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PELLEH3UPYEMbIA HAYYHO-MPAKTUYECKHUHA
[0)xHo-PoccUICKMIA OHKOJIOTMYECKMI XKYPHanN

YypHan BxoauT B pekomMeHA0BaHHblii BAK PO nepeyeHb peLieH3upyeMbIX HayuHbIX XypPHaNoB v n3paHuii
ANs 0nyb6MKOBaHNA OCHOBHbIX HayuYHbIX Pe3ynbTaToB AUCCEPTALMiA Ha CONCKaHWe YUEHOI CTeNeHN KaHAMAATa U AOKTOpa Hayk.

«l0HO-Poccuiickuii OHKONOrMYecKmii XypHan»: npogeccuoHanbHoe
MeIMLMHCKOE U3faHue. B HeM ny6iuKylTCs HOBOCTU MEeAULIMHCKOrO
1 hapMaLLeBTMYECKOr0 COOBLLECTB, HayUHO-NPAKTUYECKUE CTATbU AN
LieneBoil ayAUTOpuM - BPayeii-OHKONOroB. Pefakuus XypHana cTaBut
cBOeii 3afiaueil nonynspu3aLmMio HayuyHo-MCCNefoBaTENbCKUX PaboT U
LOCTWXEHMIT OHkonoroB I0xHoro dbepepanbHOro okpyra, aHanua npo-
Lecca rny6okoii peopraHusaLum 3gpaBooxpaHeHus B Poccuu. Pepak-
LMsi NpUrnalaeT B Ka4ecTBe aBTOPOB BCEX, KTO WLLET U HAXOAMUT UHTe-
PecHble peLleHnsi MHOTOTPaHHbIX 3afay, CTOALLMX Nepes COBPEMEHHON
MeZMLMHOM, U XOUYET NOAENUTLCS CBOMMMU MbICISIMU W HAGNIOAEHUAMY
C Konneramu.

rMABHbIW PEOAKTOP

Llenb: cnoco6cTBOBaTh Pa3BUTUIO OHKONOTUYECKOi mepuumuHbl H0ra
Poccuun 1 BHeApeHuto e€ AOCTUXEHNIA B MPAKTUKY.

3apaum: ocBewaTb COBPEMEHHbIE [OCTUXEHUS OHKONOTMYEeCKoM
cnyx6bl I0ra Poccum; copeiicTBoBaTH 06MEHY ONbITOM U NepesoBbIMM
3HAHUAMM MeXJay crneuuanucTamu; MHGopMupoBaTh yuTaTenenn 06
UTOrax KpynHblX MeAULMHCKUX GOPYMOB.

B )ypHane pasmeLyalotcs ny6nukauuu pa3nuuHbix py6puk: 063opbl
NUTepaTypbl, MeTa-aHanu3bl, KIMHUYECKUE UCCNEfOoBaHUS, Habnoge-
HUS KIIMHUYECKUX CYYaeB, 06CYXAEHMS, aHOHCbI U OMMCAHUS HOBbIX
METOAOB NIeYeHMS.

)Kypuan NpUHUMaeT K ﬂyﬁﬂMKaU,MM: OpUruHanbHble CTaTbW, OPraHnu3sa-
Unn 34paBOOXpPaHEHU], ﬂyLIEBOVI ANArHOCTUKK, 06MEH OrbITOM, 0630-
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JKypHan oTKpbITOro AoCTyna, BeCb KOHTEHT HAaXO[MTCA B CBO6GOAHOM
Aoctyne 6ecnnaTtHo Ans nonb3oBaTens unm yuypexaeHus.

3a J0CTOBEPHOCTb CBEAEHWIA, YKa3aHHbIX B peKNaMHbIX
06bABNEHNSIX, OTBETCTBEHHOCTb HeCyT peknamogarenu.
Touka 3peHus pefjakLum MOXET He CoBMajaTb C MHEHEM aBTOPOB.
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AREA OF COMBINED SURGICAL INTERVENTIONS, INCLUDING THOSE WITH
AN ANGIOSURGICAL COMPONENT, IN TERMS OF MALIGNANT NON-ORGAN

RETROPERITONEAL TUMORS’ TREATMENT

0. I. Kit', A. A. Maslov', E. N. Kolesnikov', 0. V. Katelnitskaya', M. A. Kozhushko', A. V. Snezhko'?,
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South Russian
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No. 4, 2023

1. National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
2. Rostov State Medical University, Rostov-on-Don, Russian Federation

B4 kolomiets_karina_99@mail.ru

ABSTRACT

Purpose of the study. To analyze the immediate outcomes following surgical treatment of locally advanced malignant non-or-
gan retroperitoneal tumors (NRT).

Materials and methods. Surgical interventions for malignant NRTs were performed in 114 patients at Abdominal Oncology
Department No. 1, National Medical Research Centre for Oncology.There were 48 males and 66 females among them. Ac-
cording to the histological structure, liposarcoma was commonly detected in 64 (56.1 %) cases.

Results. Intraoperative revision revealed the spread of the tumor to adjacent anatomical structures in 67 (58.8 %) cases.
Resection surgical interventions were performed in 109 patients, of which 106 (97.2 %) patients had operations performed
in an amount of RO. Combined surgical interventions for NRTs were performed in 62 (54.4 %) patients, and multiorgan hap-
pened to be in 45 (72.6 %) patients out of those. Resection of the inferior vena cava was performed in 12 patients. Resection
of the superior mesenteric vein was performed in 2 patients and the iliac-colonic vein in 2 patients. In 1 observation the left
renal vein was resected with suturing of the lateral defect of the vessel wall. Complications during surgery and in the early
postoperative period were noted in 14 (12.3 %) patients. In total, 2 patients died after operations, the mortality rate was 1.8 %.
Conclusions. Tumor invasion of big main blood vessels is not a contraindication for surgical treatment of locally spread
malignant non-organ retroperitoneal tumors.

Keywords: locally spread tumors, retroperitoneal tumors, non-organ tumors, liposarcomas, retroperitoneal space,
multiorgan resections, combined operations, prosthetics, angiosurgical interventions, resection, marginal resection, circular
resection, complications, mortality, survival rates, vascular invasion, bleeding
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3.1.6. OHkonorus, nyyeBas Tepanus

OPUTMHAJIbHASA CTATbA

MECTO KOMbUHWPOBAHHbIX XUPYPTUHECKMX BMELLATENBCTB, B TOM YUCAE
C AHTMOXUPYPTUHECKUM KOMIOHEHTOM, B NEYEHUX 3NOKAYECTBEHHDBIX

HEOPTAHHbBIX 3ABPIOLIMHHbIX OMYXOJIEN

WU. Kut', A. A. Macnog’, E. H. Konechukos', 0. B. Katenbhuykas', M. A. Koxywko',
B.C

0.
A. Hexko'2, T. b. Kayuesa', P. E. Markos', C. B. CanamaHu’', A. E. Auucumos’, K. B. Konomuen™

1. HMUL, onkonoruw, r. PoctoB-Ha-[loHy, Poccuiickas Gegepauus
2. Poctl'MY, r. PoctoB-Ha-[JoHy, Poccuiickas Gegepauus
B4 kolomiets_karina_99@mail.ru

PE3IOME

Lienb uccnepoBaHuaA. AHanv3 HeMOCPeACTBEHHbIX Pe3yNIbTaTOB XMPYPrMyeckoro jie4eHns 3/10Ka4eCTBEHHbIX HEOPraHHbIX
3a6pHoLUMHHBIX onyxoneii (H30).

Marepuanbi u MeTogbl. B oTaeneHnn abgomuHanbHon oHkonorun N2 1 @Y «HMWL, onkonorun» MuHagpaea Poccuu
XUpypruyeckue onepawuum no noeoay 3nokadyectseHHbix H30 BbinonHeHbl Y 114 60nbHbIX. Cpean HUX MY>XUnH 6b110 48,
YKeHLLMH — 66. Mo rucTonormyeckom CTpykType Hambonee Yacto B 64 (56,1 %) HabnoAeHUSX BbisiB/IEHa IMNocapKoMa.
Pesynbratbl. IHTpaonepaunoHHasa peBnsuns BbifBUIa pacnpocTPaHeHne ONyxosin Ha CMeXHble aHaTOMUYeCKne CTPYKTYpbl
B 67 (58,8 %) HabnoAeHNsAX. Pe3eKLMOHHbIe XMpYypruyeckne BMeLLaTeIbCTBa yAanoch BbiNonHUTb 109 nauueHTam, na Hux
y 106 (97,2 %) 60nbHbIx onepauum 6binu BbiNoSHeHbl B 06béMe RO. KOMBUMHUPOBaHHbIE XMPYPruyeckme BMeLLaTENbCTBA
no nosogy H30 BbinosiHeHbl y 62 (54,4 %) 605bHbIX, U3 HUX Y 45 (72,6 %) NALMEHTOB OHU 6bINU MYNbTUBUCLIEPANIbHBIMU.
PesekLusi HUXKHeN NONOI BEHbI BbINOMHEHa y 12 nauneHToB. Y 2 NaLMeHTOB BbINOJIHEHA Pe3EKLNA BEPXHEN BpbKeeyHO
BeHbl M Y 2 60J1bHbIX — NOAB3AO0LIHO-TONICTOKMLLEYHOW BeHbI. B 1 HabntofeHnn pe3eumpoBaHa ieBasi NoyeyHasi BeHa C yLiu-
BaHMeM 60KOBOro AedekTta cTeHkn cocyaa. OCNOXHEHWsI BO BPeMs OnepaLm U B paHHeM MnocsieonepaLyoHHOM nepuoge
oTMeueHbl y 14 (12,3 %) 60nbHbIX. Bcero nocne onepauuit ymepnu 2 60mbHbIX, 1eTaibHOCTb cocTaBuna 1,8 %.
3akntoyeHune. OnyxoneBast MHBaA3US KPYMHbIX MarnCTpanbHbIX KPOBEHOCHbIX COCYA0B He ABASIETCA NPOTUBONOKasaHnemM
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INTRODUCTION

MATERIALS AND METHODS

Non-organ retroperitoneal tumors (NRTs) are
a combined group of neoplasms without organ af-
filiation, localized in the retroperitoneal space prop-
er, between the peritoneal leaves of the intestinal
mesentery or peritoneal in the pelvic cavity. The his-
togenetic source of NRTs can be fatty, connective,
vascular or nervous tissue, as well as embryonic
elements located in the retroperitoneal space.

NRTs are extremely rare and account for 0.03 to
1 % of all tumor diseases. They are more common in
young and middle-aged women. According to various
researchers, up to 85 % of NRTs are malignant [1; 2].
There are no epidemiological data on the incidence
of retroperitoneal non-organ tumors in Russia. The
treatment of malignant non-organ retroperitoneal
tumors remains one of the difficult and complex
problems of modern clinical oncology, while due to
the relatively low sensitivity of NRTs to radiation ther-
apy and treatment with cytostatics [3], the surgical
method is the main one.

Important characteristics of almost all morphological
forms of NRTs are frequent recurrence and relatively rare
metastasis. The frequency of recurrence is variable and
depends on many factors, the most important of which
are the morphological characteristics of the tumor and
the degree of radicality of the surgical treatment. Ac-
cording to a number of authors, relapses after radical
operations amount to 20-90 % [2; 4]. Operations for
NRTSs are technically complex, due to the prevalence of
the tumor process, the deep location of neoplasms and
the relatively frequent need for resection of neighboring
organs [5]. A special place among malignant NRTs is oc-
cupied by locally advanced tumors with invasion into the
main vessels due to the fact that performing a combined
radical operation in the volume of RO is technically possi-
ble only if angiosurgical intervention is performed [6-9].

During the period from 2016 to 2021, surgical op-
erations for malignant NRTs were performed in 114
patients in the Abdominal Oncology Department No.
1 of the thoracoabdominal Department of the Rostov
National Medical Research Centre for Oncology.

Among them, there were 48 men and 66 women,
the ratio of men and women was 1 to 1.4. The op-
erated women were younger than men. The average
age of men was 57.4 years (in the range from 21 to
82 years) and women 49.4 years (in the range from
18 to 79 years).

According to the histological structure of the
studied postoperative material, there was a sig-
nificant variety. As a result of morphological ex-
amination, liposarcoma was detected most of-
ten in 64 (56.1 %) cases, leiomyosarcoma was
the second most common malignant NRTs in 13
(11.4 %) cases. Malignant schwannomas and
gastrointestinal stromal tumors were somewhat
less common (in 7 (6.1 %) and 6 (5.3 %)) accord-
ingly (Table 1). Such tumors as rhabdomyosarco-
ma, angiosarcoma, fibrosarcoma, malignant para-
ganglioma, malignant lymphoma were relatively
rare. Extremely rare cases such as extraosseous
localization of osteogenic sarcoma and bladder
cancer with a predominantly extraperitoneal solid
component have also been identified. In 3 cases,
the source of NRTs was metastases of malignant
tumors of other localizations.

In the studied group of patients, a primary tu-
mor was detected in 78 (68.4 %) cases, and in 36
(31.6 %) cases, a recurrent one. Among patients
with newly diagnosed NRTs, stage | was in 17
(21.8 %) patients, stage Il and 1l in 28 (35.9 %) and
30 (38.5 %), respectively, and stage IV in 3 (3.8 %)
patients (Fig. 1).

Table 1. Histological identity of NRTs

Histological identity

Percentage (%)

Liposarcoma

64 (56.1 %)

Leyomyosarcoma 13(11.4 %)
Shwannoma 7 (6.1 %)
Gastrointestinal stromal tumors 6 (5.3 %)

Others

24 (21.1 %)
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STUDY RESULTS AND DISCUSSION

Intraoperative revision revealed the spread of
the tumor to adjacent anatomical structures in 67
(58.8 %) cases. Most commonly affected organs
were kidneys, colon and its mesentery, pancreas,
spleen, small intestine, as well as various musculo-
skeletal structures (lumbar muscles, abdominal wall
muscles, sacrum, diaphragm). Liver germination was
observed in 2 cases.

Resection surgical interventions were performed
in 109 patients, out of which 106 (97.2 %) patients
had operations performed in the amount of RO. In
5 patients, the amount of the operation was diag-
nostic.

Combined surgical interventions were performed
in locally advanced tumors of malignant NRTs, out
of which 45 (72.6 %) patients had multiorgan. The
most common components of combined surgical
interventions were right-sided or left-sided nephra-
denalectomies, right-sided or left-sided hemicolecto-
my, diaphragm resection, lumbar muscle resection,
splenic and pancreatic resection. Combined inter-
ventions were performed in 26 (82.3 %) cases out
of 32 operations carried out for recurrent tumors.

Combined surgical operations for locally spread
non-organ retroperitoneal tumors with resection of
large venous blood vessels were performed in 25
patients. Angiosurgical interventions were generally
a component of combined multivisceral resections
and were performed in connection with direct tumor
invasion of large blood vessels. X-ray endosurgical
embolization of arterial blood vessels of the tumor

HEeOpraHHbIX 3a6PIOLIMHHbIX OnyXonei

was applied 24-48 hours before surgery to reduce
intraoperative blood loss in 4 patients with a massive
tumor and the main type of arterial blood supply of
the latter.

Resection of the inferior vena cava was performed
in 12 patients, 8 of them were marginal and 4 cir-
cular. Resection of the external iliac vein was per-
formed in 8 cases. Resection of the superior mes-
enteric vein was performed in 2 patients and the
iliac-colonic vein in 2 patients. In 1 observation, the
left renal vein was resected with suturing of the lat-
eral defect of the vessel wall.

Prosthetics of the inferior vena cava was per-
formed in all cases of its resection, in 8 patients
with marginal resection, the defect of the vessel wall
was replaced with a synthetic "patch’, in 4 patients
with circular resection, the defect was replaced with
an adequate tubular prosthesis.

Prosthetics of the external iliac vein with a syn-
thetic graft after its resection was required in 3 out of
8 cases, in 3 cases the defect in the vessel wall was
sutured, in 2 cases, due to a well-defined network of
collaterals, ligation was performed. In all 4 cases of
resection of the superior mesenteric and iliac-colonic
veins, their prosthetics were performed.

Significant complications (class 1I-V according to
Clavien-Dindo) during surgery and in the early post-
operative period were noted in 14 (12.3 %) patients.
The most serious and frequent complication was
bleeding, observed in 3 patients directly during ex-
tensive combined surgical intervention, and in 2 pa-
tients in the early postoperative period. The main
cause of bleeding was damage to the pathologically

Stages of primary revealed NRTs

= stage I (17)

= stage I (28)

= stage I1I (30)
stage IV (3)

38.5%

4

38% 21.8%

| N

4

Fig. 1. Stages of primary revealed NRTs.
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branched vascular network with insufficient visual
control during the technically difficult mobilization of
locally widespread NRTSs. In 2 cases, intraoperative
bleeding was successfully managed during surgery
(Clavien-Dindo class IlIB), however, in one patient,
massive simultaneous blood loss led to the develop-
ment of hemorrhagic shock, DIC syndrome, multiple
organ failure and death on the first day after surgery,
which, according to the Clavien-Dindo classification,
belongs to class V. Patients with bleeding in the
postoperative period were successfully re-operated.
2 patients had perforation of the small intestine, 2
had adhesive intestinal obstruction. These patients
underwent repeated laparotomies (Clavien-Dindo
class IIA). In 2 cases, the development of acute
postoperative pancreatitis was noted, which was
stopped by conservative therapy (Clavien-Dindo
class II).

One patient died 13 days after surgery from pul-
monary embolism (Clavien-Dindo class V).

In the group of patients with combined surgical
operations for locally spread NRTs with resection
of large blood vessels, 2 patients had femoral vein
thrombosis in the early postoperative period, which
required thrombectomy (Clavien-Dindo class IlIB).
There were no fatal complications following angio-
surgical operations.

Overall, 2 patients died after operations, so the
mortality rate was 1.8 %.

The results of treatment of patients with prima-
ry non-organ tumors of the retroperitoneal space
remain unsatisfactory, and the prognosis is not en-
couraging. This is due to several circumstances. In
particular, the complexity of diagnosis, a pronounced
tendency to relapse in the next one and a half to
two years, compression or germination into adjacent
organs, including spread to vital structures, which
leads to serious, sometimes fatal complications, the
severity and traumatism of surgical interventions,
low sensitivity of the most frequent morphological

variants malignant NRTs tumors to standard drug
and/or radiation therapy. The growth of the tumor
into large blood vessels significantly complicates
surgical intervention and is a negative prognostic
factor [10].

Currently, there are four views on the problem of
surgical treatment of NRTs with invasion into the
main blood vessels: refusal to attempt to remove
the tumor, partial removal of NRTs with the tumor
site remaining on the vascular wall, resection of
a large vessel without restoring the main blood flow
and removal of NRT with resection and plasty of
large blood vessels and restoration of proper blood
flow [1]. We believe that the option with resection and
plastic surgery of large vessels should be a priority.
The first 2 options can be used only in extremely rare
cases due to defects in preoperative diagnosis, the
possibility of choosing the third option is also rare.

It should be noted however, that the possible tu-
mor germination of large veins in all cases was de-
termined before surgery, which required the use of
a wide range of instrumental diagnostic methods, in-
cluding X-ray endovascular method. It is necessary to
note the effectiveness of endovascular techniques,
in particular embolization of tumor blood vessels to
reduce intraoperative blood loss.

CONCLUSIONS

Performing surgical operations with locally spread
malignant non-organ retroperitoneal tumors requires
a proper preoperative examination, determining the
possible invasion of large blood vessels, technical
readiness to perform angiosurgical interventions, as
well as appropriate material support. Tumor invasion
of large main blood vessels is not a contraindication
for surgical treatment, however, performing an inter-
vention on large vessels of the retroperitoneal space
should be recommended only if the operation is an
oncological radical one.
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ABSTRACT

Purpose of the study. Was to study the values and variability of traditionally determined blood parameters and index of the
adaption status in intact mature Balb/c mice of different sex.

Materials and methods. Studies were carried out on 20 animals of mature age with spf-status, males (10) and females (10).
Cytological and biochemical parameters of blood and weight characteristics of the organs of the immune system and adre-
nal glands were studied (considering the constitutional features of mice of this line). Statistica 10.0 software package was
used for statistical analysis. The coefficient of variation (CV) was determined. The significance of statistical differences was
assessed using the Mann-Whitney test.

Results. Sex differences were found in the ratio of albumins and globulins, the content of urea and alkaline phosphatase, the
relative proportion of lymphocytes and monocytes in the blood count, the erythrocytes’ count and the level of hemoglobin in
erythrocytes. There were also indicators which had values of severe variability (CV up to 51 %), the number of those in males
was higher than in females. The information content of the weight characteristics of the studied organs is reduced due to
the constitutional features of Balb/c females. The identified sex differences indicated a higher adaptive status of female
rodents compared to males and let to propose the prevalence of different activity of T-cell, B-cell and myeloid line in animals
of different sexes.

Conclusion. The study of weak and moderate shifts in traditional laboratory parameters reflecting the adaptive status and
characteristics of the blood of sexually mature males and females of the Balb/c line under physiological conditions made it
possible to identify the sex characteristics of systemic regulatory processes that may be important for the body's resistance
to malignant growth and the effectiveness of antitumor treatment. The current areas of further research are also indicated.

Keywords: individual and sex differences, adaptation status, general nonspecific adaptational reactions of the body,
hematological parameters, immune processes

For citation: Zhukova G. V., Frantsiyants E. M., Shikhlyarova A. I., Kaplieva I. V., Trepitaki L. K., Galina A. V. About the blood characteristics and
adaptation status variability in intact Balb/c mice of different sex. South Russian Journal of Cancer. 2023; 4(4): 13-22.
https://doi.org/10.37748/2686-9039-2023-4-4-2, https://elibrary.ru/dqdkii

For correspondence: Galina V. Zhukova - Dr. Sci. (Biol.), senior researcher at the laboratory for the study of the pathogenesis of malignant 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: galya_57@mail.ru

ORCID: https://orcid.org/0000-0001-8832-8219

SPIN: 1887-7415, AuthorID: 564827

ResearcherID: Y-4243-2016

Scopus Author ID: 7005456284

Compliance with ethical standards: work with animals was carried out in accordance with the rules of the «European Convention for the Protection
of Animals Used for Experimental and other Scientific Purposes» (Directive 2010/63/EU), as well as in compliance with the «International
Recommendations for Biomedical Research Using Animals» and Order of the Ministry of Health of Russia No. 267 of June 19, 2003 «On Approval of
the Rules of Laboratory Practice». The study was approved by the Ethics Committee of the National Medical Research Centre for Oncology (Protocol
No. 11/115 of 03/01/2021).

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 14.02.2023; approved after reviewing 11.10.2023; accepted for publication 09.12.2023.
© Zhukova G. V., Frantsiyants E. M., Shikhlyarova A. |., Kaplieva I. V., Trepitaki L. K., Galina A. V., 2023

13



l0xHO-Poccuniicknii oHkonoruyeckuii xypran. 2023. T. 4, N2 4. C. 13-22
https://doi.org/10.37748/2686-9039-2023-4-4-2
https://elibrary.ru/dqdkii

3.1.6. OHkonorus, nyyesas Tepanus

OPUT'MHANIbHAA CTATbA

0 BAPUABE/IHOCTY MOKA3ATENEW KPOBYW W AZIANTALIMOHHOTO CTATYCA MHTAKTHBIX
MBILEA IMHUN BALB/C PA3HOTO MOJIA

I. B. XXykoBa™, E. M. ®panuusny, A. WU. Winxnaposa, U. B. Kannunesa, J1. K. Tpenutakn, A. B. FanuHa

HMWL, oHkonoruu, r. PoctoB-Ha-[loHy, Poccuiickas ®Gegepauus
B galya_57@mail.ru

PE3IOME

Lienb uccnepoBaHus. V3yyeHme BennUYnHbI U BapmabenbHOCTU TPAAULMOHHO ONpefensieMblx NoKasaTesei KpoBM U HEKO-
TOpbIX NoKasaTenein afanTalMoHHOro cTaTyca y MHTaKTHbIX MONIOBO3PesbIX Mblllei nuHum Balb/c pasHoro nona.
Matepuanbl u MeTogbl. ViccnenoBaHws npoBeeHbl Ha 20 NOM0BO3PErbIX XMBOTHbIX SPF-cTaTyca, camuax (10) u camkax (10).
BbInn U3yyeHbl UUTONOrNYECKMEe N BUOXMMUYECKME MOKa3aTe v KPOBM U BECOBbIE XapaKTEPUCTUKN OPraHoB UMMYHHOW
CUCTEMbI U HAAMOYEYHMKOB (C Y4ETOM KOHCTUTYLIMOHAIbHBIX 0CO6EHHOCTEN MblLLE faHHO MHUK). MpU CTaTUCTUYECKOM
aHanuae UCnosib3oBany nakeT nporpamm Statistica 10.0. Onpegenanu koadduumeHT Bapuauum (CV). 3HauMMoCTb cTaTh-
CTMYECKMX pasnnynii OLleHVBaM C NOMOLLbIO KpuTepus MaHHa-YuTHu.

PesynbTratbl. bbliM BbiABIEHbI NMONOBbIE PAa3/IMYMS MO COOTHOLLIEHUIO YPOBHEW anbOyMuHa U rNo6ynnHa, cofepXXaHuio
MOYEBWHbI 1 LWenoYyHon docdaTasbl, OTHOCUTENBHOMY YUCTY NTMMOOLMTOB U MOHOLIMTOB B KPOBM, KOJIMYECTBY 3pu-
TPOLIMTOB U COAEPXaHWUIO reMorsiobunHa B apuTpoumuTax. Takxe 6bln OTMeYeHbl NokasaTenu, OTANYaBLLUMECH CUIIbHON
BapuabenbHocTbio (CV 1o 51 %), Uncno KOTopbIX Y caMLOB 6bIno 60MbLIMM, YeM Y caMok. MHbOpMaTUBHOCTb BECOBbIX
XapaKTepUCTUK UCCe[0BaHHbIX OPraHoB 6blnia CHUXKEHa BCNeACTBUE KOHCTUTYLIMOHAIbHbIX OCOGEHHOCTEN CaMOK JIMHUK
Balb/c. Pe3ynbTaTtbl aHanu3a nokasarenei ykasbiBanu Ha 605iee BbICOKMI afanTaLMOHHbIA CTAaTyC CaMOK NO CPaBHEHUIO
C camMuamMmn 1 NO3BOMANN NPEAMNONOXUTb Pa3INYHYIO aKTUBHOCTb T-KNETOYHbIX, B-KNEeTOUHbIX U MUEeNOUAHbIX 3BEHbEB
UMMYHUTETA Y XXMBOTHbIX Pa3HOro nona.

3aknioyeHue. M3yyeHne cnabbix M yMepeHHbIX CABUIOB TPAANLIMOHHbIX NabopaTOPHbIX MOKasaTesieil, oTpaXkatoLmx agan-
TaLMOHHbI CTATYC U XapaKTePUCTVKM KPOBU MOI0BO3peEbIX CaMLIOB 1 caMOK nvHum Balb/c B ycnosusix puanonornyeckomn
HOPMBbI, MO3BONINO BbIBUTH MON0BbIE 0COGEHHOCTU CUCTEMHBbIX PErYIATOPHBIX NPOLLECCOB, KOTOPbIE MOMYT UMETb 3HaYeHne
NSl yCTOMYMBOCTM OpraHn3mMa K 3/10Ka4eCTBeHHbIV POCTY U 3 HEKTUBHOCTU NPOTUBOOMNYXONEBbLIX BO3AENCTBUIN. YKa3aHbl
aKTyasbHble HanpaBeHns AanbHelLWnX nccnesoBaHunm.

KntoueBble cnoBa: MHAMBUAYaNbHbIE U MOJIOBbIe OTINYMSA, aianTaLMOHHbI cTaTyc, obLne Hecneunbuyeckne agantaum-
OHHble peakL1 opraH13mMa, reMaToiormieckune rnokasaTenu, UMMYHHbIE MPOLIeCChbI
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INTRODUCTION

Currently, in experimental oncology, as in other
medical sciences, linear animals are widely used to
standardize the results of research and preclinical
trials of new therapeutic agents and technologies. At
the same time, the genetic proximity of the objects
of study helps to reduce the variability of changes
caused by the development of tumors and the ac-
tion of antitumor factors, but still cannot completely
neutralize it. This is indicated by information about
the characteristics of certain lines of experimental
animals, which may manifest themselves to different
degrees in different individuals [1; 2]. In addition, in
mongrel animals and laboratory rodents of some
lines, the dependence of several indicators, both un-
der normal conditions and in the malignant process,
on age [3; 4] and gender [5; 6] was noted.

At the present stage, when conducting experi-
ments in vivo, in most cases it is customary to pay
attention, first, to sharp changes in laboratory pa-
rameters [7]. In this regard, the question of the se-
verity of individual and sexual differences and the
factors that cause the heterogeneity of the condition
in physiological conditions and pathology for ani-
mals of many widely used lines remains insufficient-
ly studied [2; 4]. Meanwhile, individual and gender
differences in the state of regulatory systems and
the sensitivity of the body to the action of various
antitumor agents and accompanying therapy fac-
tors, determining the adaptive status of humans and
animals, can cause noticeable variations in the dy-
namics of the malignant process and the effective-
ness of complex antitumor treatment [2; 8; 9]. At the
same time, it should be borne in mind that modern
means of traditional antitumor treatment, in addition
to the direct damaging effect on the tumor, have
a systemic effect on the body, thereby modulating
their own direct effects on malignized cells. Thus,
clarification of the issue of individual and sexual
differences in adaptive status is necessary for the
correct interpretation of research results in condi-
tions of malignant growth, especially when the ma-
lignant process and common comorbid pathologies
are combined. In addition, the assessment of the
heterogeneity of the condition of animals will allow
us to determine approaches to optimizing antitumor
treatment and accelerate the search for effective,
pathogenetically justified antitumor agents.

cTaTyca MHTaKTHbIX Mbllweit niuHuK Balb/c pasHoro nona

As an object of research of this kind, mice of the
Balb/c line are of interest, belonging to the "old" at
the time of creation and the most widely used lines
of laboratory animals [1], which also gave rise to the
first line of immunodeficient mice (Balb/c nude) ca-
pable of supporting the growth of human malignant
tumors [10; 11]. As is known, Balb/c mice are dis-
tinguished by a good ability to learn, reproduce and
feed offspring, as well as low aggressiveness and the
highest brain weight ratio compared to this indicator
in mice of other lines. At the same time, animals of
this line are characterized by high emotionality and
low stress resistance, high sensitivity to the action of
ionizing radiation, the carcinogenic effect of certain
substances, gastrointestinal infections, susceptibility
to diseases of the cardiovascular system, the devel-
opment of amyloidosis of the spleen, etc. [1]. Thus,
the characteristic features of Balb/c mice, manifested
in different individuals to varying degrees, create the
basis for the heterogeneity of the functional state
of these laboratory animals and, therefore, for varia-
tions during the pathological process and the body's
responses to therapeutic effects. Meanwhile, there is
no information in the literature on a comprehensive
and consistent study of individual differences in the
functional state of Balb/c mice under physiological
norm conditions.

The heterogeneity of the state of laboratory
animals, as a rule, is reflected, somewhat more
or less, in the level of blood characteristics and
some other simple system parameters that can be
used to objectify research results. This determines
the expediency of evaluating variations of such
indicators in linear animals in physiological and
pathological conditions. Although this problem is
broader than the question of the relationship of
functional characteristics with the gender of lab-
oratory rodents, nevertheless, when studying the
heterogeneity of the initial state of Balb/c mice,
the analysis of changes in blood parameters and
other parameters should be carried out consider-
ing the sex of these animals as the most obvious
constitutional difference between individuals of
the same line.

The purpose of the study was to study the magni-
tude and variability of traditionally determined blood
parameters and some indicators of adaptive status
in intact sexually mature Balb/c mice of different
sexes.
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MATERIALS AND METHODS

The studies were carried out on 20 intact sexually
mature mice of the Balb/c line of the vivarium of the
National Medical Research Centre for Oncology. The
initial batch of animals was obtained in the nursery
"Rappolovo". Prior to inclusion in the study, the ani-
mals were kept in an SPF-status vivarium. The weight
of males (n = 10) ranged from 22.5 - 30 g, the weight
of females (n = 10) ranged from 27.5 — 34 g. This cor-
responded to the age of 9-11 weeks in males and the
age of 14-16 weeks in females [12]. The specified age
difference between animals of different sexes was
random and was due to the restriction of the possibil-
ity of choosing animals of different sexes that exactly
match in age. Thus, in general, taking into account
sexual dimorphism, the age difference between males
and females for individual individuals could be from 3
to 7 weeks. According to the established standards,
the life span and habitat conditions of the studied
Balb/c mice should be considered as SPF-status an-
imals at the age corresponding to the first half of the
reproductive period [12-14]. During the experiments,
the international rules of bioethics were observed.

As the studied indicators, the indicators of general
and biochemical blood analysis determined by instru-
mental methods, as well as the weight and weight
coefficients of the immune system organs (thymus,
spleen) and adrenal glands characterizing the adap-
tive status of animals were taken [15; 16]. The animals
were euthanized by decapitation. Necropsy, isolation
and weighing of organs were performed. To determine
the characteristics of the blood obtained after eutha-
nasia, the Exigo EOS vet hemoanalyzer (Boule Medi-
cal A. B., Sweden) and the VetScanVS2 biochemical
analyzer (ABAXIS Inc., Germany) were used.

Statistical processing of the results of the study
was carried out using the software package “Sta-
tistica 10". The range of variations of the studied
indicators, their medians, averages and errors of
averages, as well as the coefficient of variation (CV)
were determined. The nonparametric Mann-Whitney
criterion was used to evaluate the differences in the
variation series.

STUDY RESULTS

Analysis of the studied parameters in intact Balb/c
SPF-status mice at the age corresponding to the first

16

half of the reproductive period revealed a number
of differences related to the sex of the animals. At
the same time, peculiarities in the variability of the
values of the studied blood parameters and charac-
teristics of the adaptive status in males and females
were also noted (Tables 1-3).

Differences in the characteristics of the red blood
germ in mice of different sexes were associated with
the peculiarities of the distribution of hemoglobin
(Table 1). The level of red blood cells in the blood of
females statistically significantly exceeded this indi-
cator in males by 23 %. At the same time, the average
hemoglobin content in the red blood cells of males
was slightly higher than that of females, so that the
levels of hemoglobin in the blood as a whole in ani-
mals of different sexes did not statistically differ. At
the same time, most of the characteristics of the red
blood germ showed an average variability of values
in animals of both sexes (from 10 to 20 %, Table 1).

More pronounced sex differences were noted for
the white blood parameters of Balb/c mice (Table
1). Thus, females had noticeably higher (1.2 times)
values of the relative number of lymphocytes and
significantly lower (almost 2 times) values of the rel-
ative number of monocytes than males. At the same
time, the percentage of lymphocytes in the group of
females was surprisingly stable (CM did not exceed
5 %), while the total number of leukocytes in these
animals, on the contrary, was characterized by strong
variability (CM more than 40 %). In males, in contrast
to females, the most variable indicator was the rel-
ative number of monocytes (CV more than 37 %).

The level of platelets in the blood of animals of dif-
ferent sexes was similar. At the same time, a strong
variability of this indicator (CV more than 36 %) was
noted in females (Table 1).

Table 2 provides information on the biochemical
blood parameters available for instrumental determi-
nation of Balb/c mice of different sexes. As can be
seen from the table, there was a tendency for females
to slightly increase the total protein content compared
to that noted in males. At the same time, the com-
pared groups of animals did not differ statistically sig-
nificantly in the content of globulins in the blood. The
level of albumins in the blood of females was almost
1.5 times higher than this indicator in males, which
caused a pronounced difference between individuals
of different sexes also in terms of the albumin-globulin
index (1.6 times). In turn, male mice had higher levels
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of alkaline phosphatase and urea than females (1.5
and 1.4 times, respectively) (Table 2). It should be
noted that the values of most biochemical parameters
determined in the blood of males were characterized
by strong variability (CV from 22.6 to 43.8 %), whereas
in females the lower limit of CV values corresponding
to a strong variability of indicators (20 %) was over-
come only for the content of alanine aminotransferase
and albumin-globulin index (Table 2).

Table 3 provides information on the weight and
weight coefficients of the immune system and ad-
renal glands. As already noted, females were char-
acterized by greater weight than males, which indi-
cated a difference in the age of the animals of the
compared groups. At the same time, the weight of
females in the group was characterized by low vari-
ability (CV less than 7 %). Attention was drawn to
a more significant mass of all the studied organs of
females compared with these indicators in males
(differences of 1.5, 2 and 1.8 times, respectively,
for the thymus, adrenal glands and spleen). At the
level of the weight coefficients of the thymus, this
difference was leveled due to the higher weight of
the females. The values of the thymus-adrenal mass
ratio had no sex differences.

cTaTyca MHTaKTHbIX Mbllweit niuHuK Balb/c pasHoro nona

The weight parameters of the thymus (the mass
of the organ and its weight coefficient) were charac-
terized by strong variability in animals of both sexes
(CV 32.7-41.7 %). In males, the weight indices of the
spleen also differed by very strong variability (CV up
to 50 %), whereas in the group of females, on the
contrary, both the mass and the weight coefficient
of this organ varied slightly (Table 3).

Thus, for each of the three groups of studied indi-
cators (Tables 1-3) Sexual differences were noted
in Balb/c mice. At the same time, both males and
females had a number of characteristics with strong
variability, which could indicate the heterogeneity of
the state of animals within the compared groups.

DISCUSSION

Earlier, during long-term studies conducted on
white laboratory rats, mongrel and linear (Wistar), as
well as in sick and healthy people, criteria of adaptive
status were identified, reflecting the nature and inten-
sity of general nonspecific adaptational reactions of
the body (AR), which had different values in humans
and animals [9; 13; 14]. At the same time, several he-
matological indicators (primarily, the percentage of

Table 1. Indicators of ROC in intact sexually mature mice of the Balb/c line of different fields

(X, 2mMe[X -X_ 1 CV%)
Indicator Male, n =10 Female, n =10
5,57 +0.42 6.9 +0.42
Erythrocytes (10°/L) 5.8[3.9-6.4] 7.3[3.8-8.2]*
22.6 % 18.4 %
119.7+6.8 132.3%5.1
Hemoglobin (g/L) 120 [89-138] 137 [97-47]
13.9% 11.5%
21.8+0.8 19.5+0.7
Mean Corpuscular Hemoglobin (pg) 21.4[19.9-25.2] 18.8 [17.5-25.5]*
11.0% 11.2%
808.0 +79.7 854.3+103.9
Platelets (10°/L) 736 [601-1301] 832.5[443-1363]
29.6 % 36.5%
4.8+0.44 3.8+0.54
Leukocytes (10°/L) 5.3[3-6] 3.35[1.8-7]
27.0% 42.6 %
69.6 £ 4.0 83.6+1.33
Lymphocytes % 71.4[49.4-84.7] 84.2 [77.4-87.71*
17.2% 5.0%
13.3%1.7 7.24 +0.50
Monocytes % 1.9[6.5-20.5] 7.0[5.4-10.2]*
38.3% 20.6 %

Note: * — differs from the indicators in male mice, p < 0.01.
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lymphocytes) were shown to be related to processes
in the neuroendocrine and immune systems that
determine the development of a particular AR, the
body's resistance to the action of various damaging
factors and are reflected in such simple character-
istics as the weight coefficients of the thymus and
adrenal glands and the ratio of the masses of these
organs. Differences in the character and tensions of
AR in animals close in age and conditions of exis-
tence are determined by differences in the individual
sensitivity of the organism to the action of exoge-
nous and endogenous factors [9; 14]. In pathological
conditions, such differences can cause differences in
the level of nonspecific antitumor resistance of the
body, and, consequently, in the clinical course of the
disease and the effectiveness of treatment, which
requires an individual approach to determining the

parameters (regimens, doses, intensity, etc.) of the
therapeutic effect.

Unlike laboratory rats, in mice, mongrel and linear,
studies have not been conducted to determine spe-
cific values of parameters reflecting the nature and
intensity of AR. Nevertheless, given the universal
nature of systemic adaptation processes, it is advis-
able to try to use the previously identified informa-
tive indicators of adaptation status for a preliminary,
indicative assessment of the differences noted in
intact Balb/c mice.

When determining the mass and weight coeffi-
cients of the studied organs, attention was drawn to
the more significant value of most of these indicators
in females compared to males. At the same time, the
difference in the mass of the thymus was leveled
when switching to the weight coefficient of this organ,

Table 2. Some indicators of biochemical blood analysis in intact sexually mature Balb/c mice of different fields

(X, tm MelX  -X, ] CV%

min max

Indicator Male,n =10 Female,n =10
. 4.33+0.23 5.01+0.187
?‘;?B'e‘e protein 42[3.4-5.4] 5[3.8 -5.5]
g 15.9 % 10.2%
. 2.30+0.22 3.37+0.18
?'%’B"” 2.5[1.1-3.2] 3.4 (2.4 -4.0]
Y 28.7% 15 %
. 2.00+0.23 1.62+0.10
?l7(g>l3llns 1.7[1.3-3] 1.5[1.4-2.2]
9 34.5% 17.6%
1.30£0.19 2.14+0.18
Albumin/globulin index 1.37[0.37 -2.00] 2.20 [1.36 —2.86]*
43.8% 24.1%
) 79.70 £ 6.00 53.44 +2.63
éjll/(le_a)lme Phosphatase 83 [50 -98] 55 [47 -61]
22.6 % 13.9%
. . 38.8+2.1 31.8+23
ﬁjl;al?)lne Aminotransferase 39 [29 48] 32 [21 -44]
16.2 % 20.6 %
Amilase 929 + 101 1124+ 72
W) 887 [543 -1457] 1098 [875 -1502]
32.6% 18 %
Urea 21.9+1.9 1.8+1.1
(ma/dL) 20 [15 -33] 16 [11 -21]*
9 26 % 19.2%

Note: * — differs from the indicators in male mice, p < 0.05-0.01; T - differs from the values in male mice as a tendency, p < 0.1.
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in contrast to similar, but more pronounced differenc-
es in the weight characteristics of the adrenal glands
and spleen. Considering the known information about
an active decrease in thymus mass in laboratory rats
and mice over a period of 1.5-6 months [17], as well
as a slightly more significant age in females com-
pared to males, one would expect a decrease in their
thymus weight characteristics compared to those in
males, which, however, did not happen. This suggests
a high level of lymphoproliferative activity in the thy-
mus of female mice.

When analyzing the weight characteristics of the ad-
renal glands of the studied animals, it should be noted
that female mice of the Balb/c line have the largest ad-
renal glands among other mice of widely used lines [1].
At the same time, we were unable to find information
with a direct indication of the established or possi-
ble cause of the increased size of this organ in these
animals compared to the size of the adrenal glands
in males of the same line. It is possible that such an
increase is to some extent due to the increased pro-

cTaTyca MHTaKTHbIX Mbllweit niuHuK Balb/c pasHoro nona

duction of aldosterone, characteristic specifically for
females of the Balb/c line [18]. Due to this feature,
the weight coefficient of the adrenal glands cannot
be fully used as an indicator of the adaptive status of
female mice of the line under consideration, which also
reduces the informativeness of another indicator — the
ratio of thymus mass to adrenal mass. An even greater
difficulty is caused by the interpretation of the sex
difference in the weight characteristics of the spleen
in mice of the Balb/c line, which, as is known [1], is
characterized by large sizes exceeding this indicator
in mice of most known lines. We have not been able
to find any information in the literature devoted to this
issue and shedding light on the reason for the larger
spleen size in Balb/c females, except for some indica-
tions of higher reactivity of the spleen in these animals
compared to males of the same lineage [19].

Despite the mentioned difficulties associated with
the undeveloped criteria of adaptive status and sex-
ual characteristics of the weight characteristics of
the immune system and adrenal glands in mice of

Table 3. Weight and weight coefficients of some internal organs in intact sexually mature mice of the Balb/c line of different

fields (X,, #m,Me[X -X_ ] CV%)
MokasaTenb Male Female
279+1.5 32.2+0.7
Animal weight (g) 27.7 [22.5-34] 33[27.5-34]*
13.2% 6.8 %
28.4+3.6 42.1+5.7
Mass (mg) 30 [13-42] 43 [24-68]*
2 38.0 % 357 %
€
>
,-E 10.1+1.1 13.3+2.1
Weight coefficient x10+ 9.1[5.8-14.2] 13.2[8.5-24.7]
32.7 % 41.7 %
142 +1.15 28.9+1.87
2 Mass (mg) 15[10-19] 28 [21-32]*
S 24.3 % 18.4 %
(@)
©
S 5.1+0.23 9.0+0.6
S Weight coefficient x10+ 5.1[4.4-5.9] 8.3[7.6-11.8]*
< 13.5% 16.8 %
2.0+0.19 1.6+0.3
Thymus mass/Adrenal glands mass 2.1[1.3-2.8] 1.6[0.6-3.2]
28.5% 51.4%
84.2+14 156 + 5.0
Mass (mg) 94 [39.4-130] 154 [131-179]*
S 50.0 % 9.5%
<@
& 29.4+4.0 488+1.9
Weight coefficient x10* 36.9[14.3-39.3] 49.7 [39.7-54.2]*
40.8 % 10.3 %

Note: * — differs from the indicators in male mice, p < 0.05-0.001.
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the Balb/c line, the results obtained, in our opinion,
still allow us to make a number of assumptions
about the differences in the condition of intact ani-
mals of different sexes belonging to the line under
consideration. As already noted, the group of fe-
males was somewhat more homogeneous in terms
of the values of the studied indicators compared to
the group of males and differed in relative stability
of animal weight and lower variability of a few in-
dicators compared to the characteristics of males
(Tables 1-3). In our opinion, on the day of the exam-
ination, the adaptive status of females was slightly
higher than the adaptive status of males, because
despite a slightly more significant age compared
to males, as well as such a constitutional feature
of Balb/c females as an increased weight of the
adrenal glands, the ratio of thymus mass to adrenal
mass in these animals did not statistically signifi-
cantly differ from the ratio of the mass of these
organs in males. In addition, females demonstrated
a higher and more stable percentage of lympho-
cytes in the blood than males, corresponding to the
range of maximum values of this indicator for Bal-
b/c mice [1; 20]. This allowed us to assume about
the development of AR increased activation in the
studied group of females [9; 16].

Signs such as a statistically significant decrease
in the percentage of lymphocytes in the blood, mono-
cytosis, an increase in the content of urea with a ten-
dency to decrease the level of total protein compared
to the indicators in females indicated a slightly lower
adaptive status of males compared to that noted in
females. At the same time, the shift of the albumin-
globulin index towards globulins, an increase in the
level of urea and alkaline phosphatase, as well as
signs of moderate monocytosis could be associated
with some tension of antistress AR in males [2; 9; 16]
and reflect the activation of metabolic and immune
processes, which has a compensatory value. The
reasons for such a decrease in the adaptive status of
males compared to females could be related to their
lower stress resistance and greater dependence on
social status in the group than in females [1; 2; 21].

A comprehensive examination of the results gives
the impression of the existence of sexual differences
in the regulatory mechanisms that dominate in fe-
males and males in physiological conditions. It can
be assumed that in males there is a certain shift in
immunoreactivity towards the B-cell and myeloid links
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of immunity in comparison with the regulatory cir-
cuit in females, who probably have more active T-cell
immune processes. This may be evidenced by an
increase in the content of immunoglobulins relative to
albumins and an increase in the level of alkaline phos-
phatase, which affects the activity of B-lymphocytes
and neutrophils [22], in the blood of males compared
with females, while the indicators of the condition of
females indicated high lymphoproliferative activity in
the thymus, accompanied by a maximum percentage
of lymphocytes in the blood. This assumption is con-
sistent with the literature data on the gender-related
features of immunity in humans and animals and the
greater severity of T-cell processes in female individ-
uals, and B-cell immune processes in male individu-
als [6; 21; 22]. The high variability of a number of the
studied indicators (observed in males of the Balb/c
line more often than in females) may indicate the ex-
istence of different variants of integration of reactivity
mechanisms in animals of the same sex, which may
affect the effectiveness of systemic regulation under
the action of damaging factors. To clarify this issue,
it is necessary to develop criteria for the nature and
intensity of AR, similarly used in humans and white
laboratory rats [9; 14].

CONCLUSIONS

The study of weak and moderate shifts in tradi-
tional laboratory indicators reflecting the adaptive
status and characteristics of the blood of mature
males and females of the Balb/c line under physio-
logical norm conditions allowed us to identify individ-
ual and sexual characteristics of systemic regulatory
processes that may be important for the body's resis-
tance to damaging factors, including the malignant
process. To objectify the connection of sexual and
individual differences of the studied indicators with
the systemic mechanisms of nonspecific, including
antitumor, resistance, it is advisable to develop cri-
teria for the character and tensions of AR, similar to
those used in humans and white laboratory rats. The
results obtained indicate the relevance of the issue
of sex differences in the reactivity of T-cell, B-cell
and myeloid links of immunity and the influence of
the severity of immune processes dominating in
physiological conditions on carcinogenesis, which
may contribute to the development of new effective
methods of antitumor treatment.
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ABSTRACT

Purpose of the study. To assess the effect of inclusion of lactoglobulin in complex preoperative preparation of colon cancer
patients on their tumor and resection line tissue microbiota.

Materials and methods. 40 patients with colon cancer stages lI-1ll, in whom the operation was the first stage of treatment,
during standard preoperative preparation, were injected with a preparation of antibodies against opportunistic intestinal
microorganisms obtained from colostrum of immunized cows, 2 g twice a day orally before surgery for 3 days (total dose of
12 g) (main group); 40 patients received standard antibiotic prophylaxis (control group). The quantitative composition of the
microbiota was determined in the samples of the removed tumor and tissue of the resection line.

Results. The total microbial contamination of the tumor was 9.2 times lower in the main group relative to the control group;
the frequency of E.coli and Clostridiae excretion was also statistically significantly lower (p = 0.004 and 0.03, respectively).
In the tumors of patients of the main group out of twelve studied representatives of microorganisms, the number of six was
statistically significantly lower than in control group, and three of those found in the control group were not detected. Since
they were potentially pathogenic (Pseudomonas aeruginosa, Staphylococcus aureus, fungi of the Candida spp.), the microbial
composition of the tumor of patients in the main group can be considered more favorable than the control group. Similar
differences were noted in non-t umor intestinal tissue, in which the content of Enterobacter spp, Streptococcus, Clostridiae,
Peptostreptococci was statistically significantly lower than in the control group.

Conclusion. Thus oral administration of colostrum antibodies caused positive changes in tumor and colon tissue microbiota.
We suggest the application of lactoglobulin to be useful for surgical treatment of such patients taking into account the possible
impact of microbiota in patients’ response to chemo- and immunotherapy.
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3.1.6. OHKonorus, nyyeBas Tepanus

OPUT'MHAJIbHASl CTATbA

MUKPOBMOLIEHO3 TKAHU AZIEHOKAPLIMHOMbI 050104HON KMLIKK B 3ABUCUMOCTH
OT BAPYAHTA TPE/IOMEPALIMOHHOW NOATOTOBKM BONBHbIX

H. U. CumoHeHKo?, E. 10. 3naTHuk™, H. U. Manoga’, 0. I Lynbruxa’, A. I0. MakcumoB'

1. HMUL, oHkonoruu, r. PoctoB-Ha-[loHy, Poccuitickas ®Gegepauus
2. OHkogucnaHcep, r. WaxTbl, Poccuiickas Gepepauyus
X elena-zlatnik@mail.ru

PE3IOME

Lienb nuccnepoBanus. OLeHKa BINAHUA BKIKOYEHUA Npenapara S1akTornobynmnHa B KOMMIeKC npefonepaLyoHHON NOArOTOBKU
60bHbIX PAKOM 060A04YHOW KMLIKU HAa COCTaB MUKPOGUOTbI OMYXOWN U TKaHW, B3ATOM MO IMHUU pe3eKLuu.

Marepuanbi u MeTogbl. 40 6011bHbIM pakoM 060404HOM KUwKkK |-l cTagui, y KoTopbix onepauusi 6bina nepBbiM 3Tanom
neyeHus, B Kypce CTaHAapTHOW NpefonepaLyoHHO NOArOTOBKN BBOAUN NpenapaT aHTUTeN NPOTMB YCOBHO-MATOreHHbIX
MUKPOOPraHM3MOB KULLIEYHMKA, MOYYeHHbIN N3 MO1031MBa UMMYHN3UPOBaHHbIX KOPOB, N0 2 I 2 pasa B ileHb NepopanbHO
nepea onepauuer B TedeHue 3-x fHei (cyMMapHas fo3a 12 r) (ocHoBHas rpynna); 40 60/bHbIX NofyYanu CTaHLAPTHYHO
aHTM6MOTUKONPODUNAKTUKY (KOHTPOJIbHAsA rpynna). B o6pa3uax yaaneHHOW Onyxov U TKaHW IMHUK Pe3eKLumn onpeaensiim
KOJINYECTBEHHbI COCTaB MUKPOBUOTbI.

Pe3synbrarbl. Y 601bHbIX OCHOBHOM rpynnbl 06Lias MUKPO6Hasi 06CeMeHEHHOCTb OMyXonu 6bi1a B 9,2 pasa HUKe KOHTPOSIb-
HoWi; YacToTa BblaeneHus E.coli u Clostridiae 6bina Takxe cTaTucTUYecKM 3HauMmMo Hixke (p = 0,004 1 0,03 COOTBETCTBEHHO).
B onyxonsx 60/1bHbIX OCHOBHOW rpynnbl U3 ABEHaALaT UCCNEeA0BaHHbIX NPeACTaBUTENEH MUKPOOPraHU3MOB KONUYECTBO
LIeCTM 6bISI0 CTAaTUCTUYECKM 3HAYMMO HUXKE KOHTPOJIS, @ TPU U3 OGHAPYXKEHHbIX B KOHTPO/bHOI rpynmne He BbIABASIUCD.
MOCKONbKY OHM OTHOCUJIUCb K MOTEHUManbHO natoreHHbiM (Pseudomonas aeruginosa, Staphylococcus aureus, rpuébl
poaa Candida), MUKPOGHbI COCTaB OMyXosu 60SIbHbIX OCHOBHOW FPYNMbl MOXHO CYMTaTb 60nee 61aronpuaTHbIM, Yem
KOHTPONbHOW. [of06HbIe pasnnuna oTMeYeHbl M B HEONYXONIEBOM TKAHW KULLKK, B KOTOPOI coaepxaHune Enterobacter spp,
Streptcocci, Clostridiae, Peptostreptococci 661710 cTaTUCTUYECKM 3HAYMMO HUXKE, YEM B KOHTPONE.

3aksoueHue. tak, nepopanbHoe NpUMEHEHWE aHTUTENIbHOTO MpenapaTa IakTorno6ynHa Bbi3blBaeT NONOXUTENbHbIE
N3MEHEHMNSI MUKPOBMOTbI OMYXOJIM U HEOMYXOIEBOM TKaHW KULLKWN. YUNTbIBasi BO3MOXHOE BINSIHWE COCTaBa MUKPOGUOTbI
Ha OTBeT 60NbHOro Ha AasibHeNLLY XUMUO- U UMMYHOTEPANuIO, CYUTAEM LieNecoobpasHbIM UCMONb30BaHWe npenapara
ANA NOArOTOBKM K afblOBAHTHOMY NIeYEHUIO.

KntouyeBble cnoBa: pak 060p,0LIHOﬁ KULLKW, MVIKp06I/IOTa onyxonau un MHTaKTHOM TKaHWU KULLIEYHMKa, l'laKTOF!'IO6y]'IMH

[Ons umtupoBanus: CumoneHko H. U., 3natHuk E. 10., Manosa H. U., Wynbruxa 0. I, Makcumos A. 0. MukpobuoLeHo3 TKaHu afjeHOKapLMHOMBbI
060J,04HOI KUMKW B 3aBUCMMOCTU OT BapuaHTa NpeonepaLMoHHoi NoaroToBkM 60/bHbIX. KXHO-Poccuiickuii oHkonoruyeckuin xxypHan. 2023;
4(4): 23-31. https://doi.org/10.37748/2686-9039-2023-4-4-3, https://elibrary.ru/etosyk
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Co6ntofieHne aTnyecknx CTaHAapToB: B paboTe CO6A0AANNCH ATUYECKME NPUHLMMbI, NPeAbABIsAeMble XeNbCUMHKCKON feknapaumeii BcemupHoit
megauumHckoii accoymnaumu (World Medical Association Declaration of Helsinki, 1964, peg. 2013). UccnegoBanue ogo6peHo KoMUTETOM Mo
6uomeamuMHCKoii aTuke npn OrBY «HMUL, onkonoruu» (Bbinucka U3 npoTokona 3acefanus N2 2 ot 22.01.2021 r.). MHpopmupoBaHHoe cornacue
MONYYEHO OT BCEX Y4aCTHUKOB UCCNEf0BaHMS.

(buHaHcupoBaHue: GuUHaHCUpOBaHWE JaHHOI PaGoTbl HE NPOBOAUOCD.

KOHd)JWIKT MHTepecoB: BCe aBTOPbl 3aABNAIOT 06 OTCYTCTBUW AABHbIX U NOTEHLMA/bHbIX KOHdJﬂVIKTOB WHTepecoB, CBA3aHHbIX C ny6nm<auwe17|
HacTosLen cTaTby.

BnarogapHocTu: aBTOpbI BbipaxatoT 6narofapHocTb aupektopy ®bYH «PoctoBckuii HUA Mukpo6uonorum u napasutonorum» PocnotpebHaasopa
A.M.H. T.W. Teepaoxne6oBoii 3a npeocTaBieHne NakTornobynmHa
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INTRODUCTION

In recent years, the attention of researchers around
the world has been attracted to the definition of the
role of microbiota involved in oncological processes.
More and more scientific arguments are accumulat-
ing that the imbalance of the intestinal microbiota
contributes to carcinogenesis and tumor growth;
primarily this applies to colorectal cancer [1-3]. The
effect of the microbiota composition on the sensitivi-
ty of colorectal cancer to the action of a new genera-
tion of antitumor immunopreparations — checkpoint
inhibitors [4], as well as cytostatics [5; 6].

In this regard, microbiota correction in cancer pa-
tients is the current agenda [7]. With the development
of a tumor in the colon, excessive growth of opportu-
nistic bacteria is detected, the accumulating metab-
olites of which can cause the suppression of normal
microflora, which is accompanied by a change in the
trophic, protective, metabolic and immunological
functions of autochthonous microorganisms of the
large intestine [8]. As a result, there is an increase
in the biochemical activity of microflora, a change in
pH, which creates a favorable environment for the
reproduction of opportunistic bacterial species, in-
creased putrefactive processes and inflammation in
the colon, i.e., a vicious circle arises. The formation
of dysbiosis leads to a decrease in the immune reac-
tivity of the body and contributes to the progression
of the tumor process [9; 10]. Even though many pa-
pers have been published describing the composition
of the microbiota of the colon in various pathologies,
including oncological, there are significantly fewer
publications on the study of the microbiota of the
tumor itself [11; 12].

Modern standard therapeutic technologies for the
preparation of patients with colon cancer do not aim
to eliminate microecological disorders. On the con-
trary, due to the appointment of a preventive course
of antibiotic therapy, they can contribute to the aggra-
vation of dysbiosis. Meanwhile, the presence of an
increased number of opportunistic microorganisms
in the colon of patients is an unfavorable background
for the postoperative course of the disease. This dis-
advantage can be leveled by prescribing probiotics
in the preoperative period [13].

Lactoglobulin, not being a probiotic in the strict
sense, is intended for the correction of the microbi-
ota. It has such an effect due to the presence in its
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composition of colostrum antibodies to conditionally
pathogenic microorganisms (Proteus vulgaris, Pro-
teus mirabilis, Pseudomonas aeruginosa, Klebsiella
pneumoniae, Salmonella thyphimurium, Salmonella
enteritidis, Salmonella dublin), as well as lactoferrin,
bifidogenic factors, as a result of which it contributes
to the suppression of conditionally pathogenic and
stimulation symbiont microorganisms [14].
Purpose of the study was to evaluate the effect
of the inclusion of lactoglobulin in the complex of
preoperative preparation of patients with colon can-
cer on the composition of the tumor microbiota and
mucosal tissue taken along the resection line.

MATERIALS AND METHODS

The subject for the study were samples of a tu-
mor and tissue taken by resection during surgery for
colon cancer in 80 patients who were treated at the
National Medical Research Centre for Oncology. All
patients signed an informed consent to participate
in the study. The age of the patients ranged from 40
to 80 years, the average age corresponded to 65.6
+ 4.5 years, among them there were 32 men and 48
women (40 and 60 %, respectively). All were diag-
nosed with stage II-Ill colon cancer, the operation
was the first stage of treatment. In all cases, the
histological structure of the tumor was adenocarci-
noma. 40 patients were included in the main and 40
in the control group; the groups were comparable
in gender, age, and stage of the disease. The con-
trol group of patients underwent standard preoper-
ative preparation, including antibiotic prophylaxis
of postoperative complications (ceftriaxone 1 g 2
times a day, metrogil 500 mg 2 times a day); the main
group of patients, in addition, received 12 g of lacto-
globulin before surgery for 3 days (2 g 2 times a day
orally). All 80 patients underwent standard antibiotic
therapy in the postoperative period. In the future, all
patients received adjuvant chemotherapy according
to the FOLFOX scheme. During the operation, a frag-
ment from the tumor tissue and mucosa from the
intact intestine taken along the resection line were
excised in patients for microbiological examination,
microbiocenosis in the tissues was studied and its
comparative analysis was carried out between two
groups of patients.

Microbiological methods of quantitative analysis
for dysbiosis were used to assess the composition
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of the microbiota (OST 91500.11.0004-2003). The
tissue suspension was washed from the lumen mi-
croflora, dissected and its internal parts were used
for further research. Sample preparation was carried
out on a Medimachine device. Serial dilutions were
prepared from the obtained suspension of biological
material, which were seeded with 0.1 ml per petri
dish with differential diagnostic media. Chromogenic
Uriselect agar (Bio-Rad, France), blood agar (Colum-
bia blood agar base with the addition of 5 % defibri-
nated horse blood, yolk-salt agar (salt agar with man-
nitol/Mannitol Salt Agar, with the addition of egg yolk
emulsion/Egg Yolk Emulsion), medium were used for
sowing Saburo (Saburo Agar with glucose and chlor-
amphenicol/ Sabouraud Chloramphenicol), as well as
a medium for the isolation of lactobacilli lactobacilli,
Wilson-Blair agar for clostridium; all media, except
chromogenic Uriselectagar, were manufactured by
HiMedia Laboratories Pvt. Limited (India). Incubation
in a thermostat at 37 °C was carried out for aerobic
microflora for 24—48 hours, for anaerobic under an-
aerostat conditions for 6—7 days, except for clostrid-
ium, which were grown for 24 hours. Next, the grown
colonies were counted, if necessary, screening was
carried out to isolate a pure culture and subsequent
identification of microorganisms, which was carried
out on an automatic bacteriological analyzer Vitek 2
(BioMerieux, France).

Microorganisms related to opportunistic patho-
gens were identified to the following strains: E.soli, S.
aureus, P. aeruginosa, K. pneumoniae, Enterobacter,

Proteus. The results were expressed in Ig/g of tissue,
and the total microbial contamination was expressed
in colony-forming units (CFU/g of tissue).
Statistica 12 (Stat Soft, USA) and MedCalc 19.3.0
(MedCalc Software bv, USA) programs were used
for statistical processing of the results. The estima-
tion of the distribution of values and the normality
of the distribution were analyzed according to the
Shapiro-Wilk criterion (Statistica 12 frequency anal-
ysis module). When calculating variational statistics,
the Statistica 12 descriptive statistics module was
used with the calculation of the average value (M), its
error (m), median (Me) and interquartile range [Q25;
Q75]. In the presence of a normal distribution of in-
dicators, the Student-Fisher criterion was used to
assess the statistical significance of differences, in
the absence of a normal distribution, the Mann—Whit-
ney criterion was used. When comparing the average
values of independent samples, the criterion for the
significance of differences was the value p < 0.05.

STUDY RESULTS AND DISCUSSION

Several quantitative and qualitative differences
were observed after preoperative preparation with
and without the inclusion of lactoglobulin in the
studied tissues of patients of the main and control
groups. Representatives of the microflora of the gas-
trointestinal tract were found in the tumor tissue
of patients of both groups, however, the degree of
microbial contamination differed. Thus, in the tumor

Control group

Main group

0 20000 40000

60000 80000 100000 120000

CFU/g

Fig. 1. Microbial contamination of colonic tumor tissue (CFU/g) in the main and control groups.
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tissue in patients of the main group, it varied from
10%to 10° (M £ m 1.2 £ 0.3 x 10%/g), and in the control
group —in the range of 10*t0 10’ (M +m 1.1 £+ 0.2 x
10%/9), that is, it was 9.2 times higher (Fig. 1).

The contamination of the mucosa of the intact
intestine did not exceed 103 and mainly ranged from
10'-102

The frequency of isolation of individual micro-
organisms in the samples of the studied tissues is
reflected in Table 1, which presents a comparative
characteristic of tumors of patients of both groups,
as well as tumors and intact intestine in each of
them.

In the tumor tissue of patients of both groups,
E.coli aerobes were most often found, and Bacte-
roides spp and Clostridiae anaerobes. Statistically
significant differences between the groups were
noted only in the content of E.coli and Clostridiae in
the tumor, which were less frequently represented
in the tumor tissue of patients of the main group.

BapuaHTa npegonepaLmoHHOIi NOATOTOBKN 60/bHbIX

The frequency of detection of the remaining studied
representatives of the microbiota was also lower
in the main group, although these differences were
not statistically significant. Of the 12 identified mi-
croorganisms, 9 were found in the tumors of the
patients of the main group, 6 in the tissue of the
intact intestine.

In the colon mucosa taken by resection in patients
of the main group, bacteroids were detected in al-
most half of the observations (47.5 %), in 10 % —
E.coli, in a small percentage of observations - Clos-
tridiae, Peptostreptococci, Klebsiella pneumoniae,
Proteus spp. In the main group, Bacteroides spp.
were statistically significantly more often detected
in the tumor tissue compared to the intact intestine,
whereas E.coli and Clostridiae were statistically sig-
nificantly more often detected in the tumors of pa-
tients in the control group, in addition to bacteroids.

In the control group, the spectrum of microorgan-
isms in the tumor tissue was wider than in the intact

Table 1. Frequency of detection of microorganisms obtained from tumor tissues and mucosa of the intact intestine in patients

of the main and control groups

Tissue samples

Main group Control group

Indicator

MU L intlgé?i(r:ltes . s-raur:]r?lcre intlggficntes .

abs. % abs % abs % abs %
E.coli 6 15 4 10 >0.05 19 47.5 7 17.5 0.04*
Klebsiella pneumoniae 4 10 2 5 >0.05 8 20 3 7.5 >0.05
Proteus spp. 3 7.5 2 5 >0.05 6 15 3 7.5 >0.05
Enterobacter spp. 2 5 0 0 - 5 12.5 2 5.0 >0.05
Streptcocci 2 5 0 0 - 5 12.5 2 5.0 >0.05
Bacteroides spp 33 82.5 19 47.5 0.002* 36 90 15 37.5 0.03*
Clostridiae 8 20 3 7.5 >0.05 18 45 8 20.0 0.04*
Peptostreptococci 3 7.5 2 5 >0.05 7 17.5 2 5.0 >0.05
Peptococci 1 2.5 0 0 - 2 5 1 2.5 >0.05
Pseudomonas aeruginosa 0 0 0 0 - 3 7.5 0 0 -
Staphylococcus aureus 0 0 0 0 - 3 7.5 0 0 -
Candida spp. fungi 0 0 0 0 - 1 2.5 0 0 -

Note: * — statistically significant differences between the parameters of the tumor tissue and the resection line in each of the compared groups
(p < 0.05); “-" = p cannot be determined due to the actual absence of representatives of the microbiota in the tissue samples
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intestine: 12 pathogens were identified in the tumor
tissue, and 9 in the intact intestine (Table 1). The fre-
quency of detection of microorganisms in the tumor
tissue was statistically significantly higher compared
with the intact intestine for E.coli, Bacteroides spp.,

Clostridiae. Noteworthy is the presence of Pseu-
domonas aeruginosa, Staphylococcus aureus and
Candida fungi in the tumor tissue and the absence
of their intact intestinal mucosa, which did not allow
us to assess the reliability of the differences. In the

Table 2. The content of microorganisms in the tumor tissue and mucosa of the intact intestine in patients of the main and

control groups (IgCFU/g, M £ m)

Tissue samples

inetesier Main group Control group
Tumor tissue Intact intestine Iil;?uc: Intact intestine 183 284
1 2 3 4
E.coli 3.5+0.3* 23+0.2 6.3+0.7 2.4+0.02 0.015 >0.05
p =0.027 p <0.001
Klebsiella pneumoniae 1.7+0.2* 0.7+£0.08 46+0.5 0.5+0.02 0.002 >0.05
p=0.023 p < 0.001 >0.05 >0.05
Proteus spp. 3.1+04 22+03 45+0.8 2.0+ 0.07 >0.05 >0.05
p =0.046 p=0.004
Enterobacter spp. 1.3+0.1* 0.9 £ 0.05** 27+04 1.3+0.02 0.03 0.04
p=0.048 p =0.005
Streptcocci 0.6 +0.1* 0.3 + 0.09** 26+0.3 0.7+ 0.03 0.008 0.035
p =0.067 p <0.001
Bacteroides spp. 42+0.7 2.5+0.1 52+04 24+0.2 >0.05 >0.05
p=0.02 p <0.001
Clostridiae 29+0.3* 1.5+ 0.06** 55%0.5 2.0+0.1 0.04 0.045
p=0.01 p<0.001
Peptostreptococci 0.3+0.07* 0.2 + 0.03** 1703 0.5+0.08 0.009 0.04
p=0.26 p<0.01
Peptococci 1.0 0.1 £0.02 1.5+0.2 1.0 - -
p=0.57
Pseudomonas aeruginosa 0 0 0.4 +£0.03 0.1+0.03 - -
p<0.01
Staphylococcus aureus 0 0 1.1+0.02 0.2 +0.001 - -
p <0.001
Candida spp. fungi 0 0 2.5+0.2 0.5+ 0.01 - -
p <0.001

Note: * — statistically significant differences between the parameters of the tumor tissue; ** - statistically significant differences between the
parameters of the intact intestine tissue (p < 0.05); “-" — p cannot be determined due to the actual absence of representatives of the microbiota in

the samples of the main group of patients
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intact intestine, Bacteroides spp. (37.5 %), Clostrid-
iae (20 %), E.coli (17.5 %) were more common than
others, and in isolated cases, coccoid microflora
(Peptococci — 2.5 %, Peptostreptococci — 5 %, Strept-
cocci— 5 %) (Table 1).

Quantitative indicators of the content of various
microorganisms in the studied tissue samples of
patients of the main and control groups are shown
in Table 2.

As seen from Table 2, in the tumor tissue, the
guantitative content of almost all the studied mi-
croorganisms in patients of the main group was
statistically significantly lower (p < 0.05) than in the
control group (Fig.3). Similar contamination of tumor
tissue in the main and control groups was noted only
for bacteroids.

Worth noting, that after preoperative use of lac-
toglobulin from the tumor tissue of patients, it was
not possible to isolate such representatives of op-
portunistic microflora as Enterococcus faecalis,
Pseudomonas aeruginosa, Staphylococcus aureus,
Candida fungi, and the number of other species, in
particular, coccoid microflora, was significantly lower
compared to the control group (Peptococci 1.5 times,
Peptostreptococci by 82 %, Streptcocci by 77 %) (Ta-
bles 1, 2, Fig. 2).

900
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In patients of the control group, the microflora
contamination of tumor tissue was significantly high-
er compared to the mucosa of the intact intestine for
all pathogens. The main differences were formed for
Klebsiella rheimopiae (9.2 times higher compared
to the intact intestine), Pseudomonas aeruginosa
(4 times), Candida spp. fungi (5 times) (Table 2).

Figure 2 shows the excess of the titer of microor-
ganisms (in %) in the tumor tissue compared with the
intact intestine along the resection line in patients
of the main and control groups. In patients of the
control group, these differences were significantly
higher compared to the main group; they were mainly
characteristic of Klebsiella rheimopiae, Streptcocci,
Peptococci (Fig. 2).

CONCLUSIONS

Preoperative administration of lactoglobulin prepa-
ration against conditionally pathogenic microorgan-
isms contributes to the formation of a more favor-
able microbial landscape of the tumor and tissue
taken along the resection line in patients with colon
cancer, which manifests itself in a decrease in the
total microbial contamination of the studied tissue
samples, as well as in a decrease in the frequency

800
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Fig. 2. Comparative characteristics of the content of microorganisms in the tumor tissue in patients of the main and control groups

(% in the tumor tissue compared with the tissue of the intact intestine).

Note: 1 — E.coli, 2 - Klebsiella pneumoniae, 3 — Enterobacter spp., 4 — Streptcocci, 5 — Bacteroides spp., 6 — Clostridiae,

7 — Peptostreptococci, 8 — Peptococci, 9 — Proteus spp.
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of detection and the number of several conditionally
pathogenic microorganisms. We found a high number
of studied microbiota representatives in the tumor
tissue of patients, which corresponds to the literature
data on their potentially pro-oncogenic effect, which
is described in Klebsiella pneumonia [15], strepto-
cocci [16], peptostreptococci [17], clostridium [18;
19]. Since among the mechanisms of the growth-
stimulating effect of these microorganisms, attention

is paid to the production of toxins, the maintenance of
local inflammation, and the imbalance of the immune
microenvironment, it seems important to correct the
microbiota with the help of an immune drug, which
especially applies to the tissue of the resection line,
since it remains in the patient's body after surgery,
and the composition of its microbiota can contribute
not only to postoperative tissue regeneration, but also
affect the further course of the disease.
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ABSTRACT

Purpose of the study. Improvement of the prognostic outcomes for the pancreatic fistula development in surgical treatment
for pancreatic cancer by implementation of new diagnostic algorithms for magnetic resonance imaging (MRI) assessment
of supposed pancreatic stump.

Materials and methods. We performed a retrospective analysis of MRI results of 1136 patients from the medical data base of
National Medical Research Centre for Oncology for 2009-2020. An original scanning technique, trans- and cross-pancreatic
imaging and MR spectroscopy of the pancreas in patients with pancreatic cancer, was developed and applied. Preoperative
examinations were compared retrospectively: a standard MRI protocol without anatomical orientation of the series; MRI
protocol using the developed technology.

Results. 717 patients were diagnosed with advanced pancreatic cancer. Lymph nodes were affected in 302 patients among
419 patients with radical surgeries. All cases were confirmed morphologically. In the group of 419 patients with pancreatic
resections, based on the analysis of morphological and clinical data and preoperative MRI data, we developed an original
preoperative scale for assessing the risk of pancreatic fistula development and compared its accuracy with other intraoper-
ative scales, FRS and modified FRS. Lactate and lipid complex were selected from a wide range of metabolites. The surgical
protocols and results of histological examination of the surgical material were used to prove the accuracy of the study. The
overall accuracy of the technique in predicting fistula development was 97.5 %. New visual predictors ("domino" and "white
on white" symptoms) based on MRI data were used to improve the scale accuracy.

Conclusion. The developed method of using a modified scale for risk assessment of pancreatic fistula development allows
predicting the onset of early postoperative complications already at the preoperative stage. When comparing the calculated
risks of pancreatic fistula according to the developed scale with the results by the known scales (FRS and modified FRS),
statistical analysis showed a significant difference for the better when compared with FRS (p = 0.0477), and a tendency when
compared with modified FRS (p = 0.0544).

Keywords: pancreatic cancer, MRI, MRI assessment, tumor tissue, supposed pancreatic stump
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3.1.6. OHKonorusa, nyyesas Tepanus

OPUr'MHAJIbHASAl CTATbA

3HAYEHWE MATHUTHO-PE3OHAHCHOW TOMOTPAG®UN B IMATHOCTUKE W NPOTHO3E

TEHEHUA PAHHETO MOCNEOMEPALLUOHHOIO MEPUOLA NPU XUPYPTUHECKOM NEYEHWUK

BOJIbHbIX PAKOM NOAXENYA04HON XENE3b

E. H. Konechukog, [l. fl. Uo3edu, 0. U. Kut, A. 10. Makcumop™

HMWL oHkonorum, r. PoctoB-Ha-[loHy, Poccuiickas Gegepauus
B mioi@list.ru

PE3IOME

Lienb nccnepoBanus. CoBepLIEHCTBOBaHUE pe3ynbTaToB MPOrHO3NPOBaHMS Pa3BUTUSI NAHKpeaTMYecKon hUCTynbl Npu
onepaTMBHOM NeYeHUn paka NoAXKeNyA0UHON Xenesbl NyTeM BHEAPEHUS HOBbIX ANarHOCTUYECKUX allrOPUTMOB MarHUTHO-
pe3oHaHcHoi Tomorpaduu (MPT)-oLeHKM NpeAnonaraeMoi ee KynbTu.

Matepuan u MeTtogpbl. [poBeaeH peTPOCNEKTUBHbIV aHanu3 pesynbtatoB MPT-uccnegosanuii 1136 naumeHToB U3 6a3bl
JaHHbIX MeguuuHckon nHdopmauum Orey «<HMUL, onkonorun» Munsgpasa Poccum 3a 2009-2020 rr. PaspaboTaHa
M NpUMeHeHa OpurMHanbHas MeToANKa CKaHMPOBaHUA — TpaHC- U KpoccrnaHKpeaTUuyeckas BuU3yanunsaumsa n MeToamnka
MP-cnekTpockonuu y nauneHTOB pakoM MOAXKENYA0YHON Xxenesbl. BbiMonHEHO peTpocnekTMBHOe CpaBHEHUE Npeaone-
PaLMOHHbIX UCCNEeRoBaHWIA: CTaHAapTHbIW NpoTokon MPT 6e3 aHaTOMWMYeCKOro OpueHTUpoBaHUsi cepuid; npotokon MPT
C NpUMeHeHNeM pa3paboTaHHON TEXHOIOTUM.

Pe3ynbraTbl. [eHepann3oBaHHbI pak NOAXENyAO0YHON Xenesbl 6b1n 'y 717 naumeHToB. [MopaxeHue numdaTmyeckmx
y3noB — y 302 6onbHbIx cpean 419 pagukanbHO onepupoBaHHbIX. Bce cnyyam 6b11M NoaTBEPXKAEHBI MOPHONOrMYecKu.
B rpynne 419 nauuneHTOB, NepeHecLumnx pesekumto MK, Ha ocHoBaHWUK aHannsa MophONOrNYECKUX N KIIMHUYECKUX AaHHbIX,
a TakXxe JaHHbIx npegonepauoHHoro MPT Mbl pa3paboTany OpuUrMHanbHyro NpeaonepaLyoHHYH LWKany OLEHKM pucka
pasBUTKA NaHKpeaTUYeCcKoro CBULLA, KOTOPYHO CPaBHWUAN NO TOYHOCTU C UHTPaoNepaLMOHHbIMU LLKanaMu: LLKanon pucka
pasBUTUA NaHkpeaTuyeckoi ductynbl (FRS) n MmoguduumposaHHoii FRS. U3 Wwnpokoro cnekTpa MeTabonnToB BblGpaHbl
nakTaT U IUnuAHbIA KoMnieke. [1na gokasaTtenbcTBa TOYHOCTM UCCIeA0BaHMUA Mbl UCMOSb30BasM NMPOTOKOSIbI orepauui
1 pesynbTaTbl FUCTONOMMYECKMUX CCIEA0BaHMI onepauyoHHoro matepuana. O6Lias TOYHOCTb METOAMKMN B BO3MOXHOCTM
npeackasaTb pa3sutue ceuwa — 97,5 %. 414 NoBblLEHNS TOYHOCTU pa3paboTaHHOW LWKasibl MCMONb30BaUCh HOBbIE BU-
3yasibHble NpeAnKTOpbl (CUMNTOM «AOMUHO» U «6eoe Ha 6e510M»), OCHOBaHHbIe Ha AaHHbIX MPT.

3aknoueHune. PaspaboTaHHbI METOZ, UCMONb30BaHMSA MOAUDULMPOBAHHON LLKabl pUCKa pa3BUTUS NaHKpeaTUYecKom
bucTynbl NO3BONSAET Y)Ke Ha A0OMNepPaLMOHHOM dTane nNpeackasaTb pa3BUTUE PaHHUX NOCNEOoNepPaLMOHHbIX OCIIOXXHEHWIA.
Mpu cpaBHEHNM pacCUUTaHHbIX PUCKOB Pa3BUTUSI NaHKpeaTnyYeCcKon GUCTYbl NO padpaboTaHHOMN LLKase C pesysibTaTaMu ux
OLIEHKM MO M3BeCTHbIM Wwkanam (FRS 1 moanduumpoBaHHoi FRS) cTaTUCTMYECKMI1 aHanns nokasan AOCTOBEpHOe OT/InYMe
B NyYLLYH CTOPOHY Npw cpaBHeHuu ¢ FRS (p = 0,0477), M TeHAEHLMIO — NPpU CpaBHEHUU ¢ MoguduLmMpoBaHHoi FRS (p = 0,0544).

KnioueBble cnoBa: pak nogxenyaoyvHow xenesbl, MPT-uccneposaHne, MPT-oLieHKa, onyxoneBas TKaHb, NpeAnonaraemas
KYNbTS NOAXKENY[0YHOW Xenesbl
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INTRODUCTION

The incidence of malignant neoplasms in Russia
has been growing for decades, in 2021, oncological
diseases were diagnosed in more than 580,415 thou-
sand residents. The "rough” indicator of pancreatic
cancer incidence in Russia in 2021 was at the level
of 13.1 per 100,000 population, the increase in this
indicator since 2011 was 31.08 %, while mortality per
100,000 population was 13.7, with an increase of this
indicator by 26.01 % over 10 years [1].

Diagnosis of pancreatic cancer is playing an in-
creasingly important role, allowing you to quickly
respond to the extent of the spread of the tumor
and choose a reasonable therapeutic strategy for
patients. Various imaging methods, such as com-
puted tomography — CT [2; 3], magnetic resonance
imaging — MRI [4], endoscopic ultrasound [5] and
positron emission computed tomography — PET [6]
are becoming increasingly important and are widely
used for the diagnosis of pancreatic cancer.

MRI can potentially be a sufficient method for as-
sessing pancreatic fibrosis, which is confirmed by
histological studies [4; 7] and is extremely important
when planning surgical treatment. Thus, the inclusion
of MRI results in a set of techniques that determine
the risks of the course of the postoperative period
in patients after radical resections of the pancreas
is an urgent task.

The surgical method remains the leading one in
the treatment of resectable pancreatic tumors [8].
We analyzed the literature sources concerning
the calculation of the risk of postoperative com-
plications, especially pancreatic fistulas (PF) af-
ter pancreatic resections [9-14]. For example,
D. S. Gorin (2022) [15] focused on the following
main risk factors: the nature of the tumor lesion, CT
signs of "soft" pancreas (accumulation coefficient
greater than 1); intraoperative visual and palpatory
assessment; the proportion of functioning acinar
structures during urgent histological examination
of the pancreatic section and the features of its
angioarchitectonics.

The scales known to date allow predicting the risk
of pancreatic fistula only in the early postoperative
period. At the same time, if the risk of developing
a fistula could be judged at the preoperative stage,
the patient in this case would receive sufficient indi-
vidualized preoperative preparation.

34

Purpose of the study was to improve the results
of predicting the development of pancreatic fistula in
the surgical treatment of pancreatic cancer by intro-
ducing new diagnostic algorithms for MRI evaluation
of its presumed stump.

MATERIALS AND METHODS

A retrospective analysis of the results of MRI stud-
ies of 1136 patients from the database of medical
information of the National Medical Research Cen-
tre for Oncology, was carried out in the period from
01/01/2009 to 12/31/2020. MRI was performed both
at the National Medical Research Centre for Oncol-
ogy (78.6 %, 893 cases), and on the basis of other
medical institutions. It was counted as one case
when performing both a biopsy and an operation
on a patient.

We considered pancreatic fistula to be the drainage
of the discharge from 3 days after surgery, in which
amylase was increased by 3 times relative to blood
amylase. In the study group of 419 patients who under-
went radical surgery for pancreatic cancer, pancreatic
fistulas developed in 102 patients (24.3 % of cases).

Taking into account the complex anatomical struc-
ture of the pancreas and the spatial location of the
organ, we have developed an original scanning tech-
nique called trans- and cross-pancreatic imaging.

We performed magnetic resonance examination
of abdominal organs in T2 sequences to position
the pancreas and determine the direction of the pan-
creatic and common bile ducts. The peculiarity of
the protocol was that we used a technique involving
a trans and cross-pancreatic T2-weighted sequence,
sections of which were laid through the pancreas
parallel and perpendicular to the location of the Vir-
sung duct (Fig. 1).

To obtain an optimal image of the pancreas and
the Virsung duct, an oblique T2-weighted image with
TE in the range of 80-90, TR 9400-9500 was used,
the resolution of the matrix was not lower than 320
x 192, while the thickness of the slice should be 3-4
mm, and the distance between the slices was set to
0 mm. The function of starting data collection at co-
inciding phases of respiration or holding the breath
on exhalation was used, the number of slices was
sufficient to visualize the main array of pancreatic pa-
renchyma. A T2-weighted image of the pancreas with
the main pancreatic (Virsung) duct was obtained.
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Then an isovoxel diffusion weight imaginc (DWI) with
b 0 s/mm?and b 1000 s/mm? was diagonally laid in
the same way parallel to the Virsung duct. Then, by
mathematical summation of polychrome diffusion-
weighted images with monochrome T2 images, a FU-
SION image of the pancreas was obtained at the
tomograph workstation using DWI sequence images
and a transpancreatic T2 sequence.

The localization of the pancreatic tumor, which
often violates the patency of the Virsung duct with its
suprastenotic expansion caudal to the tumor, the ex-
pansion of small ducts, the condition of the alleged
pancreatic stump, was determined.

In the concept of "the alleged stump of the pan-
creas" we put the following. After determining the
position of the tumor in the pancreas, we focused
on the mesenteric portal trunk. When the tumor was
located proximally to the right of it, we analyzed the
distal parts of the gland to the left of it (tail and body)
as a supposed stump. When the tumor was located
distally to the left of the mesenteric-portal trunk as
a supposed stump, we analyzed the distal parts of
the gland to the right of it (the head of the pancreas).

The domino criterion was used as an additional
criterion for the diagnosis of pancreatic cancer and
evaluation of its alleged stump. We first developed
this criterion for the differential diagnosis of pancre-
atic tumors, and then, with a retrospective analysis of
images, we began to observe it in the perifocal zone.
The visualization pattern represents small rounded

hyperintensive in T2 multiple areas of dilated collat-
eral pancreatic ducts against the background of an
isointensive tumor in conditions of obstruction of the
Virsung duct. The ductal system of the pancreas in-
cludes small lobular ducts flowing into the main and
additional ducts, hyperintensive in T2, hypointensive
in T1 due to the liquid component in their lumen. The
domino pattern introduced by us is found, according
to our data, in 92 % of cases of adenocarcinomas in
the head of the pancreas.

Pancreatic MR spectroscopy technique

Lactate and lipid complex were selected from
a wide range of metabolites available for determina-
tion under conditions of a magnetic field strength of
1.5 T during preliminary research work. We evaluated
both the tumor tissue and the presumed pancreatic
stump.

The procedure was carried out as follows: after
laying the patient in the supine position on the ab-
dominal coil of the diagnostic table of the tomo-
graph, marking (localizer) and calibration series
were carried out. T2-weighted series in three planes
crossing the pancreas were performed, and axial
T1FS LAVA and DWI (b = 0, b = 1000) and T1 double
gradient echo in phase and antiphase (dual gradient
echo in-phase/out-of-phase) allowing to evaluate
its anatomy. In the RadiAnt software package, the
area of the most pronounced changes was identified
(in normal glands, indicators for the head or body of

Fig. 1. A — the direction of the slices when planning axial transpancreatic series parallel to the axis of the Virsung duct. The red arrow
points to the tumor, the green lines are the boundaries of the most important visualization area. B — the direction of the slices when
planning cross-pancreatic series is perpendicular to the course of the Virsung duct. The red arrow points to the tumor, the green lines are

the boundaries of the most important visualization area.
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the organ were studied). This area was outlined with
an oval or round border, the structural heterogeneity
coefficient (HC) was calculated as the ratio of the
standard deviation value (stdO or SD) to the average
signal intensity (SI), according to the formula: HC
= stdO/SI. The amount of lipids in the dual echo is
measured. The lipid content was quantified using
the Dixon method. The sequence of double gradient
echo in phase and antiphase (dual gradient echo in-
phase/out-of-phase) was used for evaluation. The
indicators of the signal intensity from the pancreatic
parenchyma and spleen in the corresponding zones
in the images in phase (SIP) and antiphase (SOP)
were used and subsequent calculations using the
Dixon formula: Fat fraction = (SIP-SOP)/2*(SIP),
where SIP is the ratio of the pancreatic signal to the
spleen signal in the images in phase; SOP-the ratio
of the pancreatic signal to the spleen signal in the
images in the opposite phase.

Also, for a better diagnosis of the prevalence of
the tumor process, proton single-pixel spectroscopy
of the same area of changes suspected of cancer
was performed. The data was transmitted to a com-
puter with an installed program for processing spec-
tra. The values of the spectrum peaks were deter-
mined in the Tarquin program and the value of the
lactate signal was measured in atomic units a.u. The
value of the accountable diffusion coefficient (ADC)
was measured by DWI.

To assess the statistical reliability of the results,
criteria were used to assess the significance of dif-
ferences in outcomes depending on the impact of
the inclusion factor of the studied developed tech-
niques: Chi-square criterion, Fisher's exact criterion
(two-sided).

STUDY RESULTS AND DISCUSSION

Generalized PC was found in 717 patients, among
whom 3 had bone metastases. Lymph node lesion
was diagnosed in 302 patients among 419 radically
operated. All cases were confirmed morphologically.

According to our study, operations for tumors of
the pancreatic head prevailed over corporocaudal re-
sections 254 vs. 165, while biopsies were performed
more often for pancreatic body cancer than for the
head (386 vs. 287). Moderate differentiation of tu-
mors prevailed in most histological findings.

In our sample, the most patients were from 50 to
79 years old, and among them from 60 to 69 years
old — 471 patients (41.46 %).

In the analyzed group, men 295 (25.97 %) were
more likely to suffer from pancreatic head cancer
than women 246 (21.65 %). When the tumor is local-
ized in the body of the pancreas, women are more
often 265 (23.32 %) than men 232 (20.43 %). When
the tumor was localized in the tail of the gland, wom-
en (71; 6.25 %) significantly prevailed over men (27;
2.37 %) (x?=18.94; p < 0.00001).

The patients were distributed according to the
TNM classification (8th edition), the IV stage of the
process prevailed in our study — 585 (51.5 %), the
results are shown in Table 1.

A retrospective comparison of preoperative stud-
ies was performed to study the diagnostic value of
the anatomically oriented series technique: a stan-
dard MRI protocol without anatomical orientation
of the series (205 cases from 2009 to 2014 inclu-
sive); an MRI protocol using the above technology
(from 2014 to 2020 inclusive 214 cases). To prove
the accuracy of the study, we used the protocols of

Table1. Distribution of the PC patients according to the TNM classification (n = 1136)

TNM Stage Patients’ number Patients’ share
T2NOMO IB 25 2.20
T3NOMO 1A 92 8.1
T1-3N1TMO 11B 128 11.26
T1-3N2MO 1 174 15.32
T4NanyMO 1 132 11.62
TanyNanyM1 v 585 51.50
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operations and the results of histological studies of
the surgical material.

The overall accuracy of the technique for diag-
nosing the prevalence of pancreatic cancer using
anatomically oriented series, which was compared
with standard methods, intraoperative picture and
the results of postoperative morphological exam-
ination, reaches 97.5 %, p < 0.005.

Subsequently, we applied the developed technique
on 205 operated patients, whom we had previously
examined using the standard method. Thanks to the
proposed method, 20 additional episodes of peri-
neural extrapancreatic invasion were evaluated and
described in detail, the nature and degree of contact
of the tumor with the main vessels were clarified.
Statistical analysis confirms the advantages of the
method. The reliability of the advantages of the high
accuracy of the method is confirmed by the low sum
of false-positive and false-negative results when
using anatomically oriented series compared with
standard methods in relation to the local prevalence
of the tumor. The exact Fisher criterion (two-sided)
is 0.03169.

The study of the diagnostic value of determining
the degree of local tumor spread by MR spectros-
copy, performed by retrospectively comparing pre-
operative studies using the standard MRI protocol
(205 cases from 2009 to 2014 inclusive) and the MRI
protocol using the MRI technology developed by us
(from 2014 to 2020 inclusive 214 cases) showed an
overall accuracy of 98.75 %.

The method of adding MR spectroscopy demon-
strates high accuracy in assessing the tumor, sur-
passing the standard scanning protocol in terms of
the main indicators of diagnostic significance (tumor
size, vascular and perineural invasion, retropancreat-
ic spread) - overall accuracy, sensitivity and specific-
ity, which is confirmed statistically (Fisher criterion;
p =0.00917).

The method of metabolically oriented visualiza-
tion, determination of the proportion of lipids by
chemical shift and lactate peak during spectroscopy
requires the presence of a solid bulk formation with
a homogeneous structure without cavities of decay,
necrosis, sinters with a total size of at least 20 x 20
x 20 mm due to the peculiarities of MR spectroscopy.

In a standard MRI examination of the pancreas,
isointensive tissue with a smoothed lobular structure
was visualized in 28 patients, which did not allow

unambiguously indicating the presence of a tumor
in the pancreas. The calculated diffusion coefficient
ADC was in the range of 0.0013-0.0021 mm?/s. With
MR spectroscopy, Lac values in the range of 850 a.u.
indicate active processes of anaerobic glycolysis.
According to the measured coefficients of signal
intensity and heterogeneity in T2 SI 750; SD 141.4;
HC 0.185, according to T1FS SI 611; SD 61.8 HC
0.101. The proportion of lipids according to the Dix-
on method was in the range of 1.61-1.72 %, which
is significantly less than in normal parenchyma and
inflammatory changes. Thus, the patients were di-
agnosed with pancreatic cancer, which was subse-
quently confirmed by morphological examination
of preoperative punctures and the removed tumor.

The technique also made it possible to differenti-
ate formations located outside the tumor in the area
of the alleged stump of the gland. Below is an exam-
ple when a small tumor of the head of the pancreas
(14 mm in diameter) and an indistinct formation in its
body was diagnosed, which was initially perceived as
a metastasis or a second tumor. However, according
to the measured signal intensity and heterogeneity
coefficients SI T2 445; SD 81; HC 0.182; SIT1FS 674
SD 57 HC 0.084, the proportion of lipids according to
the Dixon method is 22.2 %, increased, which is not
typical for tumor pathology. With a spectroscopy of
Lac 0.0000 a.u. (Fig. 2).

The mentioned above changes were regarded by
us as pancreatic steatosis without significant expan-
sion of the Virsung duct, which was confirmed during
subsequent surgical treatment during intraoperative
revision and ultrasound.

While working on the spectra of pancreatic tissue
metabolites in various conditions, we made an inter-
esting observation. The "lipid complex" of Lip 13a
peaks at 1.25-1.28 ppm is due to the presence of
glycerol and triacyl glyceride analogues. With ade-
nocarcinoma, the average value of this peak reaches
6.9 a.u., with pancreatitis 4.4 a.u. in a normal gland
1.4 a.u.

Literature sources devoted to their significance
for the diagnosis of pancreatic adenocarcinoma
have not been found at present, however, experi-
ence with neuro-oncological spectra demonstrates
the presence of this peak in the spectra of cerebral
metastases similar to those obtained in the studies
of V. Sawlani, M. D. Patel, N. Davies (2020) [16], per-
formed on a magnetic resonance tomograph with
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magnetic field intensity fields of 3T. These changes
were used by us to study the condition of the peri-
focal zone of the tumor and the planned stump of
the pancreas. To choose surgical tactics already
at the preoperative stage, it is necessary to have
a judgment about the "tissue density" of the pan-
creas. Life-threatening complications with pancre-
atoduodenal resections (pancreatitis of the stump,
bleeding, failure of anastomosis sutures) develop
just with an "unchanged" gland. Their prevention
should be carried out both preoperatively and intra-
operatively [11; 17].

Based on the diagnostic techniques we have de-
veloped, we have identified a number of new signs,

k|

the determination of which during the assessment
of the alleged pancreatic stump in both pancreato-
duodenal and distal resections allows us to assume
a possible intraoperative situation at the preoperative
stage that will affect surgical tactics: the location of
the pancreatic duct depending on the resection zone,
the nature of drainage of the duct (external or inter-
nal), the probability of eruption of the stitches being
applied. In order to determine their actual meaning,
we compared the data obtained with morphological
micro-preparations of the perifocal zone of the tu-
mor and intraoperative macroscopic description of
the stump, which we performed together with the
surgical team (Table 2).

Fig. 2. A — the marker in T2 marks the area of heterogeneity measurement and the voxel placement area for MR spectroscopy;
B - the marker in T2fatsat marks the area of heterogeneity measurement and the voxel placement area for MR spectroscopy.

Table 2. Average values of imaging parameters for various conditions of the pancreatic stump in the studied patients

(n=419)
Pancreatic stump
Indicator n Inflammatory and dystrophic Fibrous and indurative
Inz;‘;C:t ﬂsz;:e alterations alterations
(n=127) (n=178)
Signal intensity in T2 654.71 £ 6.7 690.29 + 9.8 640.52 £ 8.6

HC value T2 0.0744 + 0.005 0.1117 £ 0.003 0.0653 + 0.004
Signal intensity in T1FS 1282.27 £10.3 461.40+12.8 147611 +7.4
The value of HC inT1FS 0.0792 + 0.003 0.2234 +0.04 0.0543 £ 0.005
Diffusion (SD/ADC mm2/s) 0.00035/0.0015 0.0004/0.0018 0.00027/0.00011
The proportion of lipids, % 11.22 16.47 8.12
Lactate, a.u. 0 0.1 0
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Signs of fibrous indurative changes in the putative
stump of the pancreas.

Most often. we considered the signs of fibrous in-
durative changes in the supposed pancreatic stump
at the preoperative stage to be positive, since the
pancreatic anastomosis formed during the operation
was reliable (due to the absence of thread eruption).
One of the most characteristic manifestations of
fibrosis and induration was the presence of a dom-
ino symptom. In cases where the MRI picture fit
into the symptom complex of induration, surgeons
applied pancreatic anastamoses on the "lost" drain-
age. Most often, the operator confidently detected
an enlarged pancreatic duct, information about the
location of which was also obtained during an MRI
examination. The duct was sewn into the lumen of
the small intestine. The regions of heterogeneous
signal were determined in the supposed stump of
the pancreas (arrows are marked in Figure 3A). Mi-
croscopic examination determines the enlarged pan-
creatic duct, cystically altered small ducts against
the background of fibrosis in the pancreatic tissue
(Fig. 3B).

MRI-picture of inflammatory and dystrophic chang-
es in the supposed stump of the pancreas

This symptom complex was characterized by the
presence of blurred contours of the alleged pancre-
atic stump, swelling, inflammatory changes, or the
inability to determine its boundaries from the under-
lying adipose tissue, when visually, when describing
an MRI study, the area of interest was perceived by
us as "white on white". The "white on white" symp-
tom was more characteristic of dystrophic changes,
when the pancreatic tissue itself was replaced by fat
cells (Fig. 4).

Later, during the joint intaoperative evaluation with
surgeons, we encountered a loose, inflamed gland.
The possibility of determining the pancreatic duct
in the stump was difficult, which led to the need to
form an anastomosis either with the entire section
of the gland (23 cases), or when installing drainage
into the duct by performing external drainage through
the enterostome. These cases were accompanied
by the greatest number of complications (38 %). Ex-
tremely unfavorable were cases when, during the MRI
examination in the preoperative period, the contours

Fig. 3. The "domino" symptom in the perifocal zone of the tumor. In the pancreatic tissue outside the tumor, areas of fibrous tissue with

cystic duct expansion are determined. H&E Staining, x 200.
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of the gland were not determined, and intraoperative
surgeons characterized its density as "soft" during
the revision of the pancreas.

Development of a scale for calculating the risk of
pancreatic fistula following a radical resections of
the pancreas based on MRI data.

In 2013, based on a multicenter study led by
M. Callery and including the results of treatment of
445 patients who underwent pancreato-deodunal
resections (PDR), a 10-point prognostic scale for
the occurrence of postoperative pancreatic fistula
(Fistula Risk Score) was developed and adopted [11].
Risk factors on this scale were the soft texture of
the gland, pathomorphological data — ampullary or
duodenal cancer, neuroendocrine neoplasia, cystic
tumors; pancreatic duct diameter less than 5 mm,
intraoperative blood loss more than 400 ml. In 2017,
the risk scale was modified by American pancreatol-
ogists: the texture of the gland and the diameter
of the pancreatic duct remained, and gender, body
mass index and bilirubin level were added [17]. All
the scales described above can only be used intra-

operatively. However, prevention of postoperative
pancreatitis of the stump of the gland and pancreatic
fistula should begin in the preoperative period.
When using known scales, risk stratification is
possible only intraoperatively, which does not al-
low the use of preoperative methods for the pre-
vention of fistula formation. This also applies to
the appointment of synthetic analogues of soma-
tostatin in the preoperative period, the duration of
preoperative preparation. The scale developed by
us, including MRI criteria, allows us to predict the
course of the postoperative period at the preopera-
tive stage. The MRI-symptom complexes proposed
by us (fibrous indurative changes in the pancreatic
stump, unchanged pancreatic tissue, inflammatory
and dystrophic changes in the pancreatic stump)
have a clear morphological confirmation. During
the preoperative period, repeated MRI examina-
tion is possible to objectify the effectiveness of
therapeutic preparation (reduction of the picture of
inflammation) and its effect on the structure of the
alleged pancreatic stump (Table 3). The scale does
not require statistical calculations, which makes

[ S ﬁ@?
[ R 7

Fig. 4. The "white on white" symptom. There is an almost complete absence of the contours of the pancreas, the tissue of which seems to

merge with the surrounding adipose tissue. H&E Staining, x 200.
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it available for use. The experience of using such
scales shows that their popularity among practi-
tioners is due to the lack of complex mathematical
calculations, and the results obtained are under-
standable.

To predict the possible development of pancre-
atic fistula retrospectively, we applied 3 risk scales
for each patient. At the same time, in the case of
calculation on the FRS scale, prognosis mismatch
occurred in 52 patients (12.41 %), on the modified
FRS scale —in 45 (10.74 %), and on the MRI risk as-
sessment scale — in 48 (11.45 %) patients. In the
future, we analyzed each specific case of forecast
mismatch. When using the FRS scale, fistulas did not
develop in 15 (3.58 %) patients, although they were
predicted, in 37 (8.83 %) they developed, although

they were not predicted; with modified FRS - 13
(3.1 %) and 32 (7.66 %), respectively. In the case of
using MRI for prediction, 31 (7.4 %) patients did not
develop fistulas, although they were predicted, 17
(4.06 %) developed fistulas, but were not predicted.
Since we were more interested in the sensitivity of
the calculation in favor of predicting a severe compli-
cation, analyzing the above figures, the risk calcula-
tion turned out to be more accurate when using MRI
readings: with the first two scales, the discrepancy
was 37 (8.83 %) and 32 (7.64 %), with the third = 17
(4.06 %). Further statistical analysis showed a sig-
nificant difference (criterion x?) when comparing the
first (FRS) and third (MRI) scales (p = 0.0477), and
a trend when comparing the second (modified FRS)
and third (MRI) scales (p = 0.0544).

Table 3. Modified risk scale for the development of pancreatic fistula according to the results of preoperative studies

Risk factor Points
male 2
Sex
female 0
<25 0
Body Mass Index, kg/m?
=25 1
<20 0
Total bilirubin, mcMol/L
=20 1
<3 4
Pancreatic duct diameter identified 3-6 3
with the use of MRI, mm
26 0
Pancreatic stump fibrous and indurative alterations 0
The texture of the parenchyma _—
of the gland, determined by MRI Intact pancreatic tissue 1
Inflammatory and dystrophic alterations in the pancreatic stump 2
minimal 0-2
low 3-6
Risk, summary of poins
intermediate 7-8
high 9-10
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CONCLUSION pancreatic tissue can be used for the subsequent

selection of surgical treatment methods, which

The scale developed by us with the help of ad-  generally reduces the number of surgical com-
ditional MRI criteria based on a clearer description  plications by reducing the number of pancreatic
of the perifocal zone of the tumor and the entire  fistulas.

10.

11.

12.

13.

14.

15.
16.
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ABSTRACT

Purpose of the study. A comparative analysis of blood parameters and some characteristics of the adaptation status of intact
Balb/c and C57BI/6 mice of both sexes.

Materials and methods. We investigated intact mice of both sexes belonging to the C57BI/6 (n = 18) and Balb/c (n = 20) lines.
The age characteristics of these animals corresponded to the first half of the reproductive period. We studied the parameters of
the complete and biochemical blood tests, the weight characteristics of the thymus, spleen and adrenal glands. The character
and tension of general nonspecific adaptational reactions of the body (AR) were assessed as well. In statistical analysis we
used the coefficient of variation (CV), Student's t-test, Mann-Whitney test.

Results. In mice of both studied lines, the dominance of females over males was noted in terms of the weight characteristics
of the thymus and spleen, the development of the most favorable antistress AR, and the number of indicators with low vari-
ability. At the same time, in C57BI/6 mice, animals of different sexes had a similar nature of AR (AR of elevated activation),
but differed in signs of tension, this might indicate the difference in the range of levels of reactivity, appropriate to AR in males
and females C57BI/6. Unlike C57BI/6, mice Balb/c mice of different sexes were distinguished with the predominant antistress
AR. Differences between C57BI/6 mice and Balb/c mice in terms of amylase and ALT activity indicated a shift towards carbo-
hydrate metabolism in Balb/c mice and a shift towards protein metabolism in C57BI/6 mice. Animals of the C57BI/6 line had
an advantage over Balb/c mice (especially pronounced in females) in some indicators of the adaptation status.
Conclusion. The results of the study indicated possible difference in the ratio of carbohydrate and protein metabolism in
the animals of the studied lines and testified a more favorable state of the regulatory systems in C57BI/6 mice compared to
animals of the Balb/c line. The revealed regulatory and metabolic interlinear differences can determine the features in the
reaction of the body of animals belonging to different lines to the malignant process and efficiency of antitumor therapy.
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3.1.6. OHkonorus, nyyesas Tepanus

OPUTMHANIbHAA CTATbA

0COBEHHOCTU MOKA3ATE/IEN KPOBM M AJATTTALIMOHHOTO CTATYCA MbILEA JIMHUNA
BALB/C M C57BL/6 IPU OTCYTCTBUM CMELIMANbHBIX BO3AENCTBMH

I. B. XXykoBa™, E. M. ®panumsnu, A. U. Winxnapoea, U. B. Kannuesa, J1. K. Tpenutaku,
M. C. KavyecoBa, A. B. lanuua, H. [1. Ywakosa, E. B. LlLlanawnas, 0. I. NwoHunHa

HMWL, oHkonoruu, r. PoctoB-Ha-[loHy, Poccuiickas ®Gegepauus
B galya_57@mail.ru

PE3IOME

Lienb uccnegoBanus. CpaBHUTENbHbIV aHan13 nokasaTtenen KpoBU 1 HEKOTOPbIX XapaKTePUCTUK afanTaLMoHHOro cTaTyca

MHTaKTHbIX MblLllen nuHuii Balb/c n C57BI/6 o6oero nona.

Matepuanbl u meToabl. MiccnefoBaHusa NPOBOAUIM Y MHTAKTHbIX Mbllleit o6oero nona nuHuin C57BI1/6 (n = 18) u Balb/c
(n = 20). BoapacTHble XxapakTepPUCTUKM XXMBOTHbIX COOTBETCTBOBA/IM NEPBOM MOMOBUHE PENPOAYKTUBHOIO Nepuoaa. Mayyanu
rokasaTenu o6Lero u GMOXMMMUYECKOT0 aHain3a KPOBW, BECOBbIE XapaKTEPUCTUKMN TUMYCA, CENe3eHKN U HaANOYEYHUKOB.
OueHnBanu xapakTep U HanpsXXeHHOCTb O6LIMX HecrneuMduuecknx aianTaluuoHHbIX peakumii opraHuama (AP). Mpu cTa-

TUCTUYECKOM aHanuse ucnosnb3oBanu koadduuneHT Bapuauum (CV), t-kputepuit CTorofieHTa, KpUTepUin MaHHa-YUTHU.

Pe3ynbTatbl. Y Mblillei 06enx n3y4eHHbIX IMHUIA 6b110 OTMEYEHO JOMUHUPOBaHME CaMOK Haj camLuaMu Mo BECOBbIM Xa-
paKTepucTUKaM TUMYyCa 1 Cene3eHKU U YacToTe pa3BUTUA Hambonee 61aronpUsATHON aHTUCTPeCCOpPHOW AP NOBbILLEHHOM
aKTMBauuu. BapnabenbHOCTb U3YYeHHbIX MOKasaTesieil B LIeNoM y caMok 6bla HuKe, YeM Y caMLoB. [1py 9TOM y MblLuei
NuHKUKM C57BI/6 KMBOTHbIE Pa3HOro NMosia UMeNu CXoAHbli xapakTep AP (AP NoBbIlWEHHON aKTMBaLUK), HO OTAIMYaNNUCh
NpU3HaKaMmn Hanps>XXeHHOCTU 3TON peakLmMK, yKasblBatoLWMMM Ha pasHblil uanasoH YpoBHeN peakTUBHOCTK, Ha KOTOPbIX
pa3BuBanach ata AP y camUOB 1 caMoK. Y Mbiweit nmHum Balb/c »xMBOTHbIe pa3HOro nona pasnuyanncb XxapakTepoM fnpe-
obnafaBLlUMX aHTUCTPecCOpHbIX AP. CpaBHeHVe 6MOXMMUYECKMX NOKa3aTesieil KpOBKU CaMOK Pa3HbiX IMHUIA yKa3bliBano
Ha 60nee aKTUBHbIN YrNeBOAHbIA 06MeH Yy Mblillei nnHuu Balb/c n 6onee akTMBHbIA 6€NKOBbI 06MEHa — Y MblLLEN MNHUN
C57BI/6. XXuBoTHble nMHuKn C57BI/6 nmenu npemmyuiecTeo Hag Mbiwamu Balb/c (ocobeHHO BbipaXkeHHOe y caMoK) Mo

HEKOTOpPbIM NOoKazaTendaM aganTalMoOHHOro ctaTtyca.

3aknioyeHue. PesynbTaTbl UCCNefoBaHMS yKa3bliBanu Ha BO3SMOXHOE pa3finyve B COOTHOLLEHUW YINEBOAHOIO U 6e/TIKOBO-
ro o6MeHa y camok Balb/c n C57BI/6 u cBuaeTenscTBOBanu o 60s1iee 61aronpuaTHOM COCTOSIHUM PerynsiToOpHbIX CUCTEM
y Mblwwein nuHumM C57BI/6 No cpaBHEHUIO C XXMBOTHbIMU NMHUK Balb/c. BbisiBneHHble perynsitopHble u MeTabonnyeckue
MEeXJTMHENHbIe pa3nnyust MoryT o6ycnoBUTb OCOBGEHHOCTU B peakLum opraHM3mMa XXUBOTHbIX, MPUHAANEXaLLNX K pasHbIM

JNIMHUAM, Ha 3/10KaYeCTBEHHbIV npouecc un SCbeeKTVIBHOCTb I'IpOTVIBOOI'IyXOJ'IeBOIZ Tepanumun.

KntouyeBble cioBa: reMaTonorMyeckue nokasaresim, afanTaluMoHHbI CTaTyc, aHTUCTPECCOPHbIE afanTaluMoHHble peak-
LK, MeTabomsm
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INTRODUCTION

Research on animal models is aimed at identify-
ing the fundamental mechanisms of carcinogenesis
and experimental substantiation of new drugs and
methods of treatment. At the same time, there is
a need to identify and separate universal patterns
and features of tumor and organism reactions due
to molecular genetic characteristics, the state of
regulatory systems of specific individuals [1; 2],
sex [3-5] and age of animals [6; 7], their linear
affiliation [5; 8]. Mice of the Balb/c and C57BIl/6
lines are among the laboratory rodents most widely
used in biomedical research, including preclinical
trials of new drugs and technologies for antitumor
treatment [1; 9]. There is information about several
anatomical, reproductive and behavioral features of
these animals that need to be taken into account
when conducting experimental studies [10-12]. At
the same time, the question of interlinear differenc-
es in the functioning of their regulatory systems and
adaptive status remains little studied, which, con-
sidering the different stress resistance of these ani-
mals [1; 13; 14] and their highly probable origin from
different subspecies of mice Mus musculus [15; 16],
seems very important in the development of effec-
tive methods of antitumor effects and the identi-
fication of universal pathogenetically significant
processes. The relevance of this issue is enhanced
due to the rather long existence of the experimental
animal lines under consideration, since an increase
in the number of closely related crosses could lead
to an increase or, conversely, to a weakening of the
previously known immunological and physiological
characteristics of mice of these lines [15].

The informative value of biochemical and cytolog-
ical indicators of blood for the general assessment
of the state of the body, as well as the correlation of
the adaptive status with the processes in the organs
of the immune and neuroendocrine systems [17; 18]
allows the use of hematological indicators and shifts
in the weight characteristics of internal organs to
objectify the results of studies and identify universal
systemic rearrangements under the action of damag-
ing factors. One of the stages of solving these prob-
lems is a comparative analysis of indicators reflecting
the state of regulatory systems, the adaptive status
and features of the metabolism of animals of these
lines in the conditions of the physiological norm.
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Purpose of the study was the comparative anal-
ysis of blood parameters and some characteristics
of the adaptive status of intact Balb/c and C57BI/6
mice of both sexes.

MATERIALS AND METHODS

The parameters characterizing the condition of in-
tact mice of both sexes belonging to the C57 Black/6
(n = 18) and Balb/c (n = 20) lines were studied. We
used animals of our own breeding vivarium of NMRC
for Oncology, Russian Ministry of Health, originally
purchased from the Rappolovo nursery. Each of the
four groups (control and main groups of animals of
the two studied lines) included 9-10 animals. Their
age characteristics corresponded to the first half
of the reproductive period. According to the known
dependencies between weight and life expectancy
of laboratory rodents of various lines [9; 19] the age
of mice of the C57BI/6 line was 9—-12 weeks, and in
mice of the Balb/c line this indicator corresponded to
9-16 weeks. The differences in life expectancy were
random in nature, were due to the limited choice of
mice with matching weight characteristics, the pos-
sibilities of their own breeding, and were not critical
of their belonging to the category of young animals
capable of intensive reproduction [9].

To assess the features of the general condition
and adaptive status of intact animals of different
lines, a study of the complete blood count test
(CBC) and biochemical blood analysis, as well as
the weight characteristics of the thymus, spleen
and adrenal glands (weight and weight coefficients
of these organs) was carried out. At the same time,
special attention was paid to the percentage of lym-
phocytes in the blood, the mass and weight coeffi-
cients of the thymus and adrenal glands, as well
as to the ratio of the masses of these organs as
indicators of the nature and intensity of the gen-
eral nonspecific adaptive reactions of the AP or-
ganism [17; 18]. Necropsy, isolation and weighing
of organs of animals subjected to euthanasia by
decapitation were performed. The weight coefficient
of the organ was the ratio of the mass of the organ
to the mass of the animal in grams multiplied by
104 To determine the blood parameters obtained
after euthanasia, the Exigo EOS vet hemoanalyzer
(Boule Medical A. B., Sweden) and the VetScanVS2
biochemical analyzer (ABAXIS Inc., Germany) were
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used. At the same time, in the case of C57BI/6 mice,
biochemical blood parameters were determined
only in females (due to technical difficulties that
prevented the determination of these indicators in
males). Statistical processing of the results of the
study was carried out using the software package
Statistica 10.0. The range of variations of the stud-
ied indicators, their medians, averages and errors
of averages, as well as the coefficient of variation
(CV) were determined. The Student's t-test (with
a normal distribution of indicator values) and the
nonparametric Mann-Whitney test were used to eval-
uate statistical differences in the variation series.

STUDY RESULTS

As a result of a comparative analysis of the stud-
ied hematological parameters, weight characteristics
of the immune system and adrenal glands, as well as
the ratio of thymus and adrenal mass in animals of
both sexes, the peculiarities of the nature and severi-
ty of sexual differences, as well as several interlinear
differences in the value of individual indicators in
mice of the same sex were revealed. Table 1 shows
the indicators that had sex differences in the animals
of the studied lines.

Earlier we've discussed sex differences in cytolog-
ical and biochemical blood parameters and weight
characteristics of the internal organs of the immune
system and adrenal glands of intact Balb/c mice [20]
(Table 1). In these animals, with close values of he-
moglobin levels in the blood, there were sex differ-
ences in the number of red blood cells and their sat-
uration with hemoglobin. At the level of the weight
characteristics of the studied organs, the differences
between female mice and male mice of this line con-
sisted in a slightly more active proliferation in the
thymus (revealed by the weight of the organ, taking
into account the slightly larger age of female mice
than males), noticeably larger adrenal glands (which
was a well-known constitutional feature of female
mice of the Balb/c line) [1] and the spleen (Table 1).
These differences, along with the distinctive features
of blood biochemical parameters and a noticeably
higher percentage of lymphocytes, allowed us to
make an assumption about a more pronounced ac-
tivation of the T-cell link of immunity and a higher
adaptive status of females, the development of AR
increased activation in them. As is known, it is this

AR that is distinguished by the most noticeable in-
crease in the activity of regulatory systems and the
level of nonspecific resistance of the body [18]. At
the same time, the combination of signs observed
in male mice could indicate the development of AR
training and quiet activation [2; 18] and a relative-
ly higher activity of the B-cell link and neutrophils
compared to that observed in females (a shift of
the albumin-globulin index towards globulins, higher
than in females, the activity of alkaline phosphatase,
capable of influencing the state of B-lymphocytes
and neutrophils) [21; 22].

As can be seen from Table 1, in mice of the
C57BI/6 line, similar to that noted for animals of
the Balb/c line, there were sexual differences in the
weight coefficient of the spleen and adrenal glands,
as well as in the saturation of erythrocytes with he-
moglobin. The relative weight of the spleen of female
mice of both lines was at least 1.5 times higher than
this indicator in males, while the differences in the
other two indicators had the opposite direction. Thus,
females of the Balb/c line differed from males by
larger adrenal glands (a well-known constitutional
feature of these animals) [1] and a lower average
hemoglobin level in the erythrocyte. In contrast, in
female mice of the C57BI/6 line, the relative weight
of the adrenal glands was lower, and the saturation
of erythrocytes with hemoglobin was slightly higher
than in males (Table 1).

In addition, male mice of the C57BI/6 line differed
from females with a higher platelet count and larger
adrenal glands. At the same time, the weight coeffi-
cients of the thymus and the ratio of the mass of the
thymus and adrenal glands of females significant-
ly exceeded these indicators in males (1.9 and 2.8
times, respectively), while the percentage of lympho-
cytes in both cases corresponded to the maximum
values of the reference interval for this line and had
no sex differences (Table 1). Thus, in animals of the
C57BI/6 line, the dominance of females over males
in terms of thymus weight characteristics was ex-
pressed more clearly than in mice of the Balb/c line,
which could reflect a higher level of lymphoprolifer-
ative activity in the thymus of females.

Table 2 shows the indicators that differ in male
mice of the studied lines. Males of C57BI/6 were
superior to same-sex mice of the Balb/c lineage
in terms of adrenal gland weight, leukocyte level
and percentage of lymphocytes in the blood. The
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Table 1. Blood counts and weight characteristics of internal organs that differ in mice of the C57BI/6 and Balb/c line of

different sexes. (X, m, Me [X . —X__],CV %)
Parameter Male Female
35257 56.2+7.7"p=0.064
. 32[23-59] 58 [41-79]
Thymus weight 3259 273 %
n=9 n=9
144+2.4 27.6+3.4*p=0.016
Thymus weight coefficient 13.1[9.6-19.6] 27.3[20-38.5]* p < 0.01
33% 249 %
18.1+1.1 10.5+0.7*p = 0.00006
Adrenal glands weight 17 [16-21] 11[8.5-12]* p < 0.01
12.4% 12.6 %
7.5+0.8 5.2+0.2*p < 0.001
Adrenal glands weight coefficient 6.9 [5.9-9.5] 5[4.6-5.8]* p<0.01
21.0% 8.8 %
81.6+4.0 102.4+7.1*p =0.038
C578BI/6 Spleen weight 80 [71-91] 99 [88—126* p < 0.05
9.8 % 14.3 %
33.4+22 51.3+6.4*p=0.03
Spleen weight coefficient 32.3[27.8-38.3] 46.8 [42.9-74.11* p < 0.01
129 % 25.1%
19+04 5.4 £ 0.55* p < 0.001
Thymus mass/adrenals mass 1.6[1-3.1] 5.1[4.8-7.2]* p < 0.01
42.8 % 20.6 %
17 +0.3 18.6 £ 0.4*p =0.015
Mean Corpuscular Hemoglobin (pg) 16.8[16.6—17.9] 18.5[17.3-19.7]* p = 0.01
32% 4.7 %
994 +18.5 735+77.5*p=0.014
Platelets’ count. (10°/n) 1006 [943-1030] 755 [515-905]* p < 0.01
3.7% 211 %
28.4+53 41+57"p=0.098
. 30 [13-42] 43 [24-68]
Thymus weight 373% 35.7 9%
n=10 n=10
10.1+1.6 13.3+2.1
Thymus weight coefficient 9.1[5.8-14.2] 13.2[8.5-24.7]
32.8% 41.7 %
142+1.7 28.9 £ 1.9*p = 0.00003
Adrenal glands weight 15[10-19] 28 [21-32]* p < 0.01
241 % 18.4 %
5.1+0.23 9.0 £ 0.6* p = 0.00003
Adrenal glands weight coefficient 5.1[4.4-5.9] 8.3[7.6-11.8]* p<0.01
13.5% 16.8 %
84.2+14 156 + 5.0* p = 0.0002
Spleen weight 94 [39.4 - 130] 154 [131-179]* p < 0.01
Balb/c 50.0 % 9.5%

29.4+4.0 48.8 + 1.9* p = 0.00003
Spleen weight coefficient 36.9[14.3-39.3] 49.7 [39.7-54.2]* p < 0.01

40.8 % 10.3 %

5.57+0.42 6.9 £ 0.42* p = 0.042
Erythrocyte count (10°/n) 5.8[3.9-6.4] 7.3[3.8-8.2]*p < 0.01

22.6 % 18.4 %

21.8+0.8 19.5+0.7*p =0.048

Mean Corpuscular Hemoglobin (pg)

21.4[19.9-25.2]
11.0 %

18.8 [17.5-25.5]* p < 0.01
11.2%

Lymphocytes, %

69.6 +4.0
71.4[49.4-84.7]
17.2%

83.6 £ 1.33* p = 0.0050
84.2[77.4-87.7]* p < 0.01
5.0%

Monocytes, %

13.3+1.7
12.9 [6.5-20.5]
38.3%

7.24 £ 0.50% p = 0.0041
7.0 [5.4-10.2]* p < 0.01
20.6 %

Note: * - it is statistically significantly different from the indicators in male mice; ™ - is the difference from the indicator in male mice at the
tendency-like levels (p < 0.1).
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hemoglobin content in the red blood cells of males
C57BI/6 was less significant compared to Balb/c
males and was compensated by a higher number
of red blood cells in the blood of these animals,
which caused a tendency to a higher hemoglobin
level in these animals compared to Balb/c males
(Table 2).

Attention was drawn to the lower variability of
a number of indicators in males of the C57BI/6 line
compared with Balb/c mice of the same sex. Thus,
all three characteristics of the erythrocyte blood
germ and the relative content of lymphocytes in
males C57BI/6 had CV values below 10 %. At the
same time, the percentage of lymphocytes in these
animals, similar to that noted earlier for Balb/c fe-
males [20], was practically constant (CV % = 2.2 %,
Table. 2), was in the range of the maximum values of
this indicator in animals of the considered line [10]
(Table. 2) and could indicate the development of AR
increased activation in these males [18].

Data on the interline differences in the indicators
of female mice of the studied lines are presented
in Table 3. It should be noted that in females these
differences were expressed to a greater extent than
in males. Thus, female C57BI/6 mice were distin-
guished by a significantly larger thymus and signifi-
cantly smaller adrenal glands than Balb/c females.
As a result, the ratio of thymus and adrenal gland
mass in C57BI/6 females was 3.4 times higher than
this indicator in Balb/c female mice (Table 3).

In addition, in C57BI/6 females, significantly high-
er values were also noted for such indicators as the
level of leukocytes in the blood, as well as the activity
of the enzymes alanine aminotransferase (ALT) and
alkaline phosphatase (1.4 and 2.7 times, respec-
tively). At the same time, the indicator of amylase
activity in the blood of these animals was almost 2
times lower than in female mice of the Balb/c line
(Table 3). The interlinear differences in the activity
of amylase and ALT could indicate the distinctive

Table 2. The studied indicators differ in male mice of the lines C57Black/6 and Balb/c. (X, +m, Me [X_, —X__1,CV %)
Parameters Balb/c,n =10 C57BIl/6,n=9
5.1+0.34 7.5+0.8*p =0.0280
Adrenal glands weight coefficient 5.1[4.4-5.9] 6.9 [5.9-9.5]* p < 0.01
13.4 % 21.0%
119.7+6.8 135.2+3.3Tp<0.07
Blood hemoglobin levels (g/L) 120 [89-138] 136 [128-143]
13.9% 49 %
5.57+0.42 79+0.3*p=0.0014
Erythrocyte count (10°/L) 5.8[3.9-6.4] 8.2 [7.2-8.5]* p < 0.01
18.4 % 6.9 %
21.8+0.8 17 £0.3* p = 0.00033

Mean corpuscular hemoglobin (pg)

21.4[19.9-25.2]
8.6 %

16.8[16.6-17.9]* p < 0.01
32%

48+0.5 10.7 £ 1.0* p = 0.0005
Leukocyte count (10°/L) 5.3[3-6] 10.8[8.2-12.2]* p < 0.01

27.6 % 18.5%

69.6 +4.8 85.8 £ 1.0* p = 0.0092

Relative lymphocyte count, %

71.4[49.4-84.7]
17 %

86.3 [83-87.8]* p < 0.01
22%

Relative monocyte count, %

13.3+2.02 6.5+ 0.4* p =0.0092
12.9 [6.5-20.5] 6.2[5.8-7.6]* p < 0.01
37.3% 12.5%

Note: * — statistically significantly differs from the indicators in male mice of the Balb/c line; T — differs from the indicators in male mice of the

Balb/c line at the trend level, p < 0.1.
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features of metabolism in Balb/c and C57BI/6 mice —
a higher level of carbohydrate metabolism in female
Balb/c mice and a shift towards protein metabolism
in C57BI/6 animals.

In female mice of the studied lines, stable (CV 3.1
and 5.0 %, respectively, in animals of the C57BI/6
and Balb/c lines) values close to the maximum and
almost identical values of the percentage of lym-
phocytes in the blood (84.0 and 83.6 %, respectively)
were observed, which could indicate the develop-
ment of AR in these animals increased activation [2;
18]. At the same time, as in the case of comparing
males of different lines, attention was drawn, in gen-
eral, to the lower variability of indicators in animals
of the C57BI/6 line (Table 3). Thus, in the females
of this line, the CV values of adaptive status indica-
tors did not exceed 25 %, whereas in the same—sex
mice of the Balb/c line with them, 3 of the 7 indica-
tors presented in Table 3 differed in high variability
(CV 41.7-56 %).

DISCUSSION

As it is known, the adaptive status of humans and
animals can be assessed by determining the nature
and intensity of AR, which have an integral character
and reflect the state of the regulatory systems of the
body [2; 17; 18]. The percentage of lymphocytes in
the blood, the weight coefficients of the organs of
the immune and endocrine systems, the ratio of the
masses of the thymus and adrenal glands allowed us
to give an approximate assessment of the adaptive
status of the animals of the studied lines. The maxi-
mum for this line and stable values of the percentage
of lymphocytes in C57BI/6 mice (CV 2.2 and 3.1 %,
respectively, in males and females) indicated the
development of AR increased activation in animals
of both sexes. At the same time, a significantly larger
thymus in females and at the same time noticeably
smaller adrenal glands compared to these indicators
in males could indicate a higher level of reactivity

Table 3. The studied indicators, differing in female mice C57BI/6 and Balb/c. (X_, + m, Me [Xrnin = Xmax], CV %)
Parameters Balb/c,n =10 C57BI/6,n =9

13.3+2.1 27.6 £3.4*p=0.016
Thymus Weight Coeficient 13.2[8.5-24.7] 27.3[20-38.5]* p < 0.01

41.7 % 249 %

9.0+0.6 5.2+0.2*p =0.001
Adrenals Weight Coeficient 8.3[7.6-11.8] 5.0 [4.6-5.8]* p < 0.01

18 % 8.8%

1.6+0.3 5.4 +0.55* p = 0.000016
Thymus Weight / Adrenals Weight 1.6 [0.6-3.2] 5.1[4.8-7.2]* p < 0.01

56 % 20.6 %

3.8+0.54 10.3+1.1* p =0.000071
Leukocyte count (10°/L) 3.35[1.8-7] 10.5[7.6-13]* p < 0.01

42.6 % 22.4 %

53.44 +2.63 104 £ 11* p = 0.00095
Alkaline phosphatase 55[47 - 61] 100 [83-123]* p < 0.01

13.9% 212 %

31.8+2.3 46.4 + 3.8*p = 0.0072
ALT 32[21 - 44] 49 [38-56]* p < 0.01

20.6 % 16.6 %

1124 +72 586 + 33* p = 0.00003
Amilase 1098 [875-1502] 606 [495-662]* p < 0.01

19 %

11 %

Note: * — statistically and significantly differs from the indicators in male mice.
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compared to males, at which AR increased activation
developed in females of the C57BI/6 line [2; 18]. As
is known, the concept of the level of AR reactivity
is associated with the previously identified periodic
pattern of the development of these reactions, which
consists in the dependence of the nature and inten-
sity of AR on the absolute and relative magnitude
of the effect causing them [18]. It has been shown
that as the intensity of the active factor increases
or decreases, the AR tetrads (AR of training — AR of
calm activation — AR of increased activation — AR
stress) naturally repeat. At the same time, the same-
named ARS of different levels of reactivity caused
by effects of different intensity, along with similar
features (percentage of lymphocytes, ratio of effects
of gluco- and mineralcoticoid hormones, etc.), have
differences in the severity of signs of tension in the
functioning of the regulatory systems of the body. At
the same time, the most physiological antistress AR,
which most contribute to the activation of systemic
mechanisms of nonspecific resistance, develop in
response to low-intensity effects of various nature,
that is, at high levels of reactivity of the body.

The lower levels of reactivity at which AR in-
creased activation developed in males of the C57BI/6
line, compared with the reactivity levels of the same
AR in females, could be due to the psychosomatic
state formed in males upon reaching puberty and
causing their aggressive behavior. As is known, this
behavior is accompanied by activation of ergotropic
processes, an increase in the level of catecholamines
and testosterone in blood and tissues, as well as
a more significant level of cellular energy [23; 24].

As previously described, Balb/c mice showed sex
differences in the percentage of lymphocytes and
some other indicators [20]. Based on the totality of
these changes, it was possible to judge the sexual
differences in the adaptive status associated with
the nature of AR - the development of AR increased
activation in females and the development of AR
training and quiet activation, including signs of ten-
sion of these AR — in males. As already mentioned
earlier, such differences in the nature of AR in ani-
mals of different sexes could be due to the depen-
dence of the psychosomatic state of males on their
social status in the group, and could also reflect the
presence of any other constitutional features asso-
ciated with the reduced stress resistance of males
of the Balb/c line compared to females [1; 5; 25].

A characteristic feature of the animals of both
studied lines was a very significant excess of the
weight coefficient of the spleen of females of a sim-
ilar indicator in males. Unfortunately, we were un-
able to find a detailed explanation of this sexual
difference in the literature, except for information
about the more significant functional activity of the
spleen of female Balb/c lines than in males [10; 26].
Another common feature of the animals of the stud-
ied lines was the presence of signs indicating more
pronounced lymphoproliferative activity in the thy-
mus of females compared to what was observed in
males. These results are consistent with the ideas
available in the literature about the different ratio of
the activity of T- and B-cell processes in animals of
different sexes — a shift in the ratio towards T-cell
mechanisms in females and a shift in the ratio to-
wards B-cell processes in males [5; 27; 28].

The results of comparing the studied indicators
in same-sex animals of the C57BI/6 and Balb/c lines
indicated a greater severity of interline differences in
females compared to males. In addition to constitu-
tional differences in the total content of leukocytes,
the males of the studied lines had features in the per-
centage of mononuclears (lymphocytes and mono-
cytes) in the blood, as well as in the characteristics
of the red blood germ. In our opinion, these features
could reflect a higher adaptive status of animals of
the C57BI/6 line, which are known to be more stress-
resistant compared to mice of the Balb/c line [1; 13;
14]. At the same time, the lower variability of indi-
cators in male mice of the C57BI/6 line could be
due to the fact that all these animals developed AR
increased activation, whereas in males of the Balb/c
line the spectrum of antistress AR was wider.

The interlinear differences revealed in females
also indicated a higher adaptive status of animals
of the C57BI/6 line. At the same time, the maximum
values of the percentage of lymphocytes in the
blood of females of both lines in combination with
the dominance of mice of the C57BI/6 line over ani-
mals of the Balb/c line in the weight characteristics
of the thymus and the ratio of thymus and adrenal
masses indicated that It was found that in females
of the C57BI/6 line, the development of AR increased
activation occurred in the range of higher levels of
reactivity of the organism than in Balb/c females.
Moderate and low variability of indicators in mice
of the C57BI/6 line could reflect a high degree of

51



South Russian Journal of Cancer. 2023. Vol. 4, No. 4. P. 44-56

Zhukova G. V.=, Frantsiyants E. M., Shikhlyarova A. I., Kaplieva I. V., Trepitaki L. K., Kachesova P. S., Galina A. V., Ushakova N. D., Shalashnaya E. V., Ishonina 0. G. /
Features of blood parameters and adaptational status of Balb/c and C57BI/6 mice lines in the absence of special influences

coincidence of the reactivity levels of these animals
within the range, whereas high variability of indica-
tors in females of the Balb/c line could, on the con-
trary, indicate noticeable differences in the reactivity
levels at which AR increased activation developed in
female mice of this line. It is likely that differences in
the ranges of AR reactivity levels of females C57BI/6
and Balb/c could to some extent affect the stress
resistance of animals of the studied lines.

The lower variability of adaptive status indicators
in mice of both sexes of the C57BI/6 line compared
to the variability of these indicators in animals of the
Balb/c line could reflect the presence of more stable
regulatory relationships in mice of the C57Bl line/6.
According to the nonlinear dynamics of complex
open (dissipative) systems, which include biological
systems, such stable states are characterized by
optimization of regulatory and metabolic process-
es, which ensures an energy-efficient mode of their
functioning [29; 30].

The results of a comparative analysis of the bio-
chemical parameters of the blood of female mice
of the C57BI/6 and Balb/c lines are of interest. They
point to the peculiarities of the metabolism of the
studied animals, which may be important for the
reaction of mice of different lines to antitumor ther-
apy. Thus, the interlinear differences in the activity
of ALT and amylase could reflect the peculiarities
of the ratio of carbohydrate and protein metabolism
in animals belonging to different lines. It is known
that carbohydrate metabolism differs the fastest.
At the same time, the brain, characterized by a high
intensity of energy metabolism and depleted of glu-
cose and glycogen reserves compared to other tis-
sues, consumes at least 50 % of free glucose from
arterial blood [31]. In this regard, the shift towards
carbohydrate metabolism in Balb/c mice obviously
contributes to achieving a high level of brain energy
metabolism and the realization of such a well-known
feature of Balb/c mice as good learning ability [1].

Higher ALT activity than in animals of the Balb/c
line in female mice of the C57BI/6 line with a mark-
edly reduced level of amylase activity indicated
a shift in the metabolism of these animals towards
protein metabolism. Thus, in mice of the C57BI/6
line, a decrease in the provision of the brain with
energy substrates was observed with an increase in
the plastic resources of the body compared to what
was observed in female mice of the Balb/c line. At
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the same time, a decrease in the overall body's need
for "fast" energy obtained as a result of carbohydrate
metabolism could be associated with the establish-
ment of stable energy-efficient regulation regimes,
which were mentioned above. This assumption is
consistent with the known information about the
relatively low energy metabolism and poor learning
ability of mice of the C57BI/6 line [32], characterized
by more intense motor activity and more active be-
havior than mice of the Balb/c line [11; 33], as well
as the relatively low variability of adaptation status
indicators noted above. At the same time, the dom-
inance of C57BI/6 females over Balb/c mice in the
activity of alkaline phosphatase and ALT, along with
a higher level of lymphoproliferative processes in the
thymus in these animals, could indicate an increase
in the activity of all parts of the immune system
(both T cells and B cells and neutrophils) [21; 22],
and be important for the higher stress resistance of
these animals compared to the stress resistance of
Balb/c mice [1; 13; 14].

The revealed features of systemic regulation
can have a noticeable effect on the mechanisms of
nonspecific antitumor resistance and the effective-
ness of antitumor treatment. Thus, the nature and
intensity of the most stable ARs for a particular or-
ganism, the level of reactivity at which they develop,
can significantly determine the functional state of
the centers of autonomic regulation and peripheral
links of the neuroendocrine and immune systems,
modulating the state of tissues. In turn, the ratio of
sympathetic and parasympathetic influences in tis-
sue loci, the combination and activity of biochemical
factors of the neuroendocrine and immune systems,
metabolic products can contribute or, conversely, hin-
der the development of a malignant process [34; 35].

The peculiarities of metabolism may be import-
ant in connection with the important role of energy
homeostasis of malignant cells and surrounding
tissues in oncogenesis and the realization of the
effects of therapy. In this regard, in recent years, at-
tention has been increasing to the issue of metabolic
concomitant therapy of oncological diseases [36;
37]. It has been shown that the metabolic back-
ground, the presence and type of energy substrates
can be essential for the effectiveness of antitumor
chemotherapy [38; 39]. At the same time, the means
of metabolic therapy used in a number of severe
chronic diseases can have an inhibitory effect on the
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malignant process. In particular, a number of stud-
ies indicate the oncoprotective effect of metformin,
which is a first-line drug for the treatment of type 2
diabetes [39; 40].

CONCLUSION

As a result of the study of intact mice of the
C57BI/6 and Balb/c lines of both sexes, along with
sexual differences of a similar nature (the domi-
nance of female mice over males in terms of weight
characteristics of the thymus and spleen, the devel-
opment of the most favorable antistress AR and the
number of indicators with low variability), a number
of interlinear features of the adaptive status and bio-
chemical blood indicators. The interlinear features
of the adaptive status indicated that in mice of the
C57Bl/6 line, animals of different sexes had a similar
character of AR (AR increased activation), which,
however, developed at different levels of reactivity,
whereas in mice of the Balb/c line, animals of differ-
ent sexes differed in the nature of the prevailing an-
tistress AR (in females — AR increased activation, in

males, obviously — AR quiet activation and training).
At the same time, in general, the revealed interlinear
differences indicated a more favorable state of reg-
ulatory systems in mice of the C57BI/6 line, which
complements the known information about the high-
er stress resistance of these animals compared to
mice of the Balb/c line. The interlinear features of the
studied biochemical parameters of blood testified to
the difference between female mice of the C57BI/6
line and female mice of the Balb/c line in the ratio
of carbohydrate and protein metabolism. The data
obtained indicate a more active carbohydrate me-
tabolism in Balb/c mice and a more intensive protein
metabolism in C57BI/6 mice.

The results of the analysis allow us to assume
about some mechanisms that contribute to or hin-
der the stress resistance and learning ability of the
studied animals. The revealed interlinear differences
allow us to determine the directions for further study
of the regulatory and metabolic characteristics of lin-
ear mice, which must be considered when choosing
adequate experimental models for the development
of effective methods of complex antitumor treatment.
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ABSTRACT

Low anterior resection syndrome is a common problem due to the increased incidence of rectal cancer and the high incidence
of anorectal dysfunction during sphincter-preserving surgical interventions. The influence of functional disorders on the quality
of life of patients and changes in social adaptation makes it possible to attribute the syndrome of low anterior resection to
topical and discussed issues.

Purpose of the study: to consider the features of the development of anorectal dysfunction in patients with rectal cancer by
studying risk factors and pathogenetic aspects of the development of low anterior resection syndrome, as well as to evaluate
the role of objective studies in assessing the syndrome according to published literature.

The etiology of low anterior resection syndrome is multifactorial. Unmodified and modified predictors are distinguished among
the risk factors. Unmodified factors include female gender and age over 65 years. Among the modifiable predictors, radiation
therapy, surgical intervention, the type of formed colorectal anastomosis and the development of its insolvency, as well as
the elimination of intestinal stoma have a negative effect on anorectal function. Nevertheless, the greatest role in its develop-
ment is played by organ-preserving surgery with total mesorecumectomy, radiation therapy and the formation of a preventive
ileostomy. The complexity of the pathophysiological mechanism of the syndrome necessitates a detailed study of anorectal
function and changes in its parameters in patients during treatment for rectal cancer. Functional disorders in low anterior
resection syndrome vary in severity. In the study of the severity of clinical manifestations of the syndrome, the use of the LARS
scale is important, and in the development of anal incontinence, the use of the Wexner scale is important. However, the most
accurate assessment can be carried out by objective research methods, such as high-resolution anorectal manometry. This
research method allows to control the function of the rectal obturator apparatus at different stages of combined treatment
and unwraps the possibility of searching for new predictors of low anterior resection syndrome.

Keywords: colorectal cancer, low anterior rectal resection syndrome, high-resolution anorectal manometry
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3.1.6. OHKonorus, nyyesas Tepanus

0b30P

CHHPOM HIU3KOW NEPEAHENA PE3EKLIMM M METO/1bI ETO OLIEHKM (OB30P JIUTEPATYPbI)

0. K. bonpapenko™, 10. A. leBopksH, H. B. Congatkuna, M. A. l'ycapesa, H. I. Koweneea,
A. A. Connuesa, M. H. flypuukuii, 1. A. CaByeHko

HMWL| oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas Gegepauus
B4 bondarenkoo.olga@yandex.ru

PE3IOME

CVHAPOM HU3KOW NepefHei pe3eKkLnmn BSETCA pacnpoCTPaHEHHONW NPO61eMON B CBA3M C NOBbILLEHHON 3a601eBaeMOCTbiO
pakoM MPSIMON KMLLKMN U BbICOKOW YacTOTOM pa3BUTUSI aHOPEKTaNbHOM ANCHYHKLMM NpU CHUHKTEPOCOXPAHSIHOLLMX onepa-
TUBHbIX BMeLLaTeNnbCcTBax. BnusHne gpyHKUMOHaNbHbIX PaCCTPOMCTB Ha KaYeCTBO XW3HM NaLMEHTOB U USMEHEHUE COLM-
anbHOM aganTalum No3BOJISIET OTHECTU CUHAPOM HU3KOW NepefHei pe3eKLUnm K akTyanbHbIM U 06CYyXAaeMbIM BOMpocaM.
Llenb uccnefoBaHus: paccCMOTPeTb 0CO6EHHOCTU Pa3BUTUS aHOPeKTaNIbHOM AUCHYHKLMMN Yy 60NbHbBIX PAKOM MPSMON KULLKU
nyTeM U3yyeHusi GaKkToOpoOB PUCKa M NaTOreHETUYECKMNX acreKTOB Pa3BUTUS CUHAPOMA HU3KOW NepefHen pesekLuu, a Takxke
OLeHWUTb POJib O6bEKTUBHbIX UCCNELOBAHMUI B OLIEHKE CUHAPOMA MO AaHHbIM ONy6/IMKOBAHHOW NUTEPATYpbI.

3T1oNorns CUHAPOMa HU3KOW NepefHen pe3ekunm MHorodakTopHa. Cpeau hakTopoB pucka BblAeNstoT HemogubuLmpo-
BaHHble U MoANdULMPOBaHHbIE NpeankTopbl. K HeMoanduumpyembiM hakTopaM OTHOCSIT YXEHCKUIA MO M BO3pacT cTapLue
65 net. Cpeay MogmbuLmMpyeMbix NPeANKTOPOB OTpULLaTeNIbHOE B/IMSIHUE HA aHOPEKTasIbHYHO (YHKLMIO OKa3blBaeT NpoBe-
[LeHVe Ny4yeBOi Tepanuu, onepaTMBHOIrO BMELLATENIbCTBA, TUM CPOPMUPOBAHHOTO KOJIOPEKTaNIbHOO aHacTOMO3a 1 pa3BuTHe
€ro HeCOCTOATENbHOCTH, @ TakXKe BblBeJleHNe KULLEYHON CTOMbI. TeM He MeHee HanbGosbLUYHO POfb B €ro PasBUTUN UrpatoT
OpraHoCOXpaHsitoLLee onepaTMBHOe BMeELLATENbCTBO C TOTallbHON ME30PEKYMIKTOMMEN, MPOBEeAEHNE NTy4eBON Tepanuu
1 hopMUpoBaHMe NPEBEHTUBHOW MEOCTOMBbI. CIIOXHOCTb NaTO(hU3N0NOMMYECKOro MexaHu3mMa cCuHApoMa o6ycnoBnMBaeT
HEO6X0AMMOCTb AEeTaNbHOIO U3Yy4YeHUs aHOPEKTaNbHOM QYHKLMM U UBMEHEHUS ee NapaMETPOB y NaLMUEHTOB B npoLecce
NleyeHus1 Mo NOBOAY paka NpsMOoN KuLkK. GyHKUMOHaNbHbIE pacCTPOMUCTBA NPU CUHAPOME HU3KOW NepefHen pesekuum
BapbMPYIOTCA MO CTEMEHU TAXKECTU. B n3yyeHMn BbIpaK€HHOCTU KIIMHUYECKUX NMPOSIBIEHUI CUHAPOMA UMEET 3HayYeHne
ncnonb3oBaHue Wwkanbl LARS, a npy pasBuTm aHanbHON MHKOHTUHEHLMW — NpUMeHeHMe Wwkanbl Wexner. OHaKo Hanbonee
TOYHYHO OLIEHKY MO3BOJISIKOT OCYLLECTBUTb O6bEKTUBHbIE METOABI UCCNE0BaHMS, TaKNe Kak aHOpeKTanbHas MaHOMETpUst
BbICOKOr0 paspeLueHusi. [laHHbli MeTOZ UCCiefoBaHMs NMO3BOJISIET KOHTPONMPOBaTh QYHKLUUIO 3anmpaTesibHOro annapara
NPSIMOI KULLKW Ha pa3HbiX 3Tanax KOMGUHUPOBAHHOMO IEYEHNS U OTKPbIBAeT BO3MOXHOCTM NMOUCKa HOBbIX MPEAVKTOPOB
CUHAPOMA HU3KOW NepefHen pe3ekLunu.

KnioueBble cnosa: K0ﬂ0peKTaJ’IbeIﬁ pakK, cnHopomM HU3KOM nepe,qul?l pesekunn I'Ip;lMOI;I KULWLKW, aHOpeKTasibHad MaHo-
METPUA BbICOKOIo paspelleHna
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INTRODUCTION

CMHAPOM HU3KOW NepefHeil pesekLmMmn U METOAbI €ro oLieHKM (0630p NUTepaTypb)

RESULTS

The functional consequences associated with the
formation of a low colorectal anal anastomosis have an
adverse effect on the quality of life of patients who un-
derwent this intervention [1; 2]. The change in anorectal
function can manifest itself in the form of an increase
in imperative urges to defecate and stool frequency
(up to 6 times a day or more), sensitivity disorders and
associated evacuation disorders, feelings of incom-
plete emptying, the development of anal incontinence.
The described symptom complex is called low anterior
resection syndrome (LARS) [3; 4]. Manifestations of
this syndrome are observed in 41-90 % of patients
after low anterior resection [5-8]. The wide variability
in the prevalence of LARS in different studies reflects
inconsistencies in its assessment and diagnosis [5].

The problem of anorectal dysfunction remains
relevant at the present time, since LARS affects the
quality of life of patients and changes social adapta-
tion. The study of risk factors for possible functional
disorders can help in predicting LARS, improving
methods of its prevention and correction.

The purpose of the study: to consider the fea-
tures of the development of anorectal dysfunction in
patients with rectal cancer by studying risk factors
and pathogenetic aspects of low anterior resection
syndrome, as well as to evaluate the role of objec-
tive studies in assessing this syndrome according
to published literature.

MATERIALS AND METHODS

A systematic search of literary sources in data-
bases was carried out elibrary.ru, PubMed using key-

words: "low anterior resection syndrome", "anorectal
dysfunction", "rectal cancer”, "total mesorectumecto-
my", "LARS score". The papers devoted to the study of
risk factors for the development of LARS and research
methods that allow assessing the severity of anorec-
tal dysfunction in patients undergoing combined treat-
ment for rectal cancer were considered. Publications
devoted to the occurrence of LARS in other nosologies
were excluded. The selected articles have been pub-
lished over the past 5 years in Russian and English.

An initial search revealed 105 articles. At the next
stage of the search, literature reviews and non-orig-
inal articles were excluded, as a result of which 38
original studies were analyzed.

The incidence of LARS in patients treated for rectal
cancer varies widely, and the manifestations of ano-
rectal dysfunction are diverse and variable [1; 5-8]. In
most modern studies, LARS is observed on average in
64.8 % of cases, while more than half of patients de-
velop a pronounced clinical picture [8]. In a study by
Bao-Jia Luo et al. (2021), 27 % of patients had a stool
frequency of more than 5 times a day, and 30 % of pa-
tients had imperative urges associated with a change
in the evacuation function of the sphincter appara-
tus [9]. At the same time, the duration of functional
disorders can be short-term and last for 6—12 months
or long-term with the preservation of symptoms for
more than 1 year [10; 11]. In Bryant C. L. et al. up to
71 % of the observed patients noted incontinence of
intestinal contents, and 12-74 % of patients reported
violations of evacuation [12]. There is also evidence
that a violation of rectal sensitivity, manifested in
a deterioration in the recognition of gases and intes-
tinal contents, is more common than incontinence,
and affects the quality of life of patients to a greater
extent [13].

From the point of view of normal physiology, the
functioning of the anorectal region is a delicate bal-
ance between the level of pressure in the rectum and
the tone of the anal sphincters. Defecation is carried
out with coordinated contraction of the pelvic floor
and anterior abdominal wall muscles and relaxation
of the external anal sphincter and puborectal muscle
in response to increased rectal pressure [3; 8; 14]
Somatic innervation of the external sphincter and
puborectal muscle is carried out by sexual nerves,
and pelvic floor muscles — by motor and sensory
nerves of segments S3-5. Vegetative innervation of
the rectum and the internal anal sphincter is provided
by the lower submandibular and pelvic plexuses. The
nerves run anterolateral to the rectum between the
posterolateral border of the prostate gland or vagina
and the lower medial part of the muscle that raises
the anus, reaching the anorectal junction [15].

One of the main components of the evacuation
function is the rectoanal inhibitory reflex (RAIR), co-
ordinated by neuroregulation of intramural plexus-
es [16]. The reflex participates in the recognition and
retention of intestinal contents due to changes in the
rectoanal pressure gradient [17]. Physiologically, the
mechanism is a reflex relaxation of the internal anal
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sphincter after stretching the walls of the rectum and
contraction of the external sphincter, which makes
it possible to contact the sensitive transition zone
with intestinal contents and differentiate its quality:
decorated or liquid stools, gases [16].

Pathophysiological mechanisms of LARS

Various physiological consequences of both surgi-
cal intervention and radiation therapy suggest that the
pathophysiology of LARS is multifactorial and includes
anatomical, sensory and functional changes. The
pathophysiological mechanisms of LARS include dys-
function of the internal anal sphincter, decreased sen-
sitivity of the anal canal, violation of RAR, decreased
capacity and elasticity of the rectal stump [3; 14].

According to published studies, low anterior re-
section leads to a change in the functioning of the
internal anal sphincter, responsible for maintaining
resting pressure and participating in the implementa-
tion of RAR. An increase in the relaxation coefficient
of the internal anal sphincter is recorded in 40 % of
cases of incontinence in the form of a decrease in
pressure in the anal canal [16]. Changes in this struc-
ture were studied by endosonographic examination,
while all 39 patients showed signs of damage after
surgical treatment, 7 patients persisted after 2 years
of follow-up [17].

Postoperative changes may affect not only the
function of the internal anal sphincter, but also the
sensory ability of the anal canal. The functioning
of the anorectal region is provided by information
from the mucous membrane distal to the anasto-
mosis and the side walls of the pelvis. Damage to
afferent innervation under the influence of radiation
therapy leads to an altered perception of the urge to
defecate [18]. Research by Tomita R. and co-authors
(2008) demonstrated a statistically significant de-
crease in the sensitivity of anal canal prescriptions in
patients with clinical manifestations of LARS. At the
same time, sensitivity correlates with the distance
between the level of colorectal anastomosis and the
edge of the anus with a tendency to greater disrup-
tion of gas and stool recognition at lower levels of
anastomosis [19]. In addition, in the work of Haas S.
and co-authors (2020), abnormal integration of ano-
rectal stimuli on encephalograms was recorded in
patients after combined treatment of rectal cancer,
which may also play a role in the pathogenesis of
LARS [20].
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A decrease in RAIR is an independent predictor of
deterioration of the functional state of the anorectal
region after surgery for rectal cancer. Observation
of patients at different stages of treatment made
it possible to note a decrease in RAIR in a quar-
ter of patients a year after low anterior resection.
Nevertheless, 85 % of the subjects had the reflex
present after 2 years, which is probably due to
the restoration of the innervation of the colorectal
anastomosis. Studying the RAIR and the maximum
threshold volume, Kupsch J. and co-authors (2018),
using anorectal manometry and balloon proctom-
etry, noted the most satisfactory functional results
in patients with a length of the remaining rectum
>4 cm [21].

The capacity of the neorectum also contributes
to the development of the LARS. According to some
studies, the large capacity of the neorectum was
associated with a significant decrease in the number
of bowel movements per day. However, chemoradio-
therapy and anterior resection reduce the capacity
and elasticity of the rectum, which in turn leads to
an increase in false urges [19].

Risk factors

According to the data of the reviewed publications,
a significant number of predictors that increase the
risk of developing LARS are currently being identi-
fied [8; 11; 14; 18; 22; 23]. After the literature review,
a number of modifiable and unmodifiable risk factors
were identified. Unmodified risk factors include fe-
male gender and age over 65. Among the modifiable
factors, first of all, radiation therapy and surgical
intervention have a negative effect on anorectal func-
tion. The type of formed colorectal anastomosis,
the development of its insolvency, the formation of
a preventive ileostomy, the patient's body mass index
of more than 30 kg/m? are also considered by some
authors as possible predictors [18; 24-29].

Low anterior rectal resection with total mesorec-
tumectomy leads to a change in reservoir function
and impaired evacuation of intestinal contents [3;
18]. In 2019, Keiji Koda et al. It has been shown that
damage to the internal anal sphincter as a result of
removal of most of the rectum can play a role in the
development of LARS [23]. Features of surgical in-
tervention in the form of dilation of the anal pulp can
affect both the external and internal sphincter with
a transient zone and a "hemorrhoidal pillow" [30].
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The location of the tumor and, accordingly, the
level of colorectal anastomosis after sphincter-
preserving surgical interventions was one of the
most frequent factors analyzed. The proportion of
patients suffering from this LARS increases as the
level of anastomosis approaches the anal sphincter.
Analysis of the height of the colorectal anastomosis
revealed that an anastomosis at a level up to 5-6.5
cm from the anal margin can be considered a risk
factor for the development of LARS [8; 13; 22].

The potential pathophysiological mechanisms of
LARS also include a violation of autonomic innerva-
tion due to the rupture of intrahepatic neuronal con-
nections between the rectal ampoule and the internal
sphincter, causing loss of RAR and impaired stool
differentiation. The removal of the rectal ampoule,
the loss of the reservoir and evacuation function of
the rectum, which in turn leads to accelerated tran-
sit of unformed intestinal contents, are considered
among the reasons for LARS [3; 31].

Combined treatment according to the results of
randomized trials is associated with a higher fre-
quency of defecation compared to performing only
total mesorectumectomy [10; 15; 32]. Despite the
current use of conformal radiation therapy aimed
at reducing the area of irradiation, its effect caus-
es ischemic and fibrous changes in blood vessels,
pelvic and musculoskeletal nerve plexuses, muscle
fibers of the sphincter apparatus [18; 32-34].

The formation of a preventive ileostomy and the
occurrence of diversionary colitis due to bacterial
recolonization of the colon are also considered by
some authors as possible factors for the develop-
ment of LARS [35]. Enteral deprivation of nutrients
associated with the formation of a preventive ileos-
tomy leads to a deficiency of nutrients. Among the
structural and functional changes, there may be atro-
phy of the muscles of the anal sphincter, atrophy of
the villi and inflammation of the mucous membrane,
leading to dysfunctional colitis. This factor has an
adverse effect on the metabolism and microflora of
the colon due to changes in the oxidation of butyrate
and increased formation of free radicals [36]. Post-
operative dysbiosis with a tendency to a significant
decrease in the diversity of the intestinal microbiota
correlates with increased stool frequency regardless
of the endoscopic activity of the inflammatory pro-
cess. According to some sources, increased defeca-
tion occurs when the composition of the microbiota

CMHAPOM HU3KOW NepefHeil pesekLmMmn U METOAbI €ro oLieHKM (0630p NUTepaTypb)

is unbalanced with a decrease in the relative number
of Bacteroidetes and an increase in Enterobacteri-
aceae [37].

Methods of assessment of LARS

The complexity of the pathophysiological mech-
anism of LARS necessitates a detailed study of
anorectal function and changes in its parameters
in patients during treatment for rectal cancer. To
study the severity of symptoms of anorectal dysfunc-
tion, the most used and proven method is the LARS
scale [38]. This questionnaire separately examines
the frequency of defecation, imperative urges, cases
of incontinence of gases and liquid stools. According
to the scale, the severity of functional disorders is
classified as the absence of LARS (0-20 points),
small LARS (21-29 points) and large LARS (30-42
points) [26].

Among the analyzed sources, some authors asso-
ciate the female sex with higher rates of LARS [18;
25]. Juul T. et al. (2019) demonstrated that in the
general population of Denmark, significant symp-
toms (= 30 points on the LARS scale) were observed
in women in the age group from 50 to 79 years com-
pared with men (p = 0.001). In this article, the age of
patients was not associated with impaired anorec-
tal function, however, the work of Sandberg S. et al.
(2020) showed that among the 334 studied within
2 years after the completion of treatment, elderly
patients had a more pronounced clinic of LARS [18].
In the study by Benli S et al. (2021), age (more or less
than 65 years) and gender did not affect the inci-
dence of LARS (p = 0.14, p = 0.69, respectively) [39].

In a study by Bohlok et al. (2020) conducted
among 43 patients with rectal cancer after com-
bined treatment, a body mass index of more than
30 kg/m? was a prognostic predictor of pronounced
LARS (p = 0.047) [26]. However, no statistical signif-
icance of the negative influence of this factor was
found in other analyzed sources [8; 39]. According
to the results of the paperwork of Nafedzova l. O.
(2021), there was also no effect on the occurrence
of pronounced LARS of such parameters as elder-
ly age (OR =0.99 (95 % Cl: 0.95-1.02), p = 0.44),
gender (OR = 1.04 (95 % CI: 0.74-1.47), p = 0.82)
and elevated index body weight (OR =0.99 (95 % Cl:
0.9-1.08),p = 0.8) [8].

The LARS scale was also used in the Trenti L. et
al. (2018) study conducted in Spain among 152 pa-
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tients to assess anorectal function within a year after
sphincter-preserving intervention for rectal cancer.
According to the data obtained by the authors, the
risk of developing pronounced clinical symptoms in
80 % of the subjects increased with a smaller anasto-
mosis distance from the anal margin (p < 0.05). Mul-
tivariate analysis revealed the statistical significance
of a low level of colorectal anastomosis (OR = 3.82
(95 % Cl: 1.46-12.01; p = 0.005) and neoadjuvant
radiation therapy (OR = 2.38 (95 % Cl: 0.98-5.96;
p = 0.048) as independent risk factors for LARS [13].

According to the analysis of the ROC curve of
a retrospective research study by Miacci FLC et al.
(2020), the threshold distance between the col-
orectal anastomosis and the anal margin, which
increases the risk of anorectal dysfunction, is 6.5
cm (p < 0.001). The study of anorectal function us-
ing the LARS scale made it possible to distinguish
among statistically significant predictors in addition
to the level of colorectal anastomosis (p < 0.001) The
same applies to radiation therapy (p = 0.0014) and
ileostomy formation (p = 0.0023) [22]. At the same
time, such studied parameters as gender, age, the
presence of bad habits, the type of formed anas-
tomosis did not have a significant impact on the
development of LARS.

In the work of Nafedzova I. 0. (2021), the relation-
ship between the level of colorectal anastomosis be-
low 5 cm from the outer edge of the anal canal was
also demonstrated by an increase in the frequency of
development of LARS by 2.6 times (OR =2.61 (95 %
Cl: 1.47-4.62), p = 0.001 [8].

In the work of Rasulov and co-authors (2021), the
degree of anorectal dysfunction after total mesorec-
tumectomy with various methods of reconstruction
of the rectum was assessed. According to the LARS
scale, the least pronounced manifestations of LARS
were noted in the group of patients with the forma-
tion of a J-shaped reservoir in comparison with end-
to-end and side-to-side anastomoses. The preserva-
tion of the functional advantage of the J-reservoir
design was also observed after 12 months in the
postoperative period [27]. However, in other studies
comparing anorectal function in patients with side-
to-end and end-to-end anastomosis, no statistical
significance was revealed (p > 0.05) [26; 28; 33].

There are also data on the effect of colorectal
anastomosis failure on postoperative functional re-
sults [3; 15; 35]. The work of Hain E et al. (2017)
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showed that the occurrence of anastomosis failure
is associated with pronounced clinical symptoms
of anorectal dysfunction on the LARS scale in 46
studied patients after laparoscopic low anterior re-
section (p = 0.02) [28]. The results of other studies
also demonstrate the statistical significance of anas-
tomosis failure in increasing the risk of developing
LARS (p < 0.001) [8; 29; 33].

The effect of radiation therapy on the functioning
of the anorectal zone has reached statistical signifi-
cance not only in the works of Trenti L. et al. (2018)
and Miacci FLC et al. (2020), but also in most of the
analyzed publications [11; 15; 22]. A study by Danish
scientists Hughes D. L. et al. (2017) showed that the
use of non-adjuvant radiation therapy in 85 patients
was associated with an almost 20-fold increase in
the risk of LARS (p < 0.01) [11]. In 18 % of cases, the
symptoms were insignificant, and in 56 % of cases,
signs of a large LARS were detected. The average
score on the LARS scale a year after the treatment
was 35.5, after 4 years — 27.9. However, the differ-
ence in these indicators did not reach significance
(p = 0.19), which demonstrates the continued nega-
tive effect of radiation therapy on anorectal function
in the long term.

According to the results of a study conducted by
van der Sande M. E. et al. (2019), the relationship
between the dose of radiation therapy and the se-
verity of anorectal dysfunction in patients with rectal
cancer was tracked (p < 0.01). 2 years after radiation
therapy, 11 patients had pronounced clinical symp-
toms of anorectal dysfunction (30-39 points on the
LARS scale), 10 patients had minor manifestations
of LARS (21-29 points) [40]. Based on the above,
surgical trauma is significant in the early postoper-
ative period, but the negative impact of surgery on
anorectal function is leveled in the long term, which
cannot be said about radiation therapy.

The use of combined treatment of rectal cancer
improves oncological results, however, patients in
the long term may be burdened with persistent symp-
toms of anorectal dysfunction. The manifestations of
LARS may decrease during the first 2 years, however,
in almost 60 % of patients, symptoms persist for
more than 24 months [41]. It is reliably known that
the quality of life correlates with the severity of this
syndrome [15].

Combined treatment according to the results of
randomized trials is associated with a higher fre-
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quency of defecation compared to performing only
total mesorectumectomy [9; 15; 26; 42]. In the work
of Sun W et al. (2019), within 40 months after com-
bined treatment, 119 (54.1 %) of 220 observed pa-
tients reported the occurrence of a large LARS. At
the same time, the group of patients without radia-
tion therapy showed fewer signs of functional disor-
ders compared to the group of patients undergoing
combined treatment (38.6 and 64.4 %, respective-
ly, p < 0.001). The effect of neoadjuvant irradiation
(OR =2.20 (95 % Cl: 1.24-3.91), p = 0.007) on ano-
rectal function was a statistically significant predic-
tor of the development of pronounced LARS [34].

A logistic regression analysis conducted in Luo B.
et al. (2021) showed that preoperative chemoradio-
therapy (p = 0.003) and the proximity of the lower
edge of the tumor to the dentate line (p = 0.015) are
independent risk factors for LARS [38].

Benli S. et al. (2021) analyzed the clinical manifes-
tations of anorectal dysfunction on the LARS scale in
276 patients after combined treatment of rectal can-
cer. The authors present a low level of anastomosis
(OR=42.40 (95% CI: 11.14-161.36), p < 0.0001) and
radiation therapy (OR = 2.51 (95 % CI: 1.38-4.57),
p = 0.003) as important predictors of the develop-
ment of LARS (OR =42.40 (95 % Cl: 11.14-161.36),
p < 0.0001). In addition to the above data, the study
made it possible to distinguish among statistically
significant predictors of anorectal dysfunction the
formation of a preventive ileostomy (OR = 12.83
(95 % CI: 6.58-25.0), p < 0.0001). At the same time,
the term of closure of the ileostomy (early less than
6 months and late more than 6 months did not affect
the incidence of LARS (p = 0.56) [39].

The LARS scale helped to demonstrate the nega-
tive effect of preventive ileostomy on postoperative
functional results of the rectal sphincter apparatus
and in other sources. Sun W et al. (2019) describe ile-
ostomy as an independent risk factor for pronounced
LARS (OR =2.59 (95 % Cl: 1.27-5.30), p = 0.009) [37].
In a study by Hughes D. L. et al. (2017), the presence
of ileostomy within 6 months after completion of
treatment was associated with a 3.7-fold increase in
the risk of LARS (p = 0.03) [42]. Formation of a pre-
ventive ileostomy in a meta-analysis conducted by
I. 0. Nafedzov. (2021), was associated with a three-
fold increase in the risk of severe functional prob-
lems after surgery (OR =3.32 (95 % Cl: 1.99-5.55),
p <0.00001) [8].
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Nuytens F. et al. (2018) evaluated the effect of
the time of performing reconstructive surgery on the
small intestine in 100 patients over 50 months. How-
ever, the study did not reveal a relationship between
the time of closure of the ileostomy and the severity
of symptoms of anorectal dysfunction (p = 0.38) [33].

The Wexner scale allows to expand the under-
standing of anorectal dysfunction when signs of in-
continence occur. This questionnaire evaluates the
severity of anal incontinence by studying the frequen-
cy of incontinence of gases, liquid or solid intestinal
contents. The score varies from 0 to 20 points.

In the study of A. A. Medvednikov and co-authors
(2020), the functional activity of the anorectal zone af-
ter low anterior rectal resection was evaluated in 100
patients [41]. During the year after surgical treatment,
when analyzing the degree of incontinence, | degree of
insufficiency was observed in 15 % of patients (up to
5 points on the Wexner scale), Il degree of insuffi-
ciency — in 33 % (6—10 points on the Wexner scale),
Il degree —in 52 % of cases (11-20 points on the
Wexner scale). After a year of sphincter-preserving
intervention, an improvement in anorectal function
was observed, and in 45 % of patients there were no
significant violations of the locking function (p < 0.01).

With respect to the type of anastomosis, the
Wexner scale demonstrates better anal reten-
tion 6 months after surgery with the formation of
a J-shaped reservoir compared with anastomoses
"end-to-end" and "side-to-side" (p = 0.01). However,
by 12 months, the clinical manifestations of anal
incontinence decreased and became the same be-
tween the groups under consideration (p > 0.05) [40].

Another incontinence scale, the use of which has
been found in literary sources, is the Vaizey scale,
consisting of 7 points, including incontinence of solid
and liquid stools, flatulence, the severity of lifestyle
changes, the need to wear pads, the use of antidiar-
rheal drugs. The score is built by summing up each
item (range from 0 to 24), where 0 indicates the ab-
sence of incontinence, and 24 indicates complete
incontinence of intestinal contents [21].

In the work of Trenti L. et al. (2018), the median
incontinence index on the Vaizey scale was higher
in patients with colorectal anastomosis by 5 cm or
less compared to its higher level (7.5, range 3-12;
p =0.036) [13].

In a study by Kupsch J. et al. (2018), the Vaizey
scale was used as an additional indicator to the
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LARS scale in assessing anorectal function in pa-
tients undergoing treatment for rectal cancer [21].
Among 144 (55.2 %) of the examined patients, signs
of small (51 patients (19.5 %)) or large (93 patients
(35.6 %)) LARS were noted. In the group of patients
undergoing radiation therapy, more than 20 points
were scored on the LARS scale (64.6 %), which re-
flected less satisfactory functional indicators of the
anorectal zone compared to patients who did not
receive radiation therapy (43.1 %) (p = 0.001). The
Vaizey scale also demonstrated significant differ-
ences between groups 10.0 (x 6.7) and 6.3 (¢ 6.1),
respectively (p < 0.001), which correlated with the
LARS scale data (r=0.81, p < 0.001).

However, these questionnaires are based solely
on the patient's assessment of the severity of symp-
toms and do not accept changes in the functional
parameters of the anorectal zone. For full-fledged
counseling, objective research methods should be
included in the examination plan.

The first methods of studying the tonic and neuro-
reflex activity of the anorectal region were based on
the use of rectal cylinders that register pressure and
RAIR created by internal and external sphincters [16].

To date, anorectal manometry is an objective
method in assessing postoperative anorectal func-
tion and diagnosing functional disorders [43; 44].
For a long time, there were two types of systems
in the equipment of anorectal manometry: air (bal-
loon catheters) and water-perfusion (open catheter
method) [3]. Improved diagnostic accuracy has im-
proved the appearance of high-resolution anorectal
manometry (HRAM).

HRAM is a complex research method that pro-
vides an opportunity to create a spatio-temporal
model of pressure distribution. The advantage of
HRAM is the use of a higher physiological resolution
created by the increased density of sensitive sen-
sors and their location around the circumference [45;
46; 47]. The HRAM system can consist of miniature
semiconductor pressure indicators on 2D and 3D
solid-state catheters with a diameter of 4 mm, ca-
pable of providing functional and morphological in-
dicators of the anorectal region [48]. HRAM displays
changes in anorectal activity at rest and with various
functional tests in the form of a color contour graph.

According to the recommendations of the Interna-
tional Working Group of Experts on Anorectal Phys-
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iology, the examination of patients is carried out in
a supine position on the left side with the hip and
knee joints bent at right angles [49]. There is also an
opinion in the literature about the effectiveness of
determining the anal resting pressure and compres-
sion pressure in the lithotomic position. However,
this modification has not been introduced into clin-
ical practice at the moment, since it did not reflect
the benefits for monitoring rectal sensitivity [50].

Recommended measurements of anorectal ma-
nometry assess the following parameters: anal rest-
ing pressure, anal canal pressure and fatigue time
during voluntary contraction, rectal pressure during
straining and coughing, rectal sensitivity, RAR, rectal
capacity and extensibility [49].

According to anorectal manometry, anal resting
pressure is maintained by the work of the internal
sphincter. While the parameter of maximum com-
pression pressure depends on the functioning of
the external sphincter and is responsible for the re-
tention of intestinal contents when intra-abdominal
pressure increases under stressful conditions. The
literature describes a significant decrease in both
indicators in the postoperative period [22; 30].

HRAM can also reflect the myogenic activity of
smooth muscle cells of the anal sphincter by evalu-
ating rhythmic pressure fluctuations called slow and
super slow waves. Slow waves in the anal sphincter
arise from interstitial Cajal cells, and in healthy peo-
ple are recorded with a frequency of approximately
16-18 cycles per minute [51].

According to the data of the analyzed studies,
the indicators of high-resolution anorectal manom-
etry are associated with the degree of severity of
LARS [15; 32]. In patients who have undergone
sphincter-preserving surgery for rectal cancer, the
indicators of anal pressure at rest and maximum
rectal volume decrease, while RAIR may be absent
in 80 % of cases a month after completion of treat-
ment [52]. It was also noted that defecation dysfunc-
tion, manifested by a violation of rectal sensitivity,
is more common than incontinence, and affects the
quality of life to a greater extent [13].

In a study by Luo B. et al. (2021), a decrease in the
physiological parameters of the anorectal zone was
observed after low anterior rectal resection in 146
patients [9]. The greatest changes were manifested
in a decrease in the indicators of anal resting pres-
sure, maximum compression pressure, maximum
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volume transferred (p < 0.001). The threshold vol-
ume of the first sensation was significantly higher in
healthy people than in the surgical group (p < 0.001).

Liu L. et al. (2017) to assess the effect of lapa-
roscopic anterior resection on anorectal function,
high-resolution anorectal manometry was per-
formed in 51 patients. The patients were divided
into two groups depending on the level of anasto-
mosis more or less than 5 cm from the edge of the
anus. 3 months after surgery, a decrease in anal
resting pressure and maximum compression pres-
sure (p < 0.05) was registered in both groups, while
after 6 and 9 months there was an improvement
in indicators to the preoperative level. The inter-
group comparison noted higher values in the group
of patients with a high level of anastomosis: the
maximum compression pressure was significantly
higher 3 months after surgery (p < 0.05), and after
6 months — a higher level of average and maximum
pressure at rest (p < 0.05) was observed. A similar
trend was also observed with respect to changes in
the volume of the rectum, but all these parameters
remained significantly lower compared to preoper-
ative values after 9 months [53].

The work of Fratta C. et al. (2022), conducted
among 48 patients who received a course of neo-
adjuvant radiation therapy, demonstrates a decrease
in manometric indicators of anal pressure at rest
and average compression pressure (p < 0.05). At
the same time, there were no statistically significant
changes between the initial values of the maximum
compression pressure and their value after radiation
therapy (p = 0.05). From the side of clinical man-
ifestations, the authors report a higher frequency
of loose stools and urge to defecate after radiation
therapy, but the assessment of the degree of incon-
tinence on the Wexner scale also revealed no signif-
icant differences (p > 0.05) [43].

According to the work of Baichorov A. B. (2019),
prolonged radiation therapy leads to a significant
decrease in manometric indicators: resting pressure
and contraction, endurance of the sphincter appara-
tus of the rectum (p < 0.05) [54].

In a study by Ihnat P. et al. among 65 patients, the
effect of combined treatment was manifested in the
form of a change in the normal ratio of manometric
parameters: there was a significant increase in the
threshold level of the first sensation and a significant
decrease in anal pressure at rest and with maximum
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contraction, extensibility and maximum volume of
the rectum (p < 0.001) [32].

There is also information in the literature about
the correlation of manometric indicators with the
clinical picture of LARS 3 and 6 months after surgery.
A higher LARS index was observed in patients with
focal pressure defects in the anal canal and with
the appearance of spastic peristaltic waves from
the colorectal anastomosis to the anus. Spastic hy-
permobility of the rectal stump, probably caused by
external denervation, is associated with the severity
of imperative urges to defecate [15]. Patients who
developed spastic peristaltic contractions in the
postoperative period had a higher stool frequency
both 3 and 6 months after surgery.

Anorectal profilometry, which is a type of anorec-
tal manometry, is based on the operation of a thin
water-perfusion catheter with a radial arrangement
of channels and registers the pressure along each
channel throughout the entire process of moving
the sensor. The clinical value of this method lies in
a quick and objective assessment of the activity of
the structures of the internal anal sphincter and the
contractility of the pelvic floor muscles, especial-
ly in patients with painful sensations when using
a sphincteromanometric sensor [31]. Anorectal
sphincterometry, as one of the methods of studying
the anorectal zone, allows you to diagnose the work
of the pelvic floor muscles, taking into account the
study of reservoir and evacuation function indicators.

A segmental sphincterometer is used to measure
the absolute value of the pressure created by the
rectal locking apparatus [55]. The study is carried out
by determining the tone of the anal pulp in a relaxed
state and with maximum compression. The sensor
of the device increases the accuracy of the pressure
measurement results by registering indicators from
the segments of the sphincter apparatus.

In the modern literature there are data on the use of
anorectal sphincterometry and profilometry to study
anorectal function in the formation of different types
of anastomoses. Rasulov and co-authors (2021) noted
significantly higher rates of neorectal sensitivity, the
first and constant urge to defecate in patients with
a J-shaped reservoir [27]. The greater ability of this
type of anastomosis to accumulate and retain intes-
tinal contents is reflected in the highest indicator of
the maximum tolerated volume (by 12 months of the
postoperative period — 224, 204 and 190 ml in groups
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with a J-shaped reservoir, "side-to-end" and "end-to-
end" anastomoses, respectively, p < 0.0001). There
were no significant differences between the compared
groups with respect to the indicators of maximum
resting pressure and contraction (p > 0.05).

Another way to study the functional state of the
anorectal zone is defectofluometry with a weight
optical sensor that reflects the readings in the form
of a curve on the monitor screen. This method makes
it possible to evaluate the reservoir function by reg-
istering sensitivity thresholds and urge to defecate
with slow introduction of filler, as well as to evaluate
the evacuation function by residual volume [56].

In the Ssu-Chi Chen et al. (2021) study, physiolog-
ical variables were evaluated in patients with LARS
using a Fecobionic device. Testing was carried out
during the evacuation of a balloon with three sensors
located in front, behind and inside, which made it
possible to measure not radial pressure in a fixed
position, but axial pressure during defecation. Ob-
taining the defecation index allows the parameters
of anorectal manometry to better correlate with the
Wexner scale and the manifestations of LARS, which
in the future may provide a more detailed analysis of
anorectal dysfunction [26].

In the work of Liu L. et al. (2017), endoanal ultra-
sound examination was used, which allowed us to
note a tendency to decrease the thickness of the
internal and external sphincters and to decrease the
volume of the rectum after surgery [53].

Intraanal electromyography is one of the most
common methods and allows to obtain a quanti-
tative and qualitative assessment of the work of
the external anal sphincter and pelvic floor mus-
cles [57]. By studying background and arbitrary bio-
electric activity, the study reflects the indicators of
the total contractility of the rectal locking apparatus.
The measurement is carried out at rest and arbi-
trary contraction, as well as during straining tests
and with an increase in intra-abdominal pressure.
The tonic activity of the external sphincter at rest is
15.2 + 2.1 mv, and with a decrease and increase in
intra-abdominal pressure increases to 74.3 + 13.7
mv. A normal physiological reaction during straining
is observed with synchronous inhibition of the bio-
electric activity of the external sphincter and pelvic
floor muscles, while an increase in this indicator is
regarded as a paradoxical reaction of the puborectal
muscle [58].
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A study by Vollebregt P. F. et al. (2021) expand-
ed the understanding of the functional activity of
the anorectal region by comparing the frequency
of slow waves of the anal canal in 21 patients who
underwent anterior rectal resection with 37 healthy
subjects. The authors were able to demonstrate a de-
crease in anal slow-wave activity in the first group of
patients. In 52.4 % of patients in the postoperative
period, the frequency of slow waves of 6-8 cycles
per minute without activity at higher frequencies was
noted. Changes in the observed pressure activity
may reflect damage to pelvic nerves innervating cells
of the smooth muscles of the anus [51].

Battersby N. J. et al. (2018) developed a POLARS
preoperative nomogram to predict the severity of
anorectal dysfunction after low anterior rectal resec-
tion. A nomogram is a graphical representation of the
function of the variables under study, based on the
analysis of parameters such as the patient's gender
and age, the height of the tumor, radiation therapy,
partial or total mesorectomy, ileostomy formation.
After entering the data, the program calculates the
number of predicted points on the LARS scale [59].

In the work of Nafedzova I. 0. (2021), based on the
analyzed predictors of anorectal function disorders,
a nomogram was created that allows predicting the
occurrence of pronounced LARS in patients in the
postoperative period. The probability of the devel-
opment of significant functional disorders was cal-
culated with a combination of different risk factors:
chemoradiotherapy, the height of the anastomosis
level, the failure of the anastomosis, the removal of
preventive ileostomy and chemotherapy. The authors
draw attention to the need to inform patients with
a high probability of pronounced LARS according
to nomogram data during the formation of a low
colorectal anastomosis in order to carry out con-
servative rehabilitation in the form of complex BOS
therapy and tibial modulation [8].

CONCLUSION

LARS is a socially significant problem due to the
increasing morbidity and high frequency of develop-
ment with low sphincter-preserving surgical interven-
tions. Surgical treatment and radiation therapy can
improve the oncological results of patients with rectal
cancer. However, radiation therapy and the formation
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of a low colorectal anastomosis are independent risk  study of LARS at different stages of treatment of
factors for functional disorders that have the greatest ~ patients can help in the search for new approaches
impact on the development of LARS. A more thorough  to the prevention of anorectal dysfunction.
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ABSTRACT

Esophageal cancer (EC) is one of the most aggressive malignant neoplasms, ranking sixth among oncological causes of
death. According to GLOBOCAN, more than half a million people die from this disease every year, and by 2040 this indicator is
expected to increase almost twice. In most patients, esophageal cancer is diagnosed at stages IlI-1V of the disease. Currently,
the standard of treatment for inoperable patients with EC is simultaneous chemoradiotherapy.

One of the main methods of treatment of patients with non-metastatic esophageal lesion remains surgical intervention in the
volume of esophagectomy with radical lymph dissection, accompanied by quite frequent serious postoperative complications.
However, the results of surgical treatment of locally advanced esophageal cancer alone remain unsatisfactory, and the five-
year survival rate is less than 20 %. In order to improve the oncological results of treatment, various combinations of drug
and radiation therapy are used (preoperative chemotherapy or chemoradiotherapy, independent chemoradiotherapy). To date,
recommendations for the treatment of locally advanced esophageal cancer vary from country to country. Trimodal therapy
(preoperative chemoradiotherapy up to TFD — 46 Gy with 5 cycles of weekly chemotherapy according to the carboplatin +
paclitaxel scheme followed by surgical treatment) is the standard in operable patients with non-metastatic squamous cell car-
cinoma of the esophagus in our and European countries. In Asian countries, preference is given to neoadjuvant chemotherapy,
based on the data of the JCOG1109 (NEXT) study, in which it was shown that the addition of docetaxel to neoadjuvant therapy
with cisplatin and fluorouracil is accompanied by an improvement in overall survival and acceptable toxicity, compared with
the CF regimen and chemoradiotherapy.

A separate issue is the place of lifesaving esophagectomy in patients who have received a course of radical chemoradiother-
apy. Unfortunately, according to several researchers, recurrent or persistent esophageal cancer remains an urgent problem
with a risk of relapse of the disease in up to 60 % of cases.

We have studied the data of the Russian and global literature concerning the treatment of squamous cell carcinoma of the
esophagus.

Keywords: squamous cell carcinoma, esophageal cancer, combined treatment, neoadjuvant treatment, chemotherapy,
immunotherapy, chemoradiotherapy, esophagectomy
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COBPEMEHHbIE BO3MOXHOCTHW TEPATWU NMJIOCKOKNETO4YHOTO PAKA MALLEBOJLA:
CMEHA NAPAZIUTM?
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PE3IOME

Pak nuuwesoga (PIM) ABNSETCS OAHUM U3 CaMblX arpeCcCUBHbIX 3/T0KaYECTBEHHbIX HOBOO6PA30BaHWii, 3aHMMas LLECTOe MeCTo
Cpeay OHKONOMMYECKMX NPUYMH cMepTHOCTU. Mo faHHbIM GLOBOCAN, 60nee NonyMUIIMOHa YeloBEK eXKEerofHo ymvupaeT
OT AaHHOro 3a6oneBaHus, a k 2040 r. oxxmaaeTcs yBennyeHme 4aHHOro nokasaTens NpakTUYeckn B 2 pasa. Y 60/1blIMHCTBA
60nbHbIX pak nulieBofa anarHoctupyetca Ha lll-IV cTapuax 3abonesaHusA. B HacTosilee BpeMs, CTaHAAPTOM JleYeHus
HeornepabenbHbix 60/bHbIX Pl ABAsSIETCH OAHOBPEMEHHAs XMMUOyYeBas Tepanus.

OAHMM 13 OCHOBHbIX METO/I0B JIe4YeHUSA MaLUeHTOB C HeMeTacTaTUYECKUM NopaXeHneM NuLeBoa ocTaeTcs ornepaTuBHoe
BMeLLaTENbCTBO B 06beMe 330(harakToMun ¢ paamKanbHoW IMMQOANCCEKLMEN, CONPOBOXAatOLLLEeeCs JOBOIbHO YacTbiMU
cepbe3HbIMUK NoceonepauoHHbIMN OCNOXHEeHUAMU. OfHaKO, pe3ynbTaTbl TOMIbKO XUMPYPruyYecKoro fie4eHnss MecTHo-
pacnpocTpaHeHHOro paka nuLeBoaa OCTaloTCA HeYA0BNETBOPUTENbHBIMK, U NMOKasaTeNb NATUIETHEN BbIXXMBAEMOCTH
cocTaBnseT MeHee 20 %. B Lensix ynyyleHnss OHKONIOrMYECKNX Pe3ynbTaToB JIeYEHUA NCMOSb3YHOTCA PasnyHble KOMOU-
HaLuu nekapcTBeHHOW 1 Ny4yeBol Tepanuu (MpefonepauMoHHas XMMUOTEpPanus UK XMMUOJydYeBas Tepanusi, CaMoCTos-
TeNbHas XxMMuonyyeBas Tepanusl). Ha CerogHsILLHUIA AeHb, PEKOMEHAALMM MO JIEYEHUIO MECTHO-PACcMpPOCTPaHEHHOro paKa
nuLLEBOAA pasnnyatoTca B pasHbIX CTpaHax. TpuMoganbHas Tepanuvs (MpefonepaunoHHasi XuMmuonyyesas fo CO - 46
p ¢ 5 umMknamu exxeHezenbHon MXT No cxeMe Kap6onIaTUH + NMakAMTaKCes C NOCNEAYOLMM XUPYPrUYECKUM NeYeHneM)
ABNSETCA CTAaHAAPTOM y onepabenbHbIX NaLMEHTOB C HeMeTacTaTUYeCKUM MNJTIOCKOK/IETOYHbIM PaKOM MULLEBOAA B HaLLEen
1 eBponenckux ctpaHax. B asnatckux ctpaHax npeAnoyTeHne oThaeTc HeoaAbloBaAHTHON XMMUoTepanuu, 6asmpysch Ha
JaHHbIX nccnegosanuna JCOG1109 (NEXT), B KOTOpoM 6bI10 NOKa3aHo, YTo fo6aBfeHne goLeTakceNa K HeoaabloBaHTHO
Tepanuu uMcnnaTMHOM 1 GTopypaLmIoM CONPOBOXAAETCS YyULIeHNeM nokasaTesei obLel BbXKMBAEMOCTU U Npuemsie-
MOI TOKCMYHOCTbIO, MO CPaBHEHUIO €O cxeMor CF u xumuonyyeBow Tepanuven.

OTAenbHbIM BOMPOCOM CTOUT MECTO CriacuTesibHON 330(arakTOMUM y 60/bHbIX, MOMYYMBLUMX KYPC PaANKanbHOro XMMU-
ony4yeBoro neyeHus. K coxaneHuto, no AaHHbIM psaa uccrneposaTeniei, peLManBUpPYOLLNA NN NEPCUCTUPYIOLLNIA paK
nuLieBofa 0CTaeTcs akTyanbHON NPO61eMON C pUCKOM pa3BUTUA peunamnBa 3a6onesaHns Ao 60 % cnyyaes.

MbI U3yunnu faHHble POCCUICKOM 1 06LLEMUPOBOIA IMTEPaTYpbI, KacatoLMecs BONpoca eYyeHusi NII0CKOKIETOYHOrO paka
nuwesofa.

KntoueBble cnoBa: N0CKOKNETOYHbIN pak, pak nuuiesoaa, KOM6VIHVIpOBaHHO€ Nle4yeHue, HeoaabOBaHTHOE N1e4YeHune,
XuMuoTepanua, UMMYHoTepanud, XuMunonyyesaa Tepanus, 330d)aF3KTOMVIF|
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INTRODUCTION

Esophageal cancer ranks 9th in terms of the num-
ber of new cases detected and 6th in terms of cancer
mortality. Currently, neoadjuvant polychemotherapy
and chemoradiotherapy are the standard treatment
for locally advanced esophageal cancer in combina-
tion with subsequent surgical intervention. However,
to date, the optimal regimen and radiation dose have
not been developed, as well as the time period be-
tween the end of neoadjuvant treatment and surgical
intervention, and the frequency of relapses remains
high. Currently, immunotherapy is being actively in-
troduced into general clinical practice. Many authors
suggest that the inclusion of this component in the
neoadjuvant treatment regimen may increase surviv-
al rates and increase the frequency of pathomorpho-
logical response in patients with locally advanced
esophageal cancer.

The most common histological subtypes of
esophageal cancer are squamous cell carcinoma
and adenocarcinoma. The incidence of esophageal
adenocarcinoma has doubled in recent decades
and prevails in the structure of the incidence of this
localization in North America and European coun-
tries. In Asian countries and the Russian Federation,
squamous cell carcinoma is currently the leading
histological type.

The purpose of the study was to study the modern
possibilities of therapy of localized and locally ad-
vanced squamous cell carcinoma of the esophagus,
based on the analysis of publications in the Russian
(e-library) and worldwide (PubMed; Cochrane) data-
bases of literature.

Standards for the treatment of localized and
locally advanced squamous cell carcinoma of
the esophagus.

Today, according to the international classification
of diseases, it is customary to divide esophageal can-
cer into a disease of the cervical and intra-thoracic.
The term "cancer of the cervical esophagus" refers
to the location of the tumor within 5 cm from m.
cricopharyngeus. However, this definition has been
expanded to any tumor of the esophagus located
above the upper upper part of the chest. Cervical
cancer accounts for 2 to 10 % of cases of esopha-
geal cancer, with a predominant histological picture
of squamous cell type [1].
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In the combined treatment of cervical esopha-
geal cancer, historically, remote radiation therapy
or surgical intervention have been local methods
of exposure. However, a number of studies have
demonstrated equivalent results between chemo-
radiotherapy and surgery, which has changed the
treatment paradigm [2]. The three-year survival rate
of patients with cervical esophageal cancer ranges
from 50 to 65 % [3]. To date, the surgical stage of
treatment for cancer of the cervical esophagus is
considered as a life-saving operation in the devel-
opment of relapse after radical chemoradiothera-
py. Additional problems with surgical treatment of
cervical esophageal cancer are associated with the
spread of the tumor to nearby structures, which may
require an extension of the operation, for example,
to pharyngolaryngectomy [4].

There are still no optimal regimens and regimens
of chemotherapy as a component of chemoradio-
therapy for tumors of the cervical esophagus. The
best results, apparently, are obtained by a doublet
based on platinum preparations with simultaneous
radiation therapy [5]. Extrapolation of literature data
on head and neck tumors demonstrated that radi-
ation doses up to 60—-70 Gy can be used, however,
when using higher doses of radiation, there was no
increase in survival rates [6; 7].

In patients with early forms of squamous cell car-
cinoma of the esophagus (intra-thoracic), including
in-situ carcinoma (Tis) and tumors that grow into
their own plate of the mucous and muscular mem-
branes (T1a), without lymph node damage, endo-
scopic resection of the mucous membrane (EMR)
or endoscopic dissection of the submucosal layer
(ESD) is recommended [8].

ESD allows resection of the mucous and submu-
cosal layers as a single unit, which allows for a high-
er resection frequency of RO, which is reflected in
satisfactory long-term survival rates [8]. Adjuvant
chemoradiotherapy is advisable in patients with
poor prognostic factors, such as low-grade tumors,
positive resection margins [9]. In patients after en-
doscopic resection of the mucous and submucosal
layers of the esophagus, with morphological verifi-
cation of invasion to the submucosal layer (T1b),
further additional treatment is indicated, such as
esophagectomy or chemoradiotherapy [10].

Patients with the absence of lymphatic collector
damage, without the tumor spreading to the muscle
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membrane proper (< T2N0) and a low risk of pro-
gression may be offered surgical treatment at the
first stage in the volume of esophagectomy with
lymph dissection [11]. However, it is worth noting
that according to the literature, esophageal tumors
with invasion into the deep mucous membrane (en-
dosonographically corresponds to the lesion of M3)
have an approximately 10 % risk of metastasis to
regional lymph nodes. Squamous cell tumors pen-
etrating beyond the upper third of the submucosa
have a frequency of metastasis to the lymph nodes
from 36 to 55 % [12].

When the tumor spreads to the muscle membrane
itself and deeper (= T2), or when the lymphatic col-
lectors are affected (N+), patients are shown mul-
timodal therapy. In 2012, the results of the CROSS
study (chemoradiotherapy of esophageal cancer
followed by surgical intervention) were published,
which showed an improvement in overall survival
and the frequency of complete pathomorphological
response in patients with both adenocarcinoma and
squamous cell carcinoma of the esophagus, com-
pared only with the surgical treatment option. This
was a step towards the introduction of neoadjuvant
chemoradiotherapy with the subsequent surgical
stage of treatment in the clinical recommendations
for the treatment of locally advanced esophageal
cancer. In the CROSS cohort of patients, the frequen-
cy of complete pathomorphological response after
induction 2 cycles of chemotherapy was 23 % for
adenocarcinoma and 49 % for squamous cell carci-
noma. It should be noted that 75 % of the patients
in this study had adenocarcinoma. It is also worth
noting that patients with tumor spread to the T4 level
were not included in the trial [13]. After completion
of neoadjuvant treatment and in the absence of pro-
gression, according to the results of a control exam-
ination, patients may be offered a surgical stage of
treatment, in the volume of esophagectomy (McKe-
won operation or IvorLewis operation) with standard
two- or three-zone lymph dissection [14].

Several authors conducted a comparative analysis
of the results of treatment of patients who received
a radical course of chemoradiotherapy with patients
who underwent combined treatment together with
the surgical stage of treatment. Thus, in the French
study FFCD 9102, which included 259 patients with
locally advanced cancer of the intra-thoracic esoph-
agus, there was no significant difference in overall
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survival between these two groups. It should be not-
ed that in 88.8 % of cases, a squamous histological
variant of esophageal cancer was registered. How-
ever, the authors noted that esophagectomy after
induction chemoradiotherapy reduces the frequency
of locoregional relapses when compared with a radi-
cal course of chemoradiotherapy [15]. This study was
criticized because patients did not undergo endoso-
nography and the total dose of LT was 30 Gy, which
is less than the standard induction dose. It should
also be noted that patients who did not respond to
treatment were excluded from the study [16].

In a study from Memorial Sloan Kettering, which
included 232 patients with squamous cell carcinoma
of the esophagus, Barbetta et al. They demonstrated
an improvement in overall survival in patients who
underwent trimodal therapy (neoadjuvant chemo-
radiotherapy followed by surgical treatment), com-
pared only with radical chemoradiotherapy [17].

When analyzing the clinical recommendations of
the USA (NCCN), the European Society of Medical
Oncology (ESMO), the Russian Federation and Ja-
pan, several differences in the approach to the treat-
ment of locally advanced cancer of the intra-thoracic
esophagus are visible. The NCCN recommendations
prefer trimodal therapy with preoperative chemora-
diotherapy [18], which intersects with the clinical
recommendations of the Russian Federation, the
ESMO recommendations indicate that neoadjuvant
chemoradiotherapy followed by esophagectomy is
equivalent to radical chemoradiotherapy [19]. Ac-
cording to clinical guidelines in Japan, induction
chemotherapy with subsequent surgical treatment
is recommended in the absence of contraindications
in patients [20].

Is there a place for a lifesaving esophagectomy

after a radical course of chemoradiotherapy?

Analyzing the recommendations of European and
Asian countries, it can be concluded that most au-
thors adhere to the following tactics — conducting
neoadjuvant therapy followed by surgery or perform-
ing radical chemoradiotherapy for patients with local-
ly advanced squamous cell carcinoma of the esoph-
agus. Recurrent or persistent esophageal cancer
remains an urgent problem with a risk of relapse of
the disease up to 60 % of cases [21].

One of the treatment options for patients with
a persistent or recurrent form of the disease after
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radical chemoradiotherapy is a lifesaving esophagec-
tomy, provided that the patient's general somatic
status is satisfactory within 6-12 weeks after the
end of treatment if a relapse occurs.

The authors of a multicenter retrospective study,
Markar S. et al., conducted a comparative analysis
of the treatment results of patients (n = 308) who
received lifesaving esophagectomy with a group of
patients (n = 540) who received the surgical stage
after induction chemoradiotherapy. In this work,
a similar perioperative mortality was shown, while
the incidence of anastomosis failure (17.2 % vs.
10.7 %; p = 0.007) and infectious complications was
higher in the group where a radical course of CLT was
performed. The overall three-year survival rate was
identical and was 43.3 % versus 40.1 % (p = 0.542),
respectively [22].

A meta-analysis of four studies involving 219
patients demonstrated the survival advantage of
life—saving esophagectomy compared to repeated
chemoradiotherapy (HR: 0.42; 95 % confidence inter-
val: 0.21-0.86, p = 0.017). Mortality in the postopera-
tive period was 10.3 % (3 out of 36 operated cases).
The authors noted that lifesaving esophagectomy
has a significant gain in long-term survival compared
to repeated chemoradiotherapy but is potentially
associated with high postoperative mortality [21; 22].
The data presented above are based on non-ran-
domized studies, which may indicate a high risk of
selection bias, since patients with obviously better
initial characteristics received surgical treatment.

The FFCD 9102 study is noteworthy, including
451 patients who received induction therapy with
a planned subsequent surgical stage of treatment. It
is worth noting that 191 (42.3 %) patients out of 451
did not respond to induction therapy and were not
further randomized. In 112 cases of this cohort of
patients, life—saving surgery was performed, which
in these 112 patients, the median overall survival did
not differ from the group of randomized patients -
17.3 months versus 18.9 months (p = 0.58).

When analyzing subgroups of non-randomized
patients, the median overall survival was higher
in the cohort of patients who underwent surgery
compared to non-operated patients and was 17
versus 5.5 months (HR = 0.39; 95 % Cl: 0.25-0.61;
p < 0.0001) [23]. Thus, the data presented by Vin-
cent J. et al. they point to the advantages of per-
forming lifesaving esophagectomy in patients with
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incomplete response after neoadjuvant chemora-
diotherapy.

In a retrospective study of Broderick R. C. (2021),
which included 97 patients with locally advanced
esophageal cancer, a comparative analysis of the
treatment results of patients who received a planned
(less than 90 days from the end of neoadjuvant treat-
ment) minimally invasive esophagectomy (MIE) with
a group of life-saving MIE (resection for recurrent
or persistent disease after a complete response to
treatment or an operation performed more than 90
days after the completion of the neoCRT). Broderick
et al. there were no significant differences in 30-day
postoperative mortality, anastomosis failure and du-
ration of hospitalization. Overall survival (p = 0.39)
and relapse-free survival (p = 0.71) were equivalent
between the two groups [24].

According to the above studies, most authors ad-
here to neoadjuvant therapy with subsequent surgery,
or performing radical chemoradiotherapy for patients
with locally advanced squamous cell carcinoma of
the esophagus. A number of studies have shown
that the overall and relapse-free survival in patients
after life-saving esophagectomy is higher than in pa-
tients after repeated chemoradiotherapy, especially
in patients with recurrent squamous cell carcinoma
of the esophagus.

Neoadjuvant therapy in the treatment of

operable locally advanced esophageal cancer

The absence of modern randomized studies com-
paring different regimens of drug therapy alone with
chemoradiotherapy followed by the surgical stage
of treatment creates a dilemma of choosing the op-
timal treatment tactics in patients with satisfactory
general somatic status and operable esophageal
tumor [25]. To date, induction chemoradiotherapy
remains the standard of treatment for squamous
locally advanced intra-thoracic esophageal cancer,
according to data obtained from the results of the
CROSS study and published in 2012. and having
a number of limitations described above. Recently,
several clinical trials have been conducted on the
neoadjuvant treatment of resectable esophageal
cancer.

In the JCOG1109 (NEXT) study, launched in 2012,
the authors conducted a comparative analysis of the
results of treatment of patients with locally advanced
squamous cell carcinoma of the esophagus, who
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underwent various preoperative therapy. The first
group included patients who underwent 2 cycles of
neoadjuvant chemotherapy with cisplatin 80 mg/m?
on day 1 and 5-fluorouracil 800 mg/m? from 1 to
5 days, a cycle every 21 days (CF), in the second
group 3 cycles of PCTs were used according to the
DCF scheme (docetaxel 70 mg/m?in 1 day; cisplatin
70 mg/m?in 1 day; 5-fluorouracil 750 mg/m? from
1 to 5 days, cycle every 21 days) and in the third
group, chemoradiotherapy with 23 fractions up to
41.4 Gy was performed as a neoadjuvant treatment
with 2 cycles of radiomodification according to the
scheme: cisplatin 75 mg/m? on 1 day and 5-fluoro-
uracil 1000 mg/m? with 1 for 4 days, a cycle every
21 days [26].

In 2022, at the conference of the American Society
of Clinical Oncology (ASCO) on diseases of the gas-
trointestinal tract, the main results of this study were
reported for the first time. The results of treatment of
601 patients were analyzed. The CF group included
199 patients, the DCF group included 202, and 200
patients were registered in the chemoradiothera-
py group in the period from December 2012 to July
2018. The median age was 65 years (3075 years),
patients with clinical stage Ill accounted for 62.6 %.

The average follow-up time was 4.2 years (0-8.5
years). The median overall survival in the CF group
was 4.6 years, in the chemoradiotherapy group — 6
years, in the DCF group — was not achieved, three-
year overall survival was 62.6 %, 68.3 % and 72.1 %,
respectively (log-rank test: p = 0.006 for CF com-
pared to DCF and p = 0.12 for CF compared to
CF-RT). According to the stratified Cox regression
analysis for the overall survival rate, the risk ratio is
0.68 [95 % CI: 0.50-0.92] in the comparison groups
CF with DCF and 0.84 [0.63-1.12] for CF compared
to chemoradiotherapy with the CF radiomodification
scheme.

When analyzing adverse events, it is noted that
grade 3-4 neutropenia, febrile neutropenia and hypo-
natremia were more common in the DCF group than
in the CF and chemoradiotherapy groups. Grade 3-4
esophagitis was more common in the chemoradio-
therapy group than in the neoadjuvant chemotherapy
groups (Table 1).

Thus, the researchers note that the addition of
docetaxel to neoadjuvant therapy with cisplatin and
fluorouracil is accompanied by an improvement in
overall survival and acceptable toxicity, compared
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with the CF regimen. The authors believe that this
scheme may be a new standard of treatment for
locally advanced intracoracic squamous cell carci-
noma of the esophagus [27].

In 2021, Wang et al. The results of a multicenter
randomized trial that examined the comparative
analysis of the safety and efficacy of neoadjuvant
chemotherapy with chemoradiotherapy followed by
minimally invasive esophagectomy were published.
The study included 264 patients with esophageal
squamous cell carcinoma and ¢T3-T4aNO0O/T1MO tu-
mor prevalence who received chemotherapy with
paclitaxel and cisplatin. The total dose of radiation
therapy was 40 Gy (20 fractions of 2 Gy), starting
from the first day of chemotherapy.

The authors note that there was no significant
difference in the frequency of postoperative compli-
cations between both groups: 47.4 % in the neoCRT
group (54 out of 114) and 42.6 % in the neoHT group
(46 out of 108; p = 0.48); the degree of complications
according to the Clavien-Dindo classification was the
same. Postoperative mortality was 3.5 % (4 out of
114) in the group of neoadjuvant chemoradiotherapy
and 2.8 % (3 out of 108) in the group of chemother-
apeutic treatment only (p = 0.94). When evaluating
the results of a remote surgical preparation in pa-
tients in the chemoradiotherapy group, a complete
morphological response was more common (35.7 %
vs. 3.8 %; p < 0.001), as well as a smaller number
of affected lymph nodes (ypNO: 66.1 % vs. 46.2 %,
p = 0.03), which directly affects survival rates.

The authors conclude that the difference in the
safety profile between neoadjuvant chemotherapy and
chemoradiotherapy is insignificant, however, in the
neoCRT group, the indicators of pathomorphological
response were recorded more often [28]. Of the vari-
ous chemotherapy regimens, the DCF scheme is the
most preferable as a neoadjuvant component, accom-
panied by an improvement in overall survival rates,
which may enter new standards for the treatment of
squamous locally advanced esophageal cancer.

Adjuvant therapy possibilities and the

introduction of immunotherapy

Although neoadjuvant therapy is associated with
improved survival compared to surgery alone, most
patients do not have a complete pathomorpholog-
ical response, which directly affects the prognosis
of relapse.

77



South Russian Journal of Cancer. 2023. Vol. 4, No. 4. P. 72-84

Smolenov E. ., Mironova D. Yu., Kolobaev I. V., Ryabov A. B, Ivanov S. A., Kaprin A. D. / Modern approaches to esophageal squamous cell carcinoma therapy: paradigm

shift?

In a retrospective study involving 118 patients
treated from 2000 to 2016 with squamous cell car-
cinoma who received neoadjuvant (n = 59) or periop-
erative chemotherapy (n = 59), Yan et al. there were
no differences in relapse-free or overall survival [29].
In another randomized study that examined the re-
sults of treatment of 346 patients with squamous
cell carcinoma of the esophagus treated in hospitals
of Xi‘an Jiaotong University since January 2005. By
April 2007, the effectiveness of preoperative and
perioperative chemotherapy was evaluated using the
PCF scheme (paclitaxel 100 mg/m? and cisplatin 60
mg/m? on day 1, followed by infusion of 5-fluoroura-
cil (700 mg/m? mg per day for 5 days). Patients were
randomized into 2 groups: group A (n = 175) included
patients who received perioperative chemotherapy
(2 +2), group B (n = 171) - 4 neoadjuvant cycles.

Median follow-up was 60 and 61 months in
groups A and B, respectively. The development of
locoregional relapse was diagnosed in 25 patients
(14.2 %) in group A and in 35 (20.5 %) — in group B,
distant metastasis —in 41 (23.4 %) and 62 (36.3 %)
cases, respectively. The median relapse-free survival
was 23 months in group A compared to 15 in group
B. Five-year relapse-free survival was 35.0 % (95 %
Cl: 26.1-47.2) in the perioperative chemotherapy
group compared with 19.1 % (95 % Cl: 15.3-28.7)
in the neoadjuvant therapy group only (p < 0.01). In
patients receiving perioperative chemotherapy, the

improvement in five-year survival was 16 % (38 % vs
22 %; p < 0.01) [30].

A breakthrough study that opens a new adjuvant
therapy option for patients with radically operated
locally advanced squamous cell carcinoma of the
esophagus was the Checkmate 577 study. This
randomized double-blind placebo-controlled study
included the results of treatment of 794 patients
with stage Il or lll who underwent radical surgical
treatment (RO) with incomplete pathomorphological
response (ypT1 or ypN1) after induction chemora-
diotherapy. Patients were randomized in a 2:1 ratio
into groups receiving PD-1 inhibitor (nivolumab) (n =
532) or placebo (n = 262). Patients were treated with
nivolumab at a dose of 240 mg every 2 weeks / pla-
cebo for 16 weeks with a transition to a 4-week ad-
ministration of 480 mg of nivolumab or placebo [31].

According to the results of the study, it was shown
that the addition of nivolumab in adjuvant mode is
accompanied by a satisfactory safety profile: ad-
verse events of 3—-4 degrees were observed in 71
out of 532 patients (13 %) in the PD-1 checkpoint in-
hibitor group, and in the placebo group this indicator
was 6 % (15 out of 260). The most frequent adverse
events of any severity were fatigue, diarrhea, itching
and rash in patients in the nivolumab group; diarrhea,
fatigue — in patients in the placebo group. When as-
sessing the quality of life, the percentage of patients
who answered "l am not at all concerned about the

Table 1. JCOG1109 (NEXT) research results

CF (n =199) DCF (n =202) CRT (n = 200)
Median relapse-free survival rate b 2.7 years Not achieved 5.3 years
Three-year relapse-free survival rate 47.7 % 61.8% 58.5%
Undesirable events

Neutropenia level > 3 23.4% 85.2 % 44.5%
Febrile neutropenia 16.3 % 4.7 %
Hyponatremia 6.2 % 26.0 % 11.0%
Esophagitis, level > 3 1% 89 %
Mortality rate 3(15%) 4 (20 %) 2(1.0%)
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side effects of treatment" in the questionnaire was
the same in both groups. The quality-of-life indicator
(FACT-E and EQ-5D-3L questionnaires) remained sat-
isfactory throughout the treatment period.

There were 396 cases of relapse or death. The inci-
dence of distant foci was lower in the nivolumab group
(in 154 out of 532 patients — 29 %) than in the placebo
group (in 103 out of 262 patients — 39 %), as was the
development of locoregional relapses (12 % vs. 17 %,
respectively). The authors note that the risk of long—
term relapse or death was 26 % lower during adjuvant
therapy with nivolumab than in the placebo group
(HR 0.74; 95 % CI: 0.60-0.92). The median relapse—
free survival in the nivolumab group was 22.4 months
(95 % Cl: 16.6—34.0) compared with 11.0 months (95 %
Cl: 8.3-14.3) of placebo patients (p < 0.001) [31].

The results of this study allow us to recommend
adjuvant therapy with nivolumab to all patients with
squamous cell carcinoma of the esophagus and in-
complete morphological response after induction
therapy and esophagectomy [18].

It is also worth noting that the number of studies
studying the use of checkpoint inhibitors as one of
the components of neoadjuvant treatment of pa-
tients with esophageal cancer is growing.

In 2022, Liu J. et al. The results of a multicenter,
single-group phase Il study of ShiCTR1900026240
were published, which studied the addition of a PD-1
inhibitor (camrelizumab) produced in China to car-
boplatin + paclitaxel chemotherapy in the neoad-
juvant treatment of patients with locally advanced
squamous cell carcinoma of the esophagus with
affected mediastinal lymphatic collectors. All pa-
tients underwent 2 cycles of neoadjuvant therapy,
including 200 mg of camrelizumab, nab-paclitaxel
100 mg/m? (day 1, 8, 15) and carboplatin AUC-5 on
1 day, every 3 weeks.

nuLLeBoga: CMeHa napagurm?

The study included 60 patients, of whom the full
course of treatment was completed in 55 (91.7 %)
patients. 58 patients (96.7 %) were diagnosed with
treatment-related adverse events, the most common
of which was hematological toxicity (leukopenia) -
86.7 % of cases. It should be noted that 34 patients
(56.7 %) had adverse events of the 3rd degree or
higher, in 1 (1.7 %) case the patient died of pneumo-
nia and acute respiratory failure. The surgical stage
of treatment was received by 51 patients, resec-
tion of RO was achieved in 50 cases. Postoperative
complications were diagnosed in 47.1 % of cases
(24/51). Hospital and postoperative mortality of 30
and 90 days was not recorded.

A noteworthy factor is that this study was con-
ducted on patients with clinically detectable lymph
node lesion N2-3. According to the results of the
removed surgical material, a complete pathomo-
rphological response (ypTONO) was achieved in
20 (39.2 %) patients, and 5 (9.8 %) patients had
a complete response of the primary tumor, but with
the presence of tumor cells in the lymph nodes
(ypTON+). The authors also note that there was no
significant correlation between the status of PD-L1
and the pathological response in squamous cell car-
cinoma of the esophagus, regardless of the method
of evaluating PD-L1 expression [32].

According to the CROSS study, the addition of ra-
diation therapy to chemotherapy in the neoadjuvant
mode can significantly contribute to reducing the
size of the tumor and increasing the frequency of
complete pathomorphosis [13]. According to a num-
ber of researchers, immuno-chemoradiotherapy can
enhance the body's response to a tumor and increase
the frequency of a complete pathomorphological
response compared to standard chemoradiothera-
py [33; 34]. To date, a number of studies have been

Table 2. Comparative analysis of studies that studied neoadjuvant chemo-immuno-radiation therapy

Research N Treatment algorythm pCR % pCR
PALACE-1 20 Pembrolizumab + CROSS 10/18 55.6
NCT02844075 28 Pembrolizumab + CROSS 12/26 46.2
CROSS 41 DCT + PCT acccording to TC scheme 18/37 48.6
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Table 3. Comparative analysis of studies about neoadjuvant chemoimmunotherapy [37]

(2]
c
) Start- & % AEs o
Research paper & point and 2 N Neodjuvant therapy pCR 2 Grade O
o endpoint b 0 3-4 (%) o
&
?L?LCESQS;JOO%MO 2 PCR - 60  Camrelizumab+TC  20/51  50/51  34/60 5.0
(TYDa' L‘“SOEZZ) 2 MPR - 45 Tisrelizumab+TC  18/36  29/36  19/45 -
ESONICT-1 Sintilimab + nab-
(Zhang, 2021) 2 PCR, AEs 6m 30 paclitaxel + cicplatin 4/23 23/23 1/30 5.0
Shen, 2021 - feizfigmy 6m 28 PD-1 inhibitor+ TC 9/27  26/27 2/28 5.0
7.9 Toripalimab +
Zhang, 2020 2 MPR m 2% abpaclitaxel £ S-1 3/18 - - -
(C\P;gngzoozozo)ozsgoo 1 fesé";fig‘iﬁ'ty 138 23 camrelizumab+TC 520  20/20  11/23 50
SIN-ICE Sintilimab +
(Duan, 2021) NA pCR - 23 platinum-containing 6/17 16/17 7/23 4.03
! chemotherapy
Safety,
?H%nggyw 2 feasibilty - 20 Toripalimab + TC 316 14/16 420 4.03
’ and MPR
Sintilimab +
FGEUEF;&% 2 Safet -7 lipo-paclitaxel + 415 1515 6/17 5.0
! ¥ cisplatin + S-1
Li, 2020 2 pCR, MPR 4&]5 17 Toripalimab + TC 2/12 12/12 2/17 -
Yang, 2021 - pCR - 16 Camrelizumab + TC 5/16 15/16 - 5.0
NCT03985670 ) Toripalimab (day 3) +
(Xing, 2021) 2 pCR 15 TP (day 1) 4/11 11/11 3/15 5.0
Toripalimab (day 1) +
15 TP (day 1) 1/13 13/13 7/15
FRONTIER .
) L ) Nivolumab + B
(Yamamoto, 2021; 1 Toxicity 6 CF (Group A) 2/6 6/6 4.03

Matsuda, 2022)

Nivolumab + DCF

12 (Group C and D)

412 11/12 -

Note: pCR — complete pathomorphologic response; AEs Grade 3—-4 — unwanted events grade 3-4; MPR — maximal pathomorphologic response;
TS - chemotherapy according to the scheme: carboplatin + paclitaxel.
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conducted examining the addition of immunochem-
otherapy to radiation therapy (Table 2).

A study examining the effect of the addition of
a checkpoint inhibitor (Pembrolizumab) to chemo-
radiotherapy according to the CROSS-scheme is
a single-center, prospective, single-group study of
PALACE-1. Of the 20 patients included in the study,
19 (95 %) received a full course of preoperative treat-
ment, one patient was not given a course of CT due
to hematological toxicity. In 18 (90 %) cases, patients
underwent the surgical stage of treatment (1 patient
had metastatic lesion after the end of neoadjuvant
therapy and in 1 case death occurred due to arrosive
bleeding).

According to the results of the morphological
study, the frequency of complete pathomorpholog-
ical response was 55.6 % for neoadjuvant therapy
with pembrolizumab in combination with chemora-
diotherapy [35].

In the NCT02844075 study, out of 28 included
patients who received Pembrolizumab with neoad-
juvant chemoradiotherapy, esophagectomy was per-
formed in 26 cases. A complete pathomorphological
response in the primary tumor was achieved in 46.1 %
of patients who underwent resection (95 % CI: 28.8—
64.6). Overall survival rates after 6, 12 and 18 months
were 89.3 %, 80.8 % and 73.1 %, respectively [36].

Analyzing prospective studies examining the at-
tachment of monoclonal antibodies in neoadjuvant
mode to patients with trimodal therapy, Zhu J. et al.
(2022) it has been shown that immunotherapy does
not significantly improve the frequency of complete
pathomorphological responses in squamous cell car-
cinoma of the esophagus but leads to an increase in
the frequency of adverse events of 3—-4 degrees [37].

nuLLeBoga: CMeHa napagurm?

The multicenter randomized phase lll trials that
have begun should show the effect of neoadjuvant
immunotherapy on long-term survival.

CONCLUSIONS

To date, the recommendations for the treatment
of locally advanced esophageal cancer vary in differ-
ent countries. Thus, according to ESMO recommen-
dations, preference is given to a radical course of
chemoradiotherapy, in the USA and the Russian Fed-
eration — trimodal therapy with preoperative chemo-
radiotherapy. Clinical guidelines from Asian countries
recommend induction chemotherapy followed by
surgical treatment in operable patients. In addition
to economic factors, the histological type of tumor
is of leading importance. The CROSS study shows
the effectiveness of chemoradiotherapy followed
by surgical treatment in patients with esophageal
cancer, but it is worth noting that T4 tumors were not
included in the trial. Thus, when the tumor spreads
to adjacent structures and with potential operability,
neoadjuvant polychemotherapy according to the DCF
scheme is indicated.

Over the past decade, immunotherapy with mono-
clonal antibodies has been active in the treatment
of patients with esophageal cancer, blocking the in-
teraction between the programmed death receptor
(PD-1) and its ligands (PD-L1 and PD-L2). Thus, the
addition of nivolumab in adjuvant mode in patients
with incomplete pathomorphological response after
trimodal therapy is accompanied by a satisfactory
safety profile and improved survival rates, which led
to the inclusion of this treatment option in clinical
recommendations.
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