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PELLEH3UPYEMbIA HAYYHO-MPAKTUYECKHUHA
[0)xHo-PoccUCKMA OHKOIOTMYECKMI XKYPHanN

YypHan BxoauT B pekomMeHA0BaHHblii BAK PO nepeyeHb peLieH3upyeMblx HayuHbIX XypPHanoB v u3paHuii
ANs 0Ny6MKOBaHNSA OCHOBHbIX HayYHbIX Pe3ynbTaToB AUCCEPTALMA HA CONCKAHWe YUEHOI CTENeHN KaHAMAATA U AOKTOpa Hayk.

«l0HO-POCCUICKNI OHKONOTMYECKNIA XYPHAN» — eXXeKBapTasbHblil Hay4Ho-
npaKTUYeCKMil peLieH3upyeMblit xypHan. MpodeccunoHanbHoe MeAULMHCKOE
13AaHue, B KOTOPOM OTPaXaloTCA pesynbTaTbl aKTyaNnbHbIX UCCNef0BaHUI
no TemMaTukKe NyGANKaLWil: fUArHOCTUKA U leYeHUe OHKONOTNYEeCKNX 3a-
6oneBaHuit, BONPOCHI KaHLieporeHe3a u MONeKyNAPHOI OHKONOTNN, HOBble
neKkapcTBeHHble cpeAcTBa v TexHonorun. OcHoBaH B 2019 T.

Lienb xypHana:

+ Cnoco6cTBOBaTb pa3BUTUIO OHKONOTMYECKoi MeauumHbl l0ra Poccum
1 BHEPEHUIO €€ AOCTUKEHNA B NPAKTUKY.

+ KayecTBeHHbI! 0My6/IMKOBaHHbBIN KOHTEHT, BK/THOYaIOLLMii NOCNEeAHWE U 3a-
CNYXMWBAKOLME JOBEPUS HaYYHble TPYAbI, UCCNeA0BaHUS UK paboTbl No
npo6ieMam OHKONMOrUu.

3apaum xypHana:

+ Monynsapu3aumus COBPEMEHHbIX LOCTUXEHNI OHKONOTUYECKO CyX6bl HA
l0re Poccuu;

+ CopeiticTBue 06MeHY OMbITOM W Nepefaye NepefoBbIX 3HaHUI MeXAY
cneyuanucTamy;

rMABHbIA PELAKTOP

* WHdopmupoBaHue unTaTeneit 0 peaynbrathbl KpynHbIX MeAULIMHCKMX GOPYMOB;
MpepocTaBneHne yyeHbIM BO3MOXHOCTYU ONy6iMKOBaTb Pe3ynbTaTbl CBOMX
nccnefoBaHuii;

[JocTuxeHne MeXAYHapOAHOTO YPOBHSA B HAYYHbIX NY6AMKALMAX;

+ MNpopBuXeHue XypHana Ha MeXAyHapOAHOM W POCCUIACKOM pbIHKaX;
MpuBneyeHne BHUMaHNA K akTyanbHbIM, NePCNEKTUBHbIM U MHTEPECHBIM
HanpaBneHUsIM Hay4YHbIX UCCNeA0BaHNIA, CBA3AHHbIX C TEMATUKON XypHana;
lpuBneyeHne aBTOPUTETHBIX HALMOHANbHBIX U MEXAYHaPOAHbIX aBTOPOB
BbICOKOTO YPOBHS;

PacwupeHue coctaBa peakLUUOHHON KONNerun u peLeH3eHToB nyTeM
npuBNeYEHNs U3BECTHbIX 9KCNEPTOB M3 Poccuun 1 Apyrux cTpax;
06ecneyeHmre NOHOTEKCTOBOMO JOCTYNA K HAyYHbIM CTaTbsIM U MOBbILIEHWE
LOCTYMHOCTM W OTKPLITOCTU XypHana B Poccum u 3a py6exom;
MoBbilweHne UMNaKT-hakTopa XypHana.

YKypHan npuHumaet K ny6amkaLmmu: peaynbTaTbl OpUriHanbHbIX
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Features of occult hepatitis B diagnostics in cancer patients
E. A. Shevyakova™, T. A. Zykova, L. A. Velikorodnaya, A. V. Shaposhnikov

National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
B4 eash.2016@yandex.ru

ABSTRACT

Purpose of the study. Analysis of the frequency of detection of HBsAg-negative hepatitis B serological and molecular biolo-
gical markers in cancer patients.

Materials and methods. The blood serum samples of patients hospitalized at the National Medical Research Centre for On-
cology in 2016—2023 were studied. 41,523 samples were tested for HBsAg, 2,035 for anti-HBcore, of which 958 were tested
simultaneously for both markers using the enzyme-linked immunosorbent assay (ELISA) or chemiluminescent immunoassay
(CLIA). 1,380 samples were tested for the presence of hepatitis B virus (HBV) DNA in blood plasma using real time polymerase
chain reaction (qPCR).

Results. The HBsAg prevalence in cancer patients accounted for 2.5 % (1051/41523), 23.7 % (483/2035) for anti-HBcore. Si-
multaneous examination for HBsAg and anti-HBcore revealed various combinations of markers. Among HBV-positive variants,
the most common was the combination anti-HBcore+HBsAg-. The average number of such patients was 20.6 % (197/958).
The simultaneous presence of both markers was noted in 4.6 % of patients (44/958). There were no isolated HBsAg detection
cases. The total number of HBV+ individuals was 25.2 % (241/958). 81.7 % out of these (197/241) were HBsAg-negative.
219 samples with the HBV DNA presence in the blood plasma were identified. 19 of these were examined simultaneously for
HBsAg, anti-HBcore. The majority (78.9 %) had all three markers. 21.1 % were HBsAg-negative but DNA-positive (latent form
of infection), 15.8 % of which were anti-HBcore-positive, and 5.3 % did not have a single serological marker.

Conclusion. The detection of anti-HBcore in the absence of HBsAg can indicate the presence of occult forms of hepatitis B,
which under conditions of drug immunosuppression can be reactivated. The identified significant percentage of cancer patients
with occult hepatitis B variants highlights the necessity to expand the number of diagnostic markers for screening. Additional
testing for anti-HBcore can significantly increase the likelihood of detecting HBV during prehospital testing.

Keywords: occult viral hepatitis B, HBV reactivation, oncological diseases
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3.1.6. OHkonorus, nyyesas Tepanus

OPUT'MHANIbHAA CTATbA

OcobeHHoCTH ANATHOCTUKHK CKprTOVI d)ﬂprI renatuta B Y OHKOJIOTUYECKUX BONbHBIX
E. A. leesikoBa™, T. A. 3bikoBa, J1. A. BenukopogHas, A. B. LlllanowHukoe

OIBY «HaumoHanbHbI MeSULIMHCKWIA CCnefoBaTeNbCKUiA LLEHTP OHKonoruu» MuHucTepcTBa 3apaBooxpaHenus Poccuiickoit Gegepaummy,
r. PoctoB-Ha-[loHy, Poccuiickas ®epepauus
M eash.2016@yandex.ru

PE3IOME

Lienb uccnegoBaHus. AHanv3 4acToTbl BbISIBNIEHUSI CEPONIOTMYECKMX U MOJIEKYNAPHO-6Monormyeckmx Mapkepos HBsAg-He-
raTMBHOro renatuta B cpeam oHKONOrMYecknx 6obHbIX.

Matepuanbi u meTogbl. ViccnegoBanu cbiIBOPOTKM KPOBU 60MbHbIX, FOCNUTann3npoBaHHbix B IBY «HavumoHanbHbIn Me-
OVLMHCKUIA UccnenoBaTeNlbCKUiA LIEHTP OHKonorum» MuuuctepcTea 3apaBooxpaHeHusi Poccuiickon ®epepauunm ¢ 2016
no 2023 rr. UccnepoBaHo 41523 o6pasua Ha HBsAg, 2035 — Ha cymMmapHble aHTu-HBcore, n3 HUx 958 — ogHOBpEMEHHO
Ha HBsAg v aHTK-HBcore MeTogamu uMMyHotbepmMeHTHOro (MOA) unv UMMYHOXEMUTFOMUHECLIEHTHOTO aHanu3a (MXJTA),
1380 o6pa3uoB — Ha Hanuune [JHK Bupyca renatuta B (BI'B) B niasaMe KpoBM METOAOM MOJIMMEPAsHO LienHoM peakLuum
B peXume peasnibHoro Bpemenu (MLIP-PB).

PesynbraTbl. PacnpoctpaHeHHocTb HBSAg cpean oHKonornyeckux 6osbHbix coctasuna 2,5 % (1051/41523), aHTu-HBcore -
23,7 % (483/2035). OpgHoBpeMeHHoe o6cnefoBaHue Ha HBsSAg 1 aHTK-HBcore No3Bonnio BbiiBUTb Pas/iMyHble COYeTaHus
MapkepoB. Cpean BapuaHTOB, NOIOXKMUTENbHbIX XOTA 6bl MO OAHOMY MapKepy, CaMblM PacrnpoCTPaHeHHbIM oKasascs
HBsAg-HeraTuBHbIii, HoO aHTU-HBcore-no3nTMBHbIN. KONnyecTBO Takux 60/bHbIX B cpeaHeM cocTaBuno 20,6 % (197/958).
OZIHOBPEMEHHOE NPUCYTCTBME 060MX MapKepoB 6bl1I0 OTMEYEHO B cpefiHeM Y 4,6 % 60/bHbIX (44/958). He 6b110 BbisSiBNE-
HO HM OJHOrO Cnyyas U30/IMPOBaHHOrO BbisiBNeHWUs HBsAg. Bcero uncno nuu, uHduumnposaHHbix BI'B, coctaBuno 25,2 %
(241/958). U3 Hux HBsAg-HeraTuBHbIMY okasanucb 81,7 % (197/241).

Bbino BbisBneHo 219 o6pasuos ¢ Hanvunem AHK BB B nnasme kpoBu. M3 HKUx 19 6binun o6cneoBaHbl OLHOBPEMEHHO
Ha Hanunuue HBsAg, aHTu-HBcore. Y 6onblunHcTBa (78,9 %) NpucyTcTBOBaNU BCce Tpy Mapkepa. HBsAg-HeraTuBHbIMU, HO
OHK-nosutuBHbIMK 661K 21,1 % (cKpbiTas GopMa UHbeKLumM), U3 Hux 15,8 % — aHTU-HBCore-no3nTMBHbIMK, @ 5,3 % He
WUMENN HW OFQHOr0 CEPOIOrMYECKOro MapKkepa.

3aknioyeHue. O6HapyxeHue aHTuTen kK HBcoreAg npu otcyTcTBMM HBSAQ MOXET CBUAETENbCTBOBATL O HANIMYMU CKPbITON
dbopmbl renatuta B, KoTopas B yCnoBusiX MeAMKaMeHTO3HOM MMMYHOCYMNPECCUM CriocobHa NepenTn B akTUBHYIO Gopmy.
BbISiBNIeHHbIN CyLL,eCTBEHHbI NPOLLEHT OHKOMIOrM4eckunx 60/bHbIX CO CKPbITbIM BapuvaHTOM renatuta B nogyepkusaet
Heo6X0AMMOCTb pPacLUMpeHUst Yucna ANarHOCTUYECKUX MapKepoB AN CKPUHMHIA. [lononHuTeNbHOE TeCTUPOBaHME Ha
aHTK-HBcore MOXeT CyLLeCTBEHHO NOBbLICUTbL BEPOATHOCTDL BbisiBeHUs BI'B Ha aTane gorocnutanbHOro o6cnefoBaHus.
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INTRODUCTION

One of the most important problems of modern
diagnosis of chronic hepatitis B is the ability of the
pathogen to cause the so-called occult form of in-
fection. The following synonyms are used in scien-
tific publications to refer to it: "occult”, "silent" and
"latent”, as well as different definitions are applied in
accordance with various guidelines [1-3].

Therefore, according to the recommendations
of the European Association for the Study of the
Liver [1], "occult hepatitis B virus (HBV) infection"
is simply the fifth and final phase of the devel-
opment of chronic hepatitis B. This is the HB-
sAg-negative phase, which is characterized by
serum negative HBsAg and positive antibodies
to HBcAg (anti-HBc), with or without detectable
antibodies to HBsAg (anti-HBs). Patients in this
phase have normal ALT values and usually, but
not always, undetectable serum HBV DNA. Hep-
atitis B virus DNA (in covalently closed form) is
often found in the liver. It is emphasized that the
absence of HBsAg can often be associated with
the use of insufficiently sensitive methods for its
detection. Thus, it is assumed that occult hepatitis
B is either one of the outcome options for chronic
HBV infection, or it is the result of a virus mutation
that "eludes diagnosis”, which, obviously, is not the
same thing [3]. In the Chinese guidelines for the
prevention and treatment of chronic hepatitis B,
the occult form is mentioned as one of the types
of clinical diagnosis with special characteristics
(the surface antigen of the virus is not detected
in blood serum, but its DNA can be detected in
blood and/or liver tissue) [4]. The World Health
Organization, as part of the annual meeting of the
Asia-Pacific Association for the Study of the Liver
(APASL), presented updated guidelines on hepa-
titis B, according to which the occult form is the
fourth phase of chronic infection and is defined as
the persistence of HBV DNA in the liver or blood
serum in people in whom HBsAg is not detectable
in the blood [5]. As for the Guidelines of the Amer-
ican Association for the Study of Liver Diseases
(AASLD), in its latest edition, occult hepatitis B is
mentioned only as a possible risk factor in organ
transplantation [6].

Based on the results of two international semi-
nars in Taormina devoted specifically to the issue

of occult hepatitis B, in 2008 and 2019, the follow-

ing definition of occult HBV infection was formu-

lated [7, 8]. Occult HBV infection is defined as the

presence of replication-competent HBV DNA (i.e.

episomal covalently closed circular HBV DNA [cccD-

NA]) in the liver and/or HBV DNA in the blood of

people with a negative test result for hepatitis B

virus surface antigen (HBsAg) using currently avail-

able assays. Based on the profiles of HBV-specific
antibodies, occult hepatitis B can be divided into the
following types:

« serum positive: positive for anti-HBc and/or anti-
HBs, the most common form of infection that
accounts for about 78 % of cases. The serological
profile of occult HBV infection may include anti-HBc
(50 %), anti-HBs (35 %);

+ serum negative: anti-HBc and anti-HBs negative [8].
The origin of the occult form of HBV infection is

considered insufficiently studied. It is assumed that

there are several possible mechanisms of its occur-
rence, including, first of all, pronounced suppression
of viral replication and/or inhibition of S gene expres-
sion, mutations in the regulatory regions of the HBV
genome, persistence of Ig-associated HBV immune
complexes, viral interference, coincidence of the
time of the study with the phase of the serological
"window", integration of the viral DNA in the cellular
genome, long-term persistence in the hepatocyte
nucleus of cccDNA in the form of a stable episome,
and others [9]. According to Semenov A. V. et al,, the
occult form of hepatitis B can be considered as the
result of the implementation of various scenarios
of interaction between the virus and the immune
system, expressed in extremely diverse patterns in
terms of the results of the determination of labora-

tory markers [10].

Since a fairly wide range of clinical conditions fall
under the formal definition of "occult HBV infection"
as the absence of HBsAg in the presence of DNA in
serum or liver biopsy, it is not surprising that data
on its prevalence in the world vary widely (from 1
to 87 %) and depend on the region, the method of
determining the virus genome, the markers studied,
and the diversity commercial kits for detecting HBV
markers, the sensitivity of the analysis, the study
population, and the availability of studies at different
points in time are more likely to identify low-copy
samples [3, 10]. Many studies have shown that HBV
DNA is only occasionally detected in serum/plasma,
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and when detected, its concentration is low, usually
less than 200 IU/ml (about 1000 copies/ml) [8]. Due
to the factors listed above, the prevalence of occult
hepatitis B is difficult to summarize. It is most often
observed in people with liver diseases, for example,
in HBsAg—negative hepatocellular carcinoma, its
frequency reaches 70 %, after liver transplantation
reaches up to 64 %, and barely reaches 5 % in blood
donors [8].

Increasing numbers of the modern literature
sources suggest that in areas of medicine where
immunosuppressive therapy is actively used, stan-
dard screening for infection by the main marker
(HBsAg) does not provide sufficient assurance of
the absence of an active infectious process in liver
tissue [10]. Reactivation of viral hepatitis is particu-
larly dangerous for cancer patients due to the need
to interrupt chemotherapy and the high incidence
of deaths. HBV reactivation can occur in 40 % of
people with latent infection when using powerful
immunosuppressive therapy. The issue has been
studied in more detail in patients with oncohema-
tological pathology, since they are at the highest
risk (especially when using rituximab), but it is also
described against the background of treatment of
solid tumors [11]. At the same time, the issues of
reactivation of latent HBV in cancer patients remain
poorly understood [9].

The phenomenon of occult HBV infection is large-
ly a diagnostic problem. The search for suitable di-
agnostic markers of occult form of HBV is actively
continuing. In particular, test systems are being
developed to determine the presence of covalently
closed circular HBV DNA in liver tissues [10]. This
study is considered the gold standard on which both
the concept and diagnosis of occult hepatitis B are
based. The importance of testing this marker is due
to the fact that it is this form of DNA that allows
the virus to remain inaccessible in liver tissue after
functional healing and elimination of the virus from
the blood. Covalently closed viral DNA in hepato-
cytes remains stable, difficult to detect and not yet
available for medication therapy, while fully ready
for replication, and it can resume at any time if the
body's immune system weakens and cannot sup-
press it. However, in practice, the detection of this
form of viral DNA in the liver is often inapplicable
due to its invasive approach and lack of standard-
ized methods [8].

The relatively new indicators correlating with the
presence of an active infectious process in the liver
include the determination of HBcore-related antigen.
It is a composite antigen that includes three proteins:
nuclear antigen (HBcAg), a nucleocapsid containing
viral DNA; E-antigen (HBeAg), a circulating protein
that is expressed from the core gene, then modi-
fied and secreted by liver cells; auxiliary precore-
bound antigen (PreC), found in the virus-similar
particles that do not contain DNA. In general, the
HBcore-bound antigen is a surrogate marker of in-
trahepatic HBV replication, correlating with viral DNA
and HBsAg levels, and can also serve as an addi-
tional marker for detecting infection phases [12, 13].
Other promising types of markers associated with
the transcriptional activity of cccDNA virus in the
liver include HBV RNA [14, 15] and quantification of
anti-HBc levels [16]. However, such markers are not
yet available in clinical practice.

Screening for anti-HBc in the blood as a surrogate
marker is especially important both for donors and
for people who are going to receive immunosuppres-
sive therapy, since liver tissue is often unavailable,
access to HBV DNA tests in the blood may be lim-
ited or delayed, and undetectable HBV DNA in the
blood, tested in one the moment in time does not
exclude the presence of infection. Indeed, HBV reacti-
vation was recorded in HBsAg-negative and anti-HBc-
positive individuals whose viral DNA was not detected
in their blood. Taking into account that the detection
of anti-HBc is not an absolute proof of the presence
of a occult form of infection (since they continue to
be detected even after full clearance of the virus), we
have to admit that so far this remains one of the few
available options for primary screening of the pop-
ulation for the prevalence of occult hepatitis B [10].

The World Health Organization's guidelines for
the treatment of HBV, updated in 2024, also empha-
size the importance of identifying the occult form of
infection and the risk of its reactivation in patients
with immunosuppressive therapy. HBV reactivation
can occur spontaneously or can be caused by che-
motherapy to lead to the fatal development of acute
or chronic hepatitis, therefore, proactive therapy with
nucleosi(t)de analogues is used [5].

The purpose of the study was to analyze the fre-
quency of detection of HBsAg-negative hepatitis B
serological and molecular biological markers among
cancer patients.
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MATERIALS AND METHODS

Blood samples of patients with oncological dis-
eases who were admitted to the National Medical
Research Center of Oncology, the Russian Federa-
tion Ministry of Health, in the period from 2016 to
2023 were examined. All patients signed an informed
consent to participate in the study at the screening
stage. HBsAg was determined (with a confirmatory
test for positive samples), anti-HBcore was deter-
mined using enzyme immunoassay systems (Vector-
Best JSC, Russia; recording of the results - Infinite
F50, Tecan Austria GmbH, Austria) or the Vitros 3600
immunochemiluminescence analyzer (Ortho Clinical
Diagnostics, USA). The sensitivity of the methods
was at least 0.01 IU/ml.

A total of 41,523 blood serum samples of patients
with HBsAg were examined, of which 26,724 were
men, 14,799 were women, and the median age was
58 years. 2,035 samples were tested for total anti-
HBcore (the study was assigned to people with onco-
hematological diseases), of which 958 samples were
simultaneously tested for HBsAg and anti-HBcore.

Additionally, 1,380 studies were performed on the
presence of HBV DNA in blood plasma, reagent kits
for the MagNAPure Compact automatic isolation
station (Roche Diagnostics Ltd, Switzerland) were
used to isolate DNA, AmpliSens HBV-FL was used
to determine DNA, and AmpliSens HBV-monitor-FL
was used for quantitative determination., Russia), the
sample extraction volume was 1 ml. Amplification
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Fig. 1. Dynamics of HBsAg detection among cancer patients
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was performed by polymerase chain reaction (PCR)
in real time with hybridization-fluorescence detection
using a Rotor-Gene Q thermal cycler (Qiagen GmbH,
Germany). The sensitivity of the method at an ex-
traction volume of 1 ml for a qualitative test was 10
IU/ml, the linear measurement range for a quantita-
tive test was within 15-100 000 000 IU/ml.

Statistical analysis

Statistical data processing was carried out using
the Microsoft Office Excel and STATISTICA 10.0 ap-
plication software package. Descriptive statistics for
categorical variables are presented in the form of
absolute and relative frequencies (percentages, %).
To study the relationship of categorical variables, the
X2 test and the Fisher exact criterion were used, the
association was considered statistically significant
atp <0.05.

STUDY RESULTS

The prevalence of HBsAg among cancer patients
was 2.5 % (1051/41523, Fig. 1). It was found in men
twice as often as in women: in 2.7 % of cases versus
1.1 % (p = 0.0001, x2 = 15.37). The largest proportion
of HBsAg-positive samples was detected in 2021
(4.4 %), the smallest in 2023 (1.4 %).

The frequency of HBsAg detection was also ana-
lyzed depending on the department profile: the 2 %
prevalence threshold was exceeded in several of
them, the highest frequency was for people with he-
matological diseases (Fig. 2).

The overall frequency of anti-HBcore detection
ranged from 18.5 % (2022) to 27.1 % (2021) and av-
eraged 23.7 % (483/2035, Fig. 3).

Simultaneous examination for HBsAg and anti-
HBcore revealed various combinations of markers.
Among the variants with at least one hepatitis B
marker, "HBsAg- anti-HBcore+" turned out to be the
most common. The number of such patients ranged
from 15.9 % in 2022 to 24.5 % in 2016 and 2019, with
an average of 20.6 % (197/958). The simultaneous
presence of both markers was noted in an average
of 4.6 % of patients (44/958): the maximum such
variant was detected in 2017 (8.5 %), the minimum
in 2019. (2,8 %). No isolated cases of HBsAg have
been identified.

The total number of people with at least one HBV
serological marker was 25.2 % (241/958). 81.7 % of
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6 Department of Urological Oncology
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10  Pediatric Oncology Department

Fig. 2. Frequency of HbsAg detection depending on the department profile
Notes: * — statistically significant difference compared to the Department of Hematology (p < 0.05)

these turned out to be HBsAg-negative (197/241).
Which means that during a standard screening ex-
amination, these patients would have remained un-
detected.

A study was also carried out for the viral DNA pres-
ence in the blood serum: a total of 219 positive sam-
ples were found. The viral load level was in a wide
range of values: there were samples outside the lin-
ear measurement range (less than 15 1U/ml - 23.2 %,
more than 100,000,000 IU/ml - 6.5 %), the median val-
ues within the linear range was 1020.0 IU/ml [148.5;
14084.0]. Of these, 19 samples were examined simul-
taneously for the presence of HBsAg, anti-HBcore.
Taking into account the presence of viral DNA, the
patient profiles were distributed as follows (Table 1).

The majority (78.9 %) had all three markers, which
was regarded as a clear variant of the disease. HB-
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Fig. 3. Dynamics of HBsAg and anti-HBcore detection in
oncohematological patients

sAg-negative, but DNA-positive was 21.1 %, which is
a occult form of infection that could not be detected
with standard screening. 15.8 % of this number were
anti-HBcore-positive, and 5.3 % had no serological
markers. As for the level of viral load, within the lin-
ear range, the median value was 413.0 IU/ml [389.0;
5968.0], 21.0 % had less than 15 IU/ml. Among the
HBsAg-negative variants, 75.0 % (3/4) of patients
had a viral load below the linearity limit, and one
patient (25.0 %) had a viral load of 403 IU/ml.

DISCUSSION

According to our data, the prevalence of HBsAg
among cancer patients was 2.5 % overall, which
exceeds the detection rate in conditionally healthy
individuals and donors (from 0.07 % to 0.25 %) and
correlates with the available literature data [17]. The
dynamics of the indicator was relatively stable with
the exception of the one in 2021: during this period,
there was an unexplained increase in other parame-
ters of pre-hospital screening, including hepatitis C
virus (HCV), human immunodeficiency virus (HIV)
and syphilis.

There is evidence that in patients with a negative
HBsAg test result, but with other markers of HBV
infection (anti-HBcore IgG+, anti-HBs IgG+/-), the
use of immunosuppressive therapy causes reacti-
vation of chronic hepatitis with a typical serological
and molecular biological profile of active infection
(HBsAg+, anti-HBe IgG+, anti-HBcore 1gG+, HBV
DNA+, ALT11). These data convincingly demon-
strate the importance of dynamic monitoring of
patients with occult form of hepatitis B [10]. If we
talk about the experience of our institution, epi-

11
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sodes of reactivation were also recorded in pre-
vious studies [18], in all cases all three markers
were identified. A sharp increase in the viral load
was noted, including to a value exceeding 100 mil-
lion IU/ml. Patients received antiviral therapy along
with antitumor treatment, as a result of which the
majority of patients managed to reduce the viral
load to undetectable, and only one patient failed
to stabilize the situation, and chemotherapy was
interrupted.

In the study of Semenenko T. A. et al. analysis
of the results of serological testing revealed 13
hematological patients with HBV DNA, but with
a different serological profile: five people with HB-
sAg-/HBV DNA+ (group 1) and eight people with
HBsAg+/HBV DNA+ (group 2) [10]. The authors
considered it important to note that HBV DNA was
contained in very low concentrations (< 102 IU/ml)
in the blood serum of patients negative for HBsAg,
while in three cases (2.3 %) HBV DNA served as
the only marker of HBV infection. In our study, the
detected concentration of HBV DNA was also at
a low level (less than 100 IU/ml) in the absolute
majority of cases (75.0 %). These results are con-
sistent with data from other researchers who have

shown that the viral load in occult HBV infection is
extremely low [8, 9].

It should be noted that the documents regu-
lating the stages of hepatitis B diagnosis, which
include recommendations from foreign and
domestic oncological associations and clini-
cal guidelines, do not mention occult forms of
hepatitis B as such, but in most cases they all
indicate the need to study additional markers be-
sides HBsAg. In particular, in the recommenda-
tions of the American Society of Clinical Oncology
(ASCO) and the National Comprehensive Cancer
Network (NCCN), the volume of additional stud-
ies is determined depending on the therapy used
and the associated risk [19, 20]. In addition to the
degree of risk of the planned antitumor therapy,
the serological status and the level of viremia
are taken into account by the Russian Society of
Clinical Oncology (RUSSCO) in the recommenda-
tions updated in 2023. In particular, it highlights
the high incidence of patients who lack HBsAg
in their blood, but at the same time anti-HBc is
detected. For immunocompromised individuals,
including those receiving antitumor treatment,
the risk of HBV reactivation is: in the presence

Table 1. Variants of HBV marker combinations in oncohematological patients

The combination of markers abs./n

o % out of positives at least to one
(]

HBV marker
Serological markers exclusively
HBsAg+ anti-HBc+ 44 /958 4.6 18.3
20.6
HBsAg- anti-HBc+ 197 /958 p' < 0.0001
X =111.11
74.8 81.7
p' < 0.0001
HBsAg- anti-HBc- 717 /958 X =987.32;
p?<0.0001
X =565.70
Serological and molecular biology markers
HBV DNA + HBsAg+ anti-HBc+ 15/19 78.9 78.9
15.8
HBV DNA + HBsAg- anti-HBc+ 3/19 p®=0.0001
F=0.40
21.1
5.3
HBV DNA + HBsAg- anti-HBc- 1/19 p®<0.0001
F =0.557

Notes: abs. is the number of identified samples, n is the total number of examined, p' is a statistically significant difference compared to the
"HBsAg+ anti-HBc+" variant, p? is a statistically significant difference compared to the "HBsAg- anti-HBc+" variant, p® is a statistically significant

difference compared to the "HBV DNA+" variant. HBsAg+ anti-HBc+"

12
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of anti-HBc — 5 %, and in the absence —in 14 %
of patients. The risk of reactivation is higher in
patients with oncohematological diseases: from
18 % in people with only antibodies to HBcore, up
to 48 % in people with chronic HBV. In patients
with solid tumors, the risk of HBV reactivation is
~3 % in patients with HBcore antibodies and up
to 25 % in patients with chronic hepatitis B [11].
And the data we have obtained on such a high
percentage of occult form of hepatitis B among
cancer patients fully confirm the need for them to
comply with more extensive screening, as shown
in the recommendations mentioned above.

CONCLUSIONS

The detection of antibodies to HBcoreAg in the
absence of HBsAg, as a rule, may indicate the pres-
ence of a occult form of hepatitis B, which, under
conditions of drug immunosuppression, is capable of
becoming active. The revealed significant percentage
of cancer patients with a occult variant of hepatitis
B is of concern and highlights the need to expand
the number of diagnostic markers for screening. Ad-
ditional testing for anti-HBcore and HBV DNA can
significantly increase the likelihood of detecting HBV
at the prehospital examination stage.
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ABSTRACT

Purpose of the study. To assess the impact of preservation of the duodenal passage on the quality of life (QOL) after total
gastrectomy (TGE) in patients with gastric cancer (GC).

Patients and methods. The study included 55 patients with GC who underwent TGE: group | (n = 29) included patients with
preservation of the duodenal passage (PDP) using the double tract reconstruction method; Group Il (n = 26) included those
with standard Roux-en-Y reconstruction. QOL was assessed using the EORTC QLQ-C30 questionnaire with the QLQ-ST022
module for GC patients.

Results. Changes in QOL in patients 3 months after TGE were expressed in a statistically significant decrease in scores of
all functional scales (QL, PF, RF, EF, CF and SF), and an increase in the scores of symptom scales (FA, NV, PA, DY, SL, AL, CO,
DI, F1), to the same extent for both groups. After 6 months, an increase in the scores of functional scales was noted; statisti-
cally significant differences between the groups were identified on the QL, RF, CF and SF scales in favor of the group with PDP.
In the group with PDP, a more significant decrease in the level of most symptomatic scales was also noted. After 12 months,
a statistically significant advantage remained on functional and symptomatic scales for patients in the group with PDP. Assess-
ment of QOL using the scales of the QLQ-ST022 module showed similar trends: after a sharp increase in symptom values at
3 months after surgery, equally pronounced in both groups, there was a decrease at 6 months, more pronounced in the group
with PDP. At 12 months postoperatively, the overall trend towards an advantage in the PDP group continued.

Conclusion. The dynamics of QOL recovery in patients with GC after surgical treatment depends on the status of the duodenal
passage: in the group of patients with PDP, faster positive dynamics are observed on all scales of functioning and symptoms
than in patients without duodenal passage. Preservation of duodenal passage during surgical treatment of GC has a positive
effect on the dynamics of recovery of the QOL of patients with GC, providing a positive contribution to improving the results
of antitumor treatment.
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3.1.6. OHKonorus, nyyeBas Tepanus

OPUT'MHAJIbHASl CTATbA

KauecTBo Xu3HN 00/bHBIX paKoM XenyakKa nocne paauKaabHoOro Xupyprmyeckoro sie4eHus

B 3aBUCUMOCTU OT CTATyCa BOCCTAaHOBNEHUA AY0JEHANBHOIO Macca)a
0. M. Acunoeuy'2, WU. b. YBapos™" 2=, B. A. MopxaHoB'

TOrbOY BO «KybaHckuit rocyfapcTBEHHbI MeAULMHCKMIA YHUBEpCUTET» MUHMCTEpCTBa 3apaBooxpaHeHus Poccuiickoit depepaumy,
r. KpacHopap, Poccuiickas ®epepaums

2['bY3 «KnuHnuecknii oHkonoruyeckuii gucnaxcep N2 1» MuHuctepcTBa 3npaBooxpaHeHns KpacHogapckoro kpas, r. KpacHogap,
Poccuiickas ®egepauus

B4 uvarovivan@yandex.ru

PE3IOME

Lienb uccnepoeanusi. OLeHKa BAMSIHWS Ha KauecTBO XusHu (KXK) coxpaHeHust fyofileHanbHOro naccaxa B XMpypruyeckom
neyeHnn 60bHbIX pakoM xenyaka (PX).

MaumeHTbl U MeToAbI. B MccnefoBaHmne BKNOYeHbI 55 60nbHbIX PXX, KoTopbIM BbinonHeHa racTpaktomus (M3): | rpynna (n = 29) -
C COXpaHeHneM ayofeHanbHoro naccaxa (CIM) MeToaoM peKOHCTPYKLMM «ABOIHOM TpakTy; Il rpynna (n = 26) — co cTaHAapTHOIA
pekoHCTpyKumen no Py. Ouerka KX npoBogunock ¢ noMolubio onpocHnka EORTC QLQ-C30 ¢ mogynem ansa PXX QLQ-STO22.
Pesynbratbl. M3meHeHns KX y naumeHToB Yepes 3 Mecsua nocie '3 BbipaXxkasncb B CTaTUCTUYECKN 3HAYUMOM CHUXeE-
HWK NokKasaTenel Bcex dyHKUMoHanbHbIx wkan (QL, PF, RF, EF, CF 1 SF), 1 noBbIWeHUW 3HayeHuii wkan cumntoMoB (FA,
NV, PA, DY, SL, AP, CO, DI, FI), B oguHaKoBoOM cTeneHu ans o6eux rpynmn. Yepes 6 MecsiLleB 0TMEUYEHO NOBbILEHNE 3HAYEHUI
(PYHKUMOHANbHbIX LIKas, CTaTUCTUYECKN 3HAUYMMbIe pa3ninums Mexay rpynnamMu BbisiBneHbl no wkanam QL, RF, CF n SF
B nosnb3y rpynnbl ¢ CAIM. B rpynne ¢ CAMN oTMeYeHo Takxe 60nee 3HaUUTeIbHOE CHUXKEHME YPOBHS 60bLUMHCTBA CUMNTO-
MaTu4ecKux LWkas. Yepes 12 MecsiLeB COXPaHUIOCh CTAaTUCTUYECKMN 3HAaYMMOe NPenMyLLecTBO nauueHToB rpynnbi ¢ CAM
no GyHKUMOHaNbHbIM 1 CUMMNTOMAaTMYeCcKUM LikanaMm. OueHka KXX no wkanam moaynsa QLQ-STO22 nokasana aHanormyHble
TEHAEHLMU: MoCc/ie Pe3KOro pocTa 3HauYeHn CMMNTOMOB B CPOKM 3 MecsiLia nocie onepauum, OANHAKOBO BbIPaXXEHHOMO
B 06eux rpyrnnax, oTMeyasnoch Ux NOHWXKEHNE K CPOKY 6 MecsiLieB, 6onee BbipaxxeHHoe B rpynne ¢ CAM. Yepes 12 mecsiues
nocne onepauum obLas TeHAeHUMA K npenmyLiecTsy rpynnbl ¢ CAIMN coxpaHsnacs.

3akntoueHne. [inHamuka BocctaHoBneHns KXK'y 6onbHbIx PXK nocne Xvpypruyeckoro neyeHust 3aBUCUT OT CTaTyca AyofieHanbHO-
ro naccaxa: B rpynne nauventos ¢ CAiI1 oTMeyaeTcs 6osnee 6bicTpas NO3UTUBHAS AMHAMMKa NO BCEM LUKanam $hyHKLUMOHMpoBa-
HUSI U CUMMTOMOB, YeM Y NaLMeHTOB 6e3 BK/toYeHWs fiBeHaLaTUnepcTHoi kuiwku (AMK). CoxpaHeHue fyofeHanbHOro naccaxa
NpU XMPYPruyeckoM niedeHnn PXX nonoXxunTtenbHO BAUAET Ha AMHAMUKY BoccTaHoBeHus KX naumeHToB nocne pagvkanbHOro
XUpypruyeckoro nedenus PX, obecneuvBas Nno3uTUBHbLIN BKAA B yNy4lleHne pesynbTaToB MPOTMBOOMYXOIEBOMO EYEHMS.

KnioueBble cnoBa: pakK xenyaka, raCTpaKToOMuUA, Ka4eCTBO XU3HU, ,qyop,eHaanbm naccax
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INTRODUCTION

Quality of life (QOL) assessment is an important
component for determining optimal therapy in both
radical and palliative care programs for patients with
cancer, including gastric cancer [1-5]. It is important
that QOL is a patient-oriented variable reflecting the
functional impact of the disease and its treatment
process on the patient in the system of his goals,
expectations, standards and problems [6—8]. At the
same time, as emphasized by B. Alkhaffaf et al.
(2020), the patient's priorities regarding treatment
outcomes may differ and be broader than traditional
oncological criteria and priorities of oncologists [9].
At the present stage, there is an increasing demand
for functional treatment outcomes, including surgical
ones, both from oncologists and patients. This deter-
mines the search for functionally optimal methods
of reconstructing the digestive tract in the surgical
treatment of GC, one of the options of which is the
restoration of the duodenal passage [10-13]. The im-
portance of QOL assessment in oncology is outlined
by the randomized clinical trial R. van Amelsfoort et
al. (2022), which showed that a decrease in QOL was
associated with worse event-free and overall survival
in patients with GC [14]. In this regard, the introduc-
tion of new or improved treatment methods into clin-
ical practice should be accompanied by a thorough
and objective study of their effects on QOL.

The purpose of the study was to evaluate the ef-
fect on quality of life (QOL) of maintaining the duo-
denal passage in the surgical treatment of patients
with gastric cancer (GC).

PATIENTS AND METHODS

The study included 55 patients with histologically
verified gastric cancer who underwent gastrectomy
(GE) surgery. The study was prospective in nature,
patients were randomized into 2 groups according
to the study design: group | (29 patients) included
patients with GE performed with restoration of the
duodenal passage using the "double tract" recon-
struction method (DT); Il group was presented by
26 patients with GE performed with standard recon-
struction according to Roux-en-Y (Fig. 1). The exam-
ination was conducted in 3, 6, and 12 months after
surgery. The study was performed on the basis of
the Clinical Oncological Dispensary in Krasnodar in

OT CTaTyca BOCCTaHOBJIEHUA yOAeHaNbHOro naccaxa

the period from 2020 to 2024. The work followed the
ethical principles set forth in the Helsinki Declaration
of the World Medical Association (1964, ed. 2013),
the study was approved by the Independent Ethics
Committee of the Kuban State Medical University
(Protocol No. 107 dated 01/28/2022). Informed con-
sent was obtained from all participants in the study.
Inclusion criteria: age over 18, GE surgery, obtained
written informed consent to participate. Exclusion
criteria: stage IV of GC cancer (with distant metasta-
ses), presence of decompensated chronic and acute
concomitant diseases, refusal to participate. There
were no statistically significant differences between
the groups in terms of the main clinical character-
istics (Table 1).

Surgical treatment was performed in accordance
with the clinical recommendations of the Ministry of
Health of the Russian Federation for the diagnosis and
treatment of patients with gastric cancer. In patients
with stage IB and higher, diagnostic laparoscopy with
cytological examination of peritoneal flushes for the
presence of free tumor cells was performed before
planning treatment. Patients with positive (Cyt+) flush-
es were classified as having M1 and excluded from
the study. Perioperative chemotherapy, according to
the "Clinical guidelines for the treatment of gastric
cancer", was performed in 37 patients with tumors of
stages Il and Il (37/44. 84 % of the total number, the
differences between the groups are statistically unre-
liable). The preferred regimen was the FLOT regimen:

Fig. 1. The scheme of the operation: A — GE with the
reconstruction of the double tract (DT); B — GE with the
Roux-en-Y reconstruction
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4 courses preoperatively, 4—6 weeks after surgery, 4-8
weeks after surgery — 4 more courses in the FLOT reg-
imen, regardless of the therapeutic pathomorphosis of
the tumor. In somatically burdened patients, FOLFOX
(4 + 4 cycles), XELOX (3 + 3 cycles), cisplatin and
fluorouracil (3 + 3 cycles) combinations were used
with the onset of the postoperative stage 4-6 weeks
after surgery. There were no statistically significant
differences in access, volume of organ removal, and
volume of lymph dissection in both groups. Laparoto-
my access was used in 27 (93.1 %) patients of group
I andin 23 (88.5 %) of group Il (p = 0.550). In 2 cases
(6.9 %) in group I and 3 (11.5 %) in group I, abdominal-
mediastinal access was used to resect the abdominal
esophagus and form an esophageal-intestinal anas-
tomosis in the lower mediastinum. The volume of
lymph dissection corresponded to the volume of D2:
lymph nodes of groups No. 1-7, 8a, 9, 10, 11p, 11d
and 12a were removed, with the spread above the
cardia, lymph dissection expanded at the expense of

groups No. 19, 20, 110 and No. 111 (according to the
classification of the Japanese Association for the
Study of Gastric Cancer). There were no deaths after
surgery in both groups. The length of hospital stay
was similar for patients of both groups: 7.4 + 1.2 days
for GE with DT reconstruction vs 7.6 + 1.9 days for
GE according to Roux-en-Y (p = 0.632). Postoperative
complications were noted in 2 patients of group | and
2 in group II. In group I, a surgical complication was
registered, which led to re-operation (perforation of
the stump of the loop). In other cases, the develop-
ment of pneumonia was diagnosed, and in 2 of them,
pneumonia had a viral etiology (COVID-19).

We used a Quality of Life Questionnairy — Core 30,
EORTC QLQ-C30 to assess the quality of life [15, 16],
which includes 30 questions and consists of multi-
position scales and individual indicators. The esti-
mated indicators include: 1) Global health/quality
of life scale (quality of life, QOL); 2) five functional
scales - physical functioning (PF), role function-

Table 1. Characteristics of operated patients who underwent GE with DT reconstruction (group I) and Roux-en-Y (group II)

Parameter I group (n = 29) Il group (n =26) p
Age, years 61.21 (9.42) 57.4 (11.4) 0.191
Body mass, kg; ave. (SD) 71.0(11.1) 74.4 (17.6) 0.244
BMI, ave. (SD) 24.3 (3.61) 26.2 (4.8) 0.464
Sex, n (%)
M 18 (62.1) 16 (61.4)

0.968
F 11 (37.9) 10 (38.5)
TNM staging, n (%)
IA 3(10.3) 4(15.3)
B 2(6.9) 2(7.7)
1A 4(13.8) 3(11.5)
1B 3(10.3) 3(11.5) 0.978
A 9(31.0) 6 (23.1)
B 4(13.8) 4(15.4)
e 4(13.8) 4(15.4)
Tumor localization, n (%)
Cardia, fundus 8 (27.6) 5(19.2)
Body 17 (58.6) 16 (61.5)

0.685
Antrum 1(3.4) 1(3.8)
A lesion that spread beyond one location 3(10.3) 4(15.3)
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ing (RF), emotional functioning (EF), cognitive func-
tioning (CF) and social functioning (SF) functioning;
3) three scales of symptoms — fatigue (FA), nausea
and vomiting (NV), pain (PA); 4) six separate items —
dyspnea (dyspnea, DY), sleep disorder (SL), loss of
appetite (AP), constipation (CO), diarrhea (DI), finan-
cial difficulties (FI). In addition to the main question-
naire, the QLQ-STO22 module was also used, a vali-
dated QOL assessment tool specific to patients with
GC [17], consisting of 22 items and mainly focused
on symptoms specific to GC: pain, dysphagia, reflux
and early satiety, as well as addressing emotional
problems (including body image changes, weight
loss and the patient's thoughts about his illness). The
scale scores were calculated based on the official
EORTC QLQ-C30 Scoring Manual [16]. As a result of
the calculation procedure, all scales and measures
for individual items ranged from 0 to 100 points.

Statistical analysis

The statistical analysis was carried out using the
following methods: analysis of four-field and multi-
pole arbitrary conjugacy tables using the Pearson
chi-square (x?) criterion, the Kruskal-Wallis H-test,
the t-test for independent samples, and the t-test for
paired samples. The threshold criterion for statistical
significance is p < 0.05. For statistical analysis, the
IBM® SPSS Statistics 23.0 software package for
statistical data processing for Windows (IBM, USA)
was used.

STUDY RESULTS AND DISCUSSION

Changes in QOL parameters in patients after GE
in the early stages after surgery (3 months) were
expressed in a statistically significant decrease in
all six functional scales (QL, PF, RF, EF, CF, and SF),
and an increase in the values of the symptom scales
(FA, NV, PA) and individual questionnaire items (DY,
SL, AP, CO, DI, FI). These changes affected patients
of both groups to the same extent, and there were
no statistically significant differences between them
in any of the indicators during this period (Fig. 2).

By the time of 6 months after surgery, the QOL
parameters were transformed towards their im-
provement, with an increase in the values of all
functional scales, statistically significant differenc-
es were noted between the groups on the functional
scales QL (p < 0.001), RF (p = 0.028), CF (p = 0.009),

OT CTaTyca BOCCTaHOBJIEHUA yOAeHaNbHOro naccaxa

SF (p < 0.001), in In favor of the group with PDP,
there was no statistically significant difference on
the PF and EF scales. In the group of patients with
PDP, there was also a more pronounced decrease in
the values of the symptomatic scales compared to
the Roux-en-Y group: FA (p = 0.001), NV (p = 0.003),
PA (p = 0.010), DY (p = 0.001), SL (p < 0.001),
CO (p = 0.001), DI (p = 0.004), FI (p < 0.001), the
difference was statistically insignificant only in the
symptom of loss of appetite (AL) (p = 0.092) (Fig. 3).

When evaluated after 12 months in both groups,
the indicators on the scales of the EORTC QLQ-C30
guestionnaire did not change significantly, and the
statistically significant advantage of patients with
PDP remained in such parameters as the functional
scales QL (p < 0.001), PF (p < 0.001), RF (p < 0.001),
EF (p < 0.001), CF (p <0.001), SF (p < 0.001), symp-
tomatic scales FA (p < 0.001), NV (p < 0.001),
PA (p < 0.001), DY (p <0.001), SL (p < 0.001),
CO (p = 0.002), DI (p = 0.010). There was no statis-
tically significant difference in the symptoms of AL
and the Fl issue (Fig. 4).

The assessment of QOL dynamics on the scales
of the QLQ-ST022 module showed similar trends.

==== Group | initially

Group Il initially

—@— Group | in 3 months —@— Group Il in 3 months

Fig. 2. Dynamics of quality of life according to the scales of the
EORTC QLQ-C30 questionnaire in patients after GE, depend-
ing on the method of reconstruction 3 months after surgery.
Group | — with preservation of the duodenal passage, group Il -
with reconstruction according to Roux-en- Y. QL - global state of
health / quality of life; PF — physical functioning; RF - role func-
tioning; EF — emotional functioning; CF — cognitive functioning;
SF - social functioning; FA - fatigue; NV — nausea and vomiting;
PA - pain; DY - dyspnea; SL — sleep disorders; AL — appetite
loss; CO - constipation; DI — diarrhea; FI - financial difficulties
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Fig. 3. Dynamics of quality of life according to the scales of
the EORTC QLQ-C30 questionary in patients after GE, depend-
ing on the method of reconstruction 6 months after surgery.
Group | — with preservation of the duodenal passage, group Il -
with reconstruction according to Roux-en- Y. QL — global state of
health / quality of life; PF — physical functioning; RF - role func-
tioning; EF — emotional functioning; CF — cognitive functioning;
SF - social functioning; FA - fatigue; NV — nausea and vomiting;
PA - pain; DY - dyspnea; SL — sleep disorders; AL — appetite
loss; CO - constipation; DI — diarrhea; FI - financial difficulties
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Fig. 5. Dynamics of QL values according to the scales of the
QLQ-ST022 module in patients after GE, depending on the meth-
od of reconstruction 3 months after surgery. Group | — with pres-
ervation of the duodenal passage, group Il — with reconstruc-
tion according to Roux-en- Y. STOBI — change in appearance;
STODYS - dysphagia; STOPAIN — pain; STORFX- reflux symp-
toms; STOEAT - dietary restrictions; STOANX — anxiety;
STODM- dry mouth; STOTA- taste change; STOHL — hair loss
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Fig. 4. Dynamics of quality of life according to the scales of the
EORTC QLQ-C30 questionnaire in patients after GE, depend-
ing on the method of reconstruction 12 months after surgery.
Group | — with preservation of the duodenal passage, group Il -
with reconstruction according to Roux-en- Y. QL — global state of
health / quality of life; PF — physical functioning; RF - role func-
tioning; EF — emotional functioning; CF — cognitive functioning;
SF - social functioning; FA - fatigue; NV — nausea and vomiting;
PA - pain; DY — dyspnea; SL - sleep disorders; AL —appetite loss;
CO - constipation; DI — diarrhea; FI - financial difficulties

STOBI
80
STOHL STODYS
60 I\
& “\\
4 A\N
o e
"l \.\ \
STOBI1 H AN STOPAIN
20 NN
S o/ )4
\ ~~:a_. [}
iy \J Se— h
\
\ \\ \:) / l(
LY ’|
\ /
N \\ »
STOTA \\ \ i STORFX
NN /
\\:\ 4
N ]
(N sl )
LY CNd
N 4
\N ,:z
STODM DR STOEAT
N_Zr
STOANX
-=8-- Group | in 3 months ==®- - Group Il in 3 months
—&— Group | in 6 months Group Il in 6 months

Fig. 6. Dynamics of QL values according to the scales of the
QLQ-ST022 module in patients after GE, depending on the meth-
od of reconstruction 6 months after surgery. Group | — with pres-
ervation of the duodenal passage, group Il — with reconstruc-
tion according to Roux-en- Y. STOBI — change in appearance;
STODYS - dysphagia; STOPAIN — pain; STORFX- reflux symp-
toms; STOEAT - dietary restrictions; STOANX - anxiety;
STODM- dry mouth; STOTA- taste change; STOHL — hair loss
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After a sharp increase in the scales of symptoms
within 3 months after surgery, which was equally
pronounced in both groups of patients (Fig. 5), there
was a decrease in the severity of symptoms by the
time of 6 months, and this decrease was more pro-
nounced in the group of patients after GE with PDP.

Statistically significant differences between
the groups were noted on the scales of STODYS
(p =0.007), STOPAIN (p = 0.038), STORFX (p < 0.001),
STOEAT (p < 0.001), STOANX (p < 0.001), STODM
(p =0.045), STOTA (p = 0.004). The differences were
unreliable on the scales of STABI (p = 0.135) and
STAHL (p = 0.149) (Fig. 6).

12 months after surgery, the general trend towards
the advantage of the duodenal passage restoration
group persisted. Statistically significant differences
between the groups were noted on the scales of STO-
DYS (p = 0.007), STOPAIN (p = 0.038), STORFX,000
STOEAT (p < 0.001), STOANX (p < 0.001), STODM
(p =0.045), STOTA (p = 0.004). The differences were
not significant on the STOBI (p = 0.135) and STOHL
(p = 0.149) scales. The differences on the STOBI
scale reached the limits of statistical significance
(p < 0.001), and the statistically significant advan-
tage of the PDP group remained in terms of STODYS,
STOPAIN, STORFX, STOEAT, STOANX, and STOTA.
The differences in symptoms of STODM and STOHL
were not significant (Fig. 7).

CONCLUSION

The dynamics of quality of life on the EORTC
QLQ-C30 scale with the STO22 module in patients
with GC in the early stages after surgery (3 months)
is characterized by a sharp decrease in total QOL and
all scales of functioning and an increase in values on
the scales of symptoms, later (6 and 12 months after
surgery), the QOL parameters transform towards
their improvements.

OT CTaTyca BOCCTaHOBJIEHUA yOAeHaNbHOro naccaxa
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Fig. 7. Dynamics of QL values according to the scales of the
QLQ-ST022 module in patients after GE, depending on the meth-
od of reconstruction 12 months after surgery. Group | — with
preservation of the duodenal passage, group Il — with recon-
struction according to Roux-en- Y. STOBI — change in appearance;
STODYS - dysphagia; STOPAIN - pain; STORFX- reflux symp-
toms; STOEAT - dietary restrictions; STOANX - anxiety;
STODM - dry mouth; STOTA - taste change; STOHL - hair loss

The dynamics of recovery of QOL parameters in
patients with GC after surgical treatment depends
on the status of the duodenal passage: in the group
of patients with duodenal passage preservation,
there is a faster positive dynamic of recovery of
indicators on the scales of functioning and reduc-
tion of symptomatic scales than in patients without
duodenal passage. Thus, the preservation of the
duodenal passage during surgical treatment of GC
has a positive effect on the dynamics of restoring
the quality of life of patients, providing a positive
contribution to the quality and results of antitumor
treatment.
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ABSTRACT

Purpose of the study. To study local immunity and cytokine levels in colon cancer patients with subcompensated intestinal
obstruction.

Patients and methods. In 60 patients with locally advanced left-side colon carcinoma (30 with and 30 without bowel obstruction)
during the surgery samples of tumor, peritumoral area and resection line tissue were obtained. After disintegration of tissue
samples T-, B-, NK-lymphocytes' subsets (CD3+, CD4+, CD8+, CD4+CD25+CD127dim, CD19+, CD16+CD56+) were studied by
flow cytometry and inflammatory cytokines™ content (TNF-q, IL-1q, IL-6, IL-8) via ELISA test.

Results. Higher levels of interleukins were shown in the tumors of patients in both groups compared to the tumor-free tissue
samples. In the presence of subcompensated intestinal obstruction, local levels of proinflammatory cytokines were higher than
in patients who did not have it: IL-6 and IL-1a in all tissues studied, IL-8 in tumor and peritumoral zone samples; TNF-a - in the
tumor and the resection line. In the absence of intestinal obstruction in the tumor tissue, compared with non-tumor samples,
the content of Tlymphocytes was increased due to CD4+ and CD8+, and Tregs levels were lower. These differences were
leveled in the presence of intestinal obstruction, i.e. accumulation of T-lymphocytes in the tumor, providing adaptive immunity,
was not observed in such patients. Their lower levels of CD8+ T cells and higher levels of Tregs in the tissue of the resection
line form a low cytotoxic potential of the tissue remaining after surgery.

Conclusions. The presence of subcompensated intestinal obstruction in patients with colon cancer leads to a number of
quantitative changes in local immunity factors compared with patients in whom it was not detected or was compensated.
Among these changes, a particularly unfavorable content of pro-inflammatory cytokines, in particular IL-6, in the tissue of the
resection line, along with a lower number of CD8+ T lymphocytes and a higher number of Tregs, which suggests a decrease
in antiproliferative potential not only in the tumor, but also in non-tumor tissues.

Keywords: colon cancer, bowel obstruction, cytokines, lymphocytes, local immunity

For citation: Simonenko N. ., Zlatnik E. Yu, Dzhenkova E. A., Shulgina 0. G., Bondarenko E. S., Maksimov A. Yu., Maslov A. A., Snezhko A. V. Local levels of
lymphocytes and cytokines in colon cancer patients with bowel obsrtuction. South Russian Journal of Cancer. 2025; 6(1): 24-31.
https://doi.org/10.37748/2686-9039-2025-6-1-3, https://elibrary.ru/fwpule

For correspondence: Elena Yu. Zlatnik - Dr. Sci. (Med.), MD, Professor, Chief Researcher, Laboratory of Imnmunophenotyping of Tumors, National Medical
Research Centre for Oncology, Rostov-on-Don, Russian Federation

Address: 63 14 line str., Rostov-on-Don 344037, Russian Federation

E-mail: elena-zlatnik@mail.ru

ORCID: https://orcid.org/0000-0002-1410-122X

SPIN: 4137-7410, AuthorlD: 327457

ResearcherlD: AAI-1311-2020

Scopus Author ID: 6603160432

Compliance with ethical standards: the ethical principles presented by the World Medical Association Declaration of Helsinki, 1964, ed. 2013, were observed
in the work. The study was approved by the Committee on Medical Ethics of the National Research Medical Center of Oncology (extract from the minutes of
meeting No. 2 dated 01/22/2021). Informed consent was obtained from all participants in the study

Funding: this work was not funded

Conflict of interest: the authors declare that there are no obvious and potential conflicts of interest associated with the publication of this article

The article was submitted 17.07.2024; approved after reviewing 17.12.2024; accepted for publication 03.02.2025

Simonenko N. 1., Zlatnik E. Yu, Dzhenkova E. A., Shulgina 0. G., Bondarenko E. S., Maksimov A. Yu., Maslov A. A,, Snezhko A. V., 2025

24



l0xHO-Poccuiicknii oHkonoruyeckuii xypHan. 2025. T. 6, N2 1. C. 24-31
https://doi.org/10.37748/2686-9039-2025-6-1-3
https://elibrary.ru/fwpule

3.1.6. OHkonorus, nyyesas Tepanus

OPUT'MHANIbHAA CTATbA

JlokanbHble YpoBHU TUMPOLUTOB U LIUTOKUHOB Y BonbHbIX pakKom 000/04HO KMLWIKK
npu CVﬁKOMI’IBHCMpUBaHHUﬁ KMLLIEYHOU HEeNPOXoAMMOCTH
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PE3IOME

Lienb uccnepoBaHus. MayuyeHne GpakTopoB SIOKaNbHOrO MIMMYHUTETA U COCTaBa pPsfa MHTEPNENKUHOB Y 60SIbHbIX PakoMm
060404YHOM KMLLKM NpU CY6KOMMNEHCUPOBAHHOW KULLEYHOM HEMPOXOAUMOCTH.

MauueHTbl U MeToAbl. Y 60 60/1bHbIX MECTHOPACMPOCTPaHEHHbIM PakoM neBoro dhnaHra 060404HO kuLwku (30 ¢ cy6KoM-
NMeHCUPOBaAHHOMN KULLIEYHOM HernpoxoaMMocTbio 1 30 6e3 Hee) Npu NpoBeAeHUM OnepaL, BbINOHEHHOW NEPBbIM 3TanoMm
neyeHusi, 6panu obpasLbl TKaHel onyxonu, NepUTYMOpasnbHOW 30HbI U JIMHUK PE3EKLUK, B KOTOPbIX METOLOM NPOTOYHOM
LUMTOMETPUU U3ydanum cocTae cybrnonynsaumii T-, B-, NK-numdouunTos (CD3+, CD4+, CD8+, CD4+CD25+CD127dim, CD19+,
CD16+CD56+), UMMYHO(EPMEHTHBIM METOAOM — YPOBHU LMTOKMUHOB (IL-6, TNF-q, IL-1q, IL-8).

Pesynbratbl. ViccnepoBaHusa nokasanu 6osiee BbICOKWE YPOBHU UHTEPNENKMHOB B OMyXOMsiX 60JIbHbIX 06enx rpymnn, Yem
B HEOMNyXO0JieBbIX TKaHEBbIX 06pa3suax. Mpy HanMuMM CyGKOMMNEHCUPOBAHHOMN KULLIEYHON HENMPOXOAMMOCTH NOKanbHble YPOBHU
npoBocnanuTenbHbIX LIUTOKMHOB 6blNy BbiLle N0 CPaBHEHUIO C 60N1bHBIMU, Y KOTOPbIX OHa He BbisBneHa: IL-6 1 IL-1a Bo Bcex
nccnefoBaHHbIX TKaHsX, IL-8 — B o6pasLax onyxonv U neputyMopasnbHoi 30Hbl; TNF-a — B ONyxonu v IMHWUKM pesekuumu. Mpu
OTCYTCTBUM KWLLEYHOW HEMPOXOAMMOCTY B OMyXOJSIEBOM TKaHW NO CPaBHEHMIO C HEOMYXOEBbIMM 06pasLiaMm 6bI1o MOBbILLEHO
cofepxarue T-numdoumnTos 3a cyeT CD4+ 1 CD8+, a ypoBHM Tregs 6bInu HUXKe. ITU pasnnymsa HUBENMpPOBaNUCh Npu Hanu-
YMMU KULLEYHOW HEMPOXOAMMOCTMU, T.€. HAKOMIEHNA B ONyxonu T-nMMdoLMTOB, 06ecneunBatoLLmMX afanTUBHbIA UMMYHUTET,
y Takux 60/1bHbIX He Habntoganoch. bonee HU3KKI ypoBeHb y HUX CD8+ T-KnNeTok 1 6onee BbICOKUIA — Tregs B TKAHU TMHUK
pesekuun GopMupyeT HU3KMI LIUTOTOKCUYECKUIA NOTeHLMan TKaHK, ocTatoLLeics nocne onepaumm.

3aknioueHue. Hannume y 6011bHbIX PaKOM 060A04HONM KULLIKU CYGKOMMEHCUPOBAHHOM KULLEYHOW HEMPOXOAUMOCTU NPUBOLAUT
K piAY KONTMYECTBEHHbIX M3MEHeHUIH PaKTOPOB NTOKAJIbHOrO MMMYHUTETA MO CPaBHEHMUIO C 6ONIbHBIMK, Y KOTOPbIX OHa He
BblsiBfieHa Unu 6blnia KOMMNEHCUPOBaHHOW. Cpean 3TUX U3SMEHEHWI NPeLCTaBNSAOTCS 0CO6EHHO He6NaronpusSTHbIMU 6onee
BbICOKO€ COAep)KaHne NpoBOCMNannUTesNIbHbIX LUTOKMHOB, B YaCTHOCTH, IL-6, B TKaHU NIMHUM pe3eKLuuu, Hapsigy ¢ 6onee HU3-
KUM KonnyecTBoM CD8+ T-numdounToB 1 60nee BbICOKMM — Tregs, UTO Npefnonaraet CHUXeHNe aHTunponudepaTUBHOIO
noTeHUMana He TONbKO B OMYXOJIU, HO U B HEOMYXOJIEBbIX TKaHAX.
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Bowel obstruction (BO) is one of the most com-
mon complications. It is described in 20 % of cases
of colon cancer, with the predominant frequency in
its left flank [1]. Mechanical BO is a consequence of
the cessation of the passage of chyme through the
intestine due to complete or partial obstruction of
its lumen, accompanied by intoxication and several
metabolic, microbiological, immunological, and other
disorders. As indicated in the Clinical Recommen-
dations of 2023, the modern classification of BO
that occurs in patients with colon cancer divides it
according to the degree of compensation into com-
pensated (intermittent constipation accompanied
by delayed stools and difficulty in gas discharge;
abdominal X-ray may show pneumatization of the
colon with single fluid levels in it); subcompensated
(delayed bowel movements, stool and gases for less
than 3 days, small intestinal arches, pneumatosis
and Cloiber's bowls in the right half of the abdomen
are determined on the X-ray; there are no signs of
polycranial dysfunctions; conservative therapy is
effective); decompensated (retention of stool and
gases for more than 3 days; radiological signs of
both large and small intestinal obstruction with lo-
calization of small intestinal levels and arches in all
parts of the abdominal cavity; vomiting with stagnant
contents; the presence of organ dysfunctions [2].
Disorders caused by BO affect various processes.
Stretching of the proximal intestine leads to stagna-
tion of intestinal contents, buildup of toxic products,
and increased inflammatory processes [3]. At the
same time, the barrier function of the intestinal mu-
cosa suffers, dysbiotic changes and bacteremia de-
velop with the risk of peritonitis and endotoxemia [4],
which are accompanied by a massive release of cy-
tokines [5]. Many of them are tropic to vascular en-
dothelium and cause microcirculation disorders with
microthrombosis, which can also lead to necrosis of
the intestinal wall with the possibility of perforation.

Immunological changes, especially local ones,
in BO have been studied poorly and mainly experi-
mentally. Therefore, an experimental model of par-
tial obstruction of the distal colon has shown that
it causes depletion of both B-lymphocytes and both
major T-cell subpopulations in lymphoid organs [6];
the authors attribute this to a violation of the compo-
sition of the microbiota, hyperproduction of IL-6, cor-
ticosterone and osteopontin. The BO model shows
an increase in the permeability of the colon mucosal
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barrier and translocation of the microbiota, which,
according to the authors, also causes adverse im-
munological changes [7].

However, when analyzing the clinical material, at-
tention is paid to many factors of the development
of BO in patients with colon cancer (late diagnosis,
macroscopic tumor morphology, vascularization and
thickness of the intestinal wall, peristalsis activity),
but the state of immunity is not mentioned, which
indicates the unexplored nature of this problem, as
shown in a recent review [1]. Only a few studies can
be indirectly related to this topic: for example, the dif-
ference in the metabolome in patients with non-can-
cerous and tumor BO was considered, and in the
latter case, the predominance of tryptophan metab-
olism disorders was noted [8], and, as is known, the
products of altered metabolism of this amino acid
have significant immunosuppressive and pro-onco-
genic effects [9].

The purpose of the study was to study the factors
of local immunity and the composition of several in-
terleukins in the tissues of patients with colon cancer
with subcompensated intestinal obstruction.

PATIENTS AND METHODS

The study included 2 groups of patients with lo-
cally advanced colon cancer (left side): 30 patients
with subcompensated BO and 30 patients without
obstruction (total n = 60). The study was approved
by the Committee on Medical Ethics of the National
Research Medical Center for Oncology (extract from
the minutes of meeting No. 2 dated 01/22/2021.
Informed consent was received from all participants
in the study. Female patients prevailed in each group
(54 and 56 %, respectively), the average age was
64 + 5.5 and 65 + 6.3 years, respectively. There were
no significant differences between the groups in
terms of gender, age, and the presence of concom-
itant diseases. Radical surgical interventions were
performed in all patients during the first stage of
treatment.

The exclusion criteria were the presence of pre-
operative drug treatment, the presence of infectious
complications and peritonitis, tumor localization in
the right side of the colon, decompensated intestinal
obstruction.

The diagnosis of BO caused by a tumor was estab-
lished preoperatively clinically and radiographically.
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To assess local cellular immunity and cytokine
composition, tumor tissue samples (TTS) were taken
during surgery, as well as visually unchanged tissue
sections, moving away proximally 1-3 cm (peritu-
moral zone, PZ) and 10 cm (resection line, RL) from
the edge of the tumor. The concentration of inter-
leukins (IL-1q, IL-6, IL-8) and tumor necrosis factor
(TNF-a) was determined in the homogenates of the
obtained tissue samples by ELISA using Vector-Best
test systems (Novosibirsk) with the calculation of
the specific content (per 1 g of protein determined
by the biuretic method). The levels of lymphocytic
subpopulations were determined in the homoge-
nates of tissue samples using flow cytometry (FACS
Canto Il, BD) using the T-B-NK panel, the results were
expressed as a percentage.

Statistical analysis

Statistical analysis of the results of the study
was carried out using the Statistica 13.3 program
(StatSoft, USA). The normality of the distribution was
checked using the Shapiro-Wilk criterion. Since the
distribution of the data was not normal, the Mann-
Whitney criterion was used for their statistical pro-
cessing; quantitative indicators were presented as
the median of both the lower and upper quartiles
(Me; LQ; UQ). Intergroup differences were considered
statistically significant at p < 0.05.

STUDY RESULTS

The amount of total protein in the studied tissues
did not differ significantly, the variability of data on
this indicator is insignificant. The specific content of
pro-inflammatory cytokines in the homogenates of
the studied tissue samples of patients in the main
and control groups is shown in Table 1.

As can be seen from the data presented in Table
1, the content of the studied cytokines in the tumor
was statistically significantly higher than their levels
in samples of both non-tumor tissues, and this was
observed in both compared groups regardless of
the presence of BO. Thus, in patients of both groups,
the content of all cytokines studied did not differ
between the peritumoral region and the resection
line, and in the tumor tissue it was higher than in
both non-tumor tissues.

An intergroup comparison of tissue cytokine levels
revealed that the presence of BO is accompanied
by a higher content of TNF-q, IL-6, IL-8, and IL-1a in
tumor tissue (by 1.7, 2.2, 1.7, and 2.6 times, respec-
tively) than in the absence of BO (for all cytokines,
p < 0.05). The levels of IL-6, IL-8, and IL-1a in the PZ
tissue of patients with BO were also statistically sig-
nificantly higher than in patients without BO: 6.3, 2.3,
and 2 times, respectively. In the tissue of the resec-
tion line with BO, the levels of IL-1a were 2.7 times

Table 1. Specific cytokine content in colon tumor tissues, peritumoral zone, and resection line of colon cancer patients with

absence and presence of BO

Specific content of cytokines (pg/g protein)

Tissue samples TNF-a IL-6 IL-8 IL-Ta

No BO BO No BO BO No BO BO No BO BO
Tumor, Me 1.6% %% 2.6%** A 7.0% ** T15.5% %% A 23.2%%*  A13*** A 20.3%**  52.3* A
LQ 1.0 2.3 4.5 12.8 19.5 334 13.5 38.9
uQ 2.1 3.1 10.0 18.7 28.7 45.8 23.6 60.7
Peritumoral zone, Me 0.5 0.9 0.8 5.1A 8.2 19.2A 9.2 18.1A
LQ 0.2 0.5 0.3 3.2 5.5 15.5 5.7 14.0
uQ 1.0 1.5 1.0 11.4 11.2 22.7 13.1 26.2
Resection line, Me 0.5 1.3A 1.2 55A 10.1 13.0 7.0 19.0A
LQ 0.3 1.0 0.6 3.5 6.7 9.7 4.8 15.7
uQ 1.0 1.8 1.4 8.9 12.5 15.5 10.2 22.6

Note: * - differences from the PZ indicator; ** - differences from the RL indicator; A — differences between groups (p < 0.05)
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higher, and IL-6 was 4.6 times higher than in patients
without BO (p < 0.05). As can be seen from Table
1, the IL-6 content had the maximum differences
between the compared groups in the samples of
non-tumor tissues (PZ and RL) (in all cases, p < 0.05),
and the differences in TNF-a were minimal.

The content of T-lymphocytes of the main subpop-
ulations in the studied tissue samples of patients
of the compared groups is shown in Table 2, which
shows that the total number of T-cells (CD3+) in the
tumor tissue of patients without BO was statistically
significantly higher than in patients with subcompen-
sated BO. These differences were observed due to
higher levels of both major T-lymphocyte subpopu-
lations (CD4+ and CD8+), while the Tregs content
in these patients was 2 times lower; for all T cells,
p < 0.05. There were no statistically significant dif-
ferences between the groups in PZ, however, higher
Tregs levels with lower CD8+ levels were detected in
the RL tissue of patients with BO. It should be noted
that in the presence of BO, the T-cell composition of
PZ and RL had no statistically significant differences
from the tumor tissue, whereas in the absence of BO,
it was expressed in CD3+, CD4+ and CD8+ levels,
which in the tumor tissue exceeded their content in
non-tumor samples by 1.5-2 times.

The assessment of the content of natural killers in
tumor tissue samples of patients without BO showed

its higher value in PZ tissue compared with the tumor
(Me 10.1 [6.4;,12.5] and 4.1 [2.9;5.0] %), respectively
(p < 0.05), which was not observed in patients with
BO, in whom the level of these cells in the tumor,
although it was slightly higher than in the non-tumor
samples, however, without statistical significance.
There were also no intergroup differences in this
indicator.

The content of B-lymphocytes in the PZ and RL
of both patients with and without BO was statis-
tically significantly higher than in the tumor. Their
level was minimal in the tumor samples of patients
with BO (Me 4.7 [3.3;6.0] versus 19.2 [11.0;23.5] %
with BO), and there were no intergroup differences
in the tissues of PP and LP (in PZ of patients with
BO 37.0 [24.4;41.2] versus 29.3 [15.5;34.2] without
BO; in RL 37.2 [28.5;41.4] versus 29.2 [20.2;33.5] %,
respectively, p > 0.05).

DISCUSSION

We noted a number of differences between cellular
and cytokine factors in patients with colon cancer of
the left flank with the presence of subcompensated
BO and the absence or compensated BO. Subcom-
pensated BO is accompanied by a number of unfavor-
able differences. First of all, it is a high level of tissue
pro-inflammatory cytokines, including IL-6, which is

Table 2. The content of T-lymphocyte subpopulations in colon cancer tissues, peritumoral zone, and resection line of colon

cancer patients with absence and presence of BO

T-lymphocyte subsets (%)

Tissue samples CD3+ CD4+ CD8+ Tregs

No BO BO No BO BO No BO BO No BO BO
Tumor, Me 88.0* ** 62.2 A 57.4* ** 39.2A 38.2* 21.5A 71 15.2A
LQ 69.2 50.4 46.3 29.3 31.3 15.2 3.3 11.4
uQ 91.1 67.6 59.8 45.0 44.6 28.3 9.1 21.0
Peritumoral zone, Me 63.0 55.2 33.5% 34.3 26.2 19.9 4.4 12.0
LQ 55.4 48.4 27.4 24.2 18.0 13.3 3.1 5.8
uQ 67.2 66.1 40.1 38.1 30.4 31.4 4.9 14.9
Resection line, Me 65.6 60.2 25.1% 27.4 44 5%* 25.8A 3.9 9.8 A
LQ 61.5 52.9 14.9 21.1 35.2 18.9 1.9 4.7
uQ 68.0 69.9 30.7 30.2 47.9 30.3 4.6 12.5

Note: * — differences from the PZ indicator; ** — differences from the RL indicator; A - differences between groups (p < 0.05)
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well known to have pro-oncogenic and pro-angiogen-
ic effects, contributing to invasion, metastasis, and
epithelial-mesenchymal transition [10-11]. Its high
content not only in the tumor, but also in non-cancer-
ous tissues, primarily in the resection line, may char-
acterize the condition of the latter as less favorable
than in patients without BO. Other cytokines we stud-
ied also create a microenvironment that promotes
tumor growth and spread. The pro-oncogenic effect
of IL-6 is mediated through the transcription factor
STAT3, and TNF-a through NF-kB, the synergistic ac-
tivation of which causes the growth of colorectal can-
cer cells [24]. Similar properties have been described
for IL-1 [25] and IL-8 [26].

As for the local content of lymphocytes, the dif-
ferences we found between patients with and with-
out BO relate primarily to the T cell population: in
the presence of subcompensated BO, their levels
turned out to be lower than in the absence of it, due
to the lower content of both T helper cells and cy-
totoxic lymphocytes (CTL). The higher Tregs level
found in patients with BO, along with a low CD8+
cell count, suggests a low cytotoxic potential of the
tissue, which is especially important for the resec-
tion line. The importance of the immunological mi-
croenvironment of the tumor has been repeatedly
described in the literature both in terms of prognosis
and for effective immunotherapy, in particular, with
immune checkpoint inhibitors, as well as chemo-
therapy [12, 13-16]. The literature attaches great

prognostic importance to locally present T lympho-
cytes — their number and subpopulation composi-
tion, primarily the content of CD8+ T cells, as well as
their functional activity [17-22]. In the occurrence
and progression of a malignant tumor, in the colon,
"immunoredaction” plays an important role, i.e. The
accumulation of immune system factors in it that
can exhibit pro-oncogenic rather than antitumor ef-
fects [23]. Apparently, BO, which causes a violation
of the composition of the microbiota and passage of
intestinal contents, contributes to the development
of this process.

CONCLUSION

Thus, we have established that the presence of
subcompensated intestinal obstruction in patients
with colon cancer leads to a number of quantita-
tive changes in local immunity factors and tissue
cytokine content compared with patients in whom
it was not detected or was compensated. Among
these changes, the higher content of pro-inflamma-
tory cytokines (IL-6, IL-1a, TNF-a) in the tissue of the
resection line is particularly unfavorable, along with
a lower number of CD8+ T lymphocytes and a higher
number of Tregs, which suggests a decrease in the
antiproliferative potential of the tissue remaining
in the patient's body after surgery. interventions in
patients with colon cancer complicated by intestinal
obstruction.
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ABSTRACT

Purpose of the study. To investigate the effectiveness of a new contrast agent based on LaF,:Ce(5 %)Th(15 %) nanoparticles
on a hepatocellular carcinoma orthotopic model.

Materials and methods. The experiment was performed on female BALB/c Nude mice. The subcutaneous model was created
by injecting Hep G2 tumor cell culture into the right side of the animals. The orthotopic models were obtained by implanting
a fragment of a subcutaneous Hep G2 xenograft into the left lobe of the liver of mice. Colloidal water solutions of LaF_:Ce(5 %)
Tb(15 %) nanoparticles were prepared by dispersing the nanoparticle powder in bidistilled water using an ultrasonic tube for
30 minutes. Two samples with different nanoparticle sizes (13 and 60 nm) were administered to mice intravenously in a vol-
ume of 200 pl at a concentration of 40 mg/ml. The assessment of changes in radiopacity of the internal organs of animals
was carried out at different points in time (before nanoparticle injection, at 5 min, 30 min, 1 h, 2 h, 4 h, 24 h, 48 h, and 7 days
after inlection) using microcomputer tomography on a Quantum GX2 device. On the 7th day of the experiment, animals were
euthanized by dislocation of the cervical vertebrae, organs (liver and spleen) were collected and fixed in a 10 % solution of
neutral formalin. Sections for histological examination and their staining were made according to the standard method.
Results. Microcomputer tomography (micro-CT) results indicated accumulation of both contrast samples in the spleen and
healthy liver tissue within 5 minutes after intravenous injection, maintaining X-ray contrast for the 7-days. However, no specific
accumulation of nanoparticles in the tumor was observed. Histological analysis revealed minimal impact on the liver structure
and cells, with a more pronounced effect in the spleen.

Conclusion. These findings suggest that LaF,:Ce(5 %)Tb(15 %) metal nanoparticles can be used in in vivo experiments for
liver and spleen visualization after further investigation of their long-term effects.
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3.1.6. OHKonorus, nyyeBas Tepanus

OPUr'MHAJIbHASAl CTATbA

MuKpokoMnbloTEpHaAs BU3yanu3aLusa in vivo opToTONUYECKON MOJENN TenaToLenNHasAPHOI

KapLMHOMbI C NPUMEHEHMEM KOHTpacTa Ha ocHose HaHovacTuw, LaF,:Ce(d %)Th(15 %)

[. B. XopakoBa™, A. C. loHuapoBa', K. C. Epemun’, C. B. T'yposa'-3. M. FagmumaromepoBa?, 0. E. Monoxenuyes?,
A. B. Tanuna', A. A. Wynbra', U. B. FonoeunoB', T. M. Keuepiokoga'

T OIbY «HaumoHanbHbIi MeAULMHCKNIA ncCneao0BaTeNbCKUiA LLEeHTP OHKonoruu» MuHucTepcTBa 3fpaBooxpaHenus Poccuiickoit Gepepaumm,
r. PoctoB-Ha-[loHy, Poccuiickas Gepepauus

2 MexayHapoaHbIi UCCNef0BaTeNbCKUit MHCTUTYT MHTENIEKTYabHbIX MaTepuanos I0xHoro GeaepanbHoro yHUBepcuTeTa, r. PocToB-Ha-[loHY,

Poccuiickas ®egepauus
B4 KhodakovaDV@yandex.ru

PE3IOME

Llenb uccneposanus. Miccnenosanue 3 HeKTMBHOCTI HOBOFO KOHTPACTHOro areHTa LaF,:Ce(5 %)Tb(15 %) Ha opToTonunye-
CKOW MoAenu renatoLeItoNapHON KapLuUHOMbI.

Martepuanbl u MeToabl. IKCNEPUMEHT BbINOMHEH Ha caMKax Mbiluei nuHun BALB/c Nude. MopkoxxHas Mogenb 6biia nonyyeHa
BBEeZIeHMEM B NpaBblIi 60K XXMBOTHbIX ONYX0NIEBOW KynbTypbl kNeTok Hep G2. Mogesnb opTOTONMYECKOM renaToLenitosspHoOM
KapLu“HOMbI NOYYMAN MyTeM UMMNNAHTaLMN B NEBYHO A0SO NEYEHN Mbilleit hparMeHTa MOAKOXHOro KceHorpadTa Hep G2. Kon-
JIOUZHble BOAHbIEe pacTBOPbI HAHOYACTUL, LaF3:Ce(5 %)Tb(15 %) roToBMIN NYTEM AMCMEPrMPOBaHMSA NMOPOLLKA HAHOKPUCTaNIOoB
B 6UANCTUNNMPOBAHHON BOAE C NMOMOLLBHO YIbTPa3BYKOBOW TPYOKkM B TedeHne 30 MUHYT. [1Ba o6pasLia HaHoYaCcTUL, C pasHbIMU
pasmepamu (13 1 60 HM) OHOKPaTHO BBOAW/M MbillaM BHYTPUMBEHHO B o6beme 200 MK B KOHLeHTpauumn 40 mr/mi. OueHka
M3MEHEHWS1 PEHTrEeHOKOHTPACTHOCTY BHYTPEHHUX OPraHOB XXUBOTHbIX MPOBOAMIACH B PasHblX BPEMEHHbIX TOYKaX ([0 BBEAEHWS
HaHouacTu, yepe3 5 MuH., 30 MUH., 14,24, 4 4, 24 4, 48 4. N 7 fHell Noce BBeEHUS) C MOMOLLbIO MUKPOKOMIbIOTEPHOM
Tomorpaduu Ha npubope Quantum GX2. Ha 7-i1 aeHb SKCNepMMEHTa BbIMOJTHANN 3BTaHA3MUI0 XXMBOTHbIX METOAOM AUCIIOKa-
LMK LWeliHbIX MO3BOHKOB, 3a6op U ¢dukcauuto B 10 % pacTBope HeilTpanbHOro popmanuHa opraHoB (MeYeHb U ceneseHka).
N3rotoBneHne cpe3oB A5l TMCTONIOMMYECKOro UCCIeA0BaHNA 1 UX OKpalUMBaHne NPOBOAWUIOCH MO CTaHAAPTHON METOAMKE.
Pe3ynbTaTtbl. MUKpPOKOMMbIOTEPHasi TOMorpadus nokasana HakornneHue 06oMx 06pasLOB KOHTPACcTa B CeNle3eHKe 1 300po-
BOI TKaHW NeYeHM y)xe Yyepes 5 MUHYT Nnocne ero BHYTPUBEHHOMO BBEAEHMWS XXUBOTHbBIM C COXpaHEeHWEM PeHTreHKOHTpacTa
B TeYeHue Bcex 7 AHeit akcnepmmMeHTa. OfHaKo He 6bIN10 3aMeyeHO cneLndrUIecKoro HakonaeHUsa HaHO4acTuUL, B ONYXOJN.
MMcTonornyeckuin aHanmsa nokasan cnaboe BO3AENCTBUE Ha CTPYKTYPY U KNETKU NeYeHU U 6osiee BbIpaXeHHOE — B CENe3eHKE.
3akniouenue. Halun pesynbTaTbl MOKa3bIBaloT, YTO MeTanMyeckne HaHovacTuubl LaF,:Ce(5 %)Tb(15 %) mMoryT 6bITh
MCMNONb30BaHbl B 9KCNEPUMEHTAX in Vivo, rae TpebyeTcs BU3yanunsauus neyeHn U ceneseHku, nocne AoNoHUTENbHbIX

MCCNefoBaHUIN UX JONTOCPOYHOIO BAUSHUS.

KntoueBble cnoBa: MMKPOKOMNMNbIOTEPHas TOMorpadus, renaTtoLenntonspHas kapunHomMa, HepG2, CDX-Mopenb, MblLLn-
Has MOAENb, HaHOYaCTULbI
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INTRODUCTION

In vivo models on small laboratory animals have
made a significant contribution to the study of the
pathogenesis and development of cancer treatment
methods, including liver cancer, which, according to
Global Cancer Statistics for 2022, is the third leading
cause of cancer death among both sexes [1]. Hepa-
tocellular carcinoma (HCC) is the main histological
type of liver cancer characterized by rapid progres-
sion and unfavorable prognosis. Despite the fact that
new opportunities for screening programs, advanced
diagnostic methods and treatments for HCC have
emerged over the past decade, morbidity and overall
survival rates remain unsatisfactory [2-3].

The creation of new drugs to improve the results
of HCC treatment requires easily reproducible ad-
equate models that are created by injecting tumor
cell culture or implanting a tumor fragment in immu-
nocompromised mice at a heterotopic (most often
subcutaneous) or orthotopic site. The first option is
easy to implement, the tumor nodes are available for
measurements, which makes it easy and effective
to track the response to treatment. The second op-
tion has the advantage of simulating the tumor-host
interaction, organ-specific conditions, invasion and
metastasis, and responses to therapy. However, it is
technically more difficult: certain skills are required
from the researcher, and tumor growth must be con-
trolled using additional equipment [4].

Over the past decade, the number of publications
using microcomputer tomography (micro-CT) in in
vivo significantly increased. Even though micro-CT
initially showed good images of only high-contrast
structures, noticeable improvements in spatial and
temporal resolution were achieved, which allowed re-
searchers to obtain detailed anatomical images and
track the progression of the disease in small labora-
tory animal models. In addition, contrast agents are
used to increase the contrast of soft tissues [5—-6].

Metal nanoparticles are a suitable candidate for
use as contrast agents for micro-CT. Metal atoms
have high atomic numbers and exceptional X-ray at-
tenuation properties, therefore they provide a higher
contrast enhancement than iodine preparations used
in medical practice at the same concentration [7].
Depending on the purpose of the study, they can be
modified: the size of the nanoparticles is changed,
they are coated with organic molecules to increase
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biocompatibility, functional groups are added to in-
crease specificity to certain tissues, which expands
the possibility of their use not only in diagnosis, but
also in cancer therapy [8-9].

The purpose of the study was to evaluate the
effectiveness of a new contrast agent based on
nanoparticles — LaF_:Ce(5 %)Tb(15 %) on an orthot-
opic model of hepatocellular carcinoma.

MATERIALS AND METHODS

Female Balb/c Nude mice aged 10-12 weeks were
taken into the experiment. The animals were kept at
a temperature of 22 °C + 1 °C, humidity 55 % + 15 %
and a 12/12-hour day/night cycle. Food and water
were provided to the animals "ad libitum".

The culture of human hepatocellular carcinoma
Hep G2 was used in the work. Tumor cells were
cultured in DMEM medium (Gibco, Thermo Fisher
Scientific), with 10 % veal serum (Gibco, Thermo
Fisher Scientific) and 1 % antibiotic (penicillin/strep-
tomycin), in a CO2 incubator (series 8000W, Thermo
Fisher Scientific, USA) with a content of 5 % CO2 and
a temperature of 37 °C.

All manipulations were performed under ster-
ile conditions. Two female Balb/c Nude mice were
subcutaneously injected with a tumor culture of Hep
G2 cells at a concentration of 5 x 10° cells in 200 pl
(Fig. 1a) in the right side. When the tumor nodes
reached a volume of about 100 mm?, the animals were
euthanized by dislocation of the cervical vertebrae, the
xenographs were extracted and cut into fragments of
1 mm? in size. Donor animals (109) were anesthetized
according to the protocol described earlier [10].

Mice were placed on their backs, the skin and ab-
dominal wall were excised along a white line of the
abdomen measuring 30-40 mm and the left lobe of
the liver was exposed, into which a previously iso-
lated tumor fragment was implanted (Fig. 1b). Next,
the liver was returned to the abdominal cavity, the
abdominal wall and skin were sutured with a con-
tinuous surgical suture.

Measurement of the linear dimensions of subcu-
taneous xenografts was performed twice a week.
The tumor volume was determined according to the
formula:

V = LW?%/2,

where L, W, represent the linear sizes of the tumor
nodes.
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Two samples of LaF,:Ce(5 %)Tb(15 %) nanopar-
ticles were used in the work with different sizes (13
and 60 nm), which were obtained by hydrothermal
synthesis. To obtain nanoparticles with different av-
erage sizes, synthesis was carried out at room tem-
perature (size ~ 13 nm) and at 400 °C (size ~ 60 nm).
Colloidal water solutions of LaF,:Ce(5 %)Tb(15 %)
nanoparticles were prepared by dispersing nano-
crystal powder in bidistilled water using an ultrasonic
tube for 30 minutes. The resulting solutions were
administered once intravenously to mice in a volume
of 200 pl at a concentration of 40 mg/ml (two groups
of 5 animals each).

Microcomputer tomography was performed
on a Quantum GX2 microCT device (Perkin Elmer,
USA). During the scan, the animals were anesthe-
tized with 2 % isoflurane (Laboratories Karizoo, S.A.,
Spain) using a RAS-4 anesthesia device (Perkin El-
mer, USA). A total of 9 scans were performed for
each mouse: before nanoparticle injection, 5 min,
30 min, 1 h, 2 h, 4 h, 24 h, 48 h and 7 days after
administration. The scanning parameters were as
follows: voltage — 80 kV, current — 90 pA, field of
view — 86 mm x 72 mm, voxel size — 140 microns,
scanning mode — high resolution, time — 4 min, 360°
gentry rotation. The resulting images were analyzed
in the Quantum GX2 software (Perkin Elmer, USA).

Ha ocHoBe HaHovacTu LaF:Ce(5 %)Th(15 %)

The data was analyzed using Statistica 10 and pre-
sented as the "mean + standard error of the mean".

7 days after the introduction of contrasts and the
final scan, the animals were euthanized by dislo-
cation of the cervical vertebrae. Fragments of the
spleen and liver with tumor nodules were placed in
a 10 % formalin solution for 24 hours. The fixed tis-
sues were then poured into paraffin wax and, using
a microtome, sections with a thickness of 5 microns
were made onto positively charged specimens. The
specimens were stained with hematoxylin and eosin.
The finished histological preparations were exam-
ined by a pathologist.

STUDY RESULTS

A significant increase in contrast between the
spleen and normal liver tissue was observed com-
pared with the results obtained before the adminis-
tration of the studied substances as early as 5 min-
utes after the introduction of 60 nm nanoparticles
and 30 minutes after the introduction of 13 nm
nanoparticles. The following scans, after 1, 2 and
4 hours, show the accumulation of contrasts in
these organs (Fig. 2). There was no change in radi-
opaque contrast in the tumor tissue. After 24 hours,
nanoparticles are slightly washed out of the liver,

Fig. 1. The stages of an orthotopic HCC CDX model creation: a — subcutaneous injection of the HepG2 cell line with a sterile
insulin syringe; b — transplantation of a tumor fragment into the left lobe of the liver
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but they continue to accumulate in the spleen. The
same dynamics is observed on scans performed
after 48 hours and 7 days. There was no significant
difference between the measured contrast enhance-
ment of organs such as tumors, heart, and kidneys
during the entire experiment.

The weight of the injected animals decreased
slightly on the first and second days after the ad-
ministration of contrasts and stopped after the 3rd
day of the experiment (the total weight loss for each
mouse was less than 10 %). On day 6, the weight of
the mice returned to their initial values. There were
no changes in other physical parameters and behav-
ior of the animals during 7 days.

Before organ sampling, a macroscopic examina-
tion was performed for histological analysis. The
liver of the mice had a red-brown color, and a tumor
node was clearly visible in the left lateral lobe. The
remaining 3 lobes of the liver — the right inner one
with a mastoid process, the right lateral one with
a caudate process and the left inner one were un-

Before the
introduction

ok

30 min Th

2h 4h 24h 48 h

changed. The spleen of both animals was lighter
than normal, enlarged, and free of blotches. No oth-
er internal organs were found to have pathological
changes caused by the introduction of nanoparticles.

On all histological preparations, the liver retains its
histostructure. Hepatocytes are arranged in thin tra-
beculae separated by sinusoidal vessels. The triads,
portal tracts, and central veins are clearly distinguish-
able (Fig. 3a, b). Histological preparations (Fig. 3b,
d) show that the tumor is clearly bounded from the
normal liver tissue. Histopathological examination
7 days after the introduction of contrasts (Fig. 3c,
d) showed that ectasia of the central veins is ob-
served in the liver, mild inflammation, hepatocytes are
slightly enlarged, their nuclei are larger with a finely
dispersed chromatin distribution. In all samples, the
lymphoid tissue of the spleen was divided by thin
trabeculae and had the same density as the follicles
in it. Reactive hyperplasia of lymphoid tissue and
weak infiltration by macrophages were observed in
the spleens of mice injected with contrast (Fig. 3g, h).

7 days

1\1 |
" S 'r.
*...‘,u

A
B
i b
g

k““;.X i
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Fig. 2. In vivo microcomputer tomography results in 5 min, 30 min, 1 h, 2 h, 4 h, 24 h, 48 h and in 7 days after administration of
LaF3: Ce(5 %)Tb(15 %) with nanoparticle size: a,c - 13 nm; b, d — 60 nm. a, b — CT images in coronal projection; ¢, d - 3D images
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DISCUSSION

X-ray microcomputer tomography has gained
great importance in recent decades. In vivo visu-
alization of soft tissues of small laboratory animal
models has become popular due to the introduction
of various radiopaque substances that help to cir-
cumvent the limitation of low contrast of internal
organs [6]. Metal nanoparticles can be used for this
purpose, since metals have high X-ray attenuation
and high density. Nanoparticles can also provide
X-ray contrast for a long time [9].

In our work, we used LaF_:Ce(5 %)Tb(15 %)
nanoparticles of different sizes in orthotopic tumor
models of HCC. The Hep G2 tumor cell line was used

Ha ocHoBe HaHovacTu LaF:Ce(5 %)Th(15 %)

to create them. However, when trying to create a HCC
model using the injection method, negative conse-
qguences arise: leakage of cell suspension from the
puncture site and ingress into the abdominal cavity
and, as a result, the formation of tumor nodules in
other tissues and organs of the animal [11]. There-
fore, in our work, we first obtained a subcutaneous
xenograft from a cell line, and then it was used to
create an orthotopic model of HCC.

Basic images (before contrasting) of xeno-
graphs were made on micro-CT for further visual
and quantitative assessment of the effectiveness
of the tested contrasts. After the introduction of
LaF,:Ce(5 %)Tb(15 %) nanoparticles showed rapid
distribution in the tissues of the spleen and nor-

Fig. 3. Histopathological examination of the liver and spleen (100x): a — normal liver; b - liver with tumor without exposure; ¢ - liver
with tumor 7 days after administration of LaF3 nanoparticles: Ce(5 %)Tb(15 %) with a size of 13 nm; d - liver with a tumor 7 days
after administration of LaF3: Ce(5 %)Tb(15 %) nanoparticles 60 nm in size; e — normal spleen; f — spleen taken from a mouse with
a tumor in the liver, without exposure; g — spleen 7 days after administration of LaF3: Ce(5 %)Tb(15 %) nanoparticles with a size of
13 nm; h - spleen 7 days after administration of LaF3: Ce(5 %)Tb(15 %) nanoparticlessize 60 nm
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mal liver tissue, high absorption in the X-ray range,
and provided X-ray contrast during 7 days of the
experiment. Nanoparticles with a size of 13 nm
reached their maximum accumulation in the liver
(241.18 £ 6.07 HU) 4 hours after their administra-
tion. Then there was a slow weakening of the radi-
opaque contrast in the organ. Accumulation in the
spleen occurred gradually, and the maximum value
of HU units was obtained on the last day of the ex-
periment (272.4 + 9.9 HU). A similar dynamic was
observed for the second sample with a nanoparticle
size of 60 nm. The maximum accumulation in the
liver (230.19 + 8.84 HU) was reached 30 minutes
after the introduction of contrast, after which the
radiopaque contrast in the organ weakened. For the
spleen, the maximum value of HU units was also
obtained on the last day of the experiment, but it
was higher than the results obtained from the first
sample (311.95 + 9.36 HU).

There were no changes in the contrast abili-
ty of the other organs of the animals during the
entire observation period. There was also no ac-
cumulation of contrast in tumor tissues, as, for
example, in a study where gold nanoparticles
with an average size of 50 nm were used, which
were injected intravenously into a mouse model
of breast cancer at a concentration of 4.8 mg/kg
and a mouse model of fibrosarcoma at a concen-
tration of 9.6 mg/kg [12]. The researchers noted
the accumulation of nanoparticles in the tumor

tissue of both models. The biodistribution could be
influenced by the difference in the metals included
in the nanoparticles, the presence of polyethylene
glycol (PEG) coating on gold nanoparticles, the
use of different tumor models, etc. We assume
that the non-penetration of nanoparticles into the
tumor nodes was due to their low vascularization.
Therefore, additional studies using other in vivo
tumor models are required.

Histological analysis revealed that both samples
did not affect tumor cells, but caused mild inflam-
mation in the liver and reactive hyperplasia in the
spleen. As a rule, nanoparticles are removed from the
bloodstream mainly by Kupffer cells of the liver and
macrophages of the spleen [13], which explains the
presence of the latter on histological preparations.

CONCLUSION

Both samples of LaF_:Ce(5 %)Tb(15 %) nanopar-
ticles have proven to be effective contrast agents
for micro-CT imaging. Depending on the size of the
nanoparticles, the time of their maximum accumula-
tion in the liver and the maximum value of HU units
in the spleen varied. Further work is required to study
their safety profile and study the effects on the liver
and spleen with a longer follow-up period. It is also
promising to study possible modifications of some
characteristics of nanoparticles, which will increase
their accumulation directly in the tumor tissue.
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ABSTRACT

Purpose of the study. Was to identify additional prognostic factors in patients with renal cell cancer metastases to the liver
influencing survival rates.

Patients and methods. In patients with renal cell cancer (RCC) metastases to the liver, a search for new prognostic factors
affecting survival rates is needed. The retrospective analysis of data of 141 patients with liver metastases of RCC treated at the
Moscow City Oncological Hospital No. 62 in Moscow and the City Clinical Oncological Dispensary (St. Petersburg) from 2006
to 2022 was carried out. Men prevailed (66.7 %), age 60-74 years in 51.1 %, low-differentiated tumors (56,0 %) and multiple
metastases (83.7 %) were detected more often. The study investigated clinical and morphological prognostic factors influen-
cing survival rates in patients with liver metastases of RCC. Statistical analysis was performed using Statistica 10.0 software
packages (StatSoft, USA) by constructing Kaplan-Meier curves and survival tables, building a mathematical model of survival.
Results. The 3- and 5-year OS in patients with liver metastases of RCC (n = 141) was 42.4 % and 23.7 %, respectively, with
a median OS of 22 months.

In a single-factor analysis in patients with renal cancer metastases to the liver, it was found that ECOG status (p < 0.001), his-
tological subtype (p = 0.01) had a negative impact on survival rates, Fuhrman tumor differentiation (p < 0.001), type (p < 0.001)
and number of metastases (p = 0.024), metastases to lymph nodes (p = 0.006), IMDC prognosis (p < 0.001), nephrectomy
(p < 0.001) and metastasectomy (p = 0.0006).

In multivariate analysis, ECOG status [HR = 10.09 (95 % CI = 1.31-77], histological subtype [HR = 3,45 (95 % Cl = 1.77-6.71], lymph
node metastasis [HR = 1.93 (95 % CI = 1.21-3.07], hemoglobin level [HR = 2.44 (95 % Cl=1.39-4.29], and undergoing nephrec-
tomy [HR =2.10 (95 % CI = 1.16—3.79] were additional predictors affecting OS rates in patients with liver metastases of RCC.
Conclusion. In our study, ECOG status, histological subtype, lymph node metastasis, hemoglobin level and nephrectomy were
additional independent prognostic factors affecting AE rates in patients with RCC liver metastases. Further studies are needed
to identify additional prognostic factors in patients with RCC liver metastases to improve the efficacy of personalized treatment.
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3.1.6. OHKonorus, nyyeBas Tepanus

OPUr'NHAJIbHASl CTATbA
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PE3IOME

Lienb nccnepoBaHus. BbisiBUTb fONONHUTENbHbIE NPOrHOCTUYECKMEe GaKTopbl Y 60MbHbIX C MeTacTazamu paka noyku
B MeyeHb, BANUSIIOLLME Ha NOKa3aTeny BbDKMBAEMOCTHU.

MauueHTbl U MeToAbI. Y NaLMEHTOB C MeTacTazaMu B NeYeHb NOYEYHOKIIETOUHOro paka (MKP) Heo6X04MM NOUCK HOBbIX
NPOrHOCTUYECKUX (haKTOPOB, BAUSIIOLLMX HA NOoKa3aTenu BbiXXMBaeMocTu. [poBefeH peTPOCNeKTUBHbIN aHanu3 faHHbIX
141 naumeHTa c MeTacTtaszamu B neyeHb [NKP, nonyyaBwmnx nevyeHne B N'6Y3 «MockoBcKasi ropofckasa OHKOornyeckas
6onbHUUa N2 62 [lenapTaMeHTa 3paBooxpaHeHns ropoga MockBbi», I. MockBbl U CM6IY3 «FopoacKoi KIMHUYeCcKui
OHKOJIOFMYECKMIt ancnaHcep, r. CaHkT-MeTep6ypr ¢ 2006 no 2022 rr., U3 KOTopbIX Npeo6nafanu My>xuuHbl (66,7 %), BO3-
pact 60-74 ropa, y 51,1 %, YaLye BbisiBAeHbl HU3koauddepeHUnpoBaHHble onyxonu (56,0 %) U HanMuMe MHOXXECTBEHHbIX
MeTacTasoB (83,7 %). B uccnenoBaHum n3yyeHbl KIMHUKO-Mopdosiornyeckue hakTopbl NPOrHO3a, BAUAOLLME Ha NOKasa-
TENN BbDKMBAEMOCTH y 60/IbHbIX C MeTacTazamMu B neyeHb MNKP. CTaTucTuyeckunin aHanmMs NnpoBOANIICSA C UCMONb30BaHNEM
nakeToB NporpaMMHoro o6ecrnedeHus Statistica 10.0 (StatSoft, CLLUA) nocpefcTBOM NoCcTpoeHUs KpuBbIX KannaHa-Meitepa
1 Tabnuu AOXNUTUS, MOCTPOEHME MaTeEMaATUUYECKOW MOAENN AOXUTUS.

Pe3ynbrartbl. 3- 1 5-neTHsIs 06Liast BbbknBaeMocTb (OB) y 60/bHbIX ¢ MeTacTazamu B neveHb MKP (n = 141) coctaBuna 42,4
n 23,7 % COOTBETCTBEHHO, Npy 3TOoM MegmnaHa OB cocTaBuna 22 mecsua.

B ogHOodakTOpHOM aHanuse y 60/bHbIX C MeTacTasaMu paka Nnoyku B MeYeHU BbISIBAEHO, YTO OTpULATENBHOE BIIMSIHUE Ha
rokasaTesi BbIXXMBAeMOCTM oKasblBanu ctaTyc no ECOG (p < 0,001), ructonoruyeckuit nogtvn (p = 0,01), cteneHb anddepeH-
umpoBku onyxonu no Fuhrman (p < 0,001), Tun (p < 0,001) 1 KonuyecTBO MeTacTasoe (p = 0,024), MeTacTasbl B IMMdaTyeckme
yanbl (p = 0,006), nporHos no IMDC (p < 0,001), npoBefeHue HedpakToMuu (p < 0,001) n MeTacTazakTomMum (p = 0,0006).
Mpw MHorodakTopHoM aHanuse ECOG cratyc [HR = 10,09 (95 % W = 1,31-77], ructonornyeckui nogrun [HR = 3,45 (95 %
[OW =1,77-6,71], meTacTasbl B niuMdaTudeckme yanbl [HR = 1,93 (95 % AN = 1,21-3,07], ypoBeHb remorno6uHa [HR = 2,44
(95 % OV = 1,39-4,29], a Takxe npoBeaeHune HedpakTomun [HR = 2,10 (95 % AN = 1,16—3,79] 6binu AONONHUTENBbHBIMU
npeavKTOpamMu BAUSOWMMHK Ha nokasatenu OB y nauneHToB ¢ MeTacTazamu B neveHb [MKP.

3aknouenue. B Hawem uccnegosanun ECOG cTaTyc, TMCTONOMMYECKUIA MOATUM, MeTacTasbl B IMMbaTUYeCcKue y3nbl, ypoBEHb
remMorno6uHa u npoBeaeHne HepaKTOMUK GbINU AONOSHUTENBHBIMU HE3ABUCUMbIMU NMPOrHOCTUYECKUMU haKkTopamy,
BAVAIOWMMU Ha nokasaTtenn OB y nauuneHToB ¢ MeTacTaszamm B neyeHb MKP.
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INTRODUCTION

Renal cell carcinoma of the kidney (RCC) accounts
for about 2 % of the total number of diagnosed and
deceased cancers worldwide [1]. The 5-year survival
in patients with metastatic RCC (mRCC) is 12 % [2, 3],
and 25-30 % of patients with RCC have metastatic
disease at initial diagnosis [4, 5]. The liver is one of
the common locations for metastasis and affects
20 % of patients with mRCC [6]. Unfortunately, the de-
velopment of liver metastases is considered a poor
prognostic factor and is often associated with low sur-

vival rates [7, 8]. The median progression-free survival
in patients with RCC was significantly shorter in the
presence of liver metastases, and the median overall
survival in patients was less than 12 months [9-10].
For a long time, the selection of patients with mRCC
was based on the IMDC prediction model, which is now
insufficient in the era of immuno-oncological drugs. In
our study, we analyzed additional prognostic factors
in patients with kidney cancer metastases to the liver.
The purpose of the study was to identify addition-
al prognostic factors in patients with kidney cancer
metastases to the liver that affect survival rates.

Table 1. Patients’ characteristics (n = 141)

Characteristic

Number of patients (n (%))

Sex:

male 94 (66.7)
female 47 (33.3)
Age, years:

18-44 9 (6.4)
45-59 54 (38.3)
60-74 72 (51.1)
=75 6(4.3)
Histological type:

clear-cell carcinoma 118 (83.7)
non-clear-carcinoma 23(16.3)
Differentiation grade:

G1 19 (13.5)
G2 43 (30.5)
G3 79 (56.0)
ECOG status:

0 5(3.5)
1 43 (30.5)
2 46 (32.6)
3 47 (33.3)
Number of metastases:

solitary 5(3.5)
single 18 (12.8)
multiple 118 (83.7)
IMDC prognosis:

favorable 26 (18.4)
intermediate 40 (28.4)
poor 75(53.2)
Metastasis type:

metachronous 66 (46.8)
synchronous 75(53.2)
Prior nephrectomy:

yes 117 (83.0)
no 24 (17.0)
Normal hemoglobin 70 (49.6)
Anemia 71 (50.4)
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Fig. 1. OS rate of patients with liver metastases of RCC (n = 141)
Note: Median of the OS was 22 months
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PATIENTS AND METHODS

A retrospective analysis of the data of 141 pa-
tients with liver metastases of RCC treated at the
Moscow City Oncological Hospital No. 62 in Mos-
cow and the City Clinical Oncological Dispensary
(St. Petersburg) from 2006 to 2022 was carried
out. Males (66.7 %) predominated, the age of
60— 74 years in 51.1 %, low-grade tumors were
more often detected (56.0 %) and the presence of
multiple metastases (83.7 %). The study examined
the clinical and morphological prognostic factors
affecting survival rates in patients with liver me-
tastases of RCC.

Statistical analysis

Statistical analysis was carried out using Statis-
tica 10.0 software packages (StatSoft, USA) by con-
structing Kaplan-Meyer curves and survival tables,
and constructing a mathematical survival model.
All patients received systemic antitumor therapy.
Detailed characteristics of the patients are given in
Table 1.
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Log-rank p <0.0001

Fig. 2. Overall survival (0S) in patients with RCC liver metastases depending on ECOG status (a) and Fuhrman tumor differentiation (b)

(n=141)

Note: the median OS for ECOG 0.1.2 and 3 was 98.6, 45, 22 and 7.9 months, and for G1, G2 and G3 it was 74.8, 31.9 and 13 months,

respectively
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Table 1 shows that low-grade tumors (56 %), mul-
tiple metastases (83.7 %), and an unfavorable IMDC
prognosis (53.2 %) were the most common.

Patient data was consolidated in the form of
spreadsheets and analyzed using the Statistica 12
for Windows program. Life expectancy was calcu-
lated from the date of diagnosis to the date of last
observation or death. Survival was assessed using
the Kaplan-Mayer method, survival differences were
determined using the log-rank test; Cox regression
analysis was used to exclude factors that do not
have independent prognostic significance. A single-
factor analysis was used to determine whether there
were statistically significant differences between
two or more groups in one independent variable.
A multifactorial analysis was used to determine the
effect of several factors on the dependent variable.
The analysis of OS indicators in patients with nmPCR
was carried out depending on clinical and morpho-
logical parameters. The analysis of the risk ratio of
an event at a certain point in time t in one group
compared with another group (Hazard Ratio (HR))
was performed.
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STUDY RESULTS

The clinical and morphological characteristics
of the patients are presented in Table 1. The study
was dominated by 90 men (66.7 %). 75 (53.2 %)
patients had an unfavorable prognosis according
to IMDC, while 79 (56 %) were diagnosed with low-
grade tumors. Multiple metastases were detected in
118 (83.7 %) patients. These data indicate that the
group of patients with nmPCR has a pronounced
metastatic load.

In a one-factor analysis in patients with kidney
cancer metastases in the liver, it was revealed
that ECOG status (p < 0.001), histological subtype
(p =0.01), degree of tumor differentiation according
to Fuhrman (p < 0.001), type (p < 0.001) and number
of metastases (p = 0.024), lymph node metastases
(p = 0.006), IMDC prognosis (p < 0.001), nephrec-
tomy (p < 0.001) and metastasectomy (p = 0.0006)
(Table 1, Fig. 2-6).

In multivariate ECOG analysis, the status [HR =
10.09 (95 % CI = 1.31-77], histological subtype
[HR =3.45(95 % Cl = 1.77-6.71], lymph node metas-
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Fig. 3. Overall survival (0S) in patients with RCC liver metastases as a function of histologic subtype dependency (a) and time of

metastasis occurrence (b) (n = 141)

Note: the median OS for clear-cell and non-clear-cell RCC was 26.3 and 12 months, respectively, and for synchronous and metachronous

metastases, 13.2 and 31.4 months, respectively
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Fig. 4. Overall survival (OS) in patients with liver metastases of RCC depending on the number of metastases (a) and with and without
lymph node metastases (b) (n = 141)
Note: the median OS in patients with solitary, single, and multiple metastases was 116.6, 41.8, and 15.5 months, respectively, and
in the absence and presence of lymph node metastases, 30.9 and 13.4 months, respectively
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tases [HR = 1.93 (95 % Cl = 1.21-3.07], hemoglobin
level [HR = 2.44 (95 % Cl = 1.39-4.29], as well as
nephrectomy [HR =2.10 (95 % Cl = 1.16—3.79] were
additional factors that had an independent negative
effect on OS in patients with liver metastases of RCC
(Table 2).

DISCUSSION

RCC is a highly vascularized tumor and is prone
to the appearance of distant metastases [11]. About
30 % of new cases are metastatic at the time of di-
agnosis [12]. The liver is one of the most common
locations of RCC metastases, including 23.6 % of
newly diagnosed cases of metastatic RCC and is
associated with poor overall survival rates [13]. De-
spite the fact that treatment strategies for mRCC
have improved significantly over the past decade,

Fig. 5: Overall survival (OS) in patients with RCC liver metastases
according to IMDC prognosis (n = 141)

Note: the median OS for favorable, intermediate, and poor IMDC
prognosis was 57.1, 39.8, and 12 months, respectively
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there is still no consensus on the optimal clinical
strategy for the treatment of liver metastases of
RCC [14-16]. A prognostic model for liver metas-
tases of RCC would be very useful for personalized
treatment [17].

In our work, we have shown that the IMDC mod-
el, which was developed to analyze the forecast of
mRCC [18, 19] is insufficient. In our study, ECOG sta-
tus, histological subtype, lymph node metastases,
hemoglobin levels, and nephrectomy were important
prognostic factors in RCC liver metastases. Most of
these predictors are not taken into account in mod-
ern forecasting models. It is interesting to note that
the IMDC prognosis, type and number of metastases
were not prognostic predictors in patients with RCC
with liver metastases.
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This study also has some limitations. First of all,
because of the retrospective nature. Further multi-
center studies are needed to determine the clinical,
pathomorphological and molecular prognostic factors
in patients with kidney cancer metastases to the liver.

CONCLUSIONS

In our study, ECOG status, histological subtype,
lymph node metastases, hemoglobin level, and ne-
phrectomy were additional independent prognostic
factors affecting OS in patients with liver metastases
of RCC. Further studies are needed to identify addi-
tional prognostic factors in patients with liver RCC
metastases in order to increase the effectiveness of
personalized treatment.
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Fig. 6. Overall survival (OS) in patients with RCC liver metastases when metastasectomy is performed (a) and with and without

CNE (b) (n = 141)

Note: the median OS in the absence and performance of metastasectomy was 17.5 and 65.2 months, respectively, and in the absence

and performance of CNE was 29.3 and 8.1 months, respectively

47



South Russian Journal of Cancer 2025. Vol. 6, No. 1. P. 41-49
Semenov D. V.=, Orlova R. V., Shirokorad V. I., Kostritsky S. V. Analysis of additional prognostic factors in patients with renal cancer metastases to the liver

Table 2. Predictive factors for overall survival rate for patients with liver metastases of RCC (n = 141) (single-factor and

multifactor analysis)

Factor

Number of
patients (%)

Hazard ratio (95 % confidence interval)

Univariate test

Multivariate test

ECOG status:
1

5(3.5 B -
2 43 g30‘25) 1.66 (0.49-5.61,p = 0.417) 1.16 (0.18-7.51, p = 0.880)
3 46 (32.6) 4.07 (1.1913.98, p = 0.026) 2.37(0.34-16.68, p = 0.388)

47 (33.3) 13.99 (4.0048.89,p < 0.001)  10.09 (1.31-77.63, p = 0.026)

Histological type:
clear-cell carcinoma 118 (83.7) - -
non-clear-carcinoma 23 (1 63) 2.20 (1 .36-3.58,p = 0001) 3.45 (1 T7-6.71,p< 0001)
Differentiation grade:
G1 19 (13.5) - -
G2 43 (30.5) 2.33(1.21-4.46,p = 0.011) 1.70 (0.69-4.22, p = 0.251)
G3 79 (56.0) 5.24 (2.79-9.83, p < 0.001) 1.59 (0.61-4.11, p = 0.342)
Metastasis type:
metachronous 66 (46.8) B -
synchronous 75 (53.2) 0.45(0.31-0.67, p < 0.001) 1.13 (0.66-1.96, p = 0.649)
Lymph nodes metastases:
present 85 (60.3) - -
absent 56 (39.7) 1.90 (1.31-2.77,p = 0.001) 1.93(1.21-3.07, p = 0.006)
Hemoglobin:
yes — normal 70 (49.6) - B
Nno - anemia 71 (50.4) 3.04 (2.05-4.50, p < 0.001) 2.44 (1.39-4.29, p = 0.002)
Prior nephrectomy:
yes 117 (83.0) - -
no 24 (17.0) 3.57(2.14-5.97,p < 0.001) 2.10(1.16-3.79,p = 0.014)
Metastasectomy:
yes 120 (85.1) - -
no 21 (14.9) 0.39(0.23-0.68, p = 0.001) 0.58(0.26-1.30, p = 0.186)

Note: the table only presents factors with prognostic significance
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ABSTRACT

Purpose of the study. To evaluate the features of free radical oxidation (FRO) and the principal enzymatic and non-enzymatic
links of antioxidant defense in proliferating tissues of benign myoma and malignant endometrioid adenocarcinoma (EA) with
varying degrees of differentiation.

Patients and methods. Patients who received surgical treatment for EA (n = 42) and uterine myoma (n = 14) were examined.
Patients with stage la (n = 26) and stage Ib (n = 16) of disease were selected. 16 patients had highly differentiated (G1) EA,
12 had moderately differentiated (G2) EA, and 14 had low-differentiated (G3) EA. The activity of superoxide dismutase (SOD),
catalase, glutathione peroxidase (GPx), glutathione transferase (GST), reduced glutathione (GSH), vitamins A and E, lipid
peroxidation products diene conjugates (DC) and malondialdehyde (MDA) were determined colorimetrically in the tissues of
EA, myoma and intact uterus.

Results. Compared with the level in intact tissue, SOD decreased by 3.2 times and GST increased by 2.7 times in myoma
(p < 0.01). Similar changes were noted for EA G1 — on average by 5.3 times (p < 0.01) and also DC increased by 2.2 times
(p < 0.05). In EA G2 tissue, SOD and GPx activities were lower than in the intact tissue, by 5.7 and 4.5 times, respectively
(p < 0.05), and lower GST, GPx and GSH than in the EA G1, by 4.9, 8.9 and 1.6 times, respectively (p < 0.05-p < 0.01). In EA G3
tissue, there was an increase in GSH, GPx and GST from 1.51t0 7.1 times (p < 0.05 - p < 0.01) and lipid peroxidation products
by an average of 2.5 times (p < 0.05), as well as a decrease in vitamins A and E by 2.9 and 4.6 times, respectively (p < 0.05)
compared with the intact tissue. The tissue of the EA G2 had a minimal level of activity of the GSH-dependent system.
Conclusion. The results reflect the differences in the mechanisms of proliferation regulation by FRO in myomas and in the
EA tissue with changes in its differentiation. Knowledge of the characteristics of individual links in the regulation of FRO can
play a certain role in the use of antioxidant therapy for benign or malignant tumors of the uterus.
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3.1.6. OHKonorus, nyyeBas Tepanus

OPUr'MHAJIbHASAl CTATbA

CocTosiHue npoueccoB CB000AHOPAAMKANLHOTO OKUCIEHNA U AHTUOKCUAAHTHOM 3aWUTI
B MMOME MaTKW ¥ B 3HAOMETPUOUAHON aAEHOKAPLLMHOME B 3aBUCUMOCTH OT €€ CTENEeHN
AnddepeHLmpoBKu

E. U. CypukoBa™, E. M. ®panuusny, WU. B. Kannueea, B. A. bangoBkuHa, J1. A. Hemawkanoea, . B. Hecky6uHa,
T. . Mouceenko, A. M. MeHbweHuHa, M. A. Poro3uH, E. B. BepenukuHa, M. J1. AgamsH

®IbY «HaunoHanbHbI MeLULMHCKUIA UccnefoBaTenbCKuil LIEHTP oHKonoruu» MuHucTepcTBa 3apaBooxpaHeHust Poccuiickoit ®egepauuy,
r. PoctoB-Ha-[loHy, Poccuiickas Gegepauus
B4 sunsur2000@mail.ru

PE3IOME

Llenb uccnepoBaHusi. OLEHNTb OCOBEHHOCTU CBO6OAHOPAAUKaIbHOrO okucieHus (CPO) 1 OCHOBHbIX hepMeHTaTUBHbIX
1 HeepMeHTaTUBHbIX 3BEHbEB aHTUOKCUMAAHTHON 3alnTbl B NPonvdepupyroLmnx TKaHsax 406poKayecTBEHHON MUOMBI
1 3/10KaYECTBEHHOW 3HAOMETPUOUAHONM afeHoKapLnHOMbI (QA) ¢ pasnnyHoO cTeneHblo ee AuddepeHLMpPOBKH.
NaumeHTbl U MeToAbl. O6cnefoBaHbl 60/bHbIE, MONYUYUBLLME XUPYPruYeckoe fiedeHne no nosogy dA (n = 42) 1 MUOMBI
MaTku (n = 14). BonbHble ¢ 9A la (n = 26) n Ib (n = 16) cTagueit. Y 16 60nbHbIx 6bi1a BbicokoandhepeHumpoBaHHas (G1) A,
y 12 ymepeHHoaud depeHumpoBaHHasn (G2) 9A, y 14 HuskoanddepeHumposaHHas (G3) JA. B TKaHsX A, MUOMbI, MUHTaKTHOIA
MaTKW KOJTOPUMETPUYECKHM OMNpeaensiiv akTUBHOCTb pepMEHTOB cynepokeugamcmyTasbl (COLL), kaTanasbl, ryTaTUOHMNe-
pokcuaasbl (IFMO), rnytatuoHTpaHcdepasbl (I'T), cofepxaHne BOCCTaHOBNIEHHOro rnyTaTuoHa (GSH), ButamuHoB A/E,
NpoAyKTOB nepekucHoro okucneHuna nunuaos (MOJ) aneHoBbIx KoHboraTos (LK) u manoHoBoro avanbgernga (MOA).
Pe3ynbraThbl. [10 CpaBHEHMIO C YPOBHEM B MHTAKTHOWM TKaHM B MMOMe cHuxanacb CO/ B 3,2 pasa v ysenunumsanacb ['T
B 2,7 pa3a (p < 0,01). AHanormyHble usMeHeHnss oTMedeHbl Ansa 9A G1 - B cpegHeM B 5,3 pasa (p < 0,01) u yBenuyexue
OK B 2,2 pasa (p < 0,05). B TkaHu 9A G2 akTuBHOCTb COJ, 1 MO 6bina HUXKE, YeM B MHTAKTHOW TKaHW, COOTBETCTBEHHO
B 5,7 n 4,5 pasa (p < 0,05) u 6onee Huskue I'T, [TIO n GSH, yem npu 3A G1, cooTBeTcTBEHHO B 4,9, 8,9 11 1,6 pas (p < 0,05 -
p <0,01). B TkaHn 3A G3 oTmeueH pocT GSH, MO T ot 1,5 80 7,1 pasa (p < 0,05 - p < 0,01) u npoaykTos MNOJ1 B cpegHeM
B 2,5 pasa (p < 0,05), a Takxe CHUXeHWNe BUTaMnMHoB A 1 E B 2,9 1 4,6 pa3a cOOTBETCTBEHHO (p < 0,05) MO cpaBHEHUIO C UH-
TaKTHOM TKaHbto. TkaHb A G2 oTAnMyanacb MUHUMAasbHbIM YPOBHEM aKTUBHOCTU GSH-3aBUCUMON CUCTEMDI.
3aknoueHue. Pe3ynbTaThl 0TpaXkaroT pasiMyuns MexaHM3MoB perynsauuv nponudepaumm nocpeactsom CPO B Mnomax
1 B TKaHM A npu uameHeHuu ee auddepeHUnpoBKU. 3HaHWE 0COBEHHOCTEN OTAENbHbIX 3BEHbEB perynsumn CPO MoxeT
UrpaTtb onpepesieHHyo posib B Ha3HaYeHUN aHTUOKCUAAHTHOW Tepanum f06poKavecTBEHHbIX UM 3/1I0KAYECTBEHHbIX OMy-
xosien MaTKu.

KnioueBble cnosa: paK aHAOMETpUA, MMOMa MaTKK, SHOOMETPUoONnaHada ageHoOKapumMHoOMa, CTeNeHb ,D,Md)d)epeHLl,leOBKVl,
CBO6OAHOpaAMKaﬂbHoe OKUCJ1IeHUe, aHTUOKCUAAHTHbIe (‘bepMEHTbI, rnyTaTMuoH3aBUCUMaaA cUCcTeMa, BUTaMUHbI AnE
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MeHbLieHuHa A. 1., Porosud M. A., BepenukuHa E. B., Aamsan M. J1. CocTosiHue npoLeccoB CBOGOAHOPAANKANbHOTO OKUCTIEHUS M aHTUOKCUAAHTHOI
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Co6niofieHne aTUYECKNUX CTaHAapToB: B paboTe COGMIOJANMCH 3TUYECKWE MPUHLMMbI, NpefbsBnsieMble XenbCUHKCKOW Aeknapauueii BcemupHoii
MeauumHckoii accoumauun (World Medical Association Declaration of Helsinki, 1964, pea. 2013). WccnegoBanue ofo6peHo COBETOM Mo 3TWKe NMpu
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INTRODUCTION

Endometrial cancer (EC) is one of the most
common malignancies of the female reproductive
system, ranking second in frequency after cervical
cancer in the world. EC is formed from the mucous
membrane of the uterine body, and the most com-
mon histological type is endometrioid adenocarci-
noma (EA), the detection rate of which can reach
up to 80-90 % of all cases of EC [1]. There is no
tendency to decrease the incidence of EC, which
is explained, on the contrary, by an increase in the
prevalence of risk factors that create conditions for
the occurrence of disorders in the body that con-
tribute to endometrial malignancy (aging of women,
a decrease in the number of births, an increase in the
number of abortions, inflammatory diseases of the
uterus), and directly affect endometrial malignancy
(hyperestrogenism, metabolic disorders associated
with obesity, diabetes mellitus).

The results of many years of research have
helped to understand the important role of free
radical oxidation (FRO) and reactive oxygen spe-
cies (ROS) processes both in the normal physiol-
ogy of the female reproductive system and in the
development of its pathology — the involvement
of ROS in the regulation of the ovarian cycle, the
initiation of endometrial rejection, the develop-
ment of infertility, endometriosis. The balance of
pro- and antioxidants in uterine tissue is regulated
by interrelated signaling cascades of inflamma-
tion, hypoxia, and angiogenesis [2, 3]. The uterus
is particularly sensitive to the effects of hormonal
factors, as well as various external lifestyle-related
factors, which activate free radical processes that
are inhibited by the body's antioxidant system.
In particular, it was found that obesity, by induc-
ing a pro—inflammatory environment and oxidative
stress, promotes the transformation of myome-
trial stem cells into leiomyoma and endometrial
into adenocarcinoma, activating proliferation and
angiogenesis [4, 5]. It was found that the transcrip-
tional activity of the genes responsible for estro-
gen reception and metabolism changes depending
on the degree of tumor differentiation and the age
of the affected women [6]. The occurrence of an
imbalance in the processes of FRO, turning into
oxidative stress, through complex mechanisms
contributes to the formation of fibroids or leads to
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neoplastic transformation of the endometrium, the
development of hyperplasia and the active growth
of malignant tumors [3, 7, 8]. All these pathologies
of the uterus have a common basis — increased ac-
tivity of proliferative processes. However, as a re-
sult of such activation, tumors that are funda-
mentally different in nature are formed — benign
fibroids or malignant carcinoma. Since FRO and
the antioxidant system are important links in the
pathogenesis of proliferation-related processes,
it would be interesting to evaluate the features of
FRO and the main enzymatic and non-enzymatic
components of the antioxidant defense system in
proliferating tissues of benign fibroids and malig-
nant endometrioid adenocarcinoma with varying
degrees of its differentiation, which was the pur-
pose of this study.

PATIENTS AND METHODS

The present study included 42 patients with
endometrioid adenocarcinoma (average age
60.8 + 2.9years) and 14 patients with uterine fibroids
(average age 49.4 + 2.5 years) who underwent spe-
cial treatment at the National Medical Research
Centre for Oncology of the Ministry of Health of
the Russian Federation, Rostov-on-Don. All patients
signed a voluntary informed consent for medical
intervention and the use of biological material for
scientific purposes. The study was approved by the
Ethics Council of the National Medical Research Cen-
tre for Oncology, Rostov-on-Don (Protocol No. 22
dated 09/05/2023).

The average body mass index of women with EC
was 39.8 (from 24.3 to 49.7), the Quetelet index for-
mula was used to calculate it, 12 women had type 2
diabetes mellitus, 10 had impaired glucose toler-
ance. The average body mass index in patients with
uterine fibroids was 31.4 (from 21.9 to 38.4). Type 2
diabetes occurred in 2 patients with uterine fibroids,
and in 2 patients with impaired glucose tolerance.
In 9 patients, uterine fibroids were combined with
genital endometriosis.

In patients with EC, the prevalence of the tumor
process was within the la and Ib stages. In the group
with G1 EA (n = 16), there were 14 patients with stage
la and 2 with stage Ib. With G2 EA (n = 12) - 7 pa-
tients with la and 5 with stage Ib. In the group with
G3 EA (n = 14), there were 5 with la and 9 with Ib.
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Biomaterial (fibroids and intact uterus, EA tumor)
was obtained during surgical treatment of these
women. They did not receive neoadjuvant treat-
ment. The biomaterial of all patients with EC was
divided into 3 groups according to the degree of tu-
mor differentiation — G1, G2, G3. 10 % homogenates
were prepared from tumor tissues (fibroids, EA)
and intact uterine tissue obtained during the re-
moval of fibroids (uterine body tissue unaffected
by the tumor process, containing endometrium and
myometrium) obtained during the surgical stage, in
which a number of indicators characterizing the in-
tensity of FRO and the functioning of the antioxidant
system by colorimetric methods were studied: su-
peroxide dismutase (SOD) activity (EC 1.15.1.1) [9],
the amount of enzyme that caused 50 % inhibition
of the reaction was taken as the unit of activity
and expressed in units/ml of homogenate; cata-
lase activity (EC 1.11.1.6.) [10], expressed in y mol
H,0,/ min*mg of protein; glutathione peroxidase
(GPx) activity (EC 1.11.1.9.) [11] and glutathione
transferase (GST) activity (EC 2.1.5.18) [12], the
activity of these enzymes was expressed in IlU/ mg
of protein. The state of the non-enzymatic link of
the antioxidant system was assessed by the con-
tent of reduced glutathione (GSH) [12], expressed
in u mol/ mg of protein, and vitamins A and E [13],
expressed in units/ml of homogenate. The inten-
sity of lipid peroxidation (LPO) was assessed by
the content of primary products in tumor tissues,
diene conjugates (DC) [14] and the most stable
secondary product, malondialdehyde (MDA) [12].
Protein concentration was determined by biuretic
method, expressing it in mg/ml of homogenate.
The results of colorimetric studies were evaluated
using a U-2900 bi-beam spectrophotometer with UV
Solutions software (Hitachi, Japan) and an INFINITE
M NANO microplate automatic analyzer (Tecan
Austria GmbH, Austria).

Statistical analysis

Statistical analysis of the results was carried out
using Statistica 6.0. The Shapiro-Wilk test was used
for testing the data sample normality, and using the
Levene's test was checked the equality of varianc-
es. The data in the tables are presented as median
and quartiles (Me; Q1; Q3). The statistical signifi-
cance of the differences was assessed using the
Mann-Whitney test, and the Holm-Bonferroni method

afileHOKapLMHOME B 3aBUCMMOCTM OT ee cTeneHy AnddepeHLnpoBKm

was used for multiple comparisons to correct the
achieved significance level of p. The critical level of
significance of the differences is p < 0.05.

STUDY RESULTS AND DISCUSSION

During the study of the characteristics of FRO and
the activity of individual links of the antioxidant sys-
tem in benign and malignant proliferative processes,
it was found that only the activity of SOD in fibroids
significantly changed - a decrease of 3.2 times, and
the activity of GST — an increase of 2.7 times com-
pared with the level in intact tissue (Table 1). There
were no significant changes in other links of the an-
tioxidant system and the content of LPO products.
(Tables 1, 2). A similar pattern was observed in the
tissue of highly differentiated EA G1: lower SOD ac-
tivity and higher GST activity, on average 5.2 times,
than in intact tissue (Table. 1), however, in contrast to
fibroids, there was a 2.2-fold increase in the level of
DC compared with the level in intact tissue (Table. 2),
which may indicate the appearance of an imbalance
and an increase in FRO processes.

In the tissue of moderately differentiated EA G2,
in addition to the lower activity of SOD - 5.7 times
lower than the level in intact tissue, there was also
a lower activity of GPx — 4.5 times lower than in in-
tact tissue, at the same time, the activity of GST, GPx
and the content of GSH were significantly lower than
in EA G1 - b tissue. 4.9, 8.9, and 1.6 times, respec-
tively (Table 1). There were no statistically significant
changes in the content of vitamins and LPO products
in EA G2 tissue (Table 2).

In the tissue of low—grade EA G3, a generally dif-
ferent picture of the state of the antioxidant system
was observed than in fibroids and with EA of a high-
er degree of differentiation: the activity of SOD and
catalase did not significantly differ from the level
in intact tissue, but activation of all components of
the glutathione-dependent system was noted — an
increase in the content of GSH and the activity of
GPx and GST, respectively, by 2.1, 1.5 and 7.1 times
(Table 1). The content of vitamins A and E was 2.9
and 4.6 times lower, respectively, and the level of
LPO products was 2.5 times higher on average than
in intact tissue (Table. 2), which may reflect an in-
creasing imbalance between FRO and antioxidant
protection despite an increase in the activity of the
glutathione-dependent system.
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Analyzing the results, we can note the similari-
ty of the state of the antioxidant system in fibroids
and EA G1 tissue. With a decrease in the degree of
tumor differentiation and intensification of prolifer-
ation, the balance in the system of enzymatic and
non-enzymatic antioxidants and in the processes
of FRO changes, which is manifested by an increase
in the level of LPO products. It is noteworthy that in
EA G2 tissue, the activity of the glutathione system
is significantly lower than in EA G1 tissue — the GSH
content is 1.6 times lower, the activity of GPx and
GSTis 8.9 and 4.9 times lower, respectively (Table 1).
At the same time, in EA G3 tissue, compared with the
level in EA G2 tissue, the activity of SOD and catalase
was higher, respectively, by 6.2 and 2.5 (p = 0.0516)
times, as was the activity of the glutathione-depen-
dent system - the activity of GPx and GST was on
average 6.8 times higher, and the level of GSH was
2.7 times above (Table. 1), while the content of vita-
mins A and E, on the contrary, was lower — 3.6 and
2.5 (p = 0.0501) times, respectively (Table. 2), and
the level of LPO products is 6.3 (DC) and 2.1 (MDA)
times higher (Table 2).

As a result of long-term studies, the great impor-
tance of the processes of free radical oxidation and
redox of tissues in the physiological regulation of
the female reproductive system and their imbalance
in the process of pathological changes, in particu-
lar in the development of hyperplastic processes
and oncogynecological pathology, has been estab-
lished [2, 3, 15]. It was found that fibroids, hyperpla-
sia, and endometrial adenocarcinoma are charac-
terized by a decrease in mRNA levels, expression,
and/or activity of the antioxidant enzymes SOD and
catalase, which contributes to the creation of pro-ox-
idant conditions in the tissue that stimulate prolif-
eration and tumor formation [16, 17]. Our results
were somewhat similar — we observed a decrease
in SOD activity in both benign fibroids and malignant
high- and moderate-grade EA tissue, but not in low-
grade EA, however, we did not find a significant de-
crease in catalase activity in any group. The change
in SOD activity is adaptive in nature and its decrease
may reflect both a decrease in the generation of su-
peroxide anion radical and inhibition by the reaction
product, H,0,, which suppresses proliferation, unlike

Table 1. Indicators of the antioxidant system and the content of lipid peroxidation products in tumor tissue in patients with
uterine fibroids and patients with EC of varying degrees of differentiation

Catalase activity,

GSH content,

SOD activity, GPx activity, 1U/ GST activity,
. pmol H,0,/ p mol/mg of . .
units/ml min-mg p?otzein protein mg of protein IU/mg of protein
{?St;f;“te””e 15.5; 2.2; 33.6; 181.6; 39.8;
it (12.5; 20.7) (1.7,2.7) (32.4; 40.5) (144.9; 224.6) (29.4; 58.7)
Myomatous node @ ?86 5) 1.9; 30.6; 179.8; (7218971.5?;7 9)
n=14 Pz 00082 (1.8;3.1) (30.2; 61.8) (120.2; 390.6) b= 0.0065
2.9; 200.4;
EA G1 o 3.6; 40.2; 360.0; na
n=16 p(l'g' 31'%)5 (1.6,6.7) (31.4; 68.9) (200.0; 415.4) “gi'% ggy)
40.2;
2.7; , 25.8; 5 41.1;
RARE: (2.4;3.3) . ;;72'.1) (176 26.8) (pZ? %’.Sfo‘é) (28.5;43.8)
p = 0.0209 p'=0.0118 p'=0.0105 p'=0.0045
16.9: 43 70.4; 272.2; 281.2;
EA G3 (13.1.17.9) (2.5.5.6) (64.9; 78.4) (252.2; 286.1) (137.1;297.8)
n=14 2e 0.0143 00516 p=0.0143 p = 0.0500 p = 0.0062
p==0. p==0. p2=0.0139 p?=0.0147 p?=0.0090

Note: the achieved level of statistical significance of the differences: p — compared with the level of the indicator in the intact uterine tissue,
p' = compared with the level of the indicator in EA G1, p2 — compared with the level of the indicator in EA G2
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superoxide anion radical, and activates apoptosis.
Thus, a decrease in the production of H,0, with low
SOD activity and while maintaining catalase and GPx
activity can contribute to a decrease in the content
of H,0, and an increase in the superoxide content
in the tissue. Studies of the role of hypoxia in the
pathogenesis of flbromyoma have shown, for exam-
ple, a violation of the innate antioxidant mechanism
occurs, aggravated by hypoxia, which manifests itself
in the constant suppression of SOD and catalase
mRNA expression in fiboromyoma cells compared
with cells of the normal myometrium after exposure
to hypoxia [16, 18]. As suggested by the authors,
hypoxia can stimulate the proliferation of fibroids
cells, and possibly transformed endometrial cells,
through the activation of the HIF-1a/TGF-83/Smad3
signaling pathway and the expression of NADPH oxi-
dase-4 (NOX4) enzymes, generating superoxide ions,
as well as through the expression of double oxidase
(DUOXT1), generating H,0,, the activity of which con-
tributes to the creation of pro-oxidant conditions [16].

As our results showed, higher SOD and cata-
lase activity was observed in EA G3 tissue than
in the tissues of moderately differentiated en-
dometrial tumors, as well as significantly high-
er activity of glutathione-dependent antioxidant
enzymes GPx and GST and a higher content of

afileHOKapLMHOME B 3aBUCMMOCTM OT ee cTeneHy AnddepeHLnpoBKm

GSH itself, even compared with the tissue of the
intact uterus. Obviously, this adaptive increase
in the activity of protective antioxidant systems
is associated with increased generation of ROS
(especially superoxide) and FRO processes while
reducing tumor differentiation to a low-grade
state to ensure rapid proliferation and protect
tumor cells from apoptosis. This assumption is
supported by the accumulation of LPO - DC and
significantly more stable MDA products in the
tissue of low-grade EA. This was not observed in
fibroids, which suggests that there may be differ-
ent mechanisms of proliferation activation during
the development of fibroids and EA. As is known,
GSH and its associated enzymatic system are of
key importance in maintaining the intracellular
redox state, which regulates signaling pathways,
gene expression, and cell death, and the function-
ing of its redox cycle is a cytoprotective mecha-
nism for limiting FRO in various cells, especially
tumor cells [19]. In this regard, the content of glu-
tathione and related enzymes is often increased
in a number of tumors — GSH exhibits antioxidant
activity, restoring H,0,, lipid hydroperoxides and
peroxynitrite, and GPx, metabolizing H,0, and lip-
id hydroperoxides, increases cell resistance to
oxidative damage [19].

Table 2. Indicators of the glutathione-dependent system in tumor tissue in patients with uterine fibroids and patients with EC

of varying degrees of differentiation

Vitamin A content,

Vitamin E content,

DC content, p mol/ml The content of MDA,

unit/ml unit/ml nmol/mg of tissue
Intact uterine tissue 2.21; 5.61; 0.80; 2.31;
n=12 (2.06; 2.96) (2.92;5.81) (0.18;1.38) (1.60; 3.14)
Myomatous node 3.58; 2.22; 0.74, 2.05;
n=14 (1.56; 3.97) (1.04; 4.33) (0.16; 2.65) (1.92;3.08)
EA G1 2.54; 435, . 517;73‘57) 2.30;
n=16 (1.68; 4.65) (2.94; 5.94) b= 00233 (1.54; 3.59)
EA G2 2.74; 3.05; 0.35; 2.18;
n=12 (2.66;3.91) (2.06; 6.61) (0.25;0.79) (1.54; 2.56)
0.75; 1.21; 2.20; 4.87,
EAG3 (0.59;1.02) (0.88; 1.94) (1.29; 2.98) (4.10; 6.41)
n=14 p=0.0119 p =0.0275 p =0.0373 p=0.0179
p?=0.0163 p?=0.0501 p?=0.0233 p?=0.0339

Note: the achieved level of statistical significance of the differences: p — compared with the level of the indicator in intact uterine tissue,
p? — compared with the level of the indicator in EA G2
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An interesting result was higher GST activity
in both low-grade (maximum) and high-grade EA
tissue, as well as in fibroid tissue (minimum). Glu-
tathione transferase is a superfamily of enzymes
representing the main cellular defense system
that detoxify various hydrophobic and electrophilic
endogenous compounds formed during metabo-
lism [20]. In addition, GST, participating in a wide
range of signaling mechanisms of mitogen-activated
protein kinases (MAPK), such as c-Jun N-terminal
kinase (UNK), apoptosis signaling kinase 1 (ASK1),
and the 4-hydroxy-2-transnonenal pathway, ensure
cell survival, thus playing a significant role in both in
tumor formation and in established tumors [19, 21].
This role of GST in activating cellular maintenance,
proliferation, and avoidance of apoptosis leads to
an increase in GST expression in many malignant tu-
mors, which is associated with a decrease in patient
survival, in particular, in the work of Singh R. R. and
Reindl K. M. (2021) provide information on a nega-
tive correlation between increased GSTA1 expres-
sion and survival in patients with endometrial can-
cer [20], and in the study Checa-Rojas A. et al. (2018)
knockdown of GSTM3 and GSTP1 proteins showed
increased apoptosis of cervical cancer cells of dif-
ferent lines and suppression of cell survival through
various signaling pathways [22]. Thus, by regulating
the activation of cellular stress signaling pathways,
GST contributes to the adaptation of tumor cells to
stressful conditions in the tumor microenvironment
and their survival, and may be a common mecha-
nism for avoiding apoptosis in fibroids.

In the study of Obukhova L. and co-authors.
(2022) [23] showed consistent changes in free radical
activity and glutathione metabolism in glioma tissue
as their malignancy increased from Low Grade (|, Il)
to High Grade (lll, 1V), although these changes were
not similar to those we found, which may be due to
the peculiarities of local regulatory mechanisms.

Analyzing the results obtained, attention is drawn
to the significantly lower content of vitamins A and
E in the tissue of low-grade EA and the absence of
significant changes in it in the tissues of higher-
grade EA and fibroids, which is obviously related
to the role of these vitamins in the processes of
development and cellular differentiation, as well as
participation in antioxidant protection. Vitamin A is
classified as morphogens, metabolites that are of
key importance in the processes of embryogenesis
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and tissue differentiation [24], which is consistent
with our results, which showed no differences in its
levels in the tissues of the intact uterus, fibroids and
highly differentiated EA G1 and significantly low-
er levels in the tissue of low-differentiated EA G3.
To date, it has been established that retinol metab-
olites, acting through genomic and non-canonical
mechanisms, can have the opposite effect on tumor
development: they participate in the induction of
genes that activate cell differentiation, and their low
levels in cells can stimulate proliferation through
the MAPK signaling mechanism; they provoke an
increase in the expression of the estrogen receptor
a, which stimulates the progression of hormone-
dependent tumors [24]. Under the influence of retinol
metabolites, a change in the activity of aldehyde de-
hydrogenase 1, a key marker of malignant stem cells,
weakens the signaling of the ALDH1/FoxM1/Notch1
pathway, thereby suppressing tumor growth in ovar-
ian cancer; in the endometrium, vitamin A metabo-
lites control the expression of the enzyme 17B-hy-
droxysteroid dehydrogenase type 2, involved in the
cyclic change of estrogen-dependent proliferative
and progesterone- dependent secretory phases [25].
Cellular components such as retinoic acid binding
protein 1 (CRABP1) and fatty acid binding protein 5
(FABP5) mediate the ability of retinoic acid to cause
differentiation, cell cycle arrest, and apoptosis: this
metabolite has an enhanced apoptotic effect in cells
with a high CRABP1/FABPS5 ratio [26].

The importance of vitamin E in tumors is primar-
ily associated with antioxidant properties and its
antitumor effect: a number of studies have con-
firmed a link between high intake of vitamin E and
a reduced risk of cervical cancer and endometrial
cancer, and the established mechanisms of ac-
tion of vitamin E include inhibition of the pro-tu-
mor pathway NF-kB, suppression of the activity of
3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)
reductase and neutralization of reactive oxygen spe-
cies and nitrogen. However, a number of studies have
shown opposite results [25, 27].

CONCLUSION

The presented very little information about the
currently known molecular mechanisms of the in-
volvement of FRO, the glutathione-dependent system,
vitamins A and E in the processes regulating the
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development and progression of malignant tumors,
in particular, endometrial cancer, and benign fibroids
leads to an understanding of the results obtained
in this study as a reflection of differences in the
mechanisms of regulation of proliferation by FRO
in fibroids. and in the EA tissue with a consistent
decrease in its differentiation. At the same time,
knowledge of the features of individual links in the
regulation of FRO can play a role in prescribing an-
tioxidant therapy for benign or malignant uterine tu-
mors, when not only the type of antioxidant, but also
the stage of tumor development at which its use is
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expected may be important. The results obtained in
the study of moderately differentiated EA, which was
characterized by significantly lower activity of the
glutathione-dependent system in comparison with
the tissue of highly and low differentiated EA, look
particularly interesting. In our opinion, this group of
tumors is interesting because they change the ratio
of biochemical processes that still regulate tissue-
specific functions and already provide the main signs
of malignancy (active proliferation, attenuation of
apoptosis, activation of neoangio- and neurogene-
sis), which entails morphological changes.
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