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Abstract

Nowadays, the problem of malignant neoplasms management remains a priority task. To achieve further progress in cancer treatment, it is
necessary to focus on existing but still undervalued methods. One of these approaches is photodynamic therapy (PDT), which can be used in
combination with surgery as well as with other antitumor drugs without any risk of inducing cross-resistance. Being miner invasive and selective in
tumor targeting, and having no risk of complications, the technique is attractive for application in oncologic pediatrics as an innovation capable of
expanding the range of therapeutic techniques. The aim of the study was to investigate the effectiveness of intraoperative photodynamic therapy
in children with stage Ill-IV nephroblastoma. The study included 66 patients aged 0-11 years with stage lll and IV nephroblastoma. The patients
of the control group (35 children) underwent surgical treatment in combination with chemotherapy and radiation therapy according to the SIOP
protocol. The patients of the main group (31 children) underwent therapy according to the SIOP protocol, but in combination with intraoperative
PDT.The 5-year survival rate in the main group was 90.3%, in the control group - 71.4% (p = 0.05). The recurrence rate in the main group was 9.7%,
in the control group - 11.4%. Thus, high therapeutic efficacy of PDT during intraoperative irradiation of the tumor bed after its removal has been
demonstrated. The technique contributes to the increased survival rate of patients with retroperitoneal tumors, which is a promising method to
be used in pediatric oncological practice.
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DPPEKTUBHOCTb MHTPAOTNEPALUOHHOIO
NMPUMEHEHUA POTOANHAMMNYECKOMU TEPATNNU
B KOMITJIEKCHOM JIEMEHHUUN HEDPOBJIACTOMbI
11, Iv CTAOUUN Y OETEN
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'YenabuHckas obnactHas getckas knuHuyeckas bonbHuua, Yenabunck, Poccma
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Pesiome
Mpo6nema 60pbObI CO 3/10KAYECTBEHHBIMY HOBOOOPA30BaHMAMM OCTaeTCA NPYOPUTETHON AN COBPEMEHHOTO 06LlecTBa. 1A AOCTUXKeHWs
JarnbHeNLero Nporpecca B IeYEHUN OHKONOTMYECKIX 3a60n1eBaHNi HEOOXOAMMO aKLEHTUPOBATb BHUMaHME Ha CYLLeCTBYIOLMX, HO BCE elle
HeJOoOLUEeHEeHHbIX MeToAMnKaxX. O,ELHOIZ N3 TaKUX TEXHONOMUI ABNAETCA d)om,qvmammqecn(aﬂ Tepanuna (G)ﬂT), KOTOpaA MOXKEeT NCNOoJib30BaTb-
CA B COYEeTaHUn C XI/IpprVIHECKI/IM BMeLLaTeNbCTBOM, I'IpVIMeHHTbCﬂ C ,l]pyFI/IMI/I I'IpOTI/IBOOI'IyXOJ'IeBbIMI/I npenapaTaMM 663 pI/ICKa I/IH,quL[I/IVI
nepeKpecTHON pe3ncTeHTHOCTU. Manas UHBA3NBHOCTb, U36MPaTENIbHOCTb B MOPAXEHMU OMyXO0JN, OTCYTCTBME PUCKA OC/IOXKHEHWI AenatoT
MeToAUNKY anBneKaTeanon ANA NPpUMeHeHUA B OHKoneanaTpum Kak MHHOBaLuu, cnocobHom pacwmnpnTb AMana3oH NCNOoJIb3yeMbIX Tepa-
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neBTUYECKNX MeToANK. Lienbio nccnepoBanma ctano nsyyeHvie apdpexktnsHoct OAT y aetein c Heppobnactomo llI-IV ctagum npu nHTpaone-
PaLVOHHOM NpUMEHeHNI. B nccnepoBaHme BKIOUYeHbl 66 MaLneHToB B Bo3pacTte ot 0 ao 11 neT ¢ Heppobnactomo lII-1IV ctaguu. MNaureHTam
KOHTPOJIbHOW rpynmbl, BKOYaBLen 35 feTein, NPOBeAEHO XMPYypPruyeckoe feyeHme B KOMMIeKce C XMmoTtepanuen n iy4yeBon tTepanmen
no npotokony SIOP. MayneHTaMm 0CHOBHOW Fpynmbl, BKAoYaBLeln 31 pebeHka, npoBefeHa Tepanua no npotokosy SIOP, Ho B KoMGUHaLmu ¢
MHTpaonepavumoHHon OLT. 5-neTHsAA 06LLan BbXKMBAEMOCTb B OCHOBHOM rpynne coctauna 90,3%, B KOHTponbHoW — 71,4% (p = 0,05). YacToTa
pPeunanBoOB B OCHOBHOW rpynmne coctaBuia 9,7%, B KOHTposibHOW — 11,4%. MpeanoxeHHas MeToArKa KOMMIEKCHOTO fleYeHs 3abPIOLLNHHbIX
onyxosnen no npotokosny SIOP B KOMOVHaLMMN C MHTPaonepaLMoHHbIM GOTOANHAMUYECKM BO3LENCTBMEM Ha JIOXKE YAANEHHOWN Onyxonu y
[leTell NO3BONAET YNyULINTb Pe3yNbTaTbl ONEPATNBHOIO JIEUEHNA 1 YBENMYMBAET BbPKMBAEMOCTb MALMEHTOB C 3a6PIOLLNHHBIMI OMYyXONAMM.

MonyyeHHble AaHHble 06 S3GPEKTVBHOCTY AeNaloT METOANKY NePCNEKTUBHON ANA MPUMEHEHNA B AETCKON OHKOJIOTMYECKOW NPaKTMKe.

KnioueBble cnoBa: AeTckas Xxvupyprus, GoToarHammyeckas Tepanus, HeppobiacToma, PafaxaopyiH.
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Introduction

Even with all the latest technological advances,
childhood cancer remains a major global problem:
malignant neoplasms remain the leading cause
of childhood mortality, second only to external
causes. Approximately 3,500 children in Russia are
diagnosed with malignant neoplasms annually, which
is approximately 14-15 per 100,000 children [1,2].
Of particular importance in solving the problems of
pediatric oncology is the search for ways to improve
specialized medical care for children with malignant
neoplasms. The development and implementation of
high-tech innovations for the diagnosis and treatment
of cancer is a key task of modern medical research.

Wilms' tumor (nephroblastoma), a well-studied and
treatable childhood tumor, is a malignant embryonic
neoplasm of the kidney and the second most
common malignant tumor of the retroperitoneum
[3]. Nephroblastoma accounts for 6% of all childhood
cancers and is the most common kidney cancer in the
pediatric age group, occurring in 1 in 10,000 children
under 15 years of age [4-6].

Nephroblastoma can often remain asymptomatic
for a long time, with no specific symptoms. Nonspecific
symptoms such as loss of appetite, weight loss,
lethargy, weakness, fatigue, and abdominal pain are
frequently observed. Parents may not attach significant
importance to these symptoms, and the first clinical
manifestation is usually a palpable abdominal mass,
which is discovered incidentally [7]. With prolonged
tumor development, the tumor can reach large sizes,
which can include invasion of intrarenal blood and
lymphatic vessels, penetration of the renal capsule, and
invasion of the perirenal tissue, and can also lead to
tumor rupture [8,9]. These factors significantly worsen
the prognosis and reduce patient survival. In this regard,
the search for methods that increase the radicalism
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of surgical intervention and reduce the frequency of
relapses and metastatic lesions remains relevant.

One such method is photodynamic therapy (PDT),
which involves the administration of photosensitizers
(PS) capable of selectively accumulating in tumor
tissue. With specific laser exposure, PDT exerts its
antitumor effects, which are associated with a direct
cytotoxic effect on tumor cells, destruction of the
tumor's vascular stroma, and tumor elimination under
the influence of immune cells due to the induction of
an inflammatory reaction and the development of a
systemic immune response [10-12]. Numerous studies
have demonstrated that PDT can be used both before
and after chemotherapy, radiation therapy, or surgery
without compromising these treatment modalities.
None of the clinically approved PS accumulates in cell
nuclei (which could cause DNA damage and, therefore,
lead to carcinogenic effects), and they have no serious
side effects [13-15].

Most of the studies analyzing the therapeutic
efficacy and scope of PDT have been conducted in adult
oncological practice. Studies of domestic PS devoted to
the study of the kinetics of their interstitial distribution
have been performed to identify optimal treatment
regimens that allowed optimizing techniques and
setting PDT targets [16-19]. A significant advantage
of PDT as an adjuvant therapy and for intraoperative
intervention is its effective use in patients with a high
risk of local tumor recurrence after surgery [14].

However, despite the interest of researchers in PDT
and the active introduction of the method in adult
patients, data on the use of PDT in pediatric practice
are sparse. There are only isolated studies indicating
the high effectiveness of PDT use in pediatric oncology,
dentistry, ophthalmology, and dermatology [20-24].

Clearly, the anatomical and physiological
characteristics of children require the development of
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unique therapeutic methods, regimens, and schedules
tailored to their age and disease severity. We found
no literature on the use of PDT with radachlorin in the
combination therapy of retroperitoneal tumors in
children. Therefore, the aim of our study was to evaluate
the clinical efficacy of intraoperative PDT with radachlorin
in the treatment of nephroblastoma, addressing the
challenges of preventing metastasis and improving
survival in children with solid retroperitoneal tumors.

Materials and Methods

The study was conducted at the Surgical Department
and the V.. Gerain Regional Oncohematology Center
for Children and Adolescents of the State Autonomous
Healthcare Institution "Chelyabinsk Regional Children's
Clinical Hospital."

The study was approved by the local Ethics
Committee of the Chelyabinsk Regional Children's
Clinical Hospital (Protocol No. 17 dated March 20,
2015) and the Ethics Committee of the South Ural State
Medical University (Protocol No. 6 dated September 9,
2024). Patient participation in the study was voluntary.
The clinical study was conducted in accordance with
the scientific and ethical principles set out in the
Helsinki Declaration of the World Medical Association
and reflected in OST 42-511-99 "Rules for Conducting
Quiality Clinical Trials in the Russian Federation", ICH
GCP guidelines, and current regulatory documents. All
patients and their legal representatives were provided
with written information about the PDT technique
prior to the study. The physician conducting the study
provided detailed information on the PS administration
procedure to patients and their legal representatives.
Before the study, the legal representatives signed
an informed consent form confirming the patient's
voluntary participation in the study.

The inclusion criteria for the study evaluating the
efficacy of PDT for retroperitoneal tumors in children
were:

1) a diagnosed retroperitoneal tumor as an initial
condition;

2) a guaranteed voluntary, uninterrupted follow-up
period of 60 months (5 years) after surgery and PDT;

3) the presence of complete medical documentation,
including medical history, laboratory, and diagnostic
data.

The complete medical history, laboratory, and
diagnostic data were recorded in the patient's individual
medical record.

In order to ensure safety, the participants (doctors
and patients) used safety glasses with a light filter
during laser exposure. The procedure was performed
intraoperatively under anesthesia.

Statistical data processing was performed using
IBM SPSS Statistics 19. Qualitative analysis of the study

of stage Ill and IV nephroblastoma in children

groups was performed using cross-tabulation tables
and Pearson's x? test for significance. Differences were
considered statistically significant at p < 0.05, which
corresponds to a 95% probability of an accurate
prediction.

To analyze 5-year overall and relapse-free survival
data, Kaplan-Meier curves were constructed, calculating
the mean survival time, its standard error, and the 95%
confidenceinterval. The log-rank test was used to identify
statistical differences in the survival curves; differences
were considered statistically significant at p < 0.05.

The study involved 66 patients with nephroblastoma:
35 boys and 31 girls. The control group, which included
35 children, underwent surgery in combination with
chemotherapy and radiation therapy according to the
SIOP protocol. The study group, which included 31
children with stage Ill and IV disease, regional lymph
node metastases, and tumor pseudocapsule invasion,
received therapy according to the SIOP protocol
in combination with photodynamic therapy. The
distribution of patients into groups based on gender
and age is presented in Table 1.

The vast majority of patients in the study group
were young children, aged 0 to 3 years: 43 children
(65.2%). The proportion of preschool-age children,
aged 4 to 6 years, was 18 people (27.3%). Only 5 cases
(7.6%) of nephroblastoma were noted in patients aged
7 years and older. The ratio of boys to girls in the study
group of patients was 1.1: 1 - 35 boys (53.0%) and 31
girls (47.0%). Our data are consistent with the literature
[26-28], according to which retroperitoneal tumors
develop more often in children aged 1 to 3 years, and in
90% of cases the diagnosis is established before the age
of 7; without gender predominance.

As noted above, retroperitoneal tumors can be
hidden for a long time, during this period there is
a slow increase in the tumor. The primary tumor

Ta6nuua 1
XapaKTepUCTUKU NaLUEHTOB, BKIKOYEHHbIX B UCCNEA0-
BaHue

Table 1
Characteristics of the patients included in the study

OcHOBHas
rpynna
(n=31)

XapakTepmncTukmn
nalneHToB

KoHTponbHan
rpynna

(n=35)

Mon, n:

Gender, n:
My»KcKom/male 20 15
XeHckui/female 15 16

Bo3spacrt, n:

Age, n:
0-3 roga/years 24 19
4-6 net/years 10 8
7-12 net/years 1 4
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symptom complex is diverse in its manifestations,
associated with the influence of the tumor process on
the metabolism and immunity of the child. Often, in
patients with nephroblastoma, the only symptom is the
presence of a palpable tumor in the abdomen, which
is detected by chance. The neoplasm was palpable in
the abdominal cavity, causing an increase in abdominal
size and its asymmetry in the majority of children -
59 (89.4%). Intoxication syndrome was also noted
in patients: weakness, lethargy, decreased appetite
were experienced by 50 children (75.8% of the entire
analyzed group). Blood changes (hypochromic anemia,
leukocytosis, neutrophilia) were noted in 47 patients
(71.2%). Complaints of abdominal pain were presented
by more than half of the children - 37 (56.1%). Subfebrile
temperature was recorded in 21 children, which
amounted to 31.8%, and weight loss - in 9 children
(13.6%). Urine analysis changes, such as hematuria,
associated with tumor invasion into the renal pelvis and
subcapsular rupture of nephroblastoma, were detected
in 29 children (43.9%). Half of these children were
considered critically ill upon admission. Developmental
delays were observed in 16 patients (24.2%). Table 2
presents the pattern of primary clinical symptoms in
the study group.

All children included in the study group underwent
a series of mandatory diagnostic tests in accordance
with the clinical guidelines of the Russian Ministry of
Health.

To determine subsequent treatment strategies, risk
groups and disease stage were taken into account,
classifying tumors from stages | to V in accordance with
the recommendations of the International Society of
Pediatric Oncology (SIOP, 2001) [4]. The study group
included patients with stages lll and IV, while the
control group included patients with stages Ill, IV, and
V. PDT was performed in patients with stage Ill and IV
nephroblastoma (unilateral tumor, with metastases in
regional lymph nodes, and with tumor pseudocapsule
invasion).

Focal lung lesions, rounded solid lesions measuring
3-5 mm in size, classified as metastases, were detected
in 7 patients in the study and control groups (22.6% and
20.0%, respectively). Table 3 presents the distribution
of patients by disease stage according to the TNM
classification.

The treatment sequence for all patients was as
follows: neoadjuvant chemotherapy - surgery -
adjuvant chemotherapy. Patients were divided into
two groups based on the surgical treatment regimen.
Patients in the control group underwent surgery in
combination with chemotherapy and radiation therapy
according to the SIOP protocol. Patients in the study
group received therapy according to the SIOP protocol,
but in combination with PDT. This was modified by

adding postoperative photodynamic therapy to
the standard therapy, targeting residual tumor and
metastatic regional lymph nodes, as confirmed by
intraoperative imaging.

Thirty minutes before surgery, the patient, who was
in a darkened room, received an intravenous injection
of a chlorin e6-based PS solution (radachlorin) at a
dose of 1 mg/kg of body weight. The accumulation of
chlorin e6 in the patient's tissues was monitored using
the LESA-O1-Biospec laser electron-spectral system.
Intraoperative PDT was performed using a Lakhta-
Milon high-intensity laser (Russia): laser radiation
in the range of 0.1 to 0.8 W/cm?, light energy dose
of 400 J/cm?, wavelength of 662 nm. The irradiation
duration depended on the tumor size and averaged
20 minutes. A midline laparotomy was used as the

ORIGINAL ARTICLES

Ta6nauua 2
CTpPYKTypa OCHOBHbIX KTMHUYECKMX CUMIMTOMOB Y Nauu-
€HTOB UCC/IefyeMOM rpynnbl

Table 2
The structure of the main clinical symptoms in patients of
the study group

YacrtoTa
KnuHunyeckmne cumntTombli

BCTpevyaemMmocTu,

Manbnupyemas onyxosb B >K1BOTE

Palpable abdominal mass 59(89.4)
WNHTOKCMKaLMOHHBIN CHAPOM

Intoxication syndrome 50(758)
BboneBon cnHgpom

Pain syndrome e
M3meHeHnA B aHann3ax Kposu

Changes in blood tests 47(71.2)
lNoBbiLlWeHWe TemnepaTypbl Tena 21(31.8)
Increased body temperature ¢
M3meHeHuA B aHann3ax Moun

(rematypus) 29 (43,9)
Changes in urine tests (hematuria)

CHmXeHune Beca

Weight loss 9(13.6)
Ta6nauua 3

PacnpegeneHue nauneHToB no ctaguam TNM
Table 3

Distribution of patients by TNM stage

OcHOBHas
rpynna
(n=31)

MapameTp

KoHTponbHasa
rpynna
(n=35)

T3N1TMO, n (%) 28 (80,0) 24 (77 ,4)
TANTM1, n (%) 6(17,1) 7(22,6)
T5NTMT1, n (%) 1(2,9) =
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surgical approach. Following abdominal exploration,
a tumor nephroureterectomy was performed, and
the renal and inferior vena cava were examined for
tumor thrombosis. For disease staging, regional
lymph nodes were removed and sent for pathological
examination. After tumor removal, patients in the main
group underwent PDT on the resected tumor bed.
Postoperative 24-hour monitoring was conducted in
the oncology intensive care unit. Further treatment of
nephroblastoma depended on the stage, histological
type, and tumor volume, based on SIOP guidelines. The
individual stages of treatment are presented in Fig. 1-4.

Results

To evaluate the effectiveness of PDT, a Kaplan-
Meier analysis of patient survival in the study groups
was conducted based on the proportion of surviving
patients. The follow-up period was 5 years, during
which time examinations by a pediatric oncologist were
performed, laboratory parameters were monitored,
and imaging data were analyzed to rule out continued
growth and metastatic lesions, according to the clinical
guidelines of the Russian Ministry of Health. Based on
the data obtained, the mean survival times to death

Puc. 1. MynbTucnupanbHas KOMNbloTepHas Tomorpadus opraHoB
GPIOLLHON NMONOCTU U 3a6GPIOLIMHHOMO NpoCcTpaHcTBa, Hedpobna-
CTOMa JIeBOM NMOYKHU.

Fig. 1. Multislice computed tomography of the abdominal organs
and retroperitoneal space, nephroblastoma of the left kidney.

Puc. 2. BHewHui Bua peéeHka ¢ HeppobaacToMon: acummMmeTpus
JXMBOTA B CBA3U C HAIMYMEM KPYMHOM OMYyXO/N.

Fig. 2. The appearance of a child with nephroblastoma: abdominal
asymmetry due to the presence of a large tumor.

of stage Ill and IV nephroblastoma in children

and relapse were determined for patients in the control
and study groups (Table 4).

The graphical representation of the Kaplan-Meier
method were the overall 5-year and relapse-free
survival curves shown in Fig. 5-6.

A comparison of the study and control groups
revealed a significant difference in overall patient
survival. In the group receiving protocol-based therapy
without additional PDT, the number of deaths over 5
years of follow-up was 10, with a 5-year overall survival
rate of 71.4%. In the group of patients who received
PDT in addition to the main therapy, the number of
deaths over the 5-year follow-up period was lower (3
cases), with an overall survival rate of 90.3% (p = 0.05).

No significant differences were found in relapse-free
survival of patients with nephroblastoma depending
on the use of PDT: relapse was diagnosed in 3 children
(9.7%) in the study group and 4 children (11.4%) in the
control group (p = 0.82).

In the study group, relapse was detected in 3
patients, requiring repeat surgeries. Relapses were
associated with unfavorable tumor histology, severe
disease stage, and parental noncompliance with the
treatment regimen due to social problems. Analysis of

Puc. 3. PeB13usi GpIOLLHON MOJIOCTU C OMYyX0Jbio BO paHKe.
Fig. 3. Revision of the abdominal cavity with a tumor in the flank.

Puc. 4. PotoanHaMuyecKas Tepanus JoXxa onyxonu.
Fig. 4. Photodynamic therapy of the tumor bed.
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Ta6nuuya 4
3 PeKTUBHOCTb TEPANUN B OCHOBHOM U KOHTPO/IbHOM rpynnax (5-netHee HabnoaeHue) N
Table 4 LLl
Therapy effectiveness in the main and control groups (5-year follow-up) (__I)
MNMokasatenu a¢pPpeKkTMBHOCTN KoHTponbHas rpynna OCHOBHas rpynna -
(n=35) (n=31) o
<
—
5-neTHAA 06Lan BbPKMBAaEMOCTb, % 71,4 90,3 <C
5-year overall survival, % 7
Yucno netanbHbIX cyyaes, n (%) 10 (28,3) 3(9,7) -
Number of deaths, n (%) O
CpegHee BpemaA JOXKUTUA [0 NleTaNlbHOro ncxoda (m=SD), mec 54,7+2,9 57,1£2,9 oz
Mean survival time to death (m£SD), months O
95% AN 49,1-60,4 53,0-61,2
95% Cl
5-neTHAn 6e3peUnanBHasn BbIKMBAEMOCTb, % 88,6 90,3
5-year relapse-free survival, %
CpepHee Bpema JoXnUTUA A0 peungmsa (m+SD), mec 54,1+2,8 54,7+2,9
Mean survival time to relapse (m+SD), months
95% AN 48,6-59,6 49,1-60,4
95% ClI

Dynruus BeUKHBaHUs/Survival functions

1,01
—LT 1 | enr/eor

+ - 6e3 @)1/ without PDT

" DJIT (ueH3ypHpOBaHHBIE JaHHE
0,8 PDT (censored)

6e3 O/IT (1eH3ypHpOBaHHEIE)
without PDT (censored)

0.6

024 Puc. 5. O6wasa 5-neTHas BbDKMBaemMoCTb
nauueHToB uccneayembix rpynn ¢ Hedpo-
6nactomom (mec)

Fig. 5. Overall 5-year survival of patients

Kymynstuhas Bepkrnsaemocts/Cumulative survival

0,07 in the study groups with nephroblastoma
; " S N Y S S (months)
Bpemst, Mec. / time, mths
Dyukiums BebKHUBaHusA / Survival functions
1,00

L~ ®OIT/PDT
v 6e3 ®JT / without PDT

|, DJIT (nemsypuposarible jian
PDT (censored)

0,95+

0,904

4 6e3 ®/T (1eH3ypupOBaHHbIE
085 without PDT (censored)

0,757
0,704
0,657
0,60+

0,554

Kymynstusras Beikusaemocts / Cumulative survival

Puc. 6. BespeuuauBHas BbIKUBAaeMOCTb
nauueHToB ¢ HedpobnaacTomoin (Mec)
10 20 20 40 50 60 Fig. 6. Recurrence-free survival of patients
Bpems, Mec. / time, mths with nephroblastoma (months)

0,507

o
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relapse rates prompted a more thorough assessment
and monitoring of the child's outpatient care.

Discussion

As previously reported, there are isolated studies on
the use of PDT in pediatric practice [20-24]. No reports
on the use of PDT in the treatment of retroperitoneal
tumors in children were found. In our study, we relied
on the results of a preliminary experiment, during
which a PDT regimen and protocol were developed [29].
Radachlorin, a second-generation chlorin e6-based
photosynthesis agent, was used as the photosynthesis
agent. This agent exhibits greater selectivity
for accumulation (compared to first-generation
photosynthesis agents), resulting in greater tumor
penetration depth, preservation of surrounding tissue
during irradiation, and low cutaneous phototoxicity.
Publications by a number of authors demonstrate good
clinical efficacy of PDT using chlorin e6-based PS in the
treatment of tumors of various localizations. Thus, in the
work of T.E. Sukhova [30], the response of basal cell skin
cancer in its various clinical forms, stages, histological
types, course and localization to PDT with intralesional
administration of radachlorin and photoditazine was
studied. At the same time, PDT with radachlorin allowed
to significantly improve the results of treatment of the
ulcerative form of the tumor compared to PDT carried
out using photoditazine (92.8% and 77.8%, respectively,
p < 0.05). Another research group: E.V. Filonenko et al.
[31] used radachlorin in the treatment of precancerous
and tumor diseases of the cervix with good clinical
results: complete tumor regression was achieved
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in 86.7% of patients. It is important that no adverse
reactions to the administration of the drug radachlorin
and PDT were detected during or after treatment.

L.A. Vashakmadze et al. reported the intraoperative
use of radachlorin in patients with a high risk of
local tumor recurrence after surgical treatment [32].
Intraoperative photodynamic therapy with photohem,
radachlorin, and photoditazine was performed in 17
patients with morphologically confirmed resectable
primary or recurrent retroperitoneal tumors. The tumor
bed was irradiated after its complete removal within the
healthy tissues from one or more positions, depending
on the location of the tumor foci. The researchers noted
arelapse of the disease after intraoperative PDT in 6 of 17
patients within 2 to 6 months. Importantly, the authors
noted the development of local relapses in patients who
received intraoperative PDT at the stage of practicing the
technique, selecting modes, and the radiation dose. The
researchers drew conclusions about the safety of PDT and
the affinity of the used PS for the tissue of retroperitoneal
sarcomas. The work of this research group was the most
interesting and similar in structure to our study.

Conclusion

The proposed method of comprehensive treatment
of retroperitoneal tumors using the SIOP protocol
in combination with intraoperative photodynamic
therapy at the tumor bed in children improves
surgical outcomes and increases survival in patients
with retroperitoneal tumors. The obtained efficacy
data make this method promising for use in pediatric
oncology.
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