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«l0)XHO-Poccuiickuii OHKONOrM4YecKmii ypHan»: npodeccuoHanbHoe
MeZMLMHCKOE U3faHue. B HeM ny6iuKyITCS HOBOCTU MeAULMHCKOTO
1 hapMaLLeBTMYECKOro COOBLLECTB, HayYHO-NPAKTUYECKMUE CTaTbU AN
LieneBoil ayAUTOPUM - BPayeii-OHKONOTOB. Pefjakuus XypHana CTaBuT
CcBOei 3afayeil NoMynspu3aLmMio Hay4yHO-MCCNeR0BATENbCKUX PaboT U
LOCTWXEHNI oHKonoros l0xHoro depepanbHoOro okpyra, aHanus npo-
Lecca rny6okoii peopraHusauum 3fpaBooxpaHeHus B Poccuu. Pepak-
LiMs MpUrnallaeT B KayecTBe aBTOPOB BCEX, KTO ULLET U HAXOAUT UHTE-
PECHbIE PelleHns MHOTOrpaHHbIX 3aay, CTOALNX Nepes, COBPEMEHHOI
MeANLIMHOM, U XOUeT NoAeNUTLCA CBOUMMU MbICAAMU W HABNIOAEHUAMY
C Koineramu.
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ORIGINAL ARTICLE

THE NUMBER OF CANCER STEM CELLS IN THE TUMOR TISSUE AND
PERIFOCAL TISSUE OF NON-MUSCLE INVASIVE BLADDER CANCER

L. I. Belyakova™, A. N. Shevchenko, A. B. Sagakyants, E. S. Bondarenko, 0. G. Shulgina, E. P.
Ulyanova, E. V. Filatova, I. A. Khomutenko

South Russian
Journal of Cancer
H0xHo-Poccuitckuit
OHKO/IOTUYECKMI XKypHan
Vol. 3
No. 1, 2022

National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
B drlbelyakova@yandex.ru

ABSTRACT

Purpose of the study. Determine the content of cancer stem cells (CSCs) in the tumor tissue (TT) and perifocal tissues (PT)
in muscle-non-invasive bladder cancer.

Materials and methods. We've examined fragments of TT and PT of 7 muscle-non-invasive bladder cancer (NMIBC) after
surgical intervention — transurethral resection of the urinary bladder (TUR). In tissue samples that were used to obtain cell
suspension of TT and PT using the BD Medimachine apparatus (BD, USA) was treated with monoclonal antibodies CD45-APC-
Cy7, CD44-FITC, CD133-PE, CD24-PE (BD, USA) and were assessed on flow cytometer FacsCantoll (BD, USA). The percentage
of cells with CSC phenotypic markers was determined in the analysis sample: CD45-CD44+*CD24*, CD45-CD44*, CD45-CD24*,
CD45-CD133*, CD45-CD44+*CD133*. The presence of significant differences in the groups was evaluated using the STATISTICA
13 software package and the differences between the samples were considered significant at p < 0.05. The percentage of
cells of the corresponding phenotype was calculated relative to the total number of cells. The percentage of cells with the
corresponding phenotype was calculated relative to the total number of cells.

Results. The relative numbers of cells with CSC phenotypic markers, such as CD24, CD44, were 77 % and 58 % higher in TT
thanin PT: 18.3+3.5vs. 4.3+2.1,p<0.044 and 15.5+ 5.3 vs. 6.5 + 0.8, p < 0.043, respectively. The number of CD133* cells
was 83 % higher in PT comparedto TT—41.6 + 12.1 vs. 22.7 + 7.6, p < 0.047.

Conclusion. The study of CSCs is a promising direction for the study of oncogenesis and can be used to assess the nature
of the further development of relapse and / or progression of the disease, as well as various therapeutic approaches that are
aimed at eliminating with CSC phenotypic markers and blocking the pathways leading to the emergence and maintenance of
this cell population in patients with NMIBC.

Keywords:
non-muscle-invasive bladder cancer, cancer stem cells, perifocal tissues
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OPUTUHATIbBHASA CTATbA

OTHOCMTENBHOE COAEPXXAHUE ONYXONEBBIX CTBONOBBIX KJIETOK B TKAHK
0nyxoau U NEPUTYMOPANIbHOM 30HE MbILUEYHO-HEMHBA3UBHOIO PAKA
MO4EBOIO NY3bIPA

N. W. benakoBa™, A. H. llleBueHko, A. b. CaraksHu, E. C. bonpapenko, 0. I. Lynbruxa,
E. M. YnbsiHoBa, E. B. ®unartoBa, U. A. XomyTeHko

HMWL, oHkonorum, r. PoctoB-Ha-[loHy, Poccuiickas Gegepauus
B drlbelyakova@yandex.ru

PE3IOME

Lienb uccnepgoBanus. OnpefenuTb cofiep)XaHue onyxoneBbIX KeToK ¢ heHoTUnom cTBosoBbix (OCK) B TKaHW onyxonu
1 NepUTyMOpasnbHOM 30He NpU MbllLeYHO-HEMHBA3WBHOM pake MoyeBoro ny3bips (MHUPMIT).

Martepuanbi u MeTogbl. UccnepoBaHbl hparMeHTbl onyxoneBoi TkaHu (OM) u TKkaHW nepuTymMopasnbHoi 3oHbI (M3) 7 na-
LIMEHTOB C BMepBble BbISIBIEHHbIM MbILLIEYHO-HEUHBA3WBHbBIM PakoM Mo4yeBoro ny3sbips (MHUPMI) nocne nposefieHus
onepaTMBHOro BMeLLaTeNbCTBa B 06beMe TPaHCypeTpasibHOM pe3ekLumun MoyeBoro ny3sbips (TYP). B o6pa3uax TKaHei, Ko-
TOpble UCMONb30BaUCh AJIA NONYYEHNUs KIeToUHo cycrneHaum O u M3 ¢ noMouwbio annapaTta BD Medimachine (BD, USA),
C UCMONb30BaHMEM MOHOK/OHaNbHbIX aHTUTeNn CD45-APC-Cy7, CD44-FITC, CD133-PE, CD24-PE (BD, USA), ocywiecTensnm
onpegeneHne heHOTUMNYECKMX XapaKTEPUCTUK KNETOK Ha MPOTOYHOM LuTomeTpe FacsCantoll (BD, USA). B aHanuaupye-
MbIXx o6pa3Lax onpesenssim NPoLEHTHOe cofepXXaHne KneTok ¢ peHoTunom cteonoBbix: CD45-CD44*CD24+, CD45-CD44,
CD45-CD24*, CD45-CD133*, CD45-CD44*CD133*. Hannune AOCTOBEPHOCTU pasnyuii B rpynnax oLeHnBsany npyu nomMoLLm
nporpaMmHoro naketa Statistica 13, pasnuuusa mexxay BbI6opkaMu cunTanu ocToBepHbiMU npu p < 0,05. PacyéTt npoueHT-
HOro cofiepXXaHue KJ1eToK COOTBETCTBYHoLLEero GpeHoTHNa NPOM3BOAMICS OTHOCUTENBHO O6LLLEro Yncna KneTok.
Pesynbratbl. OTHOCUTENBHOE COoEPXXaHMe KIETOK, uMerownx peHoTunnyeckne mapkepbl OCK Takune kak CD24, CD44,
B Ol 6611 Ha 77 % 1 58 % 6onblue, YyeM B 13, cooTBeTcTBeHHO 18,3 + 3,5 npoTne 4,3 + 2,1, p < 0,044 15,5 + 5,3 npoTue 6,5
+ 0,8, p = 0,043. KonnyectBo CD133* — kneTok okasanocb 6osblue Ha 83 % B 13 no cpaBHeHuto ¢ O - 41,6 + 12,1 npoTuB
22,7 +7,6,p<0,047.

3akntoyeHue. i3yyeHne onyxonesbix CTBOSIOBbIX K/IETOK B HACTOsILLee BPeMSA ABNAETCA NepCneKTUBHbIM HanpasieHnem
AN U3yYeHUs pa3BUTHSA 3N10KaYECTBEHHOMO NpoLecca U MOXET BbITb MCMOMb30BaHO AN MPeAVKLMK U OLLeHKK XapakTepa
JanbHeNLwwero pasBuTUS peLnanBa u/wnv NporpeccupoBaHnsa 3a6oneBaHus, a Takxke, B fanbHeiLeM, ANia NpUMeHeHUs
pasnUYHbIX NOAXOLOB Tepanuu, KoTopble 6yAyT HanpaB/eHbl Ha YCTPaHEHWE KIIETOK ¢ PEHOTUMNOM CTBOJSIOBbIX U 6JTOKUPO-
BaHWs NyTeil, KOTOpble NMPUBOAAT K BOSHUKHOBEHUIO 1 NOALEPXKAHMIO JaHHOW MONyNALMM KNeToK y 60nbHbIx ¢ MHUPMI.
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Bladder cancer (BC) is one of the main prob-
lems in the structure of the general oncourological
morbidity accounts for 4.6 %, inferior to malignant
kidney formations [1; 2]. Without appropriate and
timely assistance, this malignant neoplasm (MN)
can lead to severe disability and a significant dete-
rioration in the quality of life of patients. About 400
thousand new cases of the disease are registered
annually in the world [3]. BC is on the 7th place in
the structure of cancer incidence in men and 17th
place in women in the world [2]. In the structure of
the general (both sexes) oncological morbidity in
Russia, BC occupies the 13th place (2.7 %), in men
this pathology occupies the 9th place (4.6 %), and the
16th in women, thereby forming a fairly significant
group of malignant neoplasms of the genitourinary
system, accounting for 25.1 % of all MN. The average
age of men who became ill in Russia is 66.7 years,
women — 68.8 years [4]. In 2020 1,594 people with
newly diagnosed BC were registered in the Southern
Federal District, and 389 people were registered in
the Rostov Region [5].

Muscle-noninvasive BC (NMIBC) at the stages
of Ta, T1, q carcinoma (CIS) according to the TNM
classification accounts for about 70 % of cases [2],
muscle-invasive BC (MIBC), as well as metastat-
ic forms — about 30 % [6]. The metastatic form is
characterized by a rather aggressive course and high
mortality. The 5-year survival rate for patients with
metastatic BC is less than 6 % [7].

Currently, treatment methods and prognosis of the
further course of BC are based on the classification
of TNM and for NMIBC on prognosis groups, taking
into account a number of factors. Despite this, the
long-term results of treatment of patients belonging
to the same classification groups and receiving iden-
tical treatment may vary significantly. In this regard, in

order to fully predict the course of BC, it is necessary
not only to determine the histological structure of the
tumor, the degree of its differentiation, but also to
take into account the influence of individual factors
that determine the clinical behavior and biological
aggressiveness of the tumor [8].

Under the influence of carcinogens in the epithe-
lium of the bladder, the probability of changing the
functional state of a heterogeneous cell population
increases, the mechanisms of cell cycle control are
disrupted, various mutations occur, which leads to
changes in the processes of cell proliferation and dif-
ferentiation. Studies on transgenic mice have shown
that epithelial stem cells with HRAS or FGFR3 mu-
tations can transform into tumor stem cells of blad-
der cancer that develop in NMIBC (local mutations
in 12, 13 or 61 codons of the oncogene HRAS1 [9],
activating local mutation in 7 and 10 exons of the
fibroblast growth factor receptor gene 3 [10], PIK-
3CA missense mutations [11]), whereas stem cells
with mutations of the p53/Rb/PTEN gene transform
into tumor stem cells of the urothelium, which cause
NMIBC (deletion of chromosome 9p21, etc.) [9; 12].
The characteristic features of NMIBC are activating
mutations and overexpression of proto-oncogenes
(FGFR3, HRAS, etc.), in most cases, which are ac-
quired gene abnormalities [9].

Currently, the main method of diagnosis of NMIBC
is histological analysis of the material obtained after
transurethral resection of the bladder, with which it is
possible to determine the depth of invasion and the
degree of differentiation of the tumor [13].

Recently, the question of early prediction and pre-
vention of BC development has become acute, on
which the course of the disease and it's outcome
depend, as well as the possibility of timely qualified
care.

Table 1. Bladder cancer biomarkers’ characteristics in terms of urine study

Marker Sensitivity, % Specificity, %
UroVysion 66

BTA assessment test (Bladder Tumor

Antigen) 64 for G,, 92 for G, 90
Cytokeratin level measurement 19

(CYFRA 21-1) 55.7 for G,, 91.9 for G, 85.5
NMP22 85.7

ImmunoCyt/uCyt+ essay

79.3 for G,, 92.1 for G,

80 for G,, 92 for G,
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The diagnostic spectrum of BC biomarkers is di-
verse, but the accuracy of the techniques and their
prognostic value aren't high enough and have limited
use in the clinic, as can be seen from the Table 1,
which presents some markers for the diagnosis of BC
and their main characteristics, according to various
studies published at the moment [14].

Recently, the role of tumor stem cells (CSC) in
the diagnosis and evaluation of the effectiveness
of cancer treatment has been actively studied. CSC
(CSC-Cancer Stem Cells) is a specific tumor cell,
which is characterized by the ability to asymmetric
division, self-renewal in vivo, causes the growth of
a tumor identical to the original one. A distinctive fea-
ture of CSS is their increased resistance to antitumor
effects. It is known that antitumor drugs are aimed
at eliminating most of the tumor masses sensitive
to the antitumor agent, however, it has been proven
that the nucleus of cells in the form of CSC remains
in the body, which, in turn, may have the ability to
restore, proliferate and progress the disease [15]. In
this regard, the identification of CSC is an important
aspect in assessing the effectiveness of the methods
used to treat cancer pathology.

Despite the experimental and theoretical data
accumulated to date, many biological properties of
CSC, their involvement in the pathological process
and their influence on the processes of recurrence
and progression remain poorly understood.

The purpose of the study: was to determine the
content of tumor cells with the stem cell phenotype
in tumor tissue and peritumoral area in noninvasive
muscle BC.

MATERIALS AND METHODS

Fragments of tumor tissue (TT) and tissue of the
peritumoral zone (PZ) of 7 patients with newly diag-
nosed noninvasive muscle bladder cancer (NMIBC),
all patients have given written consent to the transfer
of biological material and the processing of person-
al data. Histological structure — papillary urothelial
carcinoma of low malignancy (low-grade). In 2 peo-
ple, the tumor is localized along the back wall of the
bladder, in 5 people, the tumor is localized on the side
walls of the bladder. 5 patients had 1-2 tumors in
the bladder, in 2 patients the tumor had a multifocal
character. The 1st patient has a history of MN of
a different localization (prostate cancer), 1 patient
has a history of chronic viral hepatitis C and HIV

MOYEBOrO Ny3blps

of art. lll, 1 patient is a convalescent of COVID-19
pneumonia.

All patients underwent transurethral resection of
the bladder (TUR), in which material was taken: a frag-
ment of the tumor (up to 1.5 cm in size), a fragment
of the perifocal zone (retreating from the tumor by at
least 0.8 cm, but not more than 1.5 cm). The obtained
tissue fragments immediately after sampling and
delivery to the laboratory were used to obtain a cell
suspension using BD Medimachine (BD, USA). The
cell suspension was treated with a panel of monoclo-
nal antibodies: CD45"APC-Cy7, CD44-FITC, CD133-PE,
CD24-PE in accordance with the manufacturer's in-
structions (BD, USA). The phenotypic characteristics
of the cell suspension in order to identify cells with
the USC phenotype were evaluated on a FacsCantoll
flow cytometer (BD, USA). In the analyzed samples,
the percentage of cells with the USC phenotype
was determined: CD45°CD44*CD24*, CD45°CD44*,
CD45°CD24+, CD45CD133*, CD45°CD44*CD133*. The
percentage of cells of the corresponding phenotype
relative to the total number of cells was calculated.

Patients after the treatment in the volume of the
TOUR are under dynamic observation, continue to
receive adequate treatment in accordance with the
clinical recommendations of the AOR in the volume
of intravesical chemotherapy, followed by a control
study and, if necessary (the presence of relapse or
progression of the disease), a decision on further
diagnosis and treatment tactics.

Statistical processing was performed using the
STATISTICA 13 package (StatSoft Inc., USA). The
nature of the distribution of the obtained data was
evaluated using the Shapiro-Wilk criterion. Since the
obtained data had a normal distribution, the results
were presented in the form of the arithmetic mean
and the standard error of the arithmetic mean (M +
s). To compare the average values of quantitative
indicators in groups, in the case of a normal distribu-
tion law, the parametric Student criterion was used,
in another case, the nonparametric Mann-Whitney
criterion. The differences were considered significant
atp <0.05.

RESEARCH RESULTS

The conducted research revealed a number of
features of the relative content and distribution of
tumor cells with the stem phenotype. It should be
noted that the decisive role in the development of
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cancer is played by the environment of the tumor,

DISCUSSION

i.e. those interactions formed between the tumor

cell and different types of surrounding cells in the
peritumoral zone, changes in which can contribute
to further invasion of the process. The number of
CDA45 cells was analyzed, the pool of which is highly
likely to include tumor cells with a stem phenotype.
The number of CD45 cells in TT and PZ did not differ
significantly, amountingto 61.3 £ 5.8 and 71.8 + 12.6.
The relative content of cells with phenotypic CSC
markers such as CD24, CD44 in TT were 77 % and
58 % higher than in PZ, respectively, 18.3 + 3.5 vs.
43+21,p=<0.044,155+5.3vs.6.5+0.8,p<0.043.
The number of CD133* cells was 83 % higher in PZ

comparedto TT-41.6+12.1vs.22.7+7.6,p<0.047. pathology.

In tumors of the BC content of the cells with the
phenotype CD44*CD24* and CD44*CD133* exceeded
the values in PZ 80 % and 63 %, respectively, of 10.3
+49vs21+04,p=<0.039inch, 9,0 £ 4,5 versus 3.3

+0,9, p < 0,046.

So, cells with the CSC phenotype (CD45"
CD44+CD24* CD45°CD44* CD45°CD44+*CD24* and
CD45°CD44+CD133*) predominate in the tumor tissue.
The peritumoral zone was dominated by cells with
the CD45°CD133* phenotype (Fig. 1).
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Fig. 1. Relative count of CSC, TT and PZ.
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For the first time, CSCs were isolated by D. Bon-
net and Y. E. Dick (1997) in acute myeloid leukemia
CD34+/CD38", and later in various solid tumors [16].

In BC, USCS were first described in 2009 by
K. S. Chan et al., their greater content was found in
MIBC than in NMIBS [17]. Markers of CSC in BC are
a number of phenotypic determinants CD44, CD133,
CD47, CD49, 67LR (67-kD laminin receptor), as well
as a characteristic set of cytokeratins (keratin 14, 5
and others) [15]. The use of CD133 for the detection
of CSC in MN of the bladder is not often noted, its
study continues in terms of informativeness in this

Based on the sequencing of 59 cells from three
bladder cancer samples (including BC stem cells,
non-BC stem cells, epithelial bladder stem cells,
epithelial non-bladder stem cells) Yangetal. the or-
igin of BC tumor cells from epithelial stem cells of
the bladder or epithelial non-stem cells of the blad-
der has been suggested [18]. Probably, urothelial
stem cells are located in the basal cell layer and
are able to repair damage to the bladder. Based on
the conducted studies of the experimental mod-
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el, the origin of MIBC from urothelial stem cells of
the basal cell layer was confirmed. BC tumor stem
cells are CD44*CK5*CK20", have phenotypic markers
characteristic of basal cells [19]. CD44* cells were
detected in the basal layer of normal urothelium and
urothelial carcinoma, in addition, the cells of the
intermediate layer also express CD44. It has been
shown that due to a mutation in the FGFR3 gene,
intermediate layer cells transform into malignant
papillary carcinoma of low malignancy and bladder
hyperplasia [20].

Experiments to track clones on a mouse tumor
model, to which cells isolated in vivo were injected
intradermally, demonstrated that papillary tumor
cells mainly originate from the intermediate layer.
In the study of more than 300 samples of patients
with transitional cell carcinoma of the bladder, 40 %
contained CD44* cells. Histological analysis showed
that the xenografts of the tumor retained a histology
similar to that of the patient's original tumor. Cells
with the CD44* phenotype have a high oncogenici-
ty (200 times higher than CD44-tumor cells of BC),
and the ability to self-renew. The frequent and sig-
nificant expression of CD44 in normal tissues and
tumors contradicts the idea of the relative rarity of
USC, and therefore there is a need to combine CD44
with other markers, for example, CD133 or CD24 to
detect CSC [14].

It is known that increased expression in CD44
tumor cells causes metastasis, self-maintenance of
these cellular elements, and also contributes to the
formation of drug resistance against the background
of resistance to apoptosis. A number of studies have
revealed a correlation between the presence of CD44
and the degree of prevalence of BC. The presence
of CD44* showed a lower survival rate and incom-
plete response to previous therapy (chemo and/or
radiotherapy), thus, a change in the expression of
CD44, which is an adhesive protein and promotes
cell migration, can act as one of the mechanisms
causing the process of recurrence and progression
of BC [21].

Summarizing the data obtained from our work, we
found a greater number of CD44* cells in the tumor
tissue, which is consistent with the literature data
and may indicate an unfavorable course of the dis-
ease, as well as the possibility of using this marker
as a marker for predicting disease recurrence after
complex treatment.

CD133 (AC133, prominin 1) is a glycoprotein that
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was first discovered by H. Yu et al. in 1997 as a cell
surface protein expressed on CD34* hematopoietic
progenitor cells [22]. Transplantation of tumor stem
cells expressing CD133 to mice with immunodeficien-
cy generated histologically similar tumor tissue with
self-renewal [23]. In a study by Huang P. and co-au-
thor in 2013. It was demonstrated that the CD133*
subpopulation of human bladder cancer cells was
characterized by activation of pluripotent stem cell
markers — Oct-4 and Sox-2, while demonstrating more
aggressive proliferation compared to the CD133-sub-
population. The CD133* subpopulation also tended to
form colonies, which indicates a strong clonogenic
ability, i.e. they have phenotypic features associated
with CSC [24]. The presence of CD133 on the surface
of tumor cells causes the preservation of their stem
properties, as well as the launch of the formation of
differentiated malignant cells [25].

In our work, CSC with the CD133* phenotype were
found in greater numbers in the peritumoral zone.
Based on this, it can be assumed that this marker
functions as a modulator of the effects of a wide
range of cytokines, affects the activity of various
membrane receptors, and an increase in this mark-
er can lead to structural and functional changes in
cells with an increase in the probability of their tumor
transformation.

Previously published studies have proven the
important role of CD24 in the development of on-
cogenesis and the progression of various types of
malignant neoplasms, including renal cell carcinoma
(RCC), nasopharyngeal cancer, hepatocellular car-
cinoma (HCC), ovarian cancer, non-small cell lung
cancer (NSCLC), breast cancer and others. This mu-
cin-like cell membrane protein is expressed in many
types of tumor tissue. In breast cancer, a correlation
was noted between the overexpression of CD24, the
prevalence and progression of the disease [26]. CD24
expression was slightly correlated with lymphovas-
cular invasion of the BC tumor, whereas CD133 was
associated with distant metastases and aggres-
siveness of the tumor process. Tumor cells with the
phenotype of stem CD133*CD24* are characteristic
of more aggressive forms, low differentiated (high
grade) bladder carcinomas of high malignancy [25].

CONCLUSION

Thus, based on a small sample size, it's possible to
assume some phenotypic and quantitative features of

11
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CSC in tumor tissue and peritumoral zone in NMIBC.

The study of CSC is a promising direction for the
study of oncogenesis, and with further study, there
is a high probability of using these markers to as-
sess the nature of the development of relapse and/
or progression of the disease, as well as for new
different therapy approaches aimed at eliminating
cells with the CSC phenotype by affecting surface

markers and corresponding signaling pathways that
lead to the emergence and maintenance of this cell
population. Despite all the available scientific work
related to the search for new effective methods of
diagnosis, the study of CSC and their impact on the
process of occurrence, metastasis in BC — have not
been studied enough, and therefore it is planned to
further study these cells with the stem phenotype.
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ABSTRACT

Purpose of the study. Evaluation of the effect of the benzimidazole derivative dihydrobromide-2-(3,4-dihydroxyphenyl)-
9-diethylamino-ethylimidazo-[1,2-a] benzimidazole (RU-185) on the growth of Lewis lung epidermoid carcinoma and B16-F10

melanoma when administered intragastrically.

Materials and methods. For the experiment, we used female C57BI/6j mice, which were inoculated subcutaneously with
syngeneic tumors: Lewis lung carcinoma (LLC) and B16-F10 melanoma. RU-185 was administered intragastrically to animals
in a volume of 0.3 ml for 10 days, 1 time per day. For both tumors, depending on single doses of the substance for admin-
istration, groups were divided: 1st and 4th — 50 mg/kg, 2nd and 5th — 220 and 3rd and 6th — 500 mg/kg. The control groups
were injected intragastrically with physiological saline in the same volumes and according to the same scheme. The following
parameters were assessed: tumor volume, increase in life expectancy (T/S, %) and tumor growth inhibition index (TGI, %).

Results. For animals with LLC in the 2nd group there is an increase in the indicator of life expectancy (T/S 162.3 %), and in the
3rd group there is a tendency to an increase in the T/S indicator. On the 1st day after the end of treatment in the 2nd and 3rd
groups TGl was 73.0 % and 30.1 %, respectively (p < 0.05). On the 7th and 14th days after the end of the use of RU-185 in the
2nd and 3rd groups the volume of tumors is 3.5 and 1.4 times less (on the 7th day) and 2.3 and 1.3 times (on the 14th day),
respectively than in the control group (p < 0.05). At a dose of 220 mg/kg, complete regression of LLC tumors was shown in

20 % of animals.

With the growth of B16-F10, the life expectancy of all groups did not differ. Intergroup differences in the dynamics of tumor
growth are provided. Highlighted changes were found in the 5th group (on the 14th day after the end of the administration of

RU-185, TGl was 48.7 %).

Conclusion. The investigated chemical substance dihydrobromide-2-(3,4-dihydroxyphenyl)-9-diethylamino-ethylimidazo-
[1,2-a] benzimidazole showed antitumor efficacy against syngeneic tumors: Lewis lung epidermoid carcinoma and B16-F10
melanoma when administered intragastrically which leads to further testing of RU-185 as a potential drug for the treatment

of malignant neoplasms.

Keywords:
dihydrobromide-2-(3,4-dihydroxyphenyl)-9-diethylamino-ethylimidazo-[1,2-a] benzimidazole, Lewis lung carcinoma,
melanoma B16-F10, antitumor efficacy, intragastric administration
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OPUTUHATIbBHASA CTATbA

MPOV3BOAHOE BEH3UMUAAZ0/IA KAK 3GOEKTUBHOE NPOTUBOOMYXOJIEBOE
CPEACTBO B NEYEHWW CUHTEHHBIX ONYXONEN JIETKOTO U MESIAHOMbI

E. ®. Komapoga'?=, A. C. MopkoeHuk?®, 0. H. XXykoBckas®, E. B. BepeHukuna', H. A. llleByenko’,
[. B. Xopakosa', J1. 3. Kyp6aHoea', M. B. Munpaapn', E. B. 3aukuna’, A. B. Manuxa'

1. HMUL, oHkonoruw, r. PoctoB-Ha-[loHy, Poccuiickas ®egepauus
2. PoctI'MY, r. PoctoB-Ha-[loHy, Poccuiickas Gepepauus

3. HUN ®0OX DY, r. PocToB-Ha-[loHy, Poccuiickas Gefepauus
B4 katitako@gmail.com

PE3IOME

Lienb uccnepoBanus. OLeHKa BIMSIHUA NPOU3BOAHOro 6eH3MMuaasona aurnapoépomua-2-(3,4-gurugpokcudermn)-
9-AuaTUNAMUHO-3TUNUMMAA30-[1,2-a] 6eHanMmuaasona (PY-185) Ha poCT aMMAEPMONLHON KapLMHOMbI fierkoro JSibtomca
1 MenaHombl B16-F10 npu BHYTpMXenyao4HOM MPUMEHEHUMN.

Matepuanbi n meToabl. [ SKCNEpUMEHTa UCMOMb30Banu Mblluen nuHumn C57BI/6j caMok, KOTOpbIM NMOAKOXHO NpUBMBanu
CUHreHHble OMyXou: anuaepMonaHas KapumHoma nerkux Jlbtounc (LLC) n menaHoma B16-F10. PY-185 BBOAMAN BHYTPUXKENY-
[I0YHO XMBOTHbIM B 06bemMe 0,3 M B TeueHnn 10 gHeit 1 pa3 B cyTku. [1na o6enx onyxonel B 3aBUCMMOCTH OT pa3oBbIX 103
cy6CcTaHuMmM Ans BBefeHWs BblgeneHbl rpynnbl: 1-a u 4-1 — 50 Mr/kr, 2-9 1 5-9 = 220 1 3-A 1 6-A — 500 Mr/Kr. KOHTPONIbHbIM
rpynnam BHYTPUXXENYAO0YHO BBOAWUAM GU3NONOrMYEeCcKUin pacTBOP B aHANOMMUYHbIX 06bemMax U No Tow xe cxeme. OueHnBanu
rokasaTenin: 06beM OMyXosu, yBeUYeHUe NPOAOIKUTENBHOCTU XU3HU (T/C, %) U UHAEKC TOPMOXEHUs pocTa onyxonu (TPO, %).
PesynbTatbl. [17 XMBOTHbIX ¢ LLC BO 2-11 rpynne oTMeyaeTcsl yBeSIMYeHWE NoKasaTess NPOACHKUTENbHOCTH XU3Hu (T/C
162,3 %), a B 3-1 NoKa3aHa TeHAEHLMA K NOBbILLeHMIO Noka3saTens T/C. B 1-e cyTKM nocsie OKOHYaHWsA fleyeHns Bo 2-it U 3-i
rpynnax TPO coctasun 73,0 % 1 30,1 % cooTBeTCTBEHHO (p < 0,05). Ha 7-e 1 14-e CyTKM NOC/Ie OKOHYaHUsA NpuMeHeHusa PY-185
BO 2-11 v 3-eli rpynnax 06beMbl onyxosiei MeHbLue B 3,5 1 1,4 pa3a (Ha 7-e cyTku) 1 2,3 1 1,3 pa3a (Ha 14-e CyTKM) COOTBETCTBEH-
HO, UeM B KOHTponbHOM rpynne (p < 0,05). B fose 220 Mr/Kr nokasaHa nosHas perpeccus onyxonei LLC y 20 % KMBOTHbIX.
Mpwu pocTe B16-F10 NpofomKUTENbHOCTb XMU3HM BO BCEX Fpynnax He pasnuyanach. [TokasaHbl MeXrpynnoBble pasnnmyus
AMHAMUKM POCTa OMyxonu. BbipaxeHHble M3MeHeHUst 06Hapy>eHbl B 5-i rpynne (Ha 14-e CyTKu Noc/ie OKOHYaHUs BBELEHWS
PY-185 TPO cocTtaBun 48,7 %).

3akntoyeHue. ViccnefoBaHHas xuMudeckas cy6cTaHums Aurnapo6pomua-2-(3,4-guruapokcndeHmun)-9-auatunamMmmHo-
atunumuaaso-[1,2-a] 6eHauMmaasona nokasana NnpoTUBOOMNYXONEBYHO 3QGHEKTUBHOCTb B OTHOLIEHUW CUHTEHHbIX OMYXONe:
3aNUAEPMOVAHONM KapLMHOMBI 1erkoro Jlbtovca u menaHomMbl B16-F10 npu BHYTpUXenyao4uHOM BBEAEHUM, YTO 06YC/TOBNMBAET
npoBefieHne AanbHenLwmx ucnbiTaHui PY-185 kak NoTeHLUManbHoro npenapara Tepanum 310Ka4ecTBEHHbIX HOBOOGPa3oBaHUIA.

KntoueBble cnosa:

AMrnapo6poMua-2-(3,4-aurnapokcudeHnn)-9-AmaTunaMmHo-aTUNMMuaaso-[1,2-al 6eHsumuaasona,
anuaepMounaHas KkapumHoMa nerkux Jlbtomca, MmenaHoma B16-F10, npotuBoonyxoneBast 3 heKTUBHOCTb,
BHYTPWXXENYAOYHOE BBEAEHUNE
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INTRODUCTION

The search for targets for the treatment of malig-
nant neoplasms, despite numerous developments in
modern oncology, is still relevant [1-3]. The identified
targets require the study of various means of influ-
encing. Chemical substances, in particular benzim-
idazole derivatives, can be useful and effective for
therapeutic purposes in practical oncology.

By it's structure, benzimidazole is a heterocyclic
compound in which benzene and imidazole rings
are connected. The antitumor efficacy of imidazoles
has long been known, some of which, for example,
dacarbazine, temozolomide, zoledronic acid, mercap-
topurine, nilotinib, tipifarnib, etc., are used in oncolog-
ical practice in the treatment of various oncological
diseases [4]. This antitumor effect of imidazoles is
due to their ability to easily bind to protein molecules
and destroy them, and in high concentrations directly
inhibit the synthesis of the main components of the
cell membrane [5].

The potential antitumor effect of benzimidazole is
also due to the similarity of it's structure with natural
nucleotides, and therefore cell DNA is an important
target for them. Thus, triazolobenzimidazole is able to
inhibit check point kinase 2, which plays an important
role in the cell's response to DNA damage, and there-
fore has an antitumor effect [6]. The benzimidazole
derivative 2-[(R)-2-Methylpyrrolidin-2-yl]-1H-benzimid-

Nerkoro u MenaHombl

azole-4-carboxamide can inhibit DNA repair by inhibit-
ing poly (ADP-ribose) polymerase (PARP)-1 and -2 [7].

The effect of benzimidazole derivatives on the
microtubule protein tubulin has been shown, in
which it's polymerization and depolymerization are
disrupted [8]. The inhibitor of B-tubulin is benzimidaz-
ole-2-urea - it's cytotoxic effect against an extensive
panel of tumor cells has been shown [9; 10]. The
participation of some benzimidazole derivatives ben-
zimidazole-4,7-diones in the activation of caspase-
dependent apoptosis on the lung adenocarcinoma
cell line was found [11].

The purpose of the study: to evaluate the effect
of benzimidazole derivative dihydrobromide-2-
(3,4-dihydroxyphenyl)-9-diethylamino-ethylimidazo-
[1,2-a] benzimidazole (RU-185) on the growth of
Lewis lung epidermoid carcinoma and melanoma
B16-F10 with intragastric use.

MATERIALS AND METHODS

Mice of the C57BI/6j female line weighing 20—22
grams were used for the experiment. The animals
were obtained from the Andreevka vivarium of the
FSBIC of biomedical technologies of FMABA Russia
(Moscow region) with a veterinary certificate. The
study was conducted according to the principles of
humane treatment of animals in scientific research
in accordance with the European Convention.

Table 1. Study design

Groups/ . Duration of
Number of Supplement drug Dosesmg/kg V. ml ﬁ?r)\leorftzgign supplemen-
animals P tation
15112 mice 50
dihydrobromide-2-(3,4-
) dihydroxyphenyl)-9-
nd
2'12 mice diethylaminoethylimidazo-[1,2-a] 220
LLC benzimidazole
3112 mice 500
Control .
. Normal saline
12 mice
0.3 ml I/g 10 days
4t 12 mice 50
dihydrobromide-2-(3,4-
) dihydroxyphenyl)-9-
th
5712 mice diethylaminoethylimidazo-[1,2-a] 220
B16-F10 benzimidazole
6" 12 mice 500
Contrpl 1 Normal Saline
12 mice

Note: LLC - Lewis lung epidermoid carcinoma, B16-F10 - melanoma, I/g — intragastric.
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Syngenic tumors were used: Lewis epidermoid
lung carcinoma (LLC) and melanoma B16-F10. The
tumors were inoculated in mice subcutaneously in
a standard way.

The design of the experiment is presented in
Table 1. The investigated chemical substance di-
hydrobromide 2-(3,4-dihydroxyphenyl)-9-diethyl-
aminoethylimidazo-[1,2-a] benzimidazole (RU-185)
(RF patent No. 2391979) was dissolved in saline
solution and administered intragastrically to ani-
mals using a nasogastric probe in a volume of 0.3
ml. The mode of administration was 10 days daily,
1 time per day.

The choice of doses to study the antitumor ef-
fect is due to the value of the semi-lethal toxicity
of LD50, which was determined with a single intra-
gastric administration to outbred mice (LD50 was
1860.4 mg/kg) [12]. For both tumors, depending on
single doses of the substance for administration,
groups were divided: 1st and 4th — 50 mg/kg, 2nd
and 5th — 220 and 3rd and 6th — 500 mg/kg. The

control groups, which consisted of animals with
transplanted tumors B16-F10 and LLC, were intra-
gastrically injected with saline solution in similar
volumes and according to the same scheme. Both
the surviving and fallen animals underwent necropsy
within 2 hours after death.

The study of the antitumor activity of the sub-
stance was carried out in accordance with regulato-
ry documents [13; 14], the following indicators were
evaluated: tumor volume, increase in life expectancy
(T/S, %), calculated as the ratio of the average life
expectancy of animals subjected to therapy to con-
trol indicators, and the tumor growth inhibition index
(TGI, %) was calculated.

The normality of the distribution of features was
assessed using the Shapiro-Wilk and Kolmogorov-
Smirnov criteria. Median and interquartile range were
calculated for quantitative data. The statistical sig-
nificance of the differences between the groups was
assessed using the Mann-Whitney criterion, and in
dynamics using the Wilcoxon criterion. The signifi-

Table 2. The impact of PY-185 on LLC and B16-F10 growth dynamics

Tumor volume (cm?), Me [25-75] (TGI, %)

Group number (Single

The day after treatment termination

dose, mg/kg) Ul %
1 7 14
LLC

1t (50) 94.3 2.3[1.9-2.7) 8.6 [7.8-9.2]'2 10.3[9.9-10.9]? (14.8)

4.5[4.1-5.0]"> (55.0) -
27 (220) 162.3 0.4[0.2-0.7]'2 (73.0) 2.1[1.9-2.3]'2(70.0) 80 % abdomen

0 (100) — 20 % abdomen
31 (500) 112.9 1.1[0.8-1.4]'2 (30.1) 5.2 [4.8-5.5]'2 (22.1) 7.4[6.9-8.0]'2 (28.6)
Control 0 1.6 [1.1-2.1] 6.7 [6.3-7.1] 9.8[9.3-10.2]

B16-F10 Melanoma

4 (50) 96.2 0.4[0.1-0.9] 2.7 [2.3-3.1] 5.9 [5.3-6.1]
5t (220) 131.1 0.4[0.2-0.7] 2.6[2.3-2.9] (4) 2.4[1.9-2.7]'2 (48.7)
6" (500) 103.1 0.4[0.1-0.9] 2.1[1.8-2.4]% (20.4) 4.5[3.9-4.9] (4.5)
Control 0.3[0.1-0.7] 2.7[2.1-3.4] 4.7 [3.9-5.1]

Note: 1 - the differences are significant relative to the control (p < 0.05); 2 - the differences are significant relative to the subgroups of the

experimental group (p < 0.05).
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cance level for the methods used was set as p < 0.05.
Statistical data processing was carried out using the
STATISTICA 12.0 program.

RESEARCH RESULTS AND DISCUSSION

The use of RU-185 in tumor-bearing animals
with LLC caused a change in life expectancy and
tumor size in experimental groups (Table 2). Thus,
it was found that when a single dose of 220 mg/
kg (group 2) was administered, an increase in
life expectancy (T/S 162.3 %) was noted. In the
group of animals administered a dose of 500 mg/
kg (group 3), a tendency to increase the T/S index
was shown, which has insignificant differences
with the animals of the control group. In group 1,
the life expectancy indicator was reduced in com-
parison with the control.

The study of the growth dynamics of the sub-
cutaneous tumor node LLC with the use of RU-185
revealed differences in the study groups. On the
1st day after the end of treatment in the 2nd and
3rd groups, the tumor growth inhibition index indi-
cated a decrease in the size of the primary focus
and amounted to 73.0 % and 30.1 %, respectively
(p < 0.05) (Table 2). On the 7th and 14th days af-
ter the end of the use of RU-185 in the 2nd and 3rd
groups, tumor volumes were statistically significantly
less by 3.5 and 1.4 times (on the 7th day) and 2.3
and 1.3 times (on the 14th day), respectively, than in
the control group (p < 0.05). When applying a dose
of 220 mg/kg, a complete regression of LLC tumors
was shown in 20 % of animals, which was confirmed
by the results of necropsy. At the same time, there
was a tendency to tumor growth in group 1, but no
statistically significant differences were found in
comparison with the control group.

When analyzing the study results of the subcuta-
neous melanoma B16-F10 growth, we've shown that
the life expectancy of all experimental groups didn’t
differ from the control group (p > 0.05) (Table 2). The
T/S index in tumor-bearing animals with melanoma
B16-F10 when using RU-185 was 96.2, 131.1 and
103.1 %, respectively, in groups 4, 5 and 6.

Analysis of the dynamics of tumor growth in 16
showed intergroup differences. In the group with
a single dose of RU-185 50 mg/kg, the administra-
tion of the substance did not affect the growth of
the subcutaneous node, the tumor size indicators
at all stages were similar to the control group. The

Nerkoro u MenaHombl

most pronounced changes were shown in the group
with a single dose of 220 mg/kg. So, on the 14th day
after the end of the administration of RU-185, the
TGl index was 48.7 %, which indicates a decrease
in tumor size compared to the control group (by 2
times at p < 0.05).

CONCLUSION

The studied chemical substance dihydrobromide-2-
(3,4-dihydroxyphenyl)-9-diethylamino-ethylimidazo-
[1,2-a] benzimidazole (RU-185) showed antitumor ef-
ficacy against syngenic transplantable tumors: Lewis
lung epidermoid carcinoma and melanoma B16-F10.
It was shown that with intragastric administration of
the substance in a single dose of 220 mg/kg for 10
days, a significant decrease in the size of tumors was
noted. In animals with melanoma B16-F10, a signif-
icant decrease in tumor volume occurs on the 14th
day after the end of the administration of the sub-
stance. Unlike melanoma, in animals with epidermoid
lung carcinoma at a dose of 220 mg/kg, RU-185 has
a pronounced inhibition of the growth of the subcu-
taneous tumor node already on the first day after the
end of the use of the substance.

We explain the differences in the effectiveness
of the substance under study by the peculiarities
of metabolic phenotypes of tumors. Metabolic
phenotypes of melanoma demonstrate dynamism
between glycolysis and oxidative phosphorylation,
which gives an advantage in the survival of tumor
cells and in the formation of chemoresistance [15;
16]. Moreover, simultaneous activation of both ox-
idative phosphorylation and glycolysis (metabolic
symbiosis) is vital for the progression of melano-
ma [15; 16]. At the same time, the metabolism of
lung cancer cells is characterized by the activation
of glucose oxidation enzymes, which indicates it’s
glycolytic phenotype [17]. Along with the activation
of glycolysis for lung cancer, an increase in the in-
tensity of other glucose-related processes, such as
gluconeogenesis, the tricarboxylic acid cycle, has
been shown [17].

Thus, the revealed antitumor efficacy of dihyd-
robromide-2-(3,4-dihydroxyphenyl)-9-diethylamino-
ethylimidazo-[1,2-a] benzimidazole determines fur-
ther testing of RU-185 as a potential drug for the
treatment of malignant neoplasms. However, further
studies are needed to identify the mechanism of it's
antitumor action.
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ABSTRACT

Purpose of the study. Was to analyze our experience of surgical treatment of retroperitoneal neuroblastoma in children and
the influence of radical surgical treatment on the disease outcomes.

Materials and methods. The study included 35 patients (14 girls and 21 boys, mean age 3.3 years) receiving treatment for
retroperitoneal neuroblastoma at the Department of Pediatric Oncology, National Medical Research Centre for Oncology,
in 2016-2018. 32 patients underwent surgical treatment. The disease progression during neoadjuvant polychemotherapy
was registered in 3 patients. Initially, surgery was performed in 5 patients; the rest of the patients underwent percutaneous
trepan biopsy with immunohistochemical testing and subsequent neoadjuvant polychemotherapy. No patients developed
complications in the early postoperative period.

In the article, we present our experience in the surgical treatment of pediatric patients with retroperitoneal neuroblastomas.
Results. Patients have been observed during 12 to 24 months. 23 of 28 radically operated patients are alive and have no signs
of the disease recurrence or progression. 2 patients developed tumor recurrence and received anti-recurrence PCT and DGT.
Currently the patients are in remission. 3 patients showed systemic progression due to primarily advanced disease.
Conclusion. Administration of modern surgical techniques and instrumentation allows radical surgical treatment for a large
percentage of patients with locally advanced neuroblastoma.

Keywords:
pediatric patients, retroperitoneal neuroblastomas, surgical treatment, neoadjuvant polychemotherapy, radical
tumor removal, progression
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XUPYPTUYECKOE JIEYEHUE HEWPOBIACTOM 3ABPHOLIMHHON IOKANU3ALINK
Y AETEW. ONbIT KJIMHUKH

C. A. KysHeuoB™, E. H. KonecHukos, A. H. LlleByekko, 10. I0. Kosenb, I A. MKpTusiH,
M. B. Ctapxeukas, A. U. becnanoBa, E. E. Mak, 1. 10. IOpyenko, O. . Monoesax

HMWL| oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas Gefepauus
B4 kuznecov1978@mail.ru

PE3IOME

Llenb uccnepoaHus. MpoaHannanpoBaTb COGCTBEHHbIV OMbIT XMPYPrYECKOro sie4eHnst HeMpo61acToOM 3a6PHOLLMHHOMO
NpoCTpaHCTBa y AeTel U BANAHME PaMKaibHOCTM XMPYPruyecKoro neyeHust Ha ucxop 3aboneBaHus.

Matepuanbi u meToabl. B nccnefosaHmne BkNtOYEHbI 35 NaLMEHTOB, MPOXOAMBLLNX TeYeHne B OTAENIEHUN AETCKOW OHKONMOrum
Orey «<HMUL, oHkonorum» Munusgpasa Poccuu ¢ 2016 no 2018 rr. ¢ HelipobrnacToMamMu 3abpOLLIMHHOIO NPOCTPaHCTBa.
CpepnHuii Bo3pacT naumeHToB cocTaBun 3,3 roga. M3 Hux 6b1n10 14 feBodek 1 21 Manbynk. Xupypruyeckoe nevyeHume npo-
BeAeHo 32 nauymeHTam. Y 3 60/bHbIX OTMeYeHa nporpeccust 3a6oneBaHns Ha hoHe NPoBOANMON HeoabloBaHTHOM MXT.
M3HayanbHO onepaTMBHOE BMELLATENbCTBO GbII0 BbIMOMHEHO 5 60/bHbIM, OCTasIbHbIM MaLMeHTaM NPOBOANIIACh YPECKOXKHaS
TpenaH6Moncusi C UMMYHOTMCTOXMMUYECKUM UCCNEOBAHNEM U MOCTeAytoLLei HeoaAbloBaHTHON NONMXUMMUOTEpanmei.
B paHHeM nocneonepaLMoHHOM Nepuofe OCNOXHEHNIN HEe OTMEYEHO HU Y OJHOrO NaLlueHTa.

B cTaTbe HaMu NpeacTaBneH COGCTBEHHbIV OMNbIT XMPYPrMYecKoro ie4eHns naLmMeHToB AeTCKOro Bo3pacTa ¢ HerMpobnacTo-
MamWu 3a6pHOLLMHHOrO NPOCTPaHCTBa.

PesynbraTtbl. MauneHTbl HabntogaroTcst B cpokax oT 12 fo 24 Mec. M3 28 nauneHToB, NPOONepMpoBaHHbIX paanKanbHo,
UBbI 6€3 NPU3HAKOB peLnAanBa 1 nporpeccun 3abonesanHus 23. Y 2 60MbHbIX BOSHWK PELUAMB ONYXONu, UM NpoBeAeHa
npoTtuBopeunameHas MNXT n O T. B HacTosLWee BpeMs NauneHTbl HAXOAATCA B peMuccumn. Y 3 naunmeHToB oTMeYanacb
cUCTeMHasi mporpeccusi 3aboneBaHus, CBI3aHHas ¢ NepBUYHO-TeHepPann3oBaHHbIM NPOLECCOM

3akntoyeHue. NprvMeHeHe COBPEMEHHbBIX XMPYPru4yeCKUX TEXHUK U MHCTPYMEHTapusi No3BosisieT B 60/1bLIOM NpoLeHTe
cnyyaeB [OOMTbCH pafMKasibHOrO XUPYPrMyeckoro IeYeHUs Npum MecTHO-pacnpoCTpaHeHHbIX Gopmax HelmpobnacToMbl.

Kniouesble cnoga:
naLWeHTbl JEeTCKOro BOo3pacTa, Heilpo61acToMbl 3a6PHOLMHHOIO NPOCTPAHCTBA, XMPYPruyecKoe feyeHue,
HeoafbloBaHTHasA NOSIMXMMMUOTEPanus, paguKanbHoe yaaneHue onyxonu, Nporpeccust
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INTRODUCTION

Neuroblastoma is the most common tumor of
the peripheral nervous system, occurring in child-
hood. The incidence of neuroblastoma is 7-8 %
of all malignant tumors of childhood [1; 2]. Neuro-
blastoma is localized mainly in the retroperitoneal
space, less often in the mediastinum and on the
neck. The source of tumor development in the ret-
roperitoneal space is the adrenal gland in 32 % of
cases, sympathetic ganglia located paravertebral
in 28 % of cases [3—6]. The biological diversity of
neuroblastomas associated with genetic mutations
or their absence significantly affects the clinical
course of the disease. There are cases of sponta-
neous tumor regression. This is especially true for
children under the age of 1 year. Thus, according to
various authors, spontaneous tumor regression in
children under 1 year occurs in 50-70 % of cases
[7; 8]. At the same time, the presence of N-myc gene

amplification, deletions at the 1p36 locus, as well
as the age of a child older than 1 year are unfavor-
able factors, and event-free survival in this group of
patients, according to numerous studies, does not
exceed 40 % [1; 9].

The diverse course of neuroblastomas in childhood,
from spontaneous regression to active progression,
dictates the need for different approaches to the
treatment of this pathology. Intensification of thera-
py in high-risk patients makes it possible to achieve
more significant results in treatment. Thus, various
authors propose the use of systemic radiotherapy
using 1311-MIBG, high-dose chemotherapy with au-
totransplantation of polypotent stem cells [10-13].

Surgical treatment of retroperitoneal neuroblasto-
ma, in particular, locally widespread forms, caused
by the involvement of major vessels and adjacent
organs in the process, causes particular difficulties
[1; 14]. The question of the expediency of radical
removal of the tumor with a high risk of surgical

Table 1. Characteristics of patients by the prevalence of the tumor process

Criteria for the characteristics of the tumor process

Patients’ quantity

Adrenal gland Paravertebrally

Primary tumor localisation

12 (34.3 %) 23 (65.7 %)

Focal form Generalised form

Tumour process development

25 (71.4 %) 10 (28.6 %)

Middle High

Risk groups

16 (45.8 %) 19 (54.2 %)

St Stll St StV

INSS staging

2 (5.7 %)

9 (25.7 %) 14 (40 %) 10 (28.6 %)

Table 2. Radiological (CT or MRI) risk factors (IDRFs) for patients with abdominal/retroperitoneal neuroblastoma according

to INRG
A tumor infiltrating the portal vein and/or hepatoduodenal ligament, including branches of the superior
Group 1 mesenteric artery of the mesentery root, including the ventral trunk and/or trunk of the superior
P mesenteric artery, infiltrating one or both renal pedicles, including the aorta and/or IVC, including the iliac
vessels, pelvic tumor in the area of the sciatic tenderloin
A tumor with a spread into the spinal canal (regardless of the level) spread to more than 1/3 of the spinal
Group 2 canal in axial projection and/or the leptomeningeal space is not traced and/or the signal from the spinal
cord is pathologically altered
Group 3 Infiltrates the surrounding organs and structures of the pericardium, diaphragm, kidney, liver,

pancreatoduodenal zone, mesentery
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complications in patients with generalized forms
of neuroblastomas that do not allow time to start
systemic therapy remains debatable. According to
a number of authors, radical removal of the tumor
(more than 95 % of the volume) improves the results
of treatment of high-risk patients [15-19], other au-
thors say that total removal of neuroblastoma with
a high risk of intra- and postoperative complications
is inappropriate, since high-risk neuroblastoma is
a systemic process with possible metastatic damage
to the liver, bone marrow and bones [20-22].

The purpose of the study: to analyze our own
experience of surgical treatment of retroperitoneal
neuroblastoma in children and the effect of radical
surgical treatment on the outcome of the disease.

MATERIALS AND METHODS

The study included 35 patients who were treated
at the Department of Pediatric Oncology of the Na-
tional Medical Research Centre for Oncology from
2016 to 2018. The average age of patients was 3.3
years. Of these, there were 14 girls and 21 boys. The
staging of the tumor process was carried out accord-
ing to the INSS criteria. All patients were treated in
accordance with the NB 2004 protocol. According to
the localization of the tumor in 12 patients (34.3 %),
the primary tumor was localized in the projection of
one of the adrenal glands, in 23 (65.7 %) there was
a paravertebral spread of the tumor along the main
vessels. 10 patients (28.6 %) had primary generaliza-
tion of the tumor process with metastases to the liver,
bones and bone marrow, and 25 patients (71.4 %) had
localized stages of the disease. The largest number

fiattened

of patients were with stage 3 of the disease - 14
patients (40 %), with stage 4-10 patients (28.6 %),
with stage 2-9 patients (25.7 %), and with stage 1-2
patients (5.7 %). The high risk group was determined
in 54.2 % of patients, the average risk group in 44.8 %
of patients. The characteristics of patients by the
prevalence of the process are presented in Table 1.

Surgical treatment was performed in 32 patients.
In 3 patients, the progression of the disease was
noted against the background of neoadjuvant PCT.

Initial surgical intervention was performed in 5 pa-
tients, the remaining patients underwent percutaneous
trepan biopsy with immunohistochemical examination
and subsequent neoadjuvant polychemotherapy.

When planning a surgical intervention, we used
data from spiral computed tomography with angi-
ography, magnetic resonance imaging data and ul-
trasound examination of the abdominal cavity and
retroperitoneal space. The risk factors for surgical
intervention in imaging (IDRF) described in the Inter-
national Neuroblastoma Risk Group (INRG) guide-
lines for imaging and staging neuroblastoma [23]
and characterizing the involvement of major vessels
and other adjacent organs in the tumor process were
taken into account. Figure 1 schematically shows the
relationship between the tumor and the main vessels
in the absence of risk factors during imaging (IDRF)
and in their presence.

Table 2 presents detailed radiological criteria for
inclusion of patients in the group with risk factors
for imaging according to INRG.

Among the operated patients, 12 had no risk
factors during imaging and 19 had. Figure 2 shows
the frequency of involvement of the main vessels

3 Vein
/'-.Q-}m‘
0 e NB
artal encasement

contact = S50%
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flamened
(no visible lumen)

Fig. 1. Diagram of the ratio of tumor

\ and major vessels in the absence
of risk factors (DFR) (a) and their
presence (b) (Monclair T, Brodeur

G.M., 2009).
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and adjacent organs in the tumor process. More
often, the vessels of the renal pedicle, the aorta,
and the superior mesenteric artery were involved
in the process.

As illustrative examples of risk factors assessment
during visualization, we give 2 clinical examples.

Clinical example 1. Patient K. 5 years old with the
diagnosis: undifferentiated retroperitoneal neuro-
blastoma with bone metastases. StIV. A high-risk
group. The presented CT scans (Fig. 3, 4) show are-
duction in tumor mass in the retroperitoneal space
after neoadjuvant polychemotherapy. The residual

tumor involves the aorta and the renal arteries on
both sides in a process with a muff-like covering.
The tumor also covered the lower mesenteric artery,
flattened the left renal vein on itself.

Figure 5 shows an intraoperative image after re-
moval of a tumor with skeletonized main vessels of
the retroperitoneal space. The tumor was removed
completely in this case.

Clinical report 2. Patient B. 4 years old with a di-
agnosis of retroperitoneal ganglioneuroblastoma.
An accidental finding during ultrasound examination
of the abdominal cavity. According to the MRI study,
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Fig. 3. CT scans before 6 courses of polychemotherapy of
patient K. The primary prevalence of the tumor before induction
polychemotherapy.
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Fig. 4. CT scans (tumor prevalence) after 6 courses of
polychemotherapy of patient K.
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we did not find classical risk factors in imaging. The
computed tomography images shown in Figure 6
show that all the main vessels only adhere to the
tumor, without their muff-like covering, however, the
area of location between the vessels is the inferior
vena cava, renal vessels, elements of the hepatodu-
odenal ligament, aorta, superior mesenteric artery
causes no less difficulties than during operations
in patients with risk factors during visualization. In
order to get to this tumor, it was necessary to isolate
all the elements of the hepatoduodenal ligament,
separate from the inferior vena cava, and isolate the
superior mesenteric artery (Fig. 7). Therefore, risk
factors in imaging are very conditional, but they help
the surgeon to adequately assess the possibilities
of radical surgical treatment.

The use of high-tech surgical equipment during
surgical interventions (ultrasonic scalpel, modern
bipolar electrocoagulating instruments) allowed to
minimize the amount of blood loss and traumatiza-
tion of healthy tissues.

RESEARCH RESULTS

According to the results of the operations per-
formed, in 25 cases (78.3 %) we performed total

Renal
arteries

Artery
Inferior
mesenteric

Iliac arterie
artery

removal of the tumor, in 3 cases (9.3 %) removal of
more than 95 % of the tumor and in 4 cases (12.4 %)
subtotal removal of the tumor from 50 to 95 % of the
tumor mass was performed. Less than 50 % of the
tumor was not removed in any case.

Complications include the development of intra-
operative bleeding in 7 patients who developed from
non-arterial vessels and were stopped by ligation or
electrocoagulation. The volume of blood loss in these
cases did not exceed 20 % of the CBV.

Also, according to many authors, complications of
the operation include nephrectomy. Of the 32 operat-
ed patients, nephrectomy was performed in two due
to the muff-like covering of the kidney by the tumor.
In preparation for the operation, these patients were
planned to perform a nephrectomy in advance.

In the early postoperative period, no complica-
tions were noted in any patient. In the late postop-
erative period, 2 months after the operation, one
patient was found to have impaired blood supply
to the contralateral kidney. The cause of this com-
plication is not related to the technical stage of the
surgical intervention, since during the operation
they worked on the kidney vessels on the affected
side, and the contralateral kidney and its vessels
remained intact.

Fig. 5. Intraoperative image after removal of the tumor.

Fig. 6. Magnetic resonance imaging image of patient B. before
surgical treatment.
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Patients are observed for periods from 12 to 24
months. Of the 28 patients who underwent radical
surgery, 23 are alive without signs of relapse and
progression of the disease. 2 patients had a relapse
of the tumor, they underwent anti-relapse PCT and
DHT. Currently, the patients are in remission. System-
ic disease progression was observed in 3 patients.

Of the 4 patients operated non-radially, only 2 are
observed without signs of continued tumor growth
and generalization.

All patients who had a recurrence or progression
of the tumor process - 9 patients — belonged to the
high-risk group.

DISCUSSION

A number of authors indicate that there was no
significant difference in 5-year relapse-free sur-
vival among patients who underwent complete or
incomplete resection [24-26]. At the same time,
there are publications proving that surgical treat-
ment should be in the form of complete resection
of the tumor, and cases of partial resection are as-
sociated with a high risk of relapse of the disease,
the need for careful monitoring and the possible
use of radiation therapy [27]. According to our data,
the development of relapse and progression of the
disease occurred only in high-risk patients, which
speaks in favor of the systemic nature of the dis-
ease and the influence on the progression of fac-
tors such as the prevalence of the primary process

and the presence of genetic mutations, namely,
amplification of MYC-N, deletion 1p36, allowing
stratification of the patient into a high risk group.
The development of relapses and progression of
the disease in radically operated patients speaks
in favor of the lack of significance of radicalism of
surgical intervention. However, we can reliably say
this by conducting a randomized study on a much
larger amount of material. And yet, after a radical
operation, there are fewer questions about the fur-
ther tactics of treatment and management of pa-
tients with neuroblastoma, especially since the use
of modern surgical techniques makes it possible
to achieve radicalism of surgical treatment while
minimizing the risks of complications.

CONCLUSION

Thus, the following conclusions can be made:

1. The use of modern surgical techniques and tools
allows a large percentage of cases to achieve radical
surgical treatment for locally common forms of neuro-
blastoma without the threat of serious complications.

2. Proper planning of surgical intervention taking into
account risk factors during visualization allows mini-
mizing intraoperative and postoperative complications.

3. Given the systemic nature of the lesion in neuro-
blastoma, it is impractical to conduct a radical opera-
tion with total removal of the tumor, accompanied by
the development of complications that do not allow
time to start systemic therapy.

Common hepatic artery
Own hepatic artery

Portal vein

Common bile duct

Fig. 7. Intraoperative image after removal of the tumor. Patient B.
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ABSTRACT

Purpose of the study. The purpose of the study was to analyze parameters of molecular markers of structural and cellular
renal damage in localized renal cell carcinoma (RCC) with determining the nature of the initial abnormalities in the kidney
functional state before the treatment.

Patients and methods. The study included 46 patients receiving elective surgical treatment for localized renal cancer in the
Department of Oncourology, National Medical Research Centre for Oncology. The comparison group included the clinical and
laboratory data of 13 healthy people comparable with the RCC patients in terms of age and gender. Cystatin C, IL-18, KIM-1,
L-FABP, NGAL were determined in blood and urine in all patients.

Results. Evaluation of the kidney functional state of RCC patients showed that the initial values of serum creatinine and
the glomerular filtration rate were similar to the reference levels in healthy people, but statistically significant differences
were found in the ratios of cystatin C concentrations in the blood and urine in all patients, compared with normal values.
Determination of L-FABP indices in RCC patients showed that their levels were 2.5 times higher than normal values, and the
urine concentration of IL-18 was 1.7 times higher than normal values (p < 0.05). Blood and urine levels of NGAL and KIM-1
did not differ significantly from the comparison group.

Conclusions. The development of localized RCC is accompanied by the formation of tubulointerstitial dysfunction with
impaired renal filtration capacity. All RCC patients showed elevated endogenous markers of structural and cellular renal
damage - cystatin C, L-FABP, and IL-18.
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OPUTUHATIbBHASA CTATbA

MAPKEPbI CTPYKTYPHOTO U KJIETOYHOTO NOYEYHOT0 NMOBPEXAEHUA NPU
NOKAJIN30BAHHOM MOYE4HO-KIETOYHOM PAKE 10 HAHANA JIEHEHUA

E. M. ®panuusuy’, H. 1. Ywakoea'?, 1. A. Po3enko’, H. H. Monosa"*=, A. [l. Po3eHko?, A. B. LLynbra’

1. HMUL, oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas Gepepauus
2. PoctI'MY, r. PocToB-Ha-[loHy, Poccuiickas Gepepauuns
3. HUN-KKBE N21 um. C. B. Ouanosckoro, r. KpacHoaap, Poccuiickas Gepepauns

B4 natalyaanest@mail.ru

PE3IOME

Llenb nccneposanus. MpoBecTn aHann3 nokasartesieil MONeKynApHbIX MapKepoB CTPYKTYPHOIO U KNETOYHOrO MOYEeYHOro
NOBPEXAEHUS NPU TOKaNN30BaHHOM MoYeYHo-KNIeTouHOoM pake (MKP) ¢ onpefeneHmemM xapakTepa UCXOLHOMO YPOBHS
HapyLUeHWU GYHKLMOHANIbHOrO COCTOSIHUA NOYeK [0 Havana neyeHust.

MaumneHTbl M MeToAbI. B nccnefoBaHue BKNIOYEHO 46 60MbHbIX, HAXOAMBLUMXCS HA N1IAHOBOM XMPYPruyecKoM neyeHmne no
NOBOAY JI0KaIM30BaHHOMO paka NoYKN B OHKOyponormyeckom otaenednm drey «HMUL, onkonorumn» Munagpasa Poccum.
B kayecTBe rpynnbl CpaBHEHUSI UCMO/Ib30BasN KIIMHUKO-NabopaTopHble AaHHble 13 OTHOCUTENBHO 340POBbIX JIOAEN,
COMOCTaBUMbIX C rpynnoi 6onbHbix MNMKP no BoapacTty u nony. Mayyanu: unctatuu C, U1-18 (MHTepneinkuH-18), KUM-1
(monekyna-1 nospexaeHus nouek (Kidney Injury Molecule-1)), L-FABP ()xupoBoW KUCNOTHbIi CBA3bIBAOLLMI GESTOK NeYeHn
(Fatty Acid Binding Protein)), NGAL (HeATpohubHbIi XXenaTuHaso-accoLumMpoBaHHbIv nunokanuH-2 (Neutrophil Gelatinase
Associated Lipocalin)) B kpoBu 1 Moye.

Pesynbratbl. OueHka hyHKLMOHANbHOIro COCTOAHUS Noyek 60nbHbIx MKP nokasana, YTo Npu NCXOAHbIX 3HAYEHUSAX KpeaTu-
HWHa CbIBOPOTKU KPOBU U CKOPOCTM KNYy604KOBOM GUAbTPaLMM COOTBETCTBYIOLLMX pePepeHTHbIM NoKasaTensaM 340pOBbIX
nofe UMenn MecTo CTaTUCTUYECKN 3HaUYMMble OT/IMYUS B COOTHOLLEHWUM KOHLeHTpauun unctatuHa C B KpoBY U MOYe
y BCex 60/bHbIX MO CPABHEHUIO C HOPMarbHbIMY NokasaTensimu. MccnepgoBaHue nokasatenei L-FABP y 6onbHbix [KP
B CPaBHEHUW C Fpynmnow 340pOBbIX OAEN MOKa3asno, YTo KOHLEHTPaLMs AaHHOMo nokasaTens naasmbl KpoBwu 6biia B 2,5
pasa Bbllle HOpMaJSibHbIX 3HaYEHWI, @ KOHLEHTpauus |L-18 B Moye npeBblwana HopmarsbHble 3HadeHus B 1,7 pasa (p < 0,05).
Mokasatenn koHueHTpauun NGAL 1 KIM-1 B KpOBU U MOYE HE MMEeNN 3HAYUMBbIX PasINYui C rpPynnon CpaBHEHMS.
3akntoyeHune. PasBuTue nokanusosaHHoro MNKP conpoBoxaaeTcsi bopMUMpoBaHUEM TyGYIOMHTEPCTULMANBbHOM AMChYHKLMN
C HapyLlueHVeM GubTPaLMOHHON CNOCOBHOCTM NoYek. Y Bcex 60nbHbix MKP 6binn BbisBNEHbI NOBbILLEHHbIE MOKa3aTenu
9HAOreHHbIX MapKepoB CTPYKTYPHOIO 1 KIIETOYHOIO NMOYEeYHOro noBpexaeHus — uncrtatuHa C, L-FABP n UJ1-18.

KnioyeBble cnosa:
JIOKaNIM30BaHHbIN paK NMoYku, OCTPOE MOYEeYHOe NoBpexaeHune, unctatuH C, nitepnerikuH 18, NGAL, L-FABP
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RELEVANCE

According to world statistics, kidney cancer (RP) is
registered annually in 403.3 thousand people, which
corresponds to the 15th place among the standard-
ized indicators of the incidence rate. In the Russian
Federation, a similar trend is observed, renal cell
carcinoma (RCC) is diagnosed in 4 % of patients of
both sexes, and among men it is detected in 4.7 %,
ranking 3rd among tumors of the genitourinary sys-
tem with an increase in incidence to 6.9 % among
men of socially active age 30-59 years [1; 2]. The
growth of malignant kidney diseases dictates the
need for a more detailed approach to the study of
the pathogenesis of the disease with the possibility
of early diagnosis and the necessary correction of
the resulting disorders.

Modern targeted drugs and current immunother-
apy regimens, as well as new oncosurgery technol-
ogies, serve as a guarantee of successful treatment
of RCC patients. The standard of surgical treatment
of this category of patients is the performance of
organ-preserving operations with radical removal
of the tumor, which definitely helps to reduce the
risk of cardiovascular complications and chronic
kidney disease. According to a number of clinical
studies, overall survival is comparable in patients
after radical nephrectomy and kidney resection. At
the same time, it should be noted that the frequency
of acute renal injury (AKI) in the postoperative pe-
riod is 30 % [3; 4]. This is due to factors related to
changes in the patient population, the widespread
use of potentially nephrotoxic drugs, contrast re-
search methods and an increase in combined sur-
gical interventions. Acute renal dysfunction leads
to the formation of nephrosclerosis with the sub-
sequent development and progression of chronic
kidney disease (CKD), which has a clear tendency
to increase morbidity rates [5]. As is known, AKI
is characterized by a complex, morphofunctional
state, which is formed both as a result of external
factors and due to a number of reasons that cause
primary organ damage. In case of a tumor lesion,
the formation of renal dysfunction is due to a com-
bination of several pathological processes: firstly,
mechanical invasion of the tumor with an anatom-
ical defect in the structure of the renal tissue and
destruction of nephrons; secondly, a change in the
functional state of the organ due to the influence
of biologically active components secreted by the

tumor [6; 7]. In other words, the manifestation of
AKI in RCC patients may be due not only to a de-
crease in the number of normally functioning neph-
rons after organ-preserving operations and surgical
trauma, but also be directly related to concomitant
somatic diseases and the presence of initial kidney
dysfunctions due to the development of a tumor
process in the organ [8].

Of course, the detection of AKI triggers in the
perioperative period in patients with localized RP
during organ-preserving surgical interventions dic-
tates the need for a more detailed approach to the
study of the pathogenesis of the disease with the pos-
sibility of timely correction of functional disorders [9].

It would seem that the modern capabilities of com-
puted tomography, renoscintigraphy and excretory
urography make it possible to register violations of
the structural and functional state of the kidney as
much as possible, however, the standard approach in
diagnosis does not always form a complete picture
of the nature of the disease and the reserve capa-
bilities of the body in the conditions of the develop-
ment of the tumor process. In order to determine the
choice of the optimal volume of surgical intervention,
the criteria of the nephrometric diagnostic system
R.E.N.A.L. are used. (Radius, Exophytic/endophyt-
ic, Proximity, Anterior/posterior, Location), which is
based on the analysis of the complex morphometric
characteristics of the tumor process with the deter-
mination of the level of complexity of the planned
operation. The evaluation of the parameters takes
into account the endophytic or exophytic growth of
the tumor, the diameter of the tumor node with the
determination of the anatomical features of the tumor
and its location relative to the collecting system of
the kidney [10].

The generally recognized use of this scale orients
the surgeon in choosing the volume of the planned
operation, but does not allow to fully assess the
functional state of the renal parenchyma with the
determination of the prognosis of renal failure in the
postoperative period. According to Kidney Disease
Improving Global Outcomes - "Initiative to Improve
Global Outcomes of Kidney Diseases" (KDIGO) [11],
AKI is diagnosed with a persistent, for 48 hours or
more, maximum change in serum creatinine level
and/or its increase by 1.5 times within 7 days com-
pared to the baseline level. In this regard, it should
be noted that at the present stage of RCC therapy,
the assessment of the dynamics of indicators of
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markers of functional-structural and cellular renal
damage in the process of antitumor treatment is
of particular relevance. Thus, the identification of
preclinical signs of metabolic dysfunction of the
kidney, as a result, may be an important predictor in
the development of acute renal failure during radical
surgical treatment [5; 12]. Early diagnosis of the im-
balance of molecular markers determines the final
effect of therapy and the course of the disease in
patients with RCC.

In this regard, in order to predict the develop-
ment and early diagnosis of AKI, our attention was
drawn to the use of markers of damage to the struc-
ture of the kidneys. Specific markers cystatin C,
interleukin-18 (IL-18), fatty Acid Binding protein
of the liver/Fatty Acid Binding Protein (L-FABP),
neutrophil gelatinase-associated lipocalin-2/Neu-
trophil Gelatinase Associated Lipocalin (NGAL),
Kidney Injury Molecule-1/Kidney Injury Molecule-1
(KIM-1) are of great practical importance, deter-
mining the tactics of treatment of patients with
impaired function kidneys. It should be noted that
cystatin C is the main and most accurate marker
in the diagnosis of renal damage and assessment
of glomerular filtration rate (GFR) [9]. Interleukin-18
refers to proinflammatory cytokines. This mark-
er is secreted in the distal tubules of the kidneys
when exposed to various nephrotoxic factors on
the human body, as well as after an episode of
ischemia. The active form of IL-18 enters the urine
during the development of AKI. However, it should
be borne in mind that an increased level of plasma
IL-18 is characteristic not only for AKI, but also for
autoimmune and inflammatory diseases, including
sepsis [5]. Neutrophilic lipocalin-2 (NGAL) is one
of the most studied markers of structural kidney
damage. This protein is secreted by various tissues
of the body, including epithelial cells of the proximal
tubules of the kidneys as a result of organ damage.
It is a proven fact that an increase in the concen-
tration of NGAL in urine and blood is recorded in
cases of renal dysfunction and the development
of CKD [13; 14]. Kidney injury molecule-1 (KIM-1)
is a transmembrane glycoprotein with a molecular
weight of 90 kDa. Normally, with unchanged kidney
tissues, KIM-1 molecules are not detected in blood
and urine. High protein expression is detected in
cells of regenerating proximal renal tubules after
toxic or ischemic damage and is not specific to oth-
er damaging agents [14—-16]. Detection of L-FABP
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in the patient's blood and urine is recorded in re-
sponse to damage to renal structures. An increase
in the excretion of L-FABP in the urine indicates
the progression of kidney damage [14]. Taking into
account the problem of AKI formation in the early
postoperative period in patients with RCC, the study
of markers of structural and cellular renal damage
before treatment will optimize early diagnosis, de-
termine the timing and tactics of nephroprotective
therapy.

The purpose of the study: to analyze the indica-
tors of molecular markers of structural and cellular
renal damage in localized renal cell carcinoma with
determination of the nature of the initial level of vio-
lations of the functional state of the kidneys before
the start of treatment.

MATERIALS AND METHODS

This study was conducted at the National Medi-
cal Research Centre for Oncology with the approval
of the Ethical Committee of the institution and vol-
untary consent to the participation and processing
of personal data in accordance with the standards
of the Helsinki Declaration (1964) as amended in
2013. 59 patients were examined. Inclusion criteria:
age over 18 years, documented consent of the pa-
tient to conduct the study, normal blood creatinine
levels. Exclusion criteria: age less than 18 years,
refusal of the patient to participate in the study,
elevated blood creatinine levels. In all patients, the
following parameters were studied in this study:
cystatin C, interleukin-18 (IL-18), Kidney Injury Mol-
ecule-1 (KIM-1), fatty Acid binding protein of the
liver/Fatty Acid Binding Protein (L-FABP), neutro-
phil gelatinase-associated lipocalin-2/Neutrophil
Gelatinase Associated Lipocalin (NGAL) in blood
plasma and urine.

The main group included 46 patients with RCC
who were treated in the oncourological department.
The age criteria of patients with RP at the time of the
study were presented: men 30-44 years — 2 patients
(6.6 %), 45-59 years — 6 patients (20.3 %), 60-74
years — 15 patients (49.7 %), 75 years and older - 7
patients (23.4 %); women 30-44 years — 1 patient
(6.2 %), 45-59 years — 5 patients (31.3 %), 60-74
years — 9 patients (55.8 %), 75 years and older - 1 pa-
tient (6.2 %). The median age was 58 (29-76) years.
It should be noted that males prevailed in the cohort
of patients — 30 out of 46 people (65.3 %). Our data
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are consistent with literature data indicating that the
incidence of RCC among men is 1.5-2 times higher
than in women [17]. According to the preoperative
examination, the distribution by stages of the onco-
logical process is represented by T1aNOMO in 25
patients (54.3 %), TTbNOMO in 21 patients (45.7 %).
Morphological characteristics of the tumor are pre-
sented: RCC light-cell variant of the structure in 19
of 46 (41.3 %), papillary in 16 (34.8 %) chromophobic
in 11 (23.9 %) patients, with the prevalence of highly
differentiated processes in 23 patients (50.0 %). Con-
comitant diseases in patients with RCC are presented
in the Table 1.

It should be noted that according to general clin-
ical and anamnestic examinations, the vast major-
ity of patients — 91.3 % had concomitant diseases,
which are classified as modifiable risk factors for
the development and progression of chronic kidney
disease [11].

As a comparison group, clinical and laboratory
data of 13 relatively healthy people, comparable to
the group of patients with RCC by age and gender,
were used.

Indicators of markers of renal damage were car-
ried out before treatment and determined by enzyme
immunoassay using standard test kits: cystatin C

(BioVendor, Czech Republic), IL-18 (Bender Medsys-
tems, USA), NGAL (BCM Diagnostics, USA), KIM-1
(BCM Diagnostics, USA), L-FABP (Hycultbiotech,
Netherlands).

Statistical support was carried out using a pack-
age of certified application programs Statistica 6.0.
(StatSoft, USA). The significance of the differences
in the average values of the indicator was carried
out according to the Student-Fisher t-criterion for
independent samples with reliable indicators at a sig-
nificance level of p < 0.05.

RESEARCH RESULTS AND DISCUSSION

A comprehensive assessment of the functional
state of the kidneys of patients with RCC showed that
the initial values of serum creatinine corresponded
to the reference values of healthy people — from 50
to 110 mmol/l and amounted to 63.9 + 26.8 mmol/I
(41.1-101.8) (p < 0.05). The calculation of the initial
GFR was performed according to the formula Modifica-
tion of Diet in Renal Disease study with classification
according to the National Kidney Foundation/ Kidney
Disease Outcomes Quality Initiative classification Na-
tional Kidney Foundation [18]. The median GFR was
73 (55-103) ml/min/1.73 m2. These indicators, at first

Table 1. Concomitant diseases in the group of patients with RCC

Concomitant disease

RCC patients (n = 46)

Abs. n. %
Not detected 4 5.3
Diseases, that don't impact the RCC flow
COPD 3 3.9
Bronchial Asthma 1 1.3
Hepatobiliary system chronic diseases 7 9.2
Lower limb veins varices 14 19.4
Peptic ulcer of the stomach and duodenum 12 2 2.6
Diseases, that impact the RCC flow
Diabetes mellitus 7 9.2
Arterial hypertension 13 17.6
Cardiovascular diseases 9 11.8
Kidney stones 3 3.9
Chronic urinary tract infections 2 2.6
Obesity/metabolic syndrome 5 6.6
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glance, create an idea of the normal functioning of the
organ during the development of a malignant tumor in
a patient. However, according to the modern concept
of AKI development, the concentration of creatinine
and GFR in blood plasma during the development of
renal dysfunction are not sufficiently informative cri-
teria. Thus, the variability of creatinine concentration
depends on many factors such as gender, weight, age,
composition of the diet, body mass index, etc. [19-21].

The most accurate and promising endogenous
marker in the assessment of renal damage is cystatin
C, which is produced by the body's nuclear cells and
enters the bloodstream evenly, maintaining a con-
stant level of concentration in blood plasma. Cys-
tatin C is an inhibitor of lysosomal proteinases, the
main function of which is aimed at protecting the
body from uncontrolled activation of proteolysis of
its own proteins. Low affinity to other serum proteins
and small molecular weight allows cystatin C to be
freely excreted in the renal glomeruli. Due to megalin-
kubulin-mediated endocytosis, cystatin C is able to
be maximally metabolized in the epithelial cells of
the proximal tubules of the kidneys [22]. An increase
in the excretion of cystatin C and an increase in its
concentration in urine indicates a violation of reab-
sorption in the proximal tubules and the formation
of tubular dysfunction [23].

In our study, the determination of the concen-
tration of cystatin C before the start of treatment
showed that in 21 patients (45.7 %) in blood plasma,
this indicator varied within normal values, in 25 pa-
tients (54.3 %) the content of cystatin C exceeded
1000 ng/ml. Subsequently, all patients of the main
group were divided into 2 subgroups: 1st — cysta-
tin with 1000 ng/ml and below, 2nd - cystatin With
above 1000 ng/ml. The results of the study of cys-
tatin C in the blood showed that in all patients with
normal values of cystatin C, the glomerular filtration
rate corresponded to physiological values, with an
increased concentration of cystatin C, GFR was al-
most 1.5 times lower compared to healthy people
(p < 0.05) (Table 2).

When evaluating the data, it was determined that
statistically significant differences occurred in the
ratio of the concentration of cystatin C in the blood
and urine of all patients compared with normal in-
dicators. So, in subgroup 1, the concentration of
cystatin C in the blood was 1.8 times lower, and in
subgroup 2-1.4 times higher (p < 0.05) compared to
healthy. The content of cystatin C in urine in subgroup
1, with normal GFR and serum creatinine values was
increased almost 2 times (p < 0.05) In subgroup 2,
with elevated plasma cystatin C with reduced GFR,
indicators within normal values were recorded. The

Ta6nuua 2. NMoka3aTenu MapKepoB NMOYEYHOro NMOBPEXAEeHMUA B Nia3me KpoBu y 6onbHbIx MKP Ao Hayana neyeHus u

3[,0pOBbIX NauueHToB (M + m)

Study group

Indicator el el RCC patients

=18 1st subgroup (n = 21) 2nd subgroup (n = 25)
Cystatin C in blood (ng/mg) 877.1+81.9 787.4 +110.3 (638.9-919.3) 1284.0 + 113.7' (1196.8-1335.7)
Cystatin C in urine (ng/mg) 1068.7 + 83.4 2154.1 + 223.6" (194.8-4086.4) 1088.2 + 86.4 (510.5-2035)
Blood L-FABP (ng/ml) 0.42+0.03 0.37 £0.07 (0.21-0.6) 0.92 £ 0.09" (0.7-0.33)
Urine L-FABP (ng/ml) 0.34+£0.21 0.28 £ 0.03 (0.15-0.49) 0.69 + 0.05" (2.04-0.018)
Blood IL-18 (pg/ml) 33.7+27 20.0 + 1.8 (8.7-44.4) 90.7 + 8.6" (18.7-259)
Urine IL-18 (pg/ml) 19.8+2.2 18.0 £ 2.4 (6.3-32.2) 28.6 + 2.4 (3.4-56.3)
Blood NGAL (ng/ml) 3.06 £0.30 2.65+1.00 (1.7-4.1) 3.57+0.80 (2.2-6.3)
Urine NGAL (ng/ml) 1.11+£0.21 0.23+0.05(0.06-0.17) 0.31+0.05(0.02-0.46)
Blood KIM-1 (ng/ml) 0.21 4 0.01 0.18 +0.02 (0.07-0.36) 0.14 + 0.01 (0.06-0.27)
Urine KIM-1 (ng/ml) 0.55 % 0.21 1.30 +0.10 (0.09-2.6) 1.50 + 0.20 (0.4-2.8)

Note: ' - the significance of differences in comparison with healthy (p < 0.05). IL-18 - interleukin-18; L-FABP - fatty acid binding protein of the
liver; KIM-1 - kidney damage molecule-1; NGAL — neutrophil lipocalin-2.
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results obtained indicate the diagnostic value of de-
termining the concentration of cystatin C as the most
accurate and early indicator of the development of
renal damage at the preclinical stage. The nature of
these changes in the concentration of cystatin C can
be associated with the presence of renal dysfunction
caused by a tumor lesion of the kidney [23].

In order to predict the development of AKl in pa-
tients who were scheduled for surgical treatment in
the volume of kidney resection, a more detailed study
of the levels of markers was conducted: L-FABP, IL-18.
The data is given in Table 2.

When studying the concentrations of L-FABP and
proinflammatory cytokine IL-18 in blood plasma and
urine in patients with RCC before the start of surgi-
cal treatment, significant differences were revealed
compared with healthy people (Table 2). L-FABP is
a fatty acid binding protein of the liver, which belongs
to the markers of the cytoplasmic protein family with
a molecular weight of 15 kDa and participates in
intracellular transport of long-chain fatty acid with
expression by liver cells in response to the damaging
factor. It is known that L-FABP is also expressed in
the straight and convoluted parts of the renal tubules
in acute interstitial tissue damage and is not detected
in urine in healthy people. A number of researchers
have noted the important role of L-FABP in the de-
velopment of oxidative stress as an effective cyto-
protector [24]. Analysis of clinical data showed that
in the preoperative period, L-FABP plasma values
were 1.9 times higher than those in the comparison
group (p < 0.05). The concentration of L-FABP in urine
was increased 2.3-fold (p < 0.05) only in patients of
subgroup 2, who previously had an increased con-
centration of cystatin C and a decrease in GFR with
a diagnosed preclinical stage of CKD. Probably, this
increase in the level of L-FABP in patients with RCC
compared to a group of healthy individuals indicates
functional disorders with damage to the epithelium
of the proximal tubules of the kidneys, which can be
regarded as a preclinical change in the functional and
structural components of the kidneys. The results ob-
tained can be compared with the studies conducted
by Kamijo-lkemori A. in patients at an early stage of
nondiabetic CKD, in which the level of L-FABP con-
centration in urine was significantly higher than the
reference values [18; 21]. When assessing the IL-18
indicators, it was revealed that in comparison with
the group of healthy patients in patients with RCC,
the concentration of this indicator of blood plasma

was 2.5 times higher than normal values, and the con-
centration of IL-18 in urine exceeded normal values
by 1.7 times (p < 0.05). According to the literature,
an increase in the concentration of IL-18 and L-FABP
in urine is observed with the development of renal
insufficiency [24-26]. The simultaneous increase of
IL-18 and L-FABP markers in the blood of patients
with RCC before treatment was regarded by us as
a sign associated with the development of a malig-
nant process in the kidney. Additionally, in order to
assess the full picture of changes in the structural
and functional state of the kidneys during the ma-
lignant process, we studied and analyzed NGAL and
KIM-1 markers. As can be seen from Table 2, the
concentration of NGAL and KIM-1 in blood and urine
had no significant differences with the comparison
group. Accordingly, these markers are not advisable
to use in order to determine renal dysfunction in the
early stages of the disease. However, at the present
stage of development of oncology, the dynamics of
indicators of molecular markers of renal damage
KIM-1 and NGAL should be considered as a predictor
of effective antitumor treatment of patients with RCC.

CONCLUSION

As a result of this study, it was found that the de-
velopment of localized kidney cancer is accompanied
by the formation of tubulointerstitial dysfunction with
impaired filtration capacity of the kidneys. Thus, ele-
vated indicators of endogenous markers of structural
and cellular renal damage - cystatin C, L-FABP and
IL-18 were detected in all patients with RCC. At the
same time, there were no clinical manifestations of
renal dysfunction in these patients, and the initial val-
ues of GFR and creatinine were within the reference
values. Thus, routine determination of creatinine and
glomerular filtration rate cannot guarantee the normal
functioning of the kidneys. Probably, the severity of
changes in the markers of cellular renal damage of
cystatin C, L-FABP and IL-18 is the most prognostical-
ly significant in determining the degree of damage to
the renal tubules and the risk of acute renal damage
before surgical treatment. It should be borne in mind
that early diagnosis of initial functional disorders is
a necessary condition in choosing a rational tactics
of nephroprotective therapy with the predestination
of the development of undesirable complications,
including acute renal injury at the stage of surgical
treatment.
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ABSTRACT

Purpose of the study. An analysis of sonography potential in the primary diagnosis and clinical staging of tongue cancer.
Patients and methods. The study included 18 patients aged 40—70 years with tongue tumors. The majority accounted males —
14 (77.7 %). Women were represented by 4 (22.2 %) examinees. Ultrasound examinations were performed using expert-class
ultrasound systems with broadband linear multifrequency transducers.

Transoral examination with linear transducers required tumor location in the anterior and lateral parts of the oral tongue.
During ultrasound examinations we evaluated: tumor shape, tumor invasion depth; tumor sizes — width and thickness; tumor
echogenicity and structure; tumor vascularization in Doppler modes.

The results were compared with the data of histological examination.

Results. Transoral ultrasound examination of patients with tongue cancer allows clear visualization of the tumor and assess-
ment of it's spread.

The study showed that the round shape of tongue tumors prevailed in 13 (72.2 %) patients, the tumor echo structure in 10
(55.5 %) was heterogeneous, the contours were even and clear in the majority of patients — 13 (72.2 %), all tumors showed
areduced acoustic density, the depth of invasion ranged from 2 to 6 mm in 8 (44.4 %) patients and exceeded 6 mm in 6 (33.3 %)
patients, which corresponded to stages Il and IV of the diseas. Doppler ultrasonography recorded intense intratumoral blood
flow in 100 % of cases. In 8 (44.4 %) cases, metastatic lesions of the cervical lymph nodes were observed.

Conclusion. Transoral ultrasound diagnosis of tongue cancer is a highly informative, safe and modern method providing
surgeons with information that helps in choosing the scope of surgical treatment and in determining the disease prognosis
at the preoperative stage. The accuracy of the method was 87 %, the sensitivity was 85 %, and the specificity was 86.2 %.
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BO3MOXHOCTH COHOrPAGMM B INATHOCTUKE OMYXOJIEN A3bIKA

H. A. Makcumoga, M. A. Enruéapsi, M. I. Unbuenko™, J1. I. AkonsiH, B. B. l'ypHak, A. C. Eropoea, M. A. Yepkec

HMWL| onkonorum, r. PoctoB-Ha-[loHy, Poccuiickas Gepepauus
B4 maria_ilchenko80@mail.ru

PE3IOME

Lienb nccneposaHus. M3yuntb BO3MOXKHOCTM YNIbTPa3BYKOBOIO UCCIIeA0BaHUA B MEPBUYHON AMArHOCTUKE U KIIMHUYECKOM
CTaAnpoBaHUK paka A3blka.

MauueHTbI U MeToAbI. B uccnenoBaHue Bowwio 18 60MbHbIX C ONyXosbto sidbika B Bo3pacTe oT 40 go 70 net. bonblwnHCTBO
NaLUUEHTOB — MYXUYUHbI — 14 (77,7 %). YXeHLmMHbI 6b11 NpeacTaBeHbl 4 (22,2 %) HabnogeHUAMN. YNbTpa3ByKoBble UCCeao-
BaHMSA BbINOJIHANNCL Ha annapaTax 9KCNepTHOro Knacca, LUMPOKOMOIOCHbIMU IMHENHbIMW MYNbTUYACTOTHbIMU AaTUYMKaMM.
Heo6xoAanMbIM yCnoBreM AJ1s TpaHCOpPanbHOro UCCIeA0BaHMUS ABNANOCH PACcroNoXeHNe ONyXonu B NepeaHUX N 60KOBbIX
oTAenax NofABMXHON YacTu A3blKa.

Mpu Y3U nepBuYHOro oyara mbl oueHnBanu: hopmy, pasmepbl, ryorMHY MHBa3WKM OMyXOJn; 3XOreHHOCTb U CTPYKTYpY o6pa-
30BaHMs, BaCKysipusauuio B pexxumax gonnaeporpadum.

MonyyeHHble pesynbTaTbl CPaBHUBANNUCh C AAaHHbIMU TMCTONOMMYECKOro UCCNeOBaHus.

PesynbTatbl. MNpu 06cnefoBaHnmM 601bHbIX PakoM A3blka C MPUMEHEHNEM TPAHCOPasbHOW METOAWKM YbTPa3BYKOBOro
nccnefoBaHNA yaaeTca YeTKO BU3yannsmpoBaTb OMNyXosb, ONpefennTb pacnpoCcTpaHeHHOCTb NpoLecca.

B pesynbTaTte uccnefoBaHus NpeBanvpoBasna okpyrnas hopma onyxonei sisbika y 13 (72,2 %), naLMeHTOB, 3X0-CTPYKTypa
HoBoo6pa3oBaHus y 10 (55,5 %) 6bina HeogHOPOAHAs, KOHTYPbI y 60NbLUMHCTBA POBHbIE, YeTkue — 13 (72,2 %), Bce HOBOO-
6pa3oBaH1s UMeNU MOHUXKEHHYHO aKyCTUYECKYH NIOTHOCTb, Fy6uHa UHBa3um y 8 (44,4 %) naLneHTOB cocTaBsisina oT 2 0
6 MM Y 6 (33,3 %) 60nbLue 6 MM, UTo cooTBeTcTBYeT lIl, IVcTagnsam sab6onesanus. B 100 % HabntogeHui Npy gonnneporpa-
UM perncTpupoBanca UHTEHCUBHBIA BHYTPUONYXO/eBbI KPOBOTOK. B 8 (44,4 %) cnydasix Habitofanocb MeTacTaTMyeckoe
rnopaxeHue LWerHbIX TMMbOoy3n0B.

3aknouyeHue. Y3-aAnarHocTuka TpaHcopaibHbIM AOCTYNOM paka f3blka — BbICOKOMHGOPMAaTUBHbIN, 6e30NacHbIi, CoBpe-
MEeHHbI MeTogA, AatoLmit nHbopMaLmIo Bpayam-Xupypram, NoMoratoLLyto B Bbibope o6bema XMpypruyeckoro feveHus
1 B onpefefieHMn Ha AoonepauMoHHOM aTane NporHo3a 3aboneBaHuns. TOYHOCTb MeTofa cocTaBuna 87 %, YyBCTBUTENb-

HoCTb — 85 %, cneyuduyHocTb — 86,2 %.

KntouyeBble cnosa:
pakK s3blKa, yNIbTpa3ByKOBOE UCCiefoBaHMe, TpaHCOpasbHbIA AOCTYN
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INTRODUCTION

Tongue cancer accounts for 65 % of the incidence
of malignant neoplasms of the oral cavity and devel-
ops from elements of the squamous epithelium. Men
get sick 5-7 times more often than women, as a rule,
in adulthood, after 50 years [1; 2]. The incidence of
malignant neoplasms of the tongue is steadily in-
creasing [3]. Despite the fact that tongue cancer is
a localization available for examination, up to 80 %
of patients do not consult a doctor for a long time
and at the time of initial treatment, the stage of the
disease is llI-1V. All this confirms the relevance of the
topic of diagnosis and treatment of tongue cancer.

Systematic interaction of the tongue mucosa with
various chewing mixtures, cigarette smoke, strong
alcohol, as well as chronic diseases of the tongue,
such as ulcers, infection in the oral cavity, trauma-
tization, erythroplakia, leukoplakia, are etiological
factors of the development of tongue cancer [1-5].

In 65 % of cases, the tumor is located on the lateral
surfaces of the tongue and in 90-95 % of cases it
is squamous cell carcinoma. According to the form,
there are: papillary, ulcerative, infiltrative and infiltra-
tive- ulcerative forms of tongue cancer.

By development and growth: exophytic tumor protrud-
ing into the oral cavity and endophytic, diffuse tumor
that grows into the deep layers of the tongue, oral cavity.

Metastatic lesion of the cervical lymph nodes in
cancer of the tongue occurs in 40-80 %. Hematog-
enous metastases are rare, they can affect the liver,
lungs, skeletal bones, and brain [6].

Accurate information about the extent of the tu-
mor process at the preoperative stage allows you
to choose the necessary treatment strategy [7-8].

Ultrasound examination (ultrasound) is a non-in-
vasive, easy-to-use method for detecting changes in
the free part of the tongue and lymph nodes of the
neck [9; 10]. However, the use of ultrasound in the
primary diagnosis of tongue cancer has not been
sufficiently studied and requires special consideration
of all possible aspects.

The purpose of the study: to study the possibilities
of ultrasound examination in the primary diagnosis
and clinical staging of tongue cancer.

PATIENTS AND METHODS

The study included ultrasound data of 18 patients,
aged 40 to 70 years, with malignant tumor processes

42

of the tongue. By gender, the patients were distribut-
ed as follows: men - 14 (77.7 %), women — 4 (22.2 %).

Ultrasound was performed on the devices "IU 22
PHILIPS", broadband multi-frequency linear sensors,
5-17 MHz.

To assess the shape, size, echogenicity, echo
structure, depth of invasion this is the distance from
the surface of the neoplasm to the lower border of
the tumor, deep into the muscles of the tongue, vas-
cularization in the modes of DH, EDC of the primary
tumor located in the lateral and anterior sections
of the movable part of the tongue, we performed
ultrasound with transoral access.

The obtained results of the depth of invasion of
the neoplasm were compared with the data of his-
tological examination.

RESEARCH RESULTS AND DISCUSSION

In the study of patients with tongue cancer using
ultrasound transoral access, it is possible to visual-
ize the tumor and determine the prevalence of the
process. Table 1 presents the main sonographic cri-
teria for tumors of the tongue of patients included
in our study.

As a result of the study, the shape of the tumors
of the tongue prevailed rounded in 13 (72.2 %), the
oblong form was registered in 5 (27.7 %) patients,
the echo structure in 10 (55.5 %) was heteroge-
neous, the contours of the majority were smooth,
clear — 13 (72.2 %), all neoplasms had a reduced
acoustic density, the depth of invasion was in 8
(44.4 %) from 2 to 6 mm and in 6 (33.3 %) more
than 6 mm, which corresponds to the lll, IV stages
of the disease and confirms the literature data on
late the appeal of patients. Intense intra-tumor
blood flow was recorded in DH. Metastatic le-
sion of cervical lymph nodes was observed in 8
(44.4 %) cases.

The accuracy of the method was 87 %, sensitivity
85 %, specificity 86.2 %.

A clinical case.

Patient M., born in 1960, applied for an appoint-
ment with complaints about the presence of a tumor
on the tongue, considers herself ill for three months
when she discovered a nodular formation on the left
side of her neck. Not treated.

When examined, a dense, limited movable node
up to 25 mm is determined in the carotid triangle
of the neck on the left. On the lateral surface of the
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free part of the tongue on the left, a tumor infiltrate
measuring 45 x 25 mm is determined.

A CT scan of the brain and soft tissues of the
neck was performed on the patient — no pathologi-
cal changes in the brain substance were detected.
Infiltrative lesion of the tongue, mts in the left side
of the neck.

In the projection of the lateral surface of the free
part of the tongue on the left, a hypoechoic formation,
irregular shape, uneven contours, fuzzy, 1.3 x 3.0 cm
in size, the depth of invasion is 13 mm (Fig. 1), with
DH - hyperintensive intranodular blood flow (Fig. 2).

The cervical lymph nodes on the right are not en-
larged, on the left in the upper third 1.3-2.3 cm (Fig. 3).

AVarHocTuke OI'IyXOHGVI A3blKa

A biopsy of the tongue tumor was performed - lay-
ers of squamous cell carcinoma with a tendency to
keratinization. Minor leukocyte infiltration. A puncture
biopsy of the specified lymph node was performed.
The cytogram is characteristic of metastasis of squa-
mous cell carcinoma with keratinization.

Based on the clinical diagnostic study, the diagno-
sis was made: tongue cancer with metastases to the
lymph nodes of the neck on the left St IIl (T3N1MO0),
cl. gr. 2.

The patient underwent surgical treatment in the
volume of combined resection of the floor of the oral
cavity with microsurgical plastic surgery, cervical
lymphadenectomy on the left. G.A: Metastasis of

Table 1. Sonographic criteria for tumors of the tongue

Diagnostic criteria Abs. numb. %
Rounded 10 55.5
Shape Oblong 4 22.2
Irregular 4 22.2
Upto20cm 7 38.9
Size 20-40 cm 8 44.4
Above 40 cm 3 16.7
Smooth/distinct 13 72.2
Smooth/not distinct - -
Contours
Rough/distinct 3 16.7
Rough/not distinct 2 11.1
Homogenous 6 33.3
Echogenisity
Non homogenous 12 66.7
Isoechgenic - -
Acoustic density Hypoechogenic 18 100
Anechogenic - -
Up to 5 mm 4 22.2
Invasion depth 4-10 mm 8 44.4
Above 10 mm 6 333
L.n. lesion Present 8 44.4
L.n. lesion Absent 10 55.5
Central 5 27.8
Vascularization Peripheral 0 0
Mixed 13 72.2
Isointensive 5 27.8
Blood flow intensity Hypeintensive 10 55.5
Hypointensive 3 16.7
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squamous cell carcinoma with keratinization; squa-
mous cell carcinoma with keratinization, infiltrative
growth. Invasion of the deep muscle layer. Invasion —
10 mm. The next stage, after topometric preparation
on a Simens Somatom computed tomograph (Ef-
fective dose per study 4.5 mSv) using radiopaque
labels and dosimetric planning, a course of remote
gamma therapy was conducted on the bed of the
removed tumor and a lymphocollector, irradiation was
carried out on a TERATRON device, 2.4 G, 5 fractions
per week, 17 fractions, SOD 40.8 G (42izoGr). Final
diagnosis. Cancer of the tongue with metastases in
the I/nodes of the neck on the left, still, p T3NTMO,
condition after surgical treatment, radiation treatment
SOD 42 Gr, cl. gr. 2
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CONCLUSION

Based on the conducted studies, it is safe to say
that determining the depth of tumor invasion with
transoral ultrasound of the tongue, as well as exam-
ining the soft tissues of the neck to identify meta-
static regional lymph nodes helps to establish the
stage of the disease. Thus, ultrasound diagnosis of
tongue cancer is a highly informative, safe, modern
method that provides information to surgeons, helps
in choosing the scope of surgical treatment and at
the preoperative stage to determine the prognosis of
the disease. The accuracy of the method was 87 %,
sensitivity 85 %, specificity 86.2 %.
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Fig. 1. B-mode ultrasound image of a tongue tumor: hypoechoic
neoplasm, irregular shape, uneven, indistinct contours,
heterogeneous echostructure, 1.3 x 3.0 cm in size.
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Fig. 2. Color Doppler ultrasound image of a tongue tumor:
hyperintense intra- and perinodular blood flow.
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Fig. 3. B-mode ultrasound image of lateral surfaces of the neck — hypoechoic lymph nodes, heterogeneous echostructure, 1.3-2.4 cm in

size.
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LEIOMYOSARCOMA OF THE SCALP AND LOWER LEG SKIN. GLINICAL
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ABSTRACT

Malignant soft tissue tumors localized in the skin, particularly leiomyosarcoma, are rare. Cutaneous leiomyosarcomas could
have superficial and deep forms, while subcutaneous leiomyosarcomas are usually nodular. The tumor can spread to the un-
derlying muscle fascia. The immunophenotype of leiomyosarcoma is determined by the following antibodies: ASMA, desmin,
and N-caldeston; expression of PanCK is also possible. Researchers do not have any common opinion on the clinical course
and biological behavior of cutaneous leiomyosarcomas. This is probably due to the tumor heterogeneity and the carcinogen-
esis specificity associated with molecular genetic changes. We detected these tumors at the histological examination which
resulted in an analysis of the literature and our own material. We analyzed cutaneous tumors diagnosed in 2522 patients
during 5 years (2016-2020). Squamous cell and basal cell histotypes were the most common ones. We did not diagnosed
cutaneous leiomyosarcoma in our material during this period. This article presents two cases of cutaneous leiomyosarco-
ma localized in the scalp and calf skin. Morphological and immunohistochemical profiles of the tumors are described. The
immunohistochemical analysis confirmed the morphological diagnosis and established the tumor immunophenotypes. The
morphological diagnosis in one case was complicated due to the rarity of this pathology and the ambiguity of the interpre-
tation of histological changes. Analysis of histological preparations and immunohistochemical study allowed verification of
the tumor as leiomyosarcoma with its characteristic immunophenotype. All of the above demonstrate the need to perform
morphological and immunohistochemical tests in specialized research cancer centers.
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JIENOMUOCAPKOMA KOXK BOJIOCMCTON YACTM KOXM F0N10BbI U KOXN TOJTEHN.
ONUCAHWE HABJTIOAEHAN U 0b30P JIMTEPATYPI

E. M. Henomusaw,aa™, 10. B. YnbsHoBa, M. A. Enruéapsn, T. 0. Jlanteea, M. A. Ky3HewoBa

HMWL| onkonorum, r. PoctoB-Ha-[loHy, Poccuiickas Gepepauus
B4 nas_mich82@mail.ru

PE3IOME

MsrkoTkaHble 3/10Ka4eCTBEHHbIE OMyXO0JM 1, B YaCTHOCTM, 1eiIOMUOCaPKOMbI, TOKAM3YIOLLMECS B KOXE, BCTPEYatoTCs PefKo.
B KOXHbIX NeitoMmnocapkoMax BblAenstoT NOBEPXHOCTHbIE U rNy6okue hopMmbl. 111 NepBUYHbBIX MOAKOXHBIX TEI0MUOCAPKOM
xapakTepHa y3nosas hopmMa. Onyxonb MOXeT pacnpoCTPaHATLCS Ha MOANEXaLLYHO MbllueyHyto Gacuuto. UMMyHodeHoTHN
nenomuocapkom onpegensietca cnegyrowmmu aHtutenamu: ASMA, desmin, N-caldeston. BoamoxHa akcnpeccust PanCK.
B nutepatype cywecTByOT NPOTUBOPEYUBBIE CYXXAEHWS O KIIMHUYECKOM TEYEHUM U BUONOTMYECKOM MOBEAEHUN KOXHbIX
nenoMmocapkoM. BeposTHoO, aT0 06yClI0BNEHO reTepOreHHOCTbIO ONYXOM M OCOBEHHOCTAMM KaHLLeporeHesa, CBA3aHHOro
C MONEKYNSIPHO-TEHETUYECKUMU U3MeHeHUsIMU. OBHapy)XXeHWe 3TUX OMyXosei Npu rmMcTonorMyeckoM uccrieloBaHnm one-
pauUMOHHOro MaTepuana nobyauno K aHanuay nuTepaTypbl U COGCTBEHHOrO MaTepuana. [poBeAeH aHann3 onyxonen Koxwu
3a 5 et (2016-2020 rr.). 3a 3TOT Nepuoa Onyxosin 6blav AMarHoCcTUpoBaHbl Y 2522 nauneHToB. OCHOBHbIM FMCTOTUIOM
6bINN NIOCKOKETOYHbIE 1 6a3a/bHOK/IETOYHbIE paku. JTeMOMMOCAPKOM KOXM 3a 3TOT MEPUOZ Ha HalleM maTepuase ana-
rHOCTMPOBAHO He 6b1s10. MpuUBeAeHbI iBa HaBMOAEHWS NENOMUOCAPKOMbI KOXU: BOSIOCUCTON YaCTH KOXM FOM0BbI U KOXM
roneHun. Onncana mopgonornyeckas 1 UMMYHOrMCTOXMMUYECKas KapTuHa onyxosier. BbinonHeHHOe MMMYHOrUCTOXMMU-
yeckoe nccrnefoBaHue No3BoUN0 NOATBEPAUTD MOPPONOrMYECKUI ANArHO3 U YCTAHOBUTb UMMYHOGMEHOTMMN OMNYXONen.
Mpu ycTaHOBNEHWUN MOP(ONIOrMYecKoro AnarHo3a B 04HOM HabMOAEHUM BOSHUKAN TPYAHOCTU, 06YCNIOBNEHHbIE PEAKOCTbIO
[aHHOMN NaToNIOMMM N HEOAHO3HAYHOCTbLIO TPAKTOBKM FMCTONOMMYECKUX U3MEHEHWIA. AHANIM3 TMCTONOrMYECKMX Npenaparos,
npoBefeHne MMMYHOTMCTOXMMNYECKOTO NCCNeA0BaHMA NO3BONUAN BEPUPULMPOBATL OMyX0sb KaK NeioMUOCapKoMy
C XapaKTepHbIM 411 Hee UMMYHOMEHOTUNOM. Bee BbiLLen3noXeHHOe CBUAETENbCTBYET O HEOGXOAUMOCTY NPOBEAEHUS MOP-
(H0N10rM4eckoro ¥ UMMYHOrMCTOXMMUYECKOTO UCCNEA0BaHNA B CMeLMann3mpoBaHHbIX HayYHbIX OHKOJIOMMYECKUX LieHTpax.

KntouyeBble cnosa:
CcapKoMa, KOXa FonoBbl, MArKME TKaHU, UMMYHOTMCTOXMMUYECKOE UCCNELOBAHUE, KIMHUYECKME AaHHbIE, 0630p
nuTepaTypbl
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RELEVANCE

Cutaneous malignant tumors are divided into
epithelial and mesenchymal. Skin cancer is one of
the most common types of cancer, which in most
cases appears on areas of the skin exposed to the
sun. Skin cancer develops from cells that, as a result
of mutations, have acquired the ability to multiply
uncontrollably and have ceased to obey the general
mechanisms of regulation. Malignant skin tumors
can develop from different tissues [1].

One of the variants of stromal malignant tumors
is tumors of muscular origin. Primary subcutane-
ous leiomyosarcomas are manifested by a node
or a focus of diffuse compaction. The tumor can
spread to the underlying muscle fascia, as well as
along the subcutaneous veins [2-4]. The frequency
of cutaneous sarcomas is 2—3 % of the number of
all cutaneous soft tissue sarcomas.

Leiomyosarcomas of the skin, like all soft-tissue
leiomyosarcomas, have characteristic cytological
and histological signs. Smooth muscle cells in
highly differentiated tumors look oblong, with cigar-
shaped, centrally located nuclei and eosinophilic
cytoplasm. Sometimes the cells are arranged in
the form of a palisade. In low-grade tumors, there
are anaplastic bizarre multinucleated giant cells.
The number of mitoses varies, including atypical
forms [5-8].

There is evidence that subcutaneous leiomyosar-
comas metastasize with a frequency of 30 to 60 %,
and the recurrence rate is 80 % of cases and recur
within 5 years [7].

There are conflicting opinions about the clini-
cal course and biological behavior of cutaneous
leiomyosarcomas. There is evidence that dermal
leiomyosarcomas are associated with Li-Fraumeni
syndrome [9]. It is suggested that EBV-associated
leiomyosarcomas may be observed in immunosup-
pressive patients [5].

The issues of carcinogenesis, including soft tissue
sarcomas, have been considered at the molecular
genetic level in recent years, which makes it possible
to approach their interpretation and therapy in a new
way [10]. A germinal FH mutation has been described
in a number of observations [11].

The immunophenotype of soft tissue leiomyosar-
coma is characterized by overexpression of ASMA,
desmin, N-caldeston, MSA In 45 % of cases, keratin
expression occurs [9; 12].

48

Clinical manifestations and severity of symptoms
depend on the primary localization and size of the
tumor. Most often, soft tissue sarcomas of the head
and neck have an asymptomatic course.

Preoperative verification of the pathological pro-
cess is established on the basis of histological ex-
amination of the tissue of the formation. There are
two methods of obtaining the material for the study:

thick-needle biopsy;

open biopsy.

The biopsy should be performed in the localization
that will enter the excision zone of the tumor forma-
tion during the operation.

The treatment of a patient with soft tissue sar-
comas of the head and neck requires a comprehen-
sive approach involving a number of specialists:
a surgeon, a radiation diagnostician, a pathologist,
a chemotherapist, a radiologist. Surgical intervention
is the main method of treating patients with this pa-
thology. The growth of soft tissue sarcomas occurs
in a capsule, which subsequently pushes away nearby
tissues. This shell is called a pseudocapsule. Surgical
intervention involves removing the pseudocapsule in
a single block with negative resection edges without
damaging it, since violation of the integrity of this
formation increases the risk of tumor recurrence.
In the postoperative period, radiation therapy can
be performed to ensure local control. Additional
methods of treatment include chemotherapy and
radiation therapy.

The prognosis for soft tissue sarcomas of the
head and neck largely depends on the size of the
tumor, the primary localization. With early diagnostic
measures and adequate timely therapy, the prognosis
is favorable.

Isolated observations of cutaneous leiomyosarco-
mas are given in the literature. They concern tumors
with a predominant localization on the proximal parts
of the extremities.

The treatment of dermal sarcoma consists in the
correct surgical removal of the primary tumor with
a wide capture of the surrounding tissues. Relapses
of leiomyosarcoma are characterized by an aggres-
sive course [1; 6].

Clinical data

Clinical data, results of morphological and im-
munohistochemical studies are presented. The
analysis of skin tumors for 5 years (2016-2020)
was carried out.
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For 5 years (2016-2020), 2522 patients with ep-
ithelial skin tumors were operated on at National
Medical Research Centre for Oncology. The average
age is 50—-59 years. The distribution by age and gen-
der was approximately the same.

The main malignant epithelial tumors were basal
cell (2200, 88 %) and squamous cell (284, 11 %) skin
cancer. All other malignant tumors — metatypical
cancer, cancer of the sweat and sebaceous glands,
cancer from Merkel cells) were represented by single
observations (< 1 %).

Non-epithelial malignant skin tumors were found
in 648 patients. The main age group is 60—-69 years
old. Basically, tumors occurred in patients after 50
years. The distribution by gender and age was also
approximately the same.

The distribution by nosological forms was as
follows. Malignant melanoma - 593 (91.5 %), fibro-
sarcoma - 32 (5 %), non-Hodgkin's lymphoma, skin
lymphomas - 23 cases (3.5 %).

ronoBbl M KOXW roneHu. OnucaHue HabnogeHuii u 063op nuTepatypbl

Clinical observations

Leiomyosarcoma was not diagnosed on our ma-
terial for the period 2016—2020. Due to the rarity of
this malignant tumor of soft tissue sarcoma of the
skin, we present our observations.

Observation 1. Patient Zh., 71 years old, was ad-
mitted to the department of head and neck tumors
of National Medical Research Centre for Oncology on
11.05.2021 with the diagnosis: malignant neoplasm
of the scalp, cl. gr. 2.

After a bruise, a pinkish spot appeared on the
scalp, which gradually increased in size and a tumor
formed in its place.

In the skin under the epidermis of the scalp, the
formation of 2.0 x 1.5 cm of a soft consistency. The
skin above the formation is not changed.

Puncture of the formation of the scalp skin was
performed — during cytological examination, the
cellular composition is represented by sharply poly-
morphic spindle-shaped tumor cells, with large oval

Fig. 1. Microarchitectonics of leiomyosarcoma of the skin, A-D — leiomyosarcoma of the skin, A — leiomyosarcoma G3, B - positive
reaction with SMA, G - positive reaction with caldeston, C — proliferative activity of Ki-67, A — staining with hematoxin and eosin, B, C, D —

immunohistochemical reaction, A, B, C, D — x 200.

49



South Russian journal of cancer 2022, Vol. 3, No. 1, P. 46-52

Nepomnyashaya E. M.™%, Ulianova Yu. V., Engibaryan M. A., Lapteva T. 0., Kuznetsova M. A. / Leiomyosarcoma of the scalp and lower leg skin.

Clinical cases and literature review

nuclei with nucleoli, with abundant, partially vacu-
olized light cytoplasm, single multinucleated cells,
elements of pronounced inflammation (neutrophilic
leukocytes in abundance), single vascular elements.
Cytogram of malignant neoplasm of sarcomatous
nature. SRCT of the head: no pathological changes in
the substance of the brain were detected, the tumor
of the parietal region is 2 x 2.1 cm without invasion
into bone structures. Ultrasound of the I/nodes of the
neck — Cervical / above /subclavian I/y from 2 sides
are not enlarged.

Pathology of the thoracic and abdominal organs
was not revealed. The formation was removed.

A skin flap with a tumor node measuring 1.8 x 1.4
cm was delivered for morphological examination. The
node protrudes above the surface of the epidermis
by 0.5 cm, gray, dense, coarse-grained.

Histological examination revealed the following
changes. In the flap of skin under the epidermis —
G3 fusiform cell sarcoma with infiltrative growth,
invasion of level IV, in some drugs - the invasion

spreads to adipose tissue. High mitotic activity is
detected in the tumor. Extensive hemorrhages are
noted. The epidermis is ulcerated. Outside the tumor,
there is a slight leukocyte infiltration. The tumor was
removed within healthy tissues. The edges of the
resection have the usual structure. The histological
picture most closely corresponds to leiomyosarcoma;
pT1. An immunohistochemical study was conducted.
A positive reaction was detected in tumor cells with
Caldesmon, SMA antibodies. Proliferative activity
(Ki-67) positive reaction in 30 % of tumor cell nu-
clei. There is no expression in tumor cells with the
myogenin antibody. Thus, the conducted immunohis-
tochemical study made it possible to establish the
immunophenotype of the tumor — leiomyosarcoma
(Fig. 1).

In the future, the patient is under observation.

Observation 2. An 87-year-old patient was admit-
ted with complaints of the presence of a skin tumor
of the right shin. In a non-core medical institution,
the formation was removed. Dermatofibroma was

Fig. 2. Microstructure of deep leiomyosarcoma of the shin skin, A-D — leiomyosarcoma of the shin skin, A — leiomyosarcoma G1,B -
positive reaction with SMA, C - positive reaction with caldesmon, D - proliferative activity of Ki-67, A — staining with hematoxylin and

eosin, B, C, D — immunohistochemical reaction, A, B, C, D — x 200.
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diagnosed. In the future, the patient turned to the
National Medical Research Centre for Oncology for
consultation.

When reviewing histopreparations, the following
changes were found. In the skin flap, in the dermis,
there is a tumor node that spreads into adipose tissue.
The tumor is represented by elongated cells with signs
of smooth muscle differentiation. There are large cells
with hyperchromic, polymorphic nuclei. Few mitoses
are determined. The opinion is expressed about cu-
taneous leiomyosarcoma (atypical smooth muscle
tumor).

To determine the immunophetotype, an IHC study
was performed. The IHC study revealed the following
changes: a positive reaction with antibodies SMA,
caldesmon. The marker of proliferative activity was
30 % of the nuclei of tumor cells. Expression with the
CD34 marker was absent.

Thus, the morphological picture and immunophe-
notype of tumor cells were characteristic of cuta-

ronoBbl U KOXU roneHun. Onucanne HabnofeHnin u 063op nuTepatypbl

neous leiomyosarcoma (atypical smooth muscle
tumor) (Fig. 2).

CONCLUSION

The article analyzes skin tumors according to Na-
tional Medical Research Centre for Oncology, which
amounted to 2,522 patients over 5 years (2016—
2021). It was found that soft tissue skin tumors are
rare. Leiomyosarcoma of the skin during this period
was not detected on our material, which prompted
the description of our observations.

Two observations of leiomyosarcoma of the skin
are given: the scalp and the shin skin. The mor-
phological and immunohistochemical picture of
these tumors is described. It is noted that there
are difficulties of morphological diagnostics in
verification. All of the above indicates the need for
morphological research in specialized oncological
research centers.
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