the light dose, 37 J/cm?. The result
of treatment 3 months after the second course of PDT
was evaluated as a complete regression.

Conclusion

Thus, literature describes a significant number of
cases of successful treatment of erythroplasia of Quey-
rat with the use of PDT with 5-ALA and its methyl ester.
However, no fundamental studies of the mechanisms of
antiviral action against HPV and photocytotoxic action or
the assessment of the contribution of these two mecha-
nisms to the overall therapeutic effect in the treatment of
this pathology by PDT have been conducted.
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PHOTODYNAMIC THERAPY OF PENILE CANCER
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Abstract
In this article we submit the case report of a patient with cT1NOMO penile cancer diagnosis. The patient underwent two courses of photodynamic
therapy (PDT) using Fotoditazin photosensitizer (PS) and ATKUS-2 diode laser. The PS was administered at a dose of T mg/kg of body weight
2 hours prior to the PDT session. The irradiation parameters were: 662 nm laser wavelength, 200 mW/cm? power density and 250 J/cm? energy
density. In the presented clinical observation, we demonstrated that PDT is an effective and safe treatment method in patients with non-invasive
penile cancer. The use of photodynamic therapy allowed preserving the physiological urination, sexual function and achieving a good cosmetic

effect.
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Pesiome
B paHHOM cTaTbe MpefCcTaBneHO KNVHUYECKOe HabnoeHVe 3a MaLyeHTOM, MMEIOLLMM AUarHo3: pak nonosoro yneHa cT1NOMO, kotopomy
6b110 NpoBefeHo 2 Kypca poToanHammnyeckon Tepanum (OAT) ¢ cnonb3oBaHueM $poToAMTa3MHA 1 AMOAHOTO Nnasepa «ATKYC-2». Dotoguta-
3UH B Ao3e 1 MI/Kr Maccbl Tefla BBOAWAW MauueHTy 3a 2 4 fo Havana ceaHca OIT. MNapameTpbl 061yUYeHWs: AnviHa BOSHbI U3fyYeHns 662 HM,
MAOTHOCTb MOLLHOCTY 200 MBT/CM?, MIOTHOCTb 3HEprum obnyyenmns 250 [Ik/cM?. B npeacTaBneHHOM KNMHNYeCKOM HabioAeHN Hamu Npo-
IeMoHcTpupoBaHo, uto OAT aBnseTca 3GpdeKTNBHbIM 11 6€30MacHbIM METOAOM JiIeYeHs Y MaLUeHTOB C HEMHBA3MBHbBIM PakoM MOJIOBOrO
uneHa. Micnonb3oBaHne OIT NO3BOAUNO COXPaHUTb GU3NONOrMYECKoe MoYencnyckaHve, MonoByto GYHKLMIO 1 JOCTNYb XOPOLLEro Kocme-

TUYeckoro apdeKTa.
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Penile cancer is a rare but aggressive malignancy. In
2017, penile cancer was diagnosed in 667 cases in Rus-
sia, which was only 0.24% of all newly diagnosed ma-
lignancies in men. However, over the past decade, the
incidence of penile cancer has increased by more than

50%, especially in the over 55 age group. In the absence
of specific treatment, the 5-year survival rate for this dis-
easeis 2.6% [1, 2].

In 95% of cases, penile cancer is a squamous cell carci-
noma [3]. The main predisposing factors of penile cancer
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are the presence of phimosis with chronic inflammation
(up to 60% of cases) and human papillomavirus types 16
and 18 (up to 50% of cases) [4-6].

With adequate treatment, the 5-year survival rate of
patients is up to 100% in stage | of the disease and up
to 88% in stage Il [7]. At these stages, it is possible to use
organ-preserving operations that allow patients to main-
tain their sexual function and have natural urination.

Currently, the question of the most preferred meth-
od of treatment for penile cancer has not been solved
due to the low prevalence of this disease. There are
conflicting data in the literature on relapse-free 5-year
survival in patients after organ-preserving and organ-
resecting surgery in penile cancer, but the analysis of
the results of most studies indicates a probability of lo-
cal relapse in 50-55% of cases when the penis was pre-
served [8-10]. However, organ-preserving operations
are the most preferable, since penectomy is associated
with physical and psychological discomfort for the pa-
tient. It should be noted that the occurrence of relapses,
subject to their timely diagnosis and treatment, does
not have a negative impact on the survival of patients
[10, 11].

According to current clinical recommendations, the
choice of treatment tactics for malignant diseases is
based on the localization, size and type of growth of the
primary tumor, categories T, N, M, and degree of anapla-
sia G [1].

Photodynamic therapy (PDT) is one of the most
promising methods of treating a range of oncological
and non-oncological diseases. PDT is a technology based
on a photochemical reaction that develops as a result of
the interaction of laser radiation and a photosensitizer
accumulated in pathological tissues.

Currently, PDT is effectively used for the treatment of
urological diseases such as penile cancer, bladder cancer,
benign prostatic hyperplasia, etc. PDT is also used in the
complex treatment of purulent wounds of the scrotum
and virus-associated diseases of the penis [12].

Experimental data indicate that the main factors of
tumor destruction in PDT are the following components:
damage and death of tumor cells, destruction of the mi-
crocirculatory bed of the tumor, inflammatory response
and immune response of the body [13].

In April 2019, patient K., aged 42, was hospitalized
to the Central Clinical Hospital No. 2 named after N. A.
Semashko with a referral diagnosis of penile cancer.

For several years before that, the patient had noted
the presence of a slight scarring of the foreskin. In Feb-
ruary 2018, he first noticed the appearance of redness
of the balanus, and visited a urologist at his place of
residence, where he was diagnosed with balanopos-
thitis and prescribed conservative therapy. The patient
underwent the prescribed treatment, but it was not ef-
fective.

In early 2019, the patient noted progression of the
disease which appeared as a space-occupying lesion on
the balanus and the foreskin. The patient was repeatedly
consulted by the urologist. With a referral diagnosis of
penile cancer, he was hospitalized to the Central Clinical
Hospital No. 2 named after N. A. Semashko.

Upon admission, his local status included scarring of
the foreskin, on the balanus, closer to the coronal sulcus;
two lesions, up to 15 mm in diameter of bright red color
with an exophytic component up to 5 mm, with a partial
transition to the inner leaf of the foreskin, were observed;
no infiltration of the spongy body was observed, the ure-
thra was intact, and the inguinal lymph nodes were not
changed (Fig. 1).

A biopsy of the neoplasm was performed, which
was described as a result of histological examination as
a fragment of mucosa with the growth of a moderately
differentiated squamous cell cancer with a tendency to
keratinization. In a comprehensive examination, which
included MRI of the pelvic organs, CT of the abdominal
cavity and chest, no data for the damage of regional
lymph nodes or the presence of distant metastases were
found in the patient.

Taking into account the stage of the disease and the
absence of tumor dissemination signs, the oncological
council decided to resort to a combined organ-preserv-
ing treatment: PDT of the penis with subsequent circum-
cision.

The patient underwent PDT with the use of Photodi-
tazine (OOO “VETA-GRAND’, Russia, registration certifi-
cate No.JIC 001246 dated 18.05.2012) and an “ATKUS-2"
diode laser (AO “Poluprovodnikovyie Pribory’, Russia). 2
hours before irradiation, the patient was administered
Photoditazine, at a dose of 1 mg/kg of body weight.
During the manipulation, the focus was affected by
laser radiation with a wavelength of 662 nm, a power
density of 200 mW/cm?, and an irradiation energy den-
sity of 250 J/cm?,

Due to the presence of two lesions, the session was
conducted with the use of a polypositional method. At
the second stage of combined treatment, the patient un-
derwent circumcision. The surgical material was sent for
morphological examination. According to the histologi-
cal conclusion, the tissue featured a growth of moderate-
ly differentiated squamous cell cancer with a tendency
to keratinization, with an invasion into the subepithelial
base of up to 1 mm, and a negative surgical margin.

The immediate effect of this technique was observed
after PDT: a demarcation line began to form, and hemor-
rhagic necrosis of the affected tissues appeared (Fig. 2).

On the day after the surgery, the demarcation line
was clearly visualized. A skin slough formed on the right
half of the balanus (Fig. 3).

The post-surgery period proceeded smoothly. At
the control examination after 1 month, the patient
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Puc. 1. KnMHuyecKas KapTuHa Ao onepauuu
Fig. 1. Clinical picture before the operation

Puc. 2. KnMHuyecKkas KapTuHa nocne onepauuu
Fig. 3. Clinical picture after the operation

Puc. 3. KnMHuyecKkas KapTuHa, 1-e CyTKM nocne onepauumn Puc. 4. KnvHuyecKkas KapTuHa, 25-e CyTKM nocne onepauuu
Fig. 3. Clinical picture, 1 day after the operation Fig. 4. Clinical picture, 25 days after the operation
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Puc. 5. KnuHnyeckas kKapTUHa, KOHTPO/b Yepes 2 Mec
Fig. 5. Clinical picture, control after 2 months

Puc. 6. KnMHnyeckasa KapTuHa, KOHTPO/b Yepe3 1 mec nocne
2-ro Kypca ®A4T
Fig. 6. Clinical picture, control 1 month after the second PDT course
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showed good healing of the postoperative defect on
the right (Fig. 4). A control cytological study was per-
formed from the zone of the worst healing. Conclu-
sion: cells of the squamous epithelium with signs of
inflammation.

During the control examination after 2 months,
the patient showed complete healing of the surgery
area, without visible cosmetic defects. However, on
the left side of the balanus, a modified area measur-
ing 5 mm in diameter was observed (Fig. 5). To ex-
clude the continued growth of the tumor, a cytologi-
cal study was performed. No data were obtained for
the presence of tumor cells. The clinical situation was
discussed at the oncological council. Taking into ac-
count the clinical picture and high aggressiveness of
the penile cancer, it was decided to administer a sec-
ond course of PDT.

The patient underwent a repeated course of PDT with
the use of the method described above. During a control
examination 1 month after the second course, a com-
plete regression of the neoplasm was confirmed, and no
cosmetic defects were observed (Fig. 6).

In our account of the clinical observation, we have
demonstrated that PDT is an effective and safe method
of treatment in patients with non-invasive penile cancer.
This method does not involve any serious operational
risks.

The use of PDT allowed for the preservation of physi-
ological urination and sexual function, and it also pro-
duced a good cosmetic effect.
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CTpaHbl (BblpaBHVIBaHKE MO LIEHTPY, Ha3BaHWA opra-
HM3aLMI JOMKHbI ObITb aHbl B COOTBETCTBMM C IaH-
HbiMY nopTana e-library, B ciyyae HeckonbKumx opra-
HM3auMn nepep Ha3BaHMeM KaX[oWn YKasblBaeTcA
NopsAAKOBbIN HOMEpP B popmMaTe BEPXHErO UHAEKCA
1 nocsie GaMuInMm Kaxkgoro aBTopa Tak»Ke BEPXHUM
WHOEKCOM 0603HauyaeTcsi ero MpPUHAAIEXHOCTb K
onpepenieHHo opraHr3aLumM U OpraH1M3aunam);

* pe3iomMe CTaTby B HECTPYKTYPUPOBaHHOM Bue (6e3
Bblle/IeHUs1 OTAENbHbIX pa3aenos) obbemom 150-
200 cnos;

* knoueBsble cnoBa (5-10 cnos);

® KOHTaKTHYI0 MHbOPMaLuio AniA 06LeHUs YnTaTenen
C OTBETCTBEHHbIM aBTOPOM A5 NyOnunKauum B CBO-
6ogHOM pocTyne (e-mail);

® (CCbIIKY Ha CTaTblo 4J1A LUTUPOBAHUS.

Ha aHrnuiickom A3bike Heobxogumo npony6nupo-
BaTb: pamMunvio 1 MHMUMANbl aBTopa(oB), Ha3BaHMe CTa-
TbU, aHHOTALMIO, K/OUYEBbIE CJI0BA.

B TekcTe cnepyeT UCMNonb30oBaTb TONIbKO 0OOLWenpu-
HATble coKpalleHusa (abbpeswmatypbl). He cnepyeT npu-
MEHATb COKpALLEeHMA B Ha3BaHUW CcTaTbu. [MonHbIN Tep-
MWH, BMECTO KOTOPOIrO BBOAWTCA COKpaLlleHwue, ciegyet
pacwmndpoBbIBaTL NPU NEPBOM YNOMUHAHWMN €r0 B TEK-
cTe (He TpebyioT pacmMdPOBKN CTaHAAPTHbIE eAVHMLb
N3MepeHna N CUMBOJIbI).

Mpu npeacTaBneHUN pesynbTaToB CTaTUCTUYECKOTO
aHanv3a fJaHHbIX 06s3aTenbHbIM ABMSETCA YKa3aHue
MCMONb30BAHHOIO MPOrpPaMMHOro MNaketa 1 ero Bep-
C1K, Ha3BaHWUI UCMONb30BAHHbIX CTAaTUCTUYECKNX METO-
[OB, NpUBELeHNe ONUCaTENbHON CTAaTUCTUKN N TOUHbBIX
YPOBHEW 3HAUMMOCTV MPU NPOBEPKE CTATUCTUUYECKMX
runotes. [1na OCHOBHbIX pe3yNnbTaToB MCCefoBaHWA
peKoMeHAyeTCA PaccUnTbiBaTh JOBEPUTESNIbHbBIE UHTEP-
Basibl.

EauHnLbl n3mepeHna Gpu3MUeCcKnx BeNNYUH, rema-
TONornyeckre, broxmmmuueckne v Apyrue rnokasartenu
BE/INYMH, MPUMEHsIEMble B MedWLVHE, OOJXKHbI npes-
CTaBNATbCA B €4VHULLAX METPUYECKON cncTembl (Mexay-
HapogHown cuctembl eguHny — CU). Mpun Ha3BaHUK pas-
JINYHBIX COEAMHEHUN HeoOXOAMMO WCMOb30BaTb Tep-
muHonoruto UIOMAK.

Tabnuupl, PUCYHKN 1 TEKCT JOMKHbI OMONHATb JpYr
Zpyra, a He [y6nmpoBaTb.

Ncnonb3yembii B CTaTbe MANOCTPATUBHBIN MaTepuan
(boTorpaduu, pucyHKU, YepTeXxu, ArMarpaMmbl) LOJKeH
ObITb KOHTPACTHbIM, PUCYHKM — YeTKumn. Ha mrukpodo-

MA LR EINAA BIRDIREDBS

A DO PAAA
VI TP

BIOMEDICAL PHOTONICS T.9, N2 1/2020

47



Q4
S,
§
%
<
0
&
T

Torpadurax HeobxoANMO yKa3zaTb MeTO[ OKPACKN, YBENU-
yeHue. Bce nognucuy, ucnonbsyemble B CXxeMax, rpadpukax
W T.0., @ TaKXKe Ha3BaHUsi PUCYHKOB [JOKHbI ObITb Mpoay-
6nMPOBaHbI Ha AHITIMIACKOM A3bIKe Yepes “/".

Tabnvubl N PUCYHKN HYMEPYIOTCA B COOTBETCTBUU C
NMopsaAKOM UX UUTUPOBaHUA B TekcTe. Kaxgaa Tabnuua
[OJIXKHA MMETb KPaTKOe Ha3BaHMWE N UMETb CCbISIKA B TeK-
cTe. 3aronoBKu rpad AOMKHbI TOUHO COOTBETCTBOBATD X
cofepaHuto. Micnonb3oBaHHble B TabnyiLe COKpaLleHus
nogyiexaT paclndpoBKe B KOHLLE TabnmLbl.

Bbubnvorpadus nomkHa 6bITb NPrBEAEHA B KOHLE CTa-
Tbu 1 opopmieHa B cootBetcTBUM ¢ FTOCT P 7.0.5-2008,
B CAaMOM >Ke TeKCTe cJieflyeT yKa3blBaTb TONIbKO HOMep
CCbINIKM B KBaApaTHbIX CKoOKax undpamu. CCblikn Hyme-
pytloTcA B nopsagKe UMTUPOBaHuA. B cnucok nutepatypsl
He BKJIIOYaloT Heony6nmKoBaHHble paboTbl. He gonycka-
0TCA CCbINIKM Ha fuccepTauum, Te3ucbl, COOpHUKM KoHbe-
peHunin n aBTopedepatbl AUCCEPTALNIA.

3a TOYHOCTb 6UbNMOrpadun HeceT OTBETCTBEHHOCTb
ABTOp.

MprMep opopmneHmsa Cncka NUTepaTypbl:

1. MunpoHoB A.O. DoToanHamuyeckasa Tepanusa — HOBbIN
3bbEKTMBHBIN METOL ANArHOCTUKM 1 IeYeHns 3/10-
KauecTBeHHbIX onyxoneli // CopocoBckuii obpaszoBa-
TeNbHbIV XKypHan. — 1996. - N2 8. — C. 32-40.

2. KapmakoBa T.A., ®unoHeHko E.B., ®eodaHor A.B. n
COaBT. [IMHaMVKa HaKOMMeHUst W pacnpegeneHue
AJK-nHAyLumpoBaHHOro npoTonopoupuHa IX B TKaHM
6a3aNibHOKNETOYHOro paka // Poccuiickun brotepa-
neBTMYeCKNI XKypHan. — 2006. - T.5, N2 1. - C. 26.

3. Oyt K. CBoboaHble pagukanbl B 6uonoruu // nep.
caHr. - M.: Mup, 1979.-T. 2. - C. 96 — 150.

4. Castano A.P. et al. Mechanisms in photodynamic
therapy: part one - photosensitizers, photochemistry
and cellular localization // Photodiag. Photodynam.
Ther. - 2004. - Vol. 1. - P.279-293.

Bce cTatbu, noctynaiowme B pefakuuio, MPOXo-

OAT MHOFOCTYMeH4YaToe peLeH3MpPOoBaHWE, 3ameyaHuns

Tpe6oBaHua K othopMneHuto cTaTeii

peLeH3eHTOB HanpaBnsaTca ABTOpY 6e3 yKasaHna UMeH
peueH3eHTOB. [locne nofayvyeHuA peueH3un U OTBETOB
ABTOpa peakosnnerus NpuHUMaeT pelleHne o nybnuka-
Unn (U1 OTKITOHEHWI) CTaTbW.

Pepakuusa octaBnseT 3a co60i NpaBo OTKNOHUTb CTa-
TblO C HAaMpaBNEHVEM aBTOPY MOTVBUPOBAHHOIO OTKa3a
B NUCbMeHHoW dopme. OuepenHOCTb Nyb6nvKaumuy cTa-
Tell yCTaHaB/IMBAETCA B COOTBETCTBUM C PELAAKLMOHHbBIM
MIaHOM U3[aHUsA XypHana.

Pepakuusa xypHana ocTaBfisieT 3a Co60l NpaBo COKpa-
WaTb 1 pefakTMpPOBaTb MaTepuanbl cTatbu. Hebonbline
NCMPaBNIEHNA CTUINCTUYECKOTO, HOMEHKIIATyPHOro Uin
bopmanbHOro xapaktepa BHOCATCA B CTaTbio 6e3 corna-
coBaHusi ¢ aBTopom. Ecnu ctatba nepepabatbiBanacb
aBTOPOM B MpoLiecce NOArOTOBKU K Ny6/MKaLmm, faTon
MOCTYMN/IEHNA CYUNTAETCA AEHb NMOCTYIJIEHNA OKOHYATESb-
HOrO TeKCTa.

My6nukauua ctatel B KypHane 6ecnnaTtHas.

MNopaBasa ctatbio B Pepakumio »KypHana, ABTop nog-
TBEepXZaet, uto Pepakuum nepepaeTca 6GeccpouHoe
npaBo Ha odopmrieHue, nsgaHue, nepegavy MypHana
C onybnuKoBaHHbIM MaTepuanom ABTOpa Ans Lenen
pedeprpoBaHua cTaTel U3 Hero B NoObix basax AaHHbIX,
pacnpocTtpaHeHne KypHana/aBTOPCKUX MaTepuanos B
MeyaTHbIX 1 SNIEKTPOHHbBIX N3AaHNAX, BKITIOYas pa3meLle-
HMe Ha BblOpaHHbIX NMMH0 co3aaHHbIX Pepakumen cantax
B ceTu VIHTepHeT, B Luenax goctyna K nybnukauum noboro
3aMHTEPECOBaHHOro N1ua 13 nboro mecta n B noboe
BpEeMs, MepeBOA CTaTby Ha Nobble A3bIKM, U3JaHUe opu-
rMHana v nepeBofoB B JVOOM BUE 1 pacnpoCTpaHeHne
Mo TEPPUTOPUMN BCEFO MUPa, B TOM YMCIie Mo NOAMNUCKE.
ABTOp rapaHTUpPYeT, UTO CTaTbA ABMAETCA OPUTMHaNIbHbIM
npousBefeHneM 1N NCNONb3oBaHMe Pepakumen npepo-
CTaB/IEHHOTO VM aBTOPCKOrO MaTtepuarna He Hapywwut
npaB TPETbUX ML,

MpumeyaHue. NMpeAcTaBAEHWE CTaTbl AAA MyOAUKALMK
B XYypHaAe noppasymeBaeT cornacue ABTopa(oB) ¢ ony-
6AMKOBaHHbIMU MpaBUAAMMU.
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