ISSN 2218-7332 (Print)
ISSN 2658-3348 (Online)

DOI: 10.47093/2218-7332.2025.16.2

CEYEHOBCKUIA
VHUBEPCUTET
HAYK O XWU3HU

MepBbli MOCKOBCKMM rocyfapCTBEHHbIM MeguuMHCKMK yHuBepcuteT umeHu WU.M. CeyeHoBa
(CeueHoBCKUIM YHMBEPCUTET)

CedyeHOBCKUN
SECHENOV
MEDICAL JOURNAL B e C THMK

]

ORIGINAL STUDY:

CC ) pneumonia in cancer patients:
study .

ORIGINAL STUDY:

PET/CT for tumor invasion

in gast'ric'qancer

> PN
AR
"“:(\- Sy

'
CLINICAL CASE: ”
An elderly patient with NSC|
and brain metastasis: radiation-
free victory

S

RS
&&

N \\f‘s'\«
L ECE




SECHENOV MEDICAL JOURNAL

Volume 16 | Issue2 | 2025 |

DOI: 10.47093/2218-7332.2025.16.2

ISSN 2218-7332 (Print)
ISSN 2658-3348 (Online)

SECHENOV
UNIVERSITY
LIFE SCIENCES

Focus and Scope: The Sechenov Medical Journal is committed to presenting important scientific achievements in the field of biomedical sciences,
fundamental and clinical medicine, increasing the authority of the Russian medical science by improving the quality of scientific publications. The
information contained in Sechenov Medical Journal is intended for healthcare professionals only.

EDITOR-IN-CHIEF
Peter V. Glybochko - MD, PhD, DMSc, Professor, Academician of the RAS, Rector of
Sechenov First Moscow State Medical University, Russia; https://orcid.org/0000-0002-

5541-2251

SCIENTIFIC EDITORS
Maria Yu. Nadinskaia - MD, PhD, Associate Professor, Head of Publishing Center,
Sechenov First Moscow State Medical University, Russia; https://orcid.org/0000-0002-
1210-2528
Ekaterina A. Tao - MD, PhD, Data Scientist, Analytics Department, Russian Center for
Scientific Information, Russia; https://orcid.org/0000-0002-0621-7054
Nataliya V. Eberle - MD, Scientific Editor of Publishing Center, Sechenov First
Moscow State Medical University, Russia; https://orcid.org/0009-0006-6165-8983

EDITORIAL BOARD

Cell biology, cytology, histology
Marina Yu. Kapitonova - MD, PhD, DMSc, Professor, Department of Basic Medical
Sciences, Faculty of Medicine and Health Sciences, University Malaysia Sarawak,
Malaysia; https://orcid.org/0000-0001-6055-3123
Sergey L. Kuznetsov - MD, PhD, DMSc, Corresponding member of the RAS,
Professor, Human Anatomy and Histology Department, Sechenov First Moscow State
Medical University, Russia; https://orcid.org/0000-0002-0704-1660
Oleg D. Myadelets - MD, PhD, DMSc, Professor, Head of the Department of
Histology, Cytology and Embryology, Vitebsk State Order of Friendship of Peoples
Medical University, Belarus; https://orcid.org/0000-0001-8796-052X

Pathological physiology
Elena Aikawa - MD, PhD, Professor of Medicine, Harvard Medical School, USA;
https://orcid.org/0000-0001-7835-2135
Sergey B. Bolevich - MD, PhD, DMSc, Professor, Head of Pathophysiology
Department, Sechenov First Moscow State Medical University, Russia;
https://orcid.org/0000-0002-1574-477X
Angelina V. Zor’kina - MD, PhD, DMSc, Professor, Department of Outpatient
Polyclinic Therapy, National Research Mordovia State University, Russia;
https://orcid.org/0000-0003-1122-9532
Sergey V. Pirozhkov - MD, PhD, DMSc, Professor, Pathophysiology Department,
Sechenov First Moscow State Medical University, Russia; https://orcid.org/0000-0002-
7116-3398
Vladimir Jakovljevic - MD, PhD, Professor, Dean of the Faculty of Medical Sciences
University of Kragujevac, Serbia; https://orcid.org/0000-0002-0071-8376

Internal medicine
Goran B. Bjelakovic - MD, DMSc, Professor, University of Nis, Serbia;
https://orcid.org/0000-0002-3796-9945
Vladimir T. Ivashkin - MD, PhD, DMSc, Professor, Academician of RAS, Head of
Department of Internal Medicine Propaedeutics, Gastroenterology and Hepatology,
Sechenov First Moscow State Medical University, Russia; https://orcid.org/0000-0002-
6815-6015
Dmitrii A. Napalkov - MD, PhD, DMSc, Professor, 1# Faculty Therapy Department,
Sechenov First Moscow State Medical University, Russia; https://orcid.org/0000-0001-
6241-2711
Chavdar S. Pavlov - MD, PhD, DMSc, Professor, Head of Therapy Department,
Head of Center for Evidence-Based Medicine, Sechenov First Moscow State Medical
University, Russia; https://orcid.org/0000-0001-5031-9798
Hugo E. Saner - MD, DMSc, Professor, University of Bern, Switzerland,;
https://orcid.org/0000-0002-8025-7433

Biomedical statistics (tutorial) / Modeling in medicine
Oleg B. Blyuss - PhD, Research Associate, Queen Mary University of London, UK
https://orcid.org/0000-0002-0194-6389
Alexey A. Zaikin - PhD, Professor of Systems Medicine and Applied Mathematics,
University College London, UK; https://orcid.org/0000-0001-7540-1130
Daniel B. Munblit - MD, MSc, PhD, Professor, Visiting Reader at Faculty of Medicine,
Imperial College London, UK; https://orcid.org/0000-0001-9652-6856
Maria Yu. Nadinskaia - MD, PhD, Associate Professor, Head of Publishing Center,
Sechenov First Moscow State Medical University, Russia; https://orcid.org/0000-0002-
1210-2528
Ekaterina A. Tao - MD, PhD, Data Scientist, Analytics Department, Russian Center for
Scientific Information, Russia; https://orcid.org/0000-0002-0621-7054

DEPUTY EDITOR-IN-CHIEF
Michail Yu. Brovko - MD, PhD, DMSc, Professor, Vice-Rector for
International Affairs, Sechenov First Moscow State Medical University, Russia;
https://orcid.org/0000-0003-0023-2701

EDITORIAL EXECUTIVE SECRETARY
Svetlana S. Kardasheva - MD, PhD, Associate Professor, Department of Internal
Medicine Propaedeutics, Gastroenterology and Hepatology, Sechenov First Moscow
State Medical University, Russia; https:/orcid.org/0000-0002-5116-2144

EDITORIAL BOARD

Surgery
Vladimir B. Anikin - MD, PhD, Professor of Thoracic Surgery and Consultant
Thoracic Surgeon, The Royal Brompton & Harefield NHS Foundation Trust, Harefield
Hospital, UK; https://orcid.org/0000-0001-5634-9306
Denis V. Butnaru - MD, PhD, DMSc, Head of University Clinical Hospital No. 1,
Sechenov First Moscow State Medical University, Russia; https://orcid.org/0000-0003-
2173-0566
Airazat M. Kazaryan - MD, PhD, Professor of Surgery, Oslo University Hospital,
Norway; https://orcid.org/0000-0001-9960-0820

Neurosurgery
Luciano Mastronardi - Head of the Division of Neurosurgery, San Filippo Neri
Hospital, Italy; https://orcid.org/0000-0003-0105-5786
Aldo Spallone - MD, PhD, Professor of Neurosurgery, Department Director,
Neurological Centre of Latium, Italy; https://orcid.org/0000-0002-7017-1513
Albert A. Sufianov - MD, PhD, DMSc, Professor, Corresponding member of RAS,
Head of Federal Center of Neurosurgery (Tyumen), Russia; https://orcid.org/0000-
0001-7580-0385
Valerii V. Timirgaz - MD, PhD, Professor, Department of Neurosurgery,
Nicolae Testemitanu State University of Medicine and Pharmacy, Moldova;
https://orcid.org/0000-0002-5205-3791
Alexander S. Shershever - MD, PhD, DMSc, Professor, Sverdlovsk Regional
Oncology Dispensary, Russia; https://orcid.org/0000-0002-8515-6017

Obstetrics and Gynecology
Elvira Grandone - MD, PhD, Professor, Hospital Casa Sollievo della Sofferenza, Italy;
https://orcid.org/0000-0002-8980-9783
Alexander D. Makatsariya - MD, PhD, DMSc, Professor, Academician of RAS,
Head of Obstetrics, Gynaecology and Perinatal Medicine Department, Sechenov First
Moscow State Medical University, Russia; https://orcid.org/0000-0001-7415-4633
Giuseppe Rizzo - MD, Professor and Chairman, Department of Maternal and
Child Health and Urological Sciences, Sapienza University of Rome, Italy;
https://orcid.org/0000-0002-5525-4353
Alexander N. Strizhakov - MD, PhD, DMSc, Academician of RAS, Professor of
Obstetrics, Gynaecology and Perinatology Department, Sechenov First Moscow State
Medical University, Russia; https://orcid.org/0000-0001-7718-7465
Gennadiy T. Sukhikh - MD, PhD, DMSc, Professor, Academician of RAS, Director
of Kulakov Research Center for Obstetrics, Gynecology and Perinatology, Russia;
https://orcid.org/0000-0003-0214-1213

Oncology
Savvas Petanidis - PhD, Research Assistant, Aristotle University of Thessaloniki,
Greece; https://orcid.org/0000-0001-7482-6559
Igor V. Reshetov - MD, PhD, DMSc, Professor, Academician of RAS, Head of
Oncology, Radiotherapy and Reconstructive Surgery Department, Sechenov First
Moscow State Medical University, Russia; https://orcid.org/0000-0002-0909-6278
Marina I. Sekacheva - MD, PhD, DMSc, Professor, Director of the Institute of
Personalized Oncology, Sechenov First Moscow State Medical University, Russia;
https://orcid.org/0000-0003-0015-7094

Biomedicine
Michail Yu. Brovko - MD, PhD, DMSc, Professor, Vice-Rector for
International Affairs, Sechenov First Moscow State Medical University, Russia;
https://orcid.org/0000-0003-0023-2701
Andrey A. Svistunov - MD, PhD, DMSc, Professor, Corresponding Member of RAS,
First Vice-rector, Sechenov First Moscow State Medical University, Russia
Peter S. Timashev - MD, PhD, D.Chem, Full-Professor, Institute for
Regenerative Medicine, Sechenov First Moscow State Medical University, Russia;
https://orcid.org/0000-0001-7773-2435 (invited editor)

Founded: the journal has been published since 2010.

Frequency: 4 times per year

DOI Prefix: 10.47093

Mass Media Registration Certificate: PI No FS77-78884 as of 28 August 2020
issued by the Federal Service for Supervision of Communications, Information
Technology and Mass Media (Roskomnadzor).

Distribution: content is distributed under Creative Commons Attribution 4.0
License

Founder, Publisher, Editorial Office: Federal State Autonomous Educational
Institution of Higher Education I.M. Sechenov First Moscow State Medical University
of the Ministry of Health of the Russian Federation (Sechenovskiy University)
Address: 8/2, Trubetskaya str., Moscow, 119048

Editorial office phone number: +7 (926) 306-39-99

Website: https://www.sechenovmedj.com/jour

E-mail: sechenovmedj@staff.sechenov.ru

Published: 29.07.2025

Copyright: © Compilation, design, editing. Sechenov Medical Journal, 2025
Indexation: the Journal is included in the «White list»; in the index of periodical
publications recommended by the State Commission for Academic Degrees and
Titles, and in the Russian Science Citation Index database

Subscription index in the Russian Press Agency catalog — 29124.

Price: flexible

Technical Editor: Kseniya A. Gulyaeva

Editors-proofreaders: Irina S. Pigulevskaya, Lev A. Zelexon

Page layout: Olga A. Yunina

Printed by: LLC BEAN

Address: 1, Barrikad str., Nizhny Novgorod, 603003

Format 60x90 1/8. Off set print. Print run 200 copies.



CEYEHOBCKUN BECTHUK

Tom16 | Ne2 | 2025 |

DOI: 10.47093/2218-7332.2025.16.2

ISSN 2218-7332 (Print)
ISSN 2658-3348 (Online)

CEYEHOBCKMI
YHUBEPCUTET
HAYK O XU3HKU

HEJII/I ¥ 3aa4M: K OCHOBHBIM ILIeJISIM JKYPHaJla OTHOCATCS MpeacTaB/JIeHMe aKTYya/IbHbIX HAYYHBIX ,E[OCTI/I)KEHI/IVI pOCCI/IIZCKI/IX n 33.py66)KHbIX YUYE€HbIX
B obnactu Me)II/IKO-GI/IOI[OI‘I/I‘{eCKI/IX HayK, beH,[[aMeHTaJ'[bHOﬁ U KIVMHUYECKOM MeOULVHBI, YBEJIMYEHME 3HAUMMOCTU M aBTOPUTETA pOCCI/IIZCKOﬁ
Me,[U/ILIVIHCKOIZ HayKM 3a CUET IMOBbILIEHNMS KaY€CTBa HAYUYHbIX Hy6)'[]/[KaLU/IIZ. I/IS,ZLaHI/Ie IpegHasHa4YeHOo OJIs1 HpO(l)ECCI/IOHaJ'IOB B obacTu 3APaBOOXpPaHEHMSI.

TJIABHBIN PEJJAKTOP
I1.B. I'mb160uKo - O-p Me[. Hayk, pod., akax. PAH, pektop ITepporo MMV nm.

N.M. Ceuenosa, Poccust; https://orcid.org/0000-0002-5541-2251
HAVYYHBIE PEJAKTOPDI

M.IO. HapuHckas — KaHf. Me[. HayK, JOL., PYKOBOAMTENb V3aaTebckoro HeHTpa
I[TepBoro MI'MY um. .M. CeuenoBa, Poccust; https://orcid.org/0000-0002-1210-2528
E.A. Tao - KaHA. MeA. HayK, CIENMAIUCT IO aHaIM3y OOJbLIMX IAHHbIX,
ormen aHanuTuKY, Poccuiickmii  1ieHTp HayuyHou wmHbopmaumy, Poccus;
https://orcid.org/0000-0002-0621-7054

H.B. D6epne - HayuHblii pegakrop Vsmarenbckoro unedrpa Ilepporo MITMY um.
.M. CeuenoBa, Poccust; https://orcid.org/0009-0006-6165-8983

PEJAKIIMOHHAS KOJIJIETUS

KnerouHnast 6Mosiorusi, HMTOIOI VS, TYCTOJIOTUS
M.IO. KamuroHoBa - [-p Men. Hayk, npod. xadenpbl GyHZAMEHTAIbHBIX
MeIUIMHCKMX HayK (akynbreTa MenmuumHbl M 30paBOOXpaHEHUS] YHMBEPCUTETa
Mauaitsun Sarawak, Mauaiisus; https://orcid.org/0000-0001-6055-3123
C.JI. Ky3HenoB - n-p men. Hayk, wieH-kopp. PAH, mpod. kadenpsl aHaromum
u rucronorun dvenoseka Ilepporo MI'MVY wum. M.M. Ceuenosa, Poccus;
https://orcid.org/0000-0002-0704-1660
O.[0. Msigenen - o-p mMeq. HayK, mpod., 3aB. Kabenpoi TUCTONOI UM, [UTOIOT N
u asmbpuosiorm Burtebckoro rocymapcTBeHHOro opneHa JIpysk6bl HapomoB
MeIUIIMHCKOrO yHUBepcuTeTa, Benapycs; https://orcid.org/0000-0001-8796-052X

ITaTosiormuyeckasi Gpusmoorus
E. AjikaBa - KaHfA. MeA. Hayk, npod. MeIUUMHCKON IiKojbl [apBapackoro
yumsepcurera, CIIA; https://orcid.org/0000-0001-7835-2135
C.B. BoneBnu - i1-p Mef. HayK, mpod., 3aB. Kadeapoii maroaornyeckoit hpusmonormm
[Tepsoro MI'MY um. .M. Ceuenosa, Poccus; https://orcid.org/0000-0002-1574-
477X
A.B. 3opbkuHa - 1-p Me[. HayK, I1pod. Kadenpbl aMOyIaTOPHO-IIOIUKINHIYE CKOI
Tepanuy HaumoHaJIbHOTO 1CC/IeN0BaTeIbCKOro MOpPAOBCKOTO TOCYAapCTBEHHOTO
yumepcurera um. H.IT. Orapesa, Poccus; https://orcid.org/0000-0003-1122-9532
C.B. ITupokkoB - [I-p Men. HayK, npod. Kadenpsl MaTtogornyeckoit husmonornm
ITepBoro MI'MVY um. I.M. Ceuenosa, Poccust; https://orcid.org/0000-0002-7116-3398
B. SIkoBeBUY - [-p Mel. Hayk, npod., nekaH dakyibrera MEIULMHCKUX HayK
VYuusepcurera r. Kparyesaii, Cep6ust; https://orcid.org/0000-0002-0071-8376

BuyTpenuue 6osie3uun

I.b. BensakoBuu - n-p mex. Hayk, npod. Hwuiickoro yumsepcutera, CepOus;
https://orcid.org/0000-0002-3796-9945

B.T. IBamikuH - 1-p Me[. HayK, npod., akan. PAH, 3aB. kabenpoit nporeneBTuku
BHYTpPeHHMX 60JIe3Helt, racTposHTeposoruu u remaronoruu Ilepporo MMV mm.
V.M. Ceuenosa, Poccus; https://orcid.org/0000-0002-6815-6015

J.A. HanmankoB - [-p Men. Hayk, mpod. kadenpsl dakymsreTckoi Teparmy Nel
ITepBoro MI'MV um. I.M. Ceuenosa, Poccust; https://orcid.org/0000-0001-6241-2711
Y.C. IlaBnoB - a-p Men. Hayk, mpod., 3aB. Kadenpoii Tepanuu, PyKOBOOUTEb
Ienrtpa gokasarenpHoi meguuyisl [Tepporo MI'MY um. .M. Ceuenosa, Poccus;
https://orcid.org/0000-0001-5031-9798

X.D. Canep - gn-p men. Hayk, mpod. Bepuckoro yumsepcurera, LlIBeiinapus;
https://orcid.org/0000-0002-8025-7433

BuomepuuyHCKas cTaTucTUKA (PYKOBOACTBO) / MoaennpoBanyue B MegULIVIHEe
0.B. Birocc - kaHp,. ¢Hu3.-MaT. HayK, Hay4. COTPYAHUK JIOHIOHCKOTO YHUBEPCUTETA
koposeBbl Mapun, Bennko6puranus; https://orcid.org/0000-0002-0194-6389

A.A. 3aukumn - KkaHa. OGus.-mMar. HayK, Mpod. CHUCTEMHON MeIMIVHbI
YHuBepcureTckoro Kosemka JlonpoHa, Bemkobpuranms; https://orcid.org/0000-
0001-7540-1130

O.B. Myu6aur - KkaHi. Me[. Hayk, npod., MpUITIAIleHHbIi IpernogaBaresib
Ha MeauumHCcKoM (akynbrere MiMnepckoro komnemka JIonnoHa, Bennko6puranms;
https://orcid.org/0000-0001-9652-6856

M.IO. Hapuuckast — KaHf. Mefl. Hayk, JOLl., PYKOBOOMTeN b V3maresbckoro HeHTpa
IMepsoro MI'MYVY um. .M. CeueHosa, Poccus; https://orcid.org/0000-0002-1210-2528
E.A. Tao - KaHA. MeA. HayK, CIEUMAJUCT [0 aHaJU3y OOJBIINX [AaHHBIX,

3AMECTUTEJIb ITTABHOT'O PEJAKTOPA
M.FO. BpoBKO - 1-p. Men. HayK, Npod., MPOPEKTOp IO MEKIYHAPOLHON
nesitrenbHOCTH [Teporo MI'MY um. MI.M. Ceuenosa, Poccus; https://orcid.org/0000-
0003-0023-2701

OTBETCTBEHHBIU CEKPETAPDb PEJAKLIN
C.C. KappameBa - KaH[. Me[l. HayK, Jo1l. Kadeopbl MporneneBTUKY BHYTPEHHNUX
Gosie3Helt, racTposHTeposioruu u remnatonoruu Ilepporo MI'MVY um. W.M.
CeuenoBa, Poccus; https://orcid.org/0000-0002-5116-2144

PEJAKIODVMOHHAS KOJIJIET'S1

Xupyprust
B.B. AuHuMkuH - KaHA. Mel. HayK, npod. (oHma HaIMOHAILHOM CITYsKOBI
3npaBooxpanenuss «Posut  Bpomnron u  Xapdwin», 6GompHMua Xapbwuiz,
Besmmko6puranust; https://orcid.org/0000-0001-5634-9306
J1.B. ByTHapy - A-p. Me[I. HayK, IV1. Bpad YHUBEPCUTETCKOM KIIMHNYECKOI 6osbHMIIbI Nel
IMepeoro MMV mnm. .M. CeuenoBa, Poccust; https://orcid.org/0000-0003-2173-0566
AM. Kasapsia - pa-p men. Hayk, npod. Vuamsepcurera Ocso, Hopserus;
https://orcid.org/0000-0001-9960-0820

Helipoxupyprus
JI. MacTpoHapay - PyKOBOAMTENb OTAeeHUs Helpoxupyprun, 6omabunia CaH-
Oummnmo Hepu, Urtanus; https://orcid.org/0000-0003-0105-5786
A. Cna/utoHe - JA-p Men. HayK, Npod., OUPEKTOp OTHeNeHMs KIMHUYECKUX
HelipoHayk HerporenTpa Latium, Uranms; https://orcid.org/0000-0002-7017-1513
A.A. CydmanoB - g-p men. Hayk, npod., wieH-kopp. PAH, miaBHbI Bpau
®denepanbHoro neHtpa Heiipoxupypruu (Tiomens), Poccust; https://orcid.org/0000-
0001-7580-0385
B.B. Tumupras - i-p Me[. HayK, 1pod. Kadenpsi Helipoxupypruu ['ocynapcTBEHHOrO
yHMBepcuTeTa MeoMuyHbl M (dapmakosnoruy uMenu Huxonas Tecremmuany,
Monnnosa; https://orcid.org/0000-0002-5205-3791
A.C. IllepureBep - na-p Mea. Hayk, mnpod. CBepmyIOBCKOrO 06JIaCTHOTO
OHKOJIOrMYeCKoro aycnancepa, Poccus; https://orcid.org/0000-0002-8515-6017

AKy1IepPCTBO ¥ TMHEKOJIOTHSI
3. I'panpone - n1-p Men. Hayk, npod. rocrnutanst Casa Sollievo della Sofferenza,
Wranus; https://orcid.org/0000-0002-8980-9783
A.Jl. Makauapwus - 1-p MeJi. HayK, ipod., akaa. PAH, 3aB. kadenpoii akyiepcrsa,
TMHEKOJIOTMU 1 TiepyHaTanbHoi MeauiyHbl [lepporo MTTMYVY um. V.M. CeueHoBa,
Poccus; https://orcid.org/0000-0001-7415-4633
. Puiio - npod. kadenpbl 0XpaHbl 30,0POBbsI MaTepH 1 pebeHKa U YPOIOTUIeCKIX
Hayk Pumckoro yauBepcurera Jla Canuenia, Mranms; https://orcid.org/0000-0002-
5525-4353
A.H. CrpmwkakoB - A-p Men. Hayk, akaa. PAH, mpod. xabenpsl akyiiepcrsa,
ruHekosnoruy u nepuHaronoruu Ilepporo MI'MV mm. .M. Ceuenosa, Poccus;
https://orcid.org/0000-0001-7718-7465
I.T. Cyxux - g-p men. Hayk, npod., akan. PAH, nupekrop HMUILI akyurepcrsa,
IMHEKOJIOTMM ¥ TmepuHatosormu um. akag. B.M. Kymakosa, Poccus;
https://orcid.org/0000-0003-0214-1213

OHKotorns
C. IleraHuamuc - KaHA. Me[. HayK, Hayd. COTPYIHMK YHUBEpPCUTETA UMEHU
Apucrorens B Canonukax, I'perys; https://orcid.org/0000-0001-7482-6559
.B. PeureroB - O-p men. Hayk, mpod., akan. PAH, 3aB. kadenpoii oHkomorumu,
pagMoTepanuu M PeKOHCTPYKTUBHOM xupyprumu Ilepporo MI'MV um. .M.
CeuenoBa, Poccus; https://orcid.org/0000-0002-0909-6278
M.A. CexkaueBa - f-p Men. Hayk, 1pod., aupektrop MuctutyTa
nepcoHanmM3mMpoBanHoii oHkosoruu Ilepsoro MI'MYV um. V.M. CeueHoBa, Poccust;
https://orcid.org/0000-0003-0015-7094

buomenumyua
M.IO. BpoBKo - J-p. Mefi. HayK, pod., MPOPEKTOP 10 MEXKIYHAPOILHON AESITeTBHOCTIA
IepBoro MI'MV um. .M. Ceuenosa, Poccust; https://orcid.org/0000-0003-0023-2701
A.A. CBUCTYHOB - O-p Mel. Hayk, mpod., ur.-kopp. PAH, mepBbIii mpopekTop
ITepsoro MI'MY um. MI.M. Ceuenosa, Poccus
I1.C. TumameB - 1-p XuM. Hayk, pod. VIHCTUTYTa pereHepaTMBHON MeIVIIMHBI

ormen aHanuTuKyM, Poccuiickmit  1ieHTp HayuHOu wmHbopmaumy, Poccus; ITepsoro MI'MVY um. .M. CeuenoBa, Poccus; https://orcid.org/0000-0001-7773-
https://orcid.org/0000-0002-0621-7054 2435 (npuIIalieH bl peIaKTop)

Hcropus uspgaums xypHasia: usgaercs ¢ 2010 r. Caiir: https://www.sechenovmedj.com/jour

ITepuogUIHOCTB: BHIXOOUT 4 pasa B TOf. E-mail: sechenovmedj@staff.sechenov.ru

IIpeduxc DOI: 10.47093 Beixon B cBet: 29.07.2025

CBMIETEe/IbCTBO O PperucTpauuy CpeacTBa MaccoBoii  mHbopmaym: Kommpaiir: © Odopmienne, cocraBienue, penaktupoBanye. CedeHOBCKMI

I Ne dC77-78884 or 28 asrycra 2020 roma BbimaHo DemepasbHOi CITysk60i
mo Hajg3opy B cdepe cBsi3u, MHOOPMAIMOHHBIX TEXHOJOTMIA ¥ MAacCCOBBIX
romMmyHMKamit (PockoMHaz3op).

VcioBUSL pacmpocTpaHeHusT MaTepHuaioB: KOHTEHT JOCTYIIEH MOf, JIMIeH3ueil
Creative Commons Attribution 4.0 License.

Vupenurens, usgarens, pegakuus: derepasbHOe TOCYIAPCTBEHHOE ABTOHOMHOE
obpasoBaTesibHOE yupekaeHue Bbiciero obpasoBanusi «IlepBbii  MOCKOBCKMi
TOCYapCTBeHHbIN MeAMIMHCKII yHuBepenTeT umenn V.M. CeueHoBa» MuHmcTepcTBa
3npaBooxpanenust Poccuiickoit @enepatiyy (CeueHOBCKIIA YHUBEPCUTET).

Appec: 119048, r. Mocksa, yi. Tpy6enxas, a. 8, ctp. 2.

Tenedon pepakuum: +7 (926) 306-39-99

BecTHuK, 2025

MupekcupoBaHme: skypHaJl BXOOUT B «Besblif CMCOK», B IepevyeHb M3MaHUiA,
pexkomenoBanHbix BAK, 1 6ubanorpadnueckyio 6asy ganubix PUHII.
TlopmmcHo MHEKC: B Karasiore areHTcTBa «IIpecca Poccum» — 29124,
Llena: cBo6omHast

Texunueckuii pegakTop: K.A. I'yasesa

PegaxkTopbi-koppekTopsr: 1.C. [Turynesckas, JI.A. 3enekcoH
Bepcrka: O.A. IOunna

Orneuarano: OOO «BEAH»

Appec: 603003, r. Huwxunmit Horopog, yi. Bappukan, a. 1

®dopmar 60x90 1/8. ITeyars obcernas. Tupask 200 sks.



CONTENT COLAEP>XAHWUE

INTERNAL DISEASES

Prevalence of COVID-19-associated pneumonia
signs on chest computed tomography in cancer
patients: the ARILUS study

Andrey A. Dyachenko, Andrej M. Grjibovski,

Maxim A. Bogdanov, Dmitriy V. Bogdanov,

Ekaterina A. Nazarova, Anna A. Meldo,

Valeria Yu. Chernina, Mikhail G. Belyaev,

Victor A. Gombolevsky, Mikhail Yu. Valkov

PATHOLOGICAL PHYSIOLOGY

Etamsylate enhances platelet aggregation
through G-protein-coupled receptors in patients
with macrohematuria following ureteral
lithotripsy: a single-center nonrandomized
study

Edward F. Barinov, Dina I. Giller, Sabina A. Akhundova

Letter to the Editor Regarding “Bone turnover
markers in oral and gingival crevicular fluid in
children with end-stage chronic kidney disease”
Vitorino M. dos Santos, Kin M. Sugai

SURGERY

Short-term outcomes of non-operative
management of blunt splenic injury:

a retrospective study

Quang H. Nguyen, Toan K. Dang, Song X. Hoang

ONCOLOGY

Assessing 3D-modeling techniques based on a
combination of positron emission tomography-
and computed tomography as a means to detect
tumor invasion of the paragastric tissue in
gastric cancer: a pilot study

Tatiana V. Khorobrykh, Elena V. Poddubskaya,

Vadim G. Agadzhanov, Larisa M. Tulina,

Ivan V. Ivashov, Anton V. Grachalov, Maria A. Tsali,
laroslav A. Drach, Zumrud A. Omarova

Complete remission in an elderly patient with
non-small cell lung cancer and brain metastasis
using immunotherapy plus chemotherapy:

a clinical case

Aref Chehal, Ashraf ALakkad, Hamda Alkaabi,

Aly A. Razek, Yazan Z. Alabed, Hazem M. Almasarei

4

18

28

30

39

52

BHYTPEHHUE BOJIE3HU

PaCHpOCTpaHEHHOCTb IMMPpM3HAKOB ITHEBMOHUMN,
acconuupoBaHHoi ¢ uHpekimen COVID-19,
Ha KOMITbIOTEPHBIX TOMOI'PaMMaxX OPraHOB
I'PYOHON KJIETKM Y OHKOJIOTMYECKUX OOTbHBIX:
ucciaegosaune APNJINC

A.A. [Isiuenko, A.M. I'pknboBckuit, M.A. BormaHos,
I.B. bormanos, E.A. Hazaposa, A.A. Menno,

B.1O. Yepuuna, M.I". Bensies, B.A. Tomb6o1eBcKuii,
M.IO. BanbkoB

NATOJIOrM4YECKAA ®U3UN0JI0IUA

SDTaM3uiar YCUJIMBAET arperaumio
TpOM6OUJ/ITOB yepes peLeIrrTopbl U3 ceMericTBa
G-6e/IKOB y MaIMeHTOB C MaKporemaTypueii
IocJie ypeTepoJIUTOTPUIICUN. OJHOLIEHTPOBOE
HEpaHAOMM3MPOBAHHOE CCaeq0BaHne

9.®. Bapunos, [.W. I'minep, C.A. AXyHnosa

[TrcbMO B pemakiuio 1O MOBOAY CTaThy
«Mapxkepsl peMofeIMpoBaHst KOCTHOM TKaHU
B POTOBOM ¥ 3yOOIECHEBOM KUAKOCTSIX Y JeTel
C TEPMUHAJIBHOM CTaAye XpOHYeCKOM
60JIe3HM TTOYEK»

Butopuuo M. ngoc Cantoc, Kun M. Cyran

XUPYPIUA

KpaTKOCpO‘-IHbIe pe3yjibTaTbl HEOIIEPAaTMBHOI'O
JieueHus1 Tynoﬁ TpaBMbI Ce€JI€3€HKI:
PeTpOCIIEeKTMBHOE MNCCIeJOBaHNe

K.X. Hryen, T.K. [Janr, I11.C. Xoanr

OHKoJ10Irus

3D-monmenupoBaHye Ha OCHOBaHUM
COBMeU_IeHHOI‘/JI HOSI/ITpOHHO-BMI/ICCI/IOHHOI‘/JI

u KOMHb}OTepHOI‘/JI TOMOI‘pa(bI/II/I B BbISIBJICHUU
OITyXOJIEBOM MHBA3MM MaparacTpajibHON
KJIeTUATKM IIPU paKe >KeayaKa: MUJI0OTHOe
uccijiegoBaHme

T.B. Xopo6pnix, E.B. ITogmy6ckas, B.I. AraaskaHoB,
JI.M. Tynuua, N.B. Ugaios, A.B. I'pauanos, M.A. Llai,
S1.A. IIpau, 3.A. OmapoBa

[TonHas pemuccust y NOKMUIION MalleHTKA

C HEeMeJIKOKJIETOUHBIM PaKkOM JIETKOTO

¥ MEeTacTa30M B TOJIOBHOM MOS3T TPy JIEYeHUN
MMMYHOTEpAIein U XMMUOTePaIeii:
KJMHUYECKUI CJTydan

A. Yexan, A. Anakkan, X. Anbkaabu, A.A. Pasexk,
$1.3. Anaben, X.M. Anmacapei

CEYEHOBCKWM BECTHUK T. 16, Ne 2, 2025 / SECHENOV MEDICAL JOURNAL VOL. 16, No. 2, 2025 3



INTERNAL DISEASES _____________________________________________________________|

Original article / OpuruHajabHas CTaThsA

\ '.) Check for updates ‘
https://doi.org/10.47093/2218-7332.2025.16.2.4-17 -

[@)oy a0

Prevalence of COVID-19-associated pneumonia signs on chest
computed tomography in cancer patients: the ARILUS study

Andrey A. Dyachenko'", Andrej M. Grjibovski?3, Maxim A. Bogdanov',
Dmitriy V. Bogdanov'*, Ekaterina A. Nazarova®, Anna A. Meldo!, Valeria Yu. Chernina®,
Mikhail G. Belyaev®, Victor A. Gombolevsky®”#, Mikhail Yu. Valkov'*
INorthern State Medical University
51, Troitskiy Ave., Arkhangelsk, 163000, Russia
2North-Eastern Federal University
58, Belinsky str., Yakutsk, 677000, Russia
5Private University “REAVIZ”
8/2A, Kalinina str., Saint Petersburg, 198095, Russia
*Arkhangelsk Clinical Oncological Dispensary
145, bid. 1, Obvodny Ave., Arkhangelsk, 163045, Russia
SNational Medical Research Center of Oncology
68, Leningradskaya str., St. Petersburg, 197758, Russia
SLLC “IRA Labs”

30, bid. 1, Bolshoy Boulevard, Moscow, 121205, Russia
"Artificial Intelligence Research Institute
32, bld. 1, Kutuzovsky Ave., Moscow, 121170, Russia
8Sechenov First Moscow State Medical University (Sechenov University)

8/2, Trubetskaya str., Moscow, 119048, Russia

:/fE(i)}IIgEI?JY)URN AL //\ Prevalence of COYID-19-associated pneumonia signs on chest computed tomography
& in cancer patients: the ARILUS study .
Summary Rt

CT signs of COVID-19 pneumonia are detected in 48.4% of outpatient cancer patients and
are associated with the localization of neoplasms in the lungs, head and neck, as well as
with the presence of signs of pulmonary emphysema and coronary calcification.

Materials and methods
N“ ARILUS

[ ] & B
A il

w §!/~l, ‘ Illll |

N=1148 o Data processing with Collecting data on Determination of CT
M: 44.8%, F: 55.2% Chest CT scan multi-target Al COVID-19 pneumonia severity

Factors associated with CT signs of COVID-19 pneumonia (aPR and 95%CI?)

Lungs 1.87 (1.40-2.49) Agatston index:

Outcomes

>300 1.61 (1.36-1.90)

1.25 (1.09-1.45)

Breast 1.38(1.00-1.90) 1-99 1.24 (1.05-1.47)

Reference group: tumors of female genital Reference group: without emphysema Reference group: Agatston index = 0
organs

Dyachenko A.A., Grjibovski A.M., Bogd: M.A, etal. P | of COVID-19-associated pneumonia signs 20 minutes H
on chest puted graphy in cancer pati the ARILUS study. Sechenov Medical Journal. =
2025; 16(2): 4—17. https://doi.org/10.47093/2218-7332.2025.16.2.4-17 to read E

2adjusted prevalence ratio and 95% confidence intervals
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Aim. To study the prevalence of pneumonia features associated with 2019 coronavirus disease (COVID-19) in cancer
patients based on chest computed tomography (CT) data using an artificial intelligence (Al) algorithm.

Materials and methods. A cross-sectional study was conducted as part of the ARILUS project. Using multitarget
Al, CT images of 1148 patients examined at the Arkhangelsk Clinical Oncology Dispensary from 01.04.2020 to
31.12.2021 were analyzed. Patients were divided into groups: without signs of pneumonia (n = 592, 51.6%) and
with signs of pneumonia (n = 556, 48.4%). In 95.3% of patients with pneumonia, the lesion volume was less than
25% (CT-1). Using multivariate Poisson regression, adjusted prevalence ratios (aPR) with 95% confidence intervals
(Cl) were calculated.

Results. For demographic characteristics such as gender, age, place of residence, no relationship with the presence
of signs of COVID-19 pneumonia was established. Topography of neoplasm is associated with the presence of
signs of COVID-19 pneumonia (reference group - cancers of the female genital organs): lung cancer - aPR 1.87;
95% Cl: 1.40-2.49; head and neck cancers — aPR 1.85; 95% Cl: 1.32-2.58; upper gastrointestinal tract - aPR 1.57;
95% Cl: 1.12-2.04; breast cancer — aPR: 1.38; 95% Cl: 1.00-1.90; p < 0.01. The presence of pulmonary emphysema
is associated with signs of COVID-19 pneumonia: aPR 1.25; 95% Cl: 1.09-1.45, p = 0.002. With an increase in the
Agatston score (AS) reflecting coronary artery calcification (reference group absence of calcification), the association
with the presence of signs of COVID-19 pneumonia increased — for AS 1-99: aPR 1.24; 95% Cl: 1.05-1.47; AS 100-
299: aPR 1.58; 95% Cl: 1.33-1.87; AS 300 and above: aPR 1.61; 95% Cl: 1.36-1.90; p < 0.001 for a linear trend.
Conclusion. Factors associated with the detection of COVID-19 pneumonia among cancer patients include the
localization of neoplasms in the lungs, head and neck organs, upper gastrointestinal tract, breast, and as well as the
presence of signs of emphysema and coronary calcification according to CT data.

Keywords: malignant neoplasms; pulmonary infiltration in COVID-19; artificial intelligence algorithm; population-
based cancer registry
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PacnpocTpaHeHHOCTb NPU3HaKOB NMHEBMOHUU, aCCOLMMPOBaAHHOM
¢ uHpekumen COVID-19, Ha KOMMNBIOTEPHbIX TOMOrpaMMax
OpraHoB rpyAHOM K/1IETKU Y OHKONOrMYeCKUX 60/bHbIX:
uccneposaHue APUITUC
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A HH 0T Ly 5

Llenb. M3y4ntb pacnpocTpaHeHHOCTb NPU3HAKOB MHEBMOHWM, aCCOLMMPOBAHHON C KOPOHABUPYCHOW MHbEKLMeN
2019 roga (Coronavirus Disease 2019, COVID-19), y OHKONOrMYECKMX NALMEHTOB MO iaHHbIM KOMMbOTEPHO TOMO-
rpaduu (KT) opraHoB rpynHO KNETKM C MOMOLLbO anropruTMa UCKYCCTBEHHOTO MHTennekTa (MN).

Matepuanbl n meToabl. [1poBejeHO NonepeyHoe ncecneaoBaHue B pamkax npoekta APUJTAC. C noMOLLbK MybTH-
TapreTHoro M npoaHanuanpoBaHbl n306paxeHus KT 1148 nauneHToB, NPOXOAMBLUMX 06CNeA0BaHME B ApXxaHreNb-
CKOM KIMHWYECKOM OHKOMOr14yeckoM aucnaHcepe 3a nepuof ¢ 01.04.2020 no 31.12.2021. MauneHTbl pa3aeneHsi
Ha rpynnbl: 6e3 NpuaHakoB NHEBMOHWK (n = 592, 51,6%) W ¢ Npu3Hakamu nHeBMOHWW (n = 556, 48,4%). Y 95,3%
NaLMeHTOB C NHEBMOHWE 06beM nopaxeHns cocTasun MeHee 25% (KT-1). C noMoLLbto MHOrOMEPHOI perpeccum
MyaccoHa paccynTbIBany CKOPPEKTUPOBAHHbIE OTHOLLIEHNS pacnpocTpaHeHHocTel (cOP, adjusted prevalence ratio)
¢ 95% foBepuTENbHBIMY MHTEPBanamu (ON).

Pesynbratbl. [119 feMorpapuyecknx npru3aHakos: Nos, BO3PACT, MECTO XWUTENbCTBA CBSA3M C HAMYMEM MPU3HAKOB
nHeBMoHun COVID-19 He ycTaHoBMeHO. Jlokanusauus OMyxonuW accouumMpoBaHa C HajuMyMem npu3HakoB
nHeBMoHUKM COVID-19 (pedepeHTHas rpynna — onyxonu XXeHCKMX NofoBbIX OpraHoB): pak nerkoro — cOP 1,87; 95%
IW: 1,40-2,49; onyxonwu ronosbl 1 weun — cOP 1,85; 95%/M: 1,32-2,58; BepxHue 0TaeS bl XeNya04HO-KULWEYHOrO
TpakTa — cOP 1,51; 95% [AW: 1,12-2,04; pak mono4Hon xenesbl — cOP 1,38; 95% [11: 1,00-1,90; p < 0,01. Hannune
9AMMU3EMbI NETKMX aCCOLMMPOBAHO C Npu3Hakamu nHeBMoHuKM COVID-19: cOP 1,25; 95% AW: 1,09-1,45, p = 0,002.
C yBennyeHnem uHaekca AratctoHa (Agatston score, AS) kanbLMHO3a KOPOHapPHbIX apTepuil (pedepeHTHas rpynna
6e3 KanblHO3a) YBENNYNBaNACh accoUmMalLys ¢ Hannyuem npuaHakoB nHeBMoHUn COVID-19 - ans AS 1-99: cOP
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1,24;95% OW: 1,05-1,47; AS 100-299: cOP 1,58; 95% M: 1,33-1,87; AS 300 n Bbiwe: cOP 1,61; 95% AM: 1,36-1,90;
p < 0,007 ons nMHeRHoro TpeHaa.

3aknioueHne. GakTopamy, acCoLMMPOBAHHBIMU C BbIiBNEHWEM MHeBMOHMM COVID-19, ABNSOTCA NOKanmn3aums
HOBOO6PA30BaHWii B IETKOM, OpraHax rofoBbl 1 Len, BEPXHUX 0TAENaX XenyA04YHO-KMILEYHOrO TpaKTa, MOMOYHOIA
XENese, a TakxKe Hannune NPU3HaKOB AMMU3EMbI 1 KOPOHAPHOro KanbLMHO3a No AaHHbIM KT.

KnioueBble cnoBa: 310Ka4yecTBEHHbIE HOBOOOPA30BaHWS; neroyHas nHdunbTpaums npu COVID-19; anroputm mc-
KYCCTBEHHOI0 MHTE/NEKTa; NONyNALUMOHHBIA PErnCTp paka

Py6pukun MeSH:

HOBOOBPA30BAHVSA — OCJTOXHEHWSA

COVID-19 - ANATHOCTUYECKOE N30BPAXEHME

MHEBMOHNA BUPYCHAA - OMATHOCTNYECKOE M30BPAXEHNE

BOJIE3HM CONYTCTBYOWME

PYAHAA KITETKA - ANATHOCTMYECKOE M30BPAXEHWME

TOMOTPADA PEHTTEHOBCKAS KOMIMBIOTEPHAA — METO/bI

Ona yutuposauus: [Jauerko A.A., Ipxnbosckuit AM., boraaHos M.A., boraaHoB [1.B., Hazaposa E.A., Mengo A A,
YepHuHa B.10., benses M.I, Tombonesckuii B.A., BanbkoB M.H0. PacnpocTpaHeHHOCTb NpU3HAKOB MHEBMOHMK, ac-
counmpoBaHHoi ¢ nHbekumeir COVID-19, Ha KOMNbIOTEPHBLIX TOMOrpaMMax OpraHoB rpyAHOM KIETKM Y OHKO0rnYe-
CKUX 60NbHbIX: McenefoBaHne APUJINC. CeyeHoBekuin BeCTHUK. 2025; 16(2): 4-17. https://doi.org/10.47093/2218-
7332.2025.16.2.4-17
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HIGHLIGHTS

Gender, age, and place of residence are not associated with the risk of detecting signs of COVID-19 pneumonia in patients with malignant

neoplasms.

In lung, head and neck, upper gastrointestinal tract, and breast cancer, the frequency of detecting signs of COVID-19 pneumonia is 38-87%
higher compared with the reference group - tumors of the female genital organs.

The presence of pulmonary emphysema in patients with malignant neoplasms increases the risk of detecting signs of COVID-19

pneumonia by 25%.

The presence of coronary artery calcification in patients with malignant neoplasms increases the risk of detecting signs of COVID-19

pneumonia by 24-61%.

The 2019 coronavirus disease (COVID-19) pandemic
significantly affected the diagnosis and treatment of
malignant neoplasms (MN). During the pandemic, a
substantial decline in global MN incidence rates was
observed [1, 2], including in the Russian Federation
[3], primarily due to quarantine measures. Breast and
cervical cancer screening programs, along with other
cancer screenings, were suspended during the pandemic
and later gradually resumed with scheduled visit intervals
to reduce staff density and enhance infection control
protocols [4]. In the Arkhangelsk region, the decrease
in MN incidence during the COVID-19 pandemic was
largely attributed to reduced detection of early-stage
cervical, lung, and colorectal cancers [5].

Compared to other visualization methods, chest
computed tomography (CT) has one of the highest
sensitivity rates in detecting lung abnormalities
associated with COVID-19 pneumonia. CT can identify
characteristic lung changes in COVID-19 patients even
before positive laboratory test results are obtained [6].
Meanwhile, artificial intelligence (AI) algorithms enable
highly accurate detection of minimal lung changes on
CT scans in asymptomatic and mild COVID-19 cases
that do not require hospitalization. An independent
evaluation of one such algorithm, developed by IRA Labs
LLC (Moscow, Russia), demonstrated high diagnostic
performance in detecting COVID-19 pneumonia signs:
Receiver Operating Characteristic Area Under the Curve
(ROC AUCQC) - 0.98, sensitivity - 0.95, specificity - 0.94,
and accuracy - 0.94 [7].

During the COVID-19 pandemic, population-based
cancer registries (PBCRs), with their large sample sizes
and broad population coverage, were well-suited for
monitoring shifts in cancer stage distribution at initial
diagnosis and survival analysis. However, challenges
arose in determining the exact stage at diagnosis due
to delays in surgical interventions and pathological
assessments. Given that chest CT scans were frequently
performed for MN patients during outpatient visits
and hospitalizations in the COVID-19 era, signs of
pneumonia—including clinically silent cases - could
also be tracked.

The Arkhangelsk Regional and Nenets Autonomous
Okrug (NAO) Cancer Registry was established in
1998 and has maintained satisfactory completeness in
recording and tracking MN patients from initial diagnosis

to outcome since 2000. Data on deceased MN patients are
updated monthly by cross-referencing mortality records
from the Arkhangelsk Regional Medical Information
and Analytical Center with the registry database. The
registry’s completeness, accuracy, and timeliness have
undergone multiple international audits, including
within the “Cancer on Five Continents”, CONCORD,
and VENUSCANCER programs [8-10]. The registry
also contains codes for the immediate causes of death
in cancer patients, enabling the estimation of cancer-
specific survival and non-cancer mortality rates.

Study objective: to assess the prevalence of COVID-
19-associated pneumonia signs in a population-based
cohort of MN patients using Al-assisted chest CT
analysis.

MATERIALS AND METHODS

A cross-sectional study was conducted as part of
the Arkhangelsk Research on the Impact of Multitarget
Artificial Intelligence for Computed Tomography on
Reducing Non-Cancer Lethal Outcomes in Patients with
Malignant Neoplasms (ARILUS) project [11].

Data Collection

To achieve the study’s objective, all chest CT scan
series from the central medical imaging archive of the
Arkhangelsk Clinical Oncology Dispensary (ACOD)
were extracted for the period from April 1, 2020, to
December 31, 2021, corresponding to the COVID-19
pandemic.

Chest CT scans during this period were performed
for two main indications: routine diagnostic workup
and staging of MN; exclusion of viral pneumonia signs
in hospitalized patients who developed COVID-19
symptoms (atadmission, all patients were required to have
no respiratory symptoms and a negative nasopharyngeal/
oropharyngeal swab test for COVID-19). A total of
11,173 CT scans were performed during this period, of
which 3533 were conducted for healthcare workers or
private-pay patients without MN.

Selection of valid images for processing was
performed considering Al algorithm limitations,
specifically excluding cases with lung atelectasis based
on radiologists’ interpretation reports, contrast-enhanced
CT series based on DICOM tag analysis (ProtocolName
Tag 0018,1030).
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After deidentification, all valid CT series were sent
for analysis by IRA Labs LLC (Moscow, Russia) Al
system. At this stage, cases with severe motion artifacts,
slice thickness >1.5 mm and incomplete lung scanning
area were excluded. The total number of patients with
valid CT studies was 1542.

After processing all images by the AI algorithm,
they were sent via secure channel to ACOD using the
key - insurance number of individual personal account
(INTPA), and merged with the database of PBCR of
Arkhangelsk Region and NAO, extracted on 15.04.2024.
The total PBCR database contained information on
137,773 patients registered with MN diagnosis at the
data extraction date, with INIPA data available for
62,988 patients. INIPA data in PBCR of Arkhangelsk
Region and NAO have been recorded since January 1,
2021 for all newly registered patients, and during 2021
INIPA numbers were added for follow-up category
patients. For the entire registration period (01.01.2000-
15.04.2024), completeness of INIPA data was 45.7%.
Data extraction from PBCR was necessary to establish
causes of death in patients with available INIPA data.
Among patients with valid CT studies, 394 had cancer
but their INIPA data were unavailable, making outcome

Chest CT scans at ACOD form 01.04.2020 to 31.12.2021
N= 3

)

BHYTPEHHWE BOJIESHU

assessment impossible (the ARILIS study part on
outcome assessment is considered separately and will be
presented independently). Patients without INIPA data
were excluded from the study.

The final analysis included 1148 patients (Fig. 1).

The combined database for analysis included the
following variables: patient identification code, INIPA,
age at the time of CT scan, sex, type of residential locality
(urban/rural), MN diagnosis code under the International
Classification of Diseases, 10th Revision (ICD-10).
The data for all the variables for the study period were
100 per cent complete.

Al Algorithm for COVID-19-Associated

Pneumonia Diagnosis

To detect qualitative and quantitative (percentage of
lung involvement) infiltrative changes characteristic of
COVID-19viral pneumonia (classifiedas UO7 under ICD-
10) [12], we used a medical Al-based software developed
by IRA Labs LLC (Moscow, Russia): “Software for
CT Scan Analysis Using Al Technology ‘Intelligent
Radiology Assistants’”, Technical Specifications (TU):
58.29.32-001-44270315-2021, Registration Certificate
(Roszdravnadzor): No. RZN 2024/22895! (Fig. 2).

Exclusion criteria:

o | ° absence of malignancy (n = 3533)
| atelectasis (n = 124

* intravenous contrasting (n = 2106)

\ 4
Chest CT scans prepared for processing by an Al algorithm
n = 5410

A

De-identification of data, processing by Al algorithm
n=5410

Exclusion criteria:

¢ marked motor artifacts (n = 586)

o] ° theslice thickness > 1.5 mm (n = 3268)
Pl ¢ incomplete lung scan area (n = 14)

A

Valid data
n=1542

—>

PBCR of the Arkhangelsk region and the NAO from 01.01.2020 to
15.04.2024
N=137,773

-

Included in the analyses
n=1148

Data INIPA is available
n=62,988

! !

No evidence of COVID-19 COVID-19 pneumonia
pneumonia revealed
n=>592 n=>556

FIG. 1. Flowchart of the study.

Exclusion criterion:
* No INIPA data (n = 394)

Note: ACOD - Arkhangelsk Clinical Oncological Dispensary; Al - artificial intelligence; CT — computed tomography; INIPA - insurance number
of individual personal account; NAO — Nenets Autonomous Okrug; PBCR - population-based cancer registry.

! Website of the Federal Service for Surveillance in Healthcare (Roszdravnadzor). State Register of Medical Devices and Organizations
(Individual. Entrepreneurs), Engaged in the Production and Manufacturing of Medical Devices https://roszdravnadzor.gov.ru/services/misearch

(access date: 10.12.2024).
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Y IRA LABS

FIG. 2. Processing of chest computed tomography images using multi-target artificial intelligence technology.

Note: Lung tissue lesions of COVID-19 - associated pneumonia (orange) are presented as percentages for each lung. Also highlighted are lung
nodules (red), their size and volume, fluid in the pleural cavity (yellow), its volume and densitometric density units, and vessel diameters (green).

Depending on the presence or absence of signs of
pneumonia associated with COVID-19, all patients
included in the database (n = 1148) were divided into two
groups: without signs of pneumonia (n = 592, 51.6%)
and with signs of pneumonia (n = 556, 48.4%). Notably,
in most patients in the second group - 530 (95.3%) -
the lesion volume was less than 25% (CT-1), signs of
moderate (CT-2) and moderate (CT-3) pneumonia were
found in 22 (4%) and 4 (0.7%) patients.

The Al-based software utilized in this study features
a multitarget algorithm, enabling concurrent assessment
of pulmonary emphysema, aortic and pulmonary trunk
diameters, coronary artery calcification, bone mineral
density of thoracic vertebrae (Fig. 2).

Statistical Methods

For ease of analysis and interpretation, all
variables were categorized as ordinal (age, coronary
artery calcification, bone mineral density), nominal
(ICD-10 diagnosis codes/MN groups), binomial (sex,
pulmonary emphysema, aortic aneurysm/dilation,
pulmonary trunk dilation). Frequency distribution
comparisons were performed using Pearson’s chi-
square test.

Association strength was quantified through
unadjusted (univariate) and adjusted (multivariate)
prevalence ratios (PR) with 95% confidence intervals
(CI). PR was calculated using Poisson regression (both
univariate and multivariate forms) with the standard

formula. This approach was selected over logistic
regression to avoid overestimation of effect measures
given the high prevalence of the outcome variable.
Only predictor variables showing an association
with CT-detectable pneumonia signs at significance
level (p) less than 0.15 in preliminary analyses were
retained in the final adjusted model.

The prevalence of identified cases of the
phenomenon under study among people
with a risk factor®

Prevalence ratio - -
The prevalence of identified cases of the

phenomenon under study among people
without a risk factor®

2 The presence of signs of COVID-19 pneumonia on CT was taken as
arisk factor.

The reference categories included age below 40
years, urban residence, absence of signs of pulmonary
emphysema, aortic dilation and osteoporosis, MNs of the
female genital organs (ICD-10 codes C51-58), as well as
absence of signs of coronary artery calcification. For the
rank variables, the significance level for the linear trend
was calculated by including the categories listed in the
table as continuous variables.

In all statistical procedures, the critical significance
level (p) was set at 0.05.

Statistical analysis was performed using Stata v.18
(Stata Corp., TX, USA).
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RESULTS In .the analyzed cohort, sex distribution was
approximately equal, while CT signs of pneumonia

The distribution of characteristics by study groups is o .
were detected significantly more frequently in men than

presented in Table 1.

Table 1. Characteristics of the groups

Feature Total No evidence of COVID-19 pneumonia COVID-19 pneumonia p-value
(n=1148) (n =592) (n = 556)
Sex
female 634 (55.2) 374 (63.2) 260 (46.8) 0,001
male 514 (44.8) 218 (36.8) 296 (53.2) '
Age, years
0-39 43 (3.8) 27 (4.6) 16 (2.9)
40-49 115 (10) 72 (12.2) 43(7.7)
50-59 236 (20.6) 126 (21.3) 110 (19.8) 0.002
60-69 456 (39.7) 238 (40.2) 218 (39.2) :
70-79 250 (21.8) 113 (19.1) 137 (24.6)
80 and older 48 (4.1) 16 (2.6) 32 (5.8)
Place of residence
urban 860 (74) 457 (72.5) 403 (74.9)
rural 288 (26) 135 (27.5) 153 (25.1) n-s.
ICD-10 codes, cancers
051.—58, Malignant neoplasms of female 122 (10.6) 80 (13.5) 42(7.6)
genital organs
C0-14, C30-32, Head and neck cancers 47 (4.1) 19(3.2) 28 (5.0)
C15, C16, Upper GIT cancers 140 (12.2) 60 (10.1) 80 (14.4)
C18-25, Lower GIT cancers 238(20.7) 148 (25.0) 90 (16.2)
C34, Lung cancer 185 (16.1) 55(9.3) 130 (23.4) <0.001
C43-49, Skin and soft tissues cancer 74 (6.5) 37 (6.3) 37 (6.6)
C50, Breast cancer 151(13.2) 79 (13.3) 72 (13.0)
C61, Prostate cancer 50 (4.4) 29 (4.9) 21(3.7)
C64-68, Urinary system cancers 76 (6.6) 39 (6.6) 37 (6.7)
other neoplasms 65 (5.6) 46 (7.8) 19 (3.4)
Lung emphysema
no 1064 (92.7) 574 (97.0) 490 (88.1) 0,001
revealed 84 (7.3) 18 (3.0) 66 (11.9) '
Aortal aneurism
no 1125 (98.4) 581 (98.6) 544 (98.2)
revealed 18 (1.6) 8 (1.4) 10(1.8) s
Aortal dilation
no 777 (68.0) 426 (72.3) 351 (63.4) 0.001
revealed 366 (32.0) 163 (27.7) 203 (36.6) :
Pulmonary trunk dilation
no 627 (65.8) 305 (67.8) 322 (64.0)
revealed 326 (34.2) 145 (32.2) 181 (36.0) s
Coronary artery calcification, Agatston index
0 518 (47.3) 321 (57.6) 197 (36.5)
1-99 264 (24.1) 133 (23.9) 131(24.3) 0,001
100-299 139 (12.7) 48 (8.6) 91 (16.9) '
300 and more 175 (16.0) 55 (9.9) 120 (22.3)
Osteoporosis, osteopenia
no 355 (32.3) 201 (35.5) 154 (28.8)
osteopenia 428 (38.9) 214 (37.9) 214 (40.0) <0.05
osteoporosis 317 (28.8) 150 (26.6) 167 (31.2)

Notes: Data are presented as the absolute number of patients with the symptom and the proportion in the group expressed as a percentage
(in parentheses). Pathological signs of aortic aneurysm/dilation, pulmonary trunk dilation, coronary calcification, and osteopenia were not
assessed in all CT series due to either incomplete organ visualization or algorithm limitations.

COVID-19 - Coronavirus Disease 2019; CT - computed tomography; GIT - gastrointestinal tract; ICD-10 - International Classification of
Diseases 10th Revision; n.s. - not significant.
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women. The distribution of age categories was skewed
towards older age groups in patients with COVID-19
pneumonia (Table 1).

In the study population, the most common tumor sites
were the lower gastrointestinal tract (GIT) (20.7%), lung
cancer (16.1%), breast cancer (13.2%), and upper GIT
cancer (12.2%). The frequency of pneumonia detection
varied significantly depending on cancer location:
the highest rate was observed in lung cancer patients
(70.3%), followed by head and neck malignancies
(59.6%) and upper GIT cancers (57.1%). In patients
with skin and soft tissue malignancies, the frequency of
COVID-19 pneumonia was 50%; breast cancer (47.7%),
urinary tract (48.7%), prostate cancer (42%), lower GIT
(37.8%), female genital tract (34.4%), and other sites
(29.2%) (Table 1).

Indicators of cardiovascular and pulmonary
pathology, as well as signs of osteoporosis detected
by Al-based multitarget CT analysis, were unevenly
distributed. Signs of pulmonary emphysema, aortic
dilation, presence and severity of coronary artery
calcification, and osteoporosis were more prevalent
in the group with COVID-19 pneumonia. However,
no significant differences were found between the two
groups in the distribution of aortic aneurysm/dilation and
pulmonary trunk dilation.

The results of univariate and multivariate Poisson
regression analyses are presented in Table 2.

In the unadjusted model, pneumonia sign prevalence
was significantly higher in men (by 40%) than women,
but after adjustment for other factors, gender differences
became insignificant. Prevalence of COVID-19 signs on
CT progressively increased with age (p for trend <0.001),
but intergroup differences reached statistical significance
only for age group >80 years, where COVID-19 signs
were recorded 1.8 times more frequently than in reference
group (<40 vyears). However, after including other
variables in the multivariate model, all age differences in
COVID-19 sign prevalence disappeared.

Rural residents had 13% higher prevalence of
COVID-19 signs on CT in univariate analysis, but
differences did not reach statistical significance
(»p = 0.058). The multivariate model showed no
differences between urban and rural cancer patients in
COVID-19 sign prevalence.

In the multivariate model, prevalence of COVID-19-
associated pneumonia signs was 51-87% higher in
lung cancer, head and neck tumors, and upper GIT
tumors compared to female genital tumors. It was also
significantly higher in breast cancer. For lower GIT
tumors and prostate cancer, pneumonia sign prevalence
did not differ significantly from the reference group.

Pulmonary emphysema signs were significantly
associated with COVID-19 in both univariate and
multivariate analyses. In patients with emphysema,
after adjustment for all available factors, prevalence of

COVID-19-associated pneumonia signs was 25% higher
than in those without emphysema.

Radiological signs of aortic aneurysm or dilation
were significantly associated with COVID-19 in
univariate analysis, but no independent associations
between this sign and pneumonia signs on CT were
found. Another potential predictor of increased
cardiovascular mortality - coronary artery calcification
level measured by Agatston score — was associated with
higher probability of COVID-19 pneumonia in both
univariate and multivariate models. Adjusted PRs for
pneumonia signs increased from 1.24 (95% CI 1.05-
1.47) to 1.61 (95% CI 1.36-1.90) for scores 1-99 to
2300 compared to the no-calcification reference group.
Aortic aneurysm and pulmonary trunk dilation were
associated with pneumonia signs on CT at significance
level >0.15 in univariate modeling and were not included
in the multivariate model.

Prevalence of COVID-19 signs progressively
increased with osteoporosis severity (p = 0.015 for trend)
in univariate analysis. After including other factors in the
model, PRs decreased to statistically insignificant levels.

DISCUSSION

Our study found that half of MN patients admitted
to ACOD in 2020-2021 for specialized treatment had
signs of COVID-19-associated pneumonia, with most
cases showing <25% lung involvement. We identified
independent factors associated with COVID-19
pneumonia detection: cancer topography in lungs, head/
neck, upper GIT, and breast, as well as presence of
emphysema and coronary calcification on CT.

The COVID-19 pandemic significantly impacted
cancer diagnosis and treatment organization: mortality
reached 23.4% in hospitalized patients [13], mainly
from pneumonia against 3-15-fold increased thrombosis
rates [14]. Approximately 15-30% of hospitalized
patients developed acute respiratory distress syndrome,
increasing mortality risk [15]. Lung involvement volume
on CT predicts COVID-19-associated pneumonia
mortality [16]. COVID-19-associated pneumonia can
be asymptomatic in 50% of patients [17, 18], which is
consistent with our findings.

Risk factors for severe disease include older age,
male sex and comorbidities. In our study, age and
male sex were not independent pneumonia risk factors.
However, older patients and men in general population
have higher risk of coronary vessel atherosclerosis and
emphysema - factors that showed independent effects on
pneumonia risk in our study. This highlights the need for
comprehensive risk assessment.

Our analysis showed substantially higher pneumonia
prevalence in lung, upper GIT, and head/neck cancer
patients versus cohort average. Smoking is the most
important modifiable risk factor for these MNs. While
some early studies suggested protective association
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Table 2. Association between COVID-19 pneumonia and studied characteristics

Feature cPR with 95% ClI p-value aPR with 95% CI p-value
Sex
female 1.00 (ref.) <0.007° 1.00 (ref.) ns
male 1.40 (1.25-1.58) ' 1.15(0.98-1.35) "
Age, years
0-39 1.00 (ref.) 1.00 (ref.)
40-49 1.00 (0.64-1.58) 0.87 (0.56-1.36)
50-59 1.25 (0.83-1.89) 0,001 0.86 (0.56-1.30) -
60-69 1.28 (0.86-1.92) : 0.80 (0.53-1.21) "
70-79 1.47 (0.98-2.21) 0.95 (0.63-1.45)
80 and older 1.79 (1.16-2.77) 1.09 (0.69-1.71)
Place of residence
urban 1.00 (ref.) s 1.00 (ref.) s
rural 1.13(1.00-1.29) - 1.06 (0.93-1.20) o
ICD-10 codes, cancers
C51-58, Malignant neoplasms of female genital organs 1.00 (ref.) 1.00 (ref.)
C0-14, C30-32, Head and neck cancers 1.73(1.23-2.43) 1.85(1.32-2.58)
C15, C16, Upper GIT cancers 1.66 (1.25-2.20) 1.51 (1.12-2.04)
C18-25, Lower GIT cancers 1.10 (0.82-2.47) 1.06 (0.78-1.45)
C34, Lung cancer 2.04(1.57-2.65) <0.001 1.87 (1.40-2.49) <0.001
C43-49, Skin and soft tissues cancer 1.45(1.04-2.03) ’ 1.40 (0.99-1.93) ’
C50, Breast cancer 1.39(1.03-1.86) 1.38 (1.00-1.90)
C61, Prostate cancer 1.22(0.81-1.83) 1.07 (0.70-1.63)
C64-68, Urinary system cancers 1.41(1.01-1.98) 1.39(0.98-1.98)
other neoplasms 0.85(0.54-1.33) 0.78 (0.48-1.25)
Lung emphysema
no 1.00 (ref.) <0.001 1.00 (ref.) 0.002
revealed 1.71(1.50-1.94) : 1.25 (1.09-1.45) '
Aortal dilation
no 1.00 (ref.) 0.001 1.00 (ref.) s
<VU. ..
revealed 1.23(1.09-1.38) 0.96 (0.85-1.10)
Coronary artery calcification, Agatston index
0 1.00 (ref.) 1.00 (ref.)
1-99 1.30 (1.11-1.54) .00 1.24 (1.05-1.47) 0,001
100-299 1.72(1.46-2.03) ’ 1.58 (1.33-1.87) '
300 and more 1.80 (1.55-2.09 ) 1.61(1.36-1.90)
Osteoporosis, osteopenia
no 1.00 (ref.) 1.00 (ref.)
osteopenia 1.15(1.00-1.33) 0.015° 1.11(0.95-1.27) n.s.2

osteoporosis

1.21(1.05-1.39)

1.10(0.93-1.29)

Notes: @ p for linear trend.

aPR - adjusted prevalence ratio; Cl - confidence interval; cPR - crude prevalence ratio; n.s. - not significant; Ref - reference category.

between smoking and COVID-19 severity (“smoker’s
paradox” [19]), most authors link tobacco smoking with
increased risk of symptomatic SARS-CoV-2 infection
and disease progression [20, 21]. A recent US analysis
found current tobacco smoking significantly associated
with increased hospitalization (Odds Ratio (OR) 1.72;
95% CI: 1.62-1.82; p < 0.001), ICU admission (OR

1.22; 95% CI. 1.10-1.34; p < 0.001) and all-cause
mortality (OR 1.37; 95% CI: 1.20-1.57; p < 0.001) after
adjustment [22]. Our assumption about smoking and CT
opacity probability is further supported by more frequent
pneumonia signs in men, who smoke more.

Among healthcare Al services, radiology has the
most products. Russia’s largest Al radiology project is
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the Experiment on Using Innovative Computer Vision
Technologies for Medical Image Analysis in Moscow
Healthcare System, which processed >12 million
radiological studies. In this project, IRA Labs LLC
leads the maturity matrix for comprehensive chest CT
Al by performance quality (ROC AUC) [7]. Using this
algorithm detects pneumonia signs more frequently than
unaided interpretation.

Study strengths include population-based design,
using all available CTs for analysis. PBCR data
completeness was previously validated at high
levels. For example, the mortality/incidence ratio in
Arkhangelsk Region and NAO PBCR for 2008-2017
is 0.58, comparable to Eastern European registries.
Death certificate only (DCO) rate is 4.5%, higher than
in European countries, but this can be explained by high
autopsy rates (>60% in MN patients) and, subsequently, a
high rate of accident postmortem cancers. The difference
between cases registered in PBCR during 2008-2017
and annual reports versus 5-year updated data is <3%
[10].

Reliable PBCR patient data enabled assessment of
lung infection prevalence in a representative MN patient
cohort and provided high statistical power. Another key
advantage is using objective Al-derived radiological
criteria, revealing higher viral pneumonia probability
with chronic lung (emphysema) and coronary vessel
diseases.

Study Limitations

Chest CT was used both for routine MN staging/
diagnosis and COVID-19 symptom evaluation.
Separating these streams was impossible in this design.
However, hospitalization rules during pandemic required
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baseline disease exclusion, making hospital-acquired
infection risk random and dependent only on analyzed
factors.

Correlation of CT pneumonia signs with SARS-
CoV-2 PCR results was impossible. However, during
the pandemic, other viral infections rarely caused
pneumonia [23]. Moreover, many cases with clear clinical
manifestations had initial negative nasopharyngeal
PCR, with COVID-19 later confirmed by repeat PCR or
seroconversion [24].

Incomplete INIPA data in PBCR. However, we
assume most patients undergoing chest CT during
04/2020-12/2021 were in follow-up category by 2021.
Among 1542 patients with validated CTs and Al analysis,
74.4% matched PBCR records.

The cancer registry doesn’t collect smoking data,
preventing independent assessment of this factor’s
impact on CT pneumonia sign risk.

Future Research Directions

Clinical significance of incidentally detected CT
pneumonia signs in MN patients will be assessed in
survival and cause-of-death analyses. Since age was an
independent mortality risk factor in some COVID-19
pneumonia studies [25, 26], we plan to analyze the
overall cohort survival by age.

CONCLUSION

In this analysis, half of the patients admitted to
Arkhangelsk oncology center during COVID-19
pandemic showed CT signs of pneumonia. Independent
factors associated with COVID-19 pneumonia detection
include tumor location (lung, head/neck, upper GIT,
breast) and CT signs of emphysema and coronary
calcification.
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CTaTUCTUYECKUII aHAIM3 M €ro MHTepIpeTanysi, KPUTUIeCKUI
MepecMOTp TEeKCTa, VHTEePIpeTanysl pe3y/IbTaToB UCCAeSOBaHMS.
M.A. Borganos, [I.B. Borganos, B.}O. Uepuuna — aHanmm3 paGoThl,
KPUTUYECKUI TE€PeCMOTD TEKCTa, MHTEePIIpeTauusl pe3ysibTaToB
uccnenosanys. E.A. HasapoBa - anamm3 paGoThbl, KPUTUUECKUI
[epecMOTp TEeKCTa, VHTEePIpeTalysl Pe3y/IbTaToB UCCAeSOBaHMs.
A.A. Mengo, M.T. BesnsieB — KpUTHUECKIIE TIEPECMOTP TEKCTA, VH-
TepIipeTanysl pe3yibTatoB uccienosanus. B.A. ['omb6oneBckuii,
M.IO. BanbkoB — HayuyHOe PYKOBOLACTBO, pa3paboTKa KOHLIEMINU
UCCIIeNOBaHMsI, Pa3BUTHE METOROIOT VM, KDUTUIECKUI IEPECMOT]
TEKCTa, MHTePIIpeTalys pe3y/IbTaToB MCCIenoBaHysl. Bce aBTOpBI
YTBEepPOWIN OKOHYATEeIbHYIO BEPCHUIO CTAaThI.
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Etamsylate enhances platelet aggregation through G-protein-
coupled receptors in patients with macrohematuria following
ureteral lithotripsy: a single-center nonrandomized study

Edward F. Barinov™’, Dina I. Giller, Sabina A. Akhundova
Donetsk State Medical University
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SECHENOV / Etamsylate enhances platelet aggregation through G-protein-coupled receptors in patients
e / with macrohematuria following ureteral lithotripsy: a single-center nonrandomized stud
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Summary The decrease in hematuria after the fourth dose of etamsylate is associated with the
modulation of the activity of purine P2Y receptors, the thromboxane A2 receptor and L
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Abstract

Aim. To evaluate the effect of etamsylate on the activation of signaling pathways involved in the regulation of platelet
aggregation in the setting of macrohematuria following ureteral lithotripsy (ULT).

Material and methods. A total of 192 patients undergoing ULT followed by ethamsylate administration were assessed
for inclusion in the study. All patients received nonsteroidal anti-inflammatory drugs. The study included 42 patients
(20 men and 22 women; mean age 54.2 + 15.1 years) who developed macrohematuria following administration
of three doses of etamsylate (125 mg I.V. the first dose was administered 6 hours after ULT, followed by further
doses every 6 hours). Platelet receptor activity was assessed before and after administration of the fourth dose of
ethamsylate (125 mg I.V.) using standard (EC,)) and subthreshold (EC, ) concentrations of agonists: epinephrine,
adenosine triphosphate, adenosine diphosphate (ADP), adenosine, platelet-activating factor (PAF), soluble type IV
collagen, and a stable thromboxane A, analog.

Results. After administration of the fourth dose of etamsylate, macrohematuria significantly decreased compared to
baseline values: 46.6 + 8.9 vs. 76.7 + 7.0 red blood cells per field of view (p < 0.001). After administration of the fourth
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dose of etamsylate, upon stimulation with standard agonist concentrations (EC, ), there was a significant increase
in the activity of the PAF receptor by 9.1% (p = 0.007), the thromboxane prostanoid receptor by 7.9% (p = 0.006), the
glycoprotein VI receptor by 22.8% (p < 0.001), and ethamsylate-induced platelet aggregation by 10.4% (p < 0.05). The
maximal aggregatory response using subthreshold agonist concentrations (EC, ) was observed when platelets were
incubated simultaneously with ethamsylate and ADP: amplitude, slope, and AUC (area under the curve) increased by
16.9%, 60.0%, and 54.7%, respectively, compared to isolated stimulation of P2Y receptors (p < 0.05), and by 26.2%,
77.2%, and 65.6%, respectively, compared to incubation with ethamsylate alone (p < 0.05).

Conclusion. The maximal proaggregatory effect of ethamsylate was mediated through P2Y receptors, along with
modulation of thromboxane prostanoid and PAF receptors, which promote intracellular Ca2* elevation.

Keywords: nephrolithiasis; non-steroidal anti-inflammatory drugs; hematuria; G-protein coupled receptors; intracellular
signalling pathways; receptor synergism; aggregometry parameters
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AHH 0T Ly

Llenb. OLeHnTb BIUAHME STamM3naTa Ha akTUBaUMIO CUrHabHbIX NyTew, PErynnpyowmx arperauuto TpoOMOOUMUTOB,
npu MakporemaTypum, BO3HWKaIOLLEN Nocne KOHTaKTHON ypeteponuTtoTpuncum (K/T).

Matepuan n metogbl. [114 y4yacTus B uccnegoBaHun ouereHbl 192 nauneHTta, KotopbiM nposogunack KT ¢ no-
ChnefytolmnmM BBeeHeM atamsunara. Bece nauneHTbl NpyHUMani HeCTeponaHble NpOTUBOBOCNANNTENbHbIE Npena-
paTbl. B aHanu3 BktoueHbl 42 nauneHTa (20 MyXXUnH, 22 XEeHLWHbI, CpeaHuii Bo3pacT 54,2 + 15,1 roaa), y KOTopbIx
noce BBeJeHUs Tpex 403 aTamaunarta (125 mr B/B nepBas o3a Yepes 6 yacos nocse KJ1T, fanee kaxable 6 4acos)
coxpaHsnachb Makporematypus. [1o 1 nocne BBeeHUs YeTBEPTON A03bl aTamaunaTta (125 Mr B/B) OLieHEHa aKTu1B-
HOCTb peLienTopos TPOMEOLMTOB Npy BBeAeHUM CTaHAapTHbIX (EC, ) v cybnoporosbix (EC, ) KOHLEHTpaLuii aronu-
CTOB: annHedpuH, ageHo3nHTpudochart, ageHosnnandocdat (AAP), aneHo3uH, GakTop akTMBaLMM TPOMOOLWTOB
(DAT), pacTBOpPUMBIiA KonnareH |V Tvna n cTabunbHbIi aHanor TpoMéoKcaHa A2.

Pesynbratbl. [ToC/e BBEAEHWA YETBEPTOM A403bl dTam3unata MakporeMatypus CTaTUCTUYECKU 3HAYMMO CHMXKA-
nach Mo CpaBHEHWIO C NoKasaTeneMm [o BBefeHuns: 46,6 + 8,9 vs. 76,7 + 7,0 apuTpoumToB B none 3peHns (p < 0,001).
Mocne BBEEHMA YETBEPTOI 403bI TaM3uNaTa NP1 UCMONb30BAHNM CTaHAAPTHbIX 03 aroHncTos (EC, ) noBbiwa-
nacb akTuBHocTb ®AT-peuentopa Ha 9,1% (p = 0,007), TP-peuentopa (thromboxane prostanoid, Tpom6oKcaH npo-
cTaHous) - Ha 7,9% (p = 0,006), GPVI-peuentopa (Glycoprotein VI, raukonpotent VI) - Ha 22,8% (p < 0,001), arpera-
LS TPOMBOLMTOB, MHAYLUMPOBAHHOI aTamannatoM, — Ha 10,4% (p < 0,05). MakcumanbHblil 9GheKT arperaumm no-
CNle BBEAEHNA 4eTBEPTOI 403bl 3TaM3KnaTa npu 1Cronb3oBaHuM cybnoporosbix (EC, ) KOHLEHTpaLuii aroHUCTOB
06HaPYXXeH NpK MHKY6aLMK TPOMBOLIUTOB OHOBPEMEHHO C aTaMaunatoM 1 Al®: amnnntyaa, Slope u AUC (area
under curve, nnowwazab noa KpUBoiA) Gbian Bbiwe Ha 16,9, 60,0 n 54,7% COOTBETCTBEHHO OTHOCUTENBHO TakoBbIX
npw1 130AMpoBaHHON cTMynaumn P2Y-peuentopos (p < 0,05) 1 Ha 26,2, 77,2 1 65,6% 60nblue, YeM Npu 1HKybaLnum
TPOMGOLMTOB TONBKO C aTamannatom (p < 0,05).

3akniouenne. MakcyManbHbId NpoarperaHTHbli 3hdeKT asTamsunata OCYWECTBAANCS NOCPeACTBOM P2Y-
PELIenTopoB, Takxe OTMeyeHa Mogynauma TP-peuentopoB 1 OAT-peuentopoB, obecneynBarolyx NOBbILIEHWE
YPOBHS BHYTpUKNeTouHoro Ca?.

KnioueBble cnoBa: He(ponuTias, HeCTepouaHble NPOTUBOBOCNANNTENbHbIE NPenapaTbl; reMaTypus; peLenTopsl,
CBSI3aHHble ¢ G-Henkamu; NyTh BHYTPUKIETOYHON CUrHANN3aLWK; CUHEPrU3M PeLenTOpOB; NapaMeTpbl arperato-
MeTpum

Py6pukun MeSH:

NMTOTPUNCIS - BPEAHBIE BO3AENCTBKA

MPOTUBOBOCMANUTENBHBIE CPEACTBA HECTEPOWUHbIE - BPEHBIE BO3ENCTBMA

FEMATYPUA - KPOBb

FEMATYPUA - 3TNO0T A

TPOMBOLINTOB AFPETALIUA - AEMCTBIE NEKAPCTBEHHbBIX MPEMAPATOB

STAM3UNIAT - ®APMAKOJI0INA

Ana uyntnpoBanusa: bapuHos 5.0, Munnep A.W., AxyHgoa C.A. OTamaunaT ycunauBaeT arperauuio TpOMOO-
UMTOB Yepes peLenTopbl 13 cemeiicTBa G-6€NKOB Y MAaUMEHTOB C MakporemaTtypueit nocne ypeteponuToTpun-
CUM: OAHOLIEHTPOBOE HEPaHAOMWU3MPOBAHHOE KccnefoBaHue. CedyeHOBCKWIA BecTHMK. 2025; 16(2): 18-27.
https://doi.org/10.47093/2218-7332.2025.16.2.18-27
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JocTyn K JaHHBIM MCCIeR0BaHMA. [JaHHbIe, TOATBEPsKAAIOLIVE BLIBOBI TOTO MCCIENOBAHNS, MOSKHO TIOJIYYMUTh Y @aBTOPOB MO OGOCHO-
BaHHOMY 3arpocy. [laHHbIe 1 CTATUCTUYECKIE METO/bI, TPEJCTaBI€HHbIE B CTAThe, MPOIUIM CTATUCTUYECKOE PELIeH3MPOBaHNE PelaKTo-
POM KypHaia — cepTUdUIMPOBAHHBIM CITELIMATMCTOM IO 6MOCTATUCTUKE.

KoudukT MHTEpecoB. ABTOPbI 3asIBJISIIOT 06 OTCYTCTBMUM KOHQUIMKTA MHTEPECOB.

dunaHcupoBanue. VccienoBaHye He IMeIO CIIOHCOPCKON TIOAIEPKKM (COOCTBEHHbBIE PECYPCHI).

IMocrymmra: 10.01.2025
IIpunsra: 13.03.2025
Hara meuarn: 29.07.2025

Abbreviations:

ADP - adenosine diphosphate

AUC - area under the curve

COX - cyclooxygenase

GPCR - G-protein-coupled receptors
GPVI - Glycoprotein VI

NSAIDs - non-steroidal anti-inflammatory drugs
PAF - platelet-activating factor

TP - thromboxane prostanoid

TxA2 - thromboxane A2

ULT - ureteral lithotripsy

HIGHLIGHTS

In 33.9% of patients with nephrolithiasis, despite the administration of three doses of etamsylate (125 mg |.V. every 6 hours), macrohematuria
persists for 24 hours after ureteral lithotripsy; administering the fourth dose is associated with a 39.3% reduction in hematuria.

Areduction in hematuria after the fourth etamsylate dose is associated with the modulation of purine, P2Y, TxA2 and PAF receptors, which

increases the level of Ca% in platelets.

The hemostatic effect of etamsylate in vitro is mediated by the activation of G-protein-coupled receptors.

Persistent hematuria after ureteral lithotripsy (ULT)
(despite administration of hemostatic agents), remains an
important topic in urology [1]. A risk factor for hematuria
development is the inhibition of platelet cyclooxygenase
(COX), which occurs when non-selective non-steroidal
anti-inflammatory drugs (NSAIDs) are prescribed for
postoperative analgesia in patients with nephrolithiasis
[2]. Impaired canonical signaling related to thromboxane
A2 receptor (TP receptor) activation by thromboxane A2
(TxAZ2) limits the compensatory mechanisms of platelet
aggregation [3].

Currently, the synthetic hemostatic agent etamsylate
(2,5-dihydroxybenzene sulfonate diethylammonium salt)
is widely used in clinical practice to stop bleeding [4]. It
works by activating tissue factor at the site of vascular
injury, resulting in a reduction in endothelial prostacyclin
12 production, a stimulation of megakaryocytopoiesis,
and an increased platelet adhesion and aggregation. In
turn, this leads to a cessation or reduction of bleeding
[5,6]. An experimental study using canine blood
samples demonstrated that etamsylate can inhibit the
anticoagulant effect of heparin. Furthermore, it can also
exhibit moderate fibrinolytic activity [7].

However, several unanswered questions remain
regarding the variability in etamsylate’s hemostatic
efficacy: (a) whether postoperative hematuria reduction/
cessation is due to receptor activation enhancing
P-selectin expression on the platelet membrane and
what role etamsylate plays in this process; (b) whether
persistent hematuria or its reduction without achieving

hemostasis reflects inadequate optimization of G-protein-
coupled receptors (GPCR) mediated signaling pathways
that promote platelet aggregation.

The aim of the study: to assess the effect of
etamsylate on activation of signaling pathways
regulating platelet aggregation in macrohematuria
following ULT.

MATERIALS AND METHODS
A single-center, prospective, non-randomized,
uncontrolled study was conducted. Consecutive

enrollment of patients with renal colic due to
urolithiasis was carried out among those hospitalized at
the Department of Remote Shock Wave Lithotripsy and
Endourology of the M.I. Kalinin Republican Clinical
Hospital between January 3, 2022, and November
29, 2024. The sample size was determined during the
planning phase and was sufficient to detect a reduction
in hematuria by 5 Red blood cells (RBCs) per field of
view in urine sediment microscopy within 24 hours
after ULT, with a standard deviation of 9, power of
80%, and a significance level of 5%.

Patient Enrollment

The patient inclusion flowchart is shown in the
Figure. A total of 192 patients were assessed to see if
they were eligible for the study.

Inclusion Criteria:
e age 18 years or older;
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signed informed consent to participate;

undergoing antegrade ULT;

macrohematuria persisting for at least 6 hours post-
ULT.

Indications for antegrade ULT included:

lack of effect from lithokinetic therapy for 7-9 days;
stone size > 6 mm;

patient desire for stone removal due to poor tolerance
of renal colic pain.

Exclusion Criteria:

use of antiplatelet agents or statins in the last 3 months
(n=32);

coagulopathy and/or thrombocytopenia (n = 3);
acute pyelonephritis (n = 13);

acute/chronic inflammatory conditions at other sites
(n=17);

nephroptosis, ureteral stricture (n = 5);
decompensated somatic disease (n = 5);

oncological diseases (n = 3).

Atotal of 68 patients met the exclusion criteria. Of the
remaining 124 patients, 82 showed no macrohematuria
after three doses of etamsylate. The study continued
with 42 patients whose hematuria persisted 6 hours after
the third etamsylate dose. A fourth dose of etamsylate
was administered to them, and platelet aggregation was
evaluated before and 6 hours after this dose (see Fig.).
The lack of a control group was due to the clinical
necessity of administering etamsylate to all patients with
macrohematuria post-ULT.

Protocol for the Treatment of Urolithiasis

Medical lithokinetic therapy included an o ,-
adrenergic blocker (tamsulosin at a dose of 0.4 mg/day).

The choice  of  antegrade percutaneous
nephrolithotomy (PCNL) was determined by the
following factors: the ability to use larger instruments,
a low risk of distal fragment migration in cases of
an “impacted” calculus, the possibility of extracting
stone fragments without the risk of ureteral damage or
avulsion, and a reduced risk of granulation formation
in the ureteral mucosa [8]. All ULT procedures were
performed under epidural anesthesia with intravenous
sedation, with the patient in the prone position, using
a rigid nephroscope (basket size 24-26 Fr, operating
sheath 27293BD, wide-angle direct vision Hopkins 6°
optics 27292AMA, Karl Storz, Germany).

To reduce the duration of the operation and to
standardize renal access, after performing retrograde
ureteropyelography, ureteral stones were displaced
from the middle or upper third of the ureter into the
renal pelvis using a rigid ureterorenoscope (length
43 cm, size 8.5 Fr, R.Wolf, Germany). Subsequently, an
8-10 Fr ureteral catheter was placed to deliver contrast
medium and irrigation fluid into the renal pelvis.
In all cases, the nephrostomy tract was established
under combined ultrasound and fluoroscopic guidance
through the papillae of the lower or middle calyces
using telescopic dilators (Karl Storz 27290A,
Germany).

Patients with renal colic and urolithiasis
N=192

I

Inclusion criteria:
- age 18 or older,
- ULT,

- macrohematuria persisting for 6 hours after ULT

Non-inclusion criteria:

— pregnancy (n = 0),

— use of antiplatelet agents and statins in the last 3 months (n = 32),
— coagulopathy, thrombocytopenia (n = 3),

— acute pyelonephritis (n = 13),

A 4

— acute and chronic inflammatory diseases of other localizations (n = 7),
— nephroptosis, ureteral stricture (n = 5),

— somatic diseases in decompensation stage (n = 5),

— cancer (n = 3)

A

A

(n=

6, 12 and 18 hours after ULT: Etamsylate I.V. 125 mg

124)

|

Inclusion criterion:

- persistence of macrohematuria 24 hours after ULT

|

Included in

(n=42)

the analysis

Part 1: Platelet aggregation with receptor agonists
Cso)

Fourth dose of Ethamsylate 125 mg V.

Part 2: Platelet aggregation with receptor agonists
Co

v

v

After 6 hours

|_,|

Random samplin,
n=20 g

FIG. Study flowchart.
Note: ULT - ureteral lithotripsy.
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The optimal percutaneous access route was selected
based on the geometric anatomy of the calculus. Standard
lithotripsy and/or lithoextraction were then performed.
For stone fragmentation, the following devices were
used: an electrohydraulic lithotripter (Urolit, MedLine,
Russia), an ultrasonic lithotripter (Karl Storz Calcuson,
Germany), a holmium laser lithotripter (Karl Storz
Calculase II, Germany), or a combination thereof. The
fragmentation settings depended on the density and
size of the stone, with density assessed in Hounsfield
units (HU) ranging from 300 to 1360 HU on computed
tomography. The average stone size was 14.3 * 0.9
mm (range 8.0 to 30.0 mm). After inspecting the renal
pelvis for residual fragments, a 16-18 Fr nephrostomy
tube was placed, and a ureteral stent was inserted if
necessary. The nephrostomy tube was removed on days
3-7, and the ureteral stent on days 3-20.

For analgesia, all patients received non-selective
NSAIDs (sodium diclofenac, 150 mg/day) for two
days following ULT. Additionally, to prevent infectious
complications, patients were administered antibacterial
drugs in accordance with clinical guidelines!.

Protocol for Etamsylate Administration

All enrolled patients received intravenous etamsylate
in 4 doses of 125 mg every 6 hours, with a total daily
dose of 500 mg (see Fig.).

Assessment of Platelet Aggregation Capacity

The study material consisted of biological fluids
collected from patients in the morning on an empty
stomach before diagnostic or therapeutic procedures:
blood (10.0 mL) from the cubital vein, anticoagulated
with sodium citrate solution (9:1 ratio) and 50.0 mL of
urine (50.0 mL).

Hematuria was assessed at 6, 18, 24, and 30 hours
post-ULT. Given the selection of patients with
persistent macroscopic hematuria after three doses
of etamsylate, the following time points were chosen
for evaluating induced platelet aggregation: before
the fourth etamsylate dose (24 hours post-ULT) and
six hours after administration (30 hours post-ULT)
(see Fig.).

Receptor activity was analyzed in vitro using
platelet suspensions prepared from peripheral blood by
centrifugation to obtain platelet-rich plasma (PRP) [9].
The platelet count in the samples was 200,000 * 50,000
cells/pL.

Part 1: Receptor Activity Assessment

The following receptors were studied in all patients
using EC50 (half-maximal effective concentration)
agonists, which induce 50% aggregation amplitude
in  healthy individuals: o, -adrenergic receptor
(epinephrine, 5.0 pM); purinergic receptors (P2X1
and P2Y) (adenosine triphosphate, 500 uM; adenosine

MATOJTIOr MYECKAA ®UN3N0SI0TNA

diphosphate (ADP), 5.0 uM); adenosine A2 receptor
(adenosine, 5.0 uM); TP receptor (U-46619, a stable
TxA2 analog, 7 uM); platelet-activating factor (PAF)
receptor (PAF, 150.0 uM); Glycoprotein VI (GPVI)
receptor (soluble type IV collagen, 2.0 mg/mL).
Agonists sourced from Sigma-Aldrich Chemie GmbH,
Germany). Additionally, the in vitro effect of etamsylate
(10 uM) as an aggregation stimulator was examined.

Part 2: Signaling Pathway Synergism Modeling

In a subset of 20 patients (randomly selected from 42
enrolled), synergistic signaling pathways were studied
6 hours after the fourth etamsylate dose. Platelets were
incubated with: etamsylate (10 uM) and subthreshold
(EC,,) concentrations of ADP, PAF, U-46619, and their
combinations.

Aggregation capacity was evaluated in accordance
with European guidelines for standardized aggregometry
[10, 11]. Method: Turbidimetric aggregometry using
a ChronoLog analyzer (USA). Parameters analyzed:
aggregation amplitude (%), maximum slope (%/min)
and an area under the curve (AUC).

Statistical Analysis

Normality distribution was assessed using the
Shapiro-Wilk test. Continuous variables with normal
distribution were expressed as mean * standard
deviation (SD). Intergroup differences were analyzed
using paired Student’s t-test. Correlation analysis
was performed using Pearson’s coefficient, with the
Chaddock scale used to determine correlation strength.
Statistical significance was set at p < 0.05. All analyses
were conducted using MedCalc 18.10.2 (MedCalc
Software, Belgium).

RESULTS

The primary results of anthropometric, laboratory,
and instrumental evaluations at the hospitalization
stage are presented in Table 1. The mean age of enrolled
patients was 54 years, with an equal gender distribution.
Blood analysis results were within reference ranges. In
62% of cases (n = 26), the calculus was located in the
upper third of the ureter, and in 38% (n = 16) in the
lower third.

Before the fourth dose of etamsylate, the number
of red blood cells in urine was comparable to baseline
values (p = 0.42). Six hours after the fourth dose, the
number of RBCs in urine decreased to 46.6 * 8.9 per
field of view, representing a 39.3% reduction (p <
0.001). Patients included in part 2 of the study did not
differ from the full cohort in major characteristics.

Part 1: Platelet Aggregation with Standard (EC, )

Doses of Agonists

Before the fourth dose of etamsylate, hyperreactivity
of PAF, TP, and P2Y receptors was observed, along

! Clinical Guidelines “Urolithiasis” by the Russian Society of Urology, 2024. https://cr.minzdrav.govu/view-cr/7_2 (access date: 10.10.2024).
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Table 1. Characteristics of patients in both parts of the study

Feature Part 1 (n = 42) Part 2 (n = 20) p-value

Age, years 54.2+15.1 53.7+14.2 n.s.
Men / Women, n 20/ 22 10/10 n.s.
Stone in upper third of ureter, n (%) 26 (62%) 14 (70%) n.s.
Stone in middle third of ureter, n (%) 16 (38%) 6 (30%) n.s.
Hemoglobin, g/L 135+10.9 137+11.3 n.s.
White blood cells (WBC) in blood, x10°/L 7.2+19 6.9+2.2 n.s.
Platelet count in blood, x10°/L 228.9130.5 221.331.7 n.s.
Mean platelet volume, fL 8.9+1.3 8.8+15 n.s.
WBC in urine, cells/HPF 11.2+2.3 12.1+2.6 n.s.
RBC in urine, cells/HPF:

before 15t dose of Etamsylate 72.5+6.7 74.6 £ 8.1 n.s.

before 4" dose of Etamsylate 76.7+7.0 752t7.8 n.s.

after 4" dose of Etamsylate 46.6 + 8.9 449+9.2 n.s.

Note: HPF - high-power field; n.s. = not significant; RBC - red blood cells.

Table 2. Amplitude of platelet aggregation induced by standard doses of agonists (EC,;) before
and after the 4" Etamsylate dose

Agonist Before, % After, % p-value
PAF 60.317.0 65.815.4 0.007
TxA2 58.514.0 63.113.4 0.006
ADP 56.81 6.0 56.6£9.1 n.s.
ATP 52.615.6 55.7+9.3 n.s.
Epinephrine 51.5+5.2 51.4+3.5 n.s.
Adenosine 43.5+5.8 45.0+7.0 n.s.
Collagen 41.7+5.0 51.2+5.7 <0.001
Etamsylate 47.2+6.9 52.115.1 0.014

Notes: ADP - adenosine diphosphate; ATP - adenosine triphosphate; EC,, - median effect concentration; n.s. - not significant; PAF - platelet

activating factor; TxA2 - thromboxane A2.

Agonist-receptor complex: adenosine = A2-receptor; ADP - P2Y receptor; ATP - P2X1 receptor; collage - GPVI (Glycoprotein VI) - receptor;
epinephrine - a,-adrenoreceptor; PAF — PAF receptor; TxA2 — TP (thromboxane prostanoid) receptor.

with normoreactivity of P2X and a,-adrenergic
receptors, and hyporeactivity of A2-adenosine and
GPVI (collagen IV) receptors. Six hours after the
fourth dose, hyperreactivity of PAF and TP receptors
increased by 9.1% (p = 0.007) and 7.9% (p = 0.006),
respectively. Hyperreactivity of P2Y receptors
persisted, while P2X remained normoreactive, and o,-
adrenergic hyporeactivity continued. Collagen-induced
aggregation increased by 22.8% (p < 0.001). In vitro
addition of etamsylate increased aggregation by 10.4%
(p = 0.014) (see Table 2).

Correlation analysis prior to the fourth dose showed
weak direct correlations between activities of P2Y and
PAF, P2Y and TP, and P2Y and a,-adrenergic receptors,
as well as between etamsylate-induced aggregation and
activity of PAF, TP, and P2Y receptors. Six hours after
the fourth dose, correlation strength between P2Y-
PAF and P2Y-TP increased to moderate, and a weak
correlation appeared between P2Y and GPVI. The
correlation between etamsylate-induced aggregation
and P2Y activity increased to moderate strength (see
Table 3).

Part 2: Platelet Aggregation with Subthreshold

(EC,,) Doses of Agonists

In vitro modeling with EC doses of PAF, TxA2,
ADP, and etamsylate showed comparable aggregation
when applied separately (see Table 4).

Co-incubation of etamsylate and ADP produced the
highest effect: amplitude, slope, and AUC increased by
16.9%, 60.0%, and 54.7%, respectively, versus ADP
alone, and 26.2%, 77.2%, and 65.6% versus etamsylate
alone (p < 0.05). Co-stimulation with etamsylate and
TxA2 showed a less pronounced effect: slope and AUC
were 33.9% and 18.9% lower than the etamsylate-ADP
combination (p < 0.005), but AUC was 27.9% higher
than TxA2 alone (p = 0.01). Compared to etamsylate
alone, combined stimulation with TxA2 increased
amplitude, slope, and AUC by 19.8%, 17.1%, and
34.3% (p < 0.05).

Etamsylate combined with PAF produced similar
results to the TxA2 combination. Compared to
etamsylate alone, values were higher by 22.2%, 14.6%,
and 26.8%, respectively (p < 0.05); compared to PAF
alone - by 21.2%, 18.3%, and 23.6% (p < 0.05).
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Table 3. Correlation between platelet receptor activity, Etamsylate, and hematuria before and after the 4™ Etamsylate dose

Factor P2Y receptor PAF receptor TP receptor a,-adrenoreceptor  GPVI - receptor
Before After Before After Before After Before After
P2Y receptor 0.43 0.51 0.41 0.57 0.4 0.4
Etamsylate 0.39 0.58 0.32 0.44 0.31 0.41
Hematuria -0.6 -0.51 -0.55

Notes: The Pearson correlation coefficients for which p < 0.05 are given.

GPVI - Glycoprotein VI; PAF - platelet activating factor; TP - thromboxane prostanoid.

Table 4. Platelet aggregation induced by subthreshold doses of agonists (EC, ) after 4™ Etamsylate dose

Agonist Amplitude, % Slope, %/min Area under curve

ADP 13.6+4.8 17.5+5.9 212473
TxA2 13.8+4.3 16.3+5.0 20.8+7.1
PAF 12.743.2 15.3+5.0 20.3£6.2
Etamsylate 10 pmol/L 126125 15.84£3.9 19.8+5.5

plus ADP 15.9 +2.7%0 28.0 £ 4.1% 32.8 £ 5.5%

plus TxA2 15.1+2.32 18.5+3.22 26.6 £ 6.8%¢

plus PAF 15.4 + 2.3%¢ 18.1 + 2.92¢ 25.1+5.2%¢

Notes: p < 0.05 compared to the isolated effects of etamsylate (%), ADP (%), TxA2 (°), PAF (¢).
ADP - adenosine diphosphate; PAF - platelet activating factor; TxA2 - thromboxane A2.

DISCUSSION

It has been established that the reduction of
hematuria 30 hours after CLT, caused by inhibition
of COX in platelets during systemic administration of
etamsylate, is associated with modulation of the activity
of P2Y receptors, TP receptor, and PAF receptor, which
together increase intracellular Ca*" levels. The most
pronounced synergy of etamsylate is observed in the
presence of elevated extracellular ADP. The mechanism
of platelet activation mediated by Gqg-protein is a
stereotypical pathway involved in the activation of P2Y
receptors, TP receptor, and PAF receptor. Despite the
long-standing clinical use of etamsylate, interest in its
potential to enhance hemostatic effects remains high
[12, 13]. On the one hand, this reflects recognition of
its pharmacological capabilities; on the other hand, it
points to an incomplete understanding of the molecular
mechanisms of its action.

Ongoing discussions have led to a consensus that
etamsylate is considered an effective second-line
agent (after tranexamic acid) for stopping hemorrhage
[14]. The observed reduction in postoperative blood
loss during combined administration of tranexamic
acid and etamsylate [15] has intensified interest in
the targeted mechanisms of hemostasis regulation.
Attempts to explain the mechanisms of action of
etamsylate date back to 2000 [16], when the role
of P-selectin-dependent mechanisms in platelet
adhesion was demonstrated, essentially indicating
a pro-aggregatory effect of the drug. To this day,
the variability of the biological effect of etamsylate
remains unclear [17]. It is assumed that its effect is
mediated by GPCRs, which transmit and amplify
signals to intracellular effectors [18]. It is known

that GPCRs are involved in Ca*" mobilization, the
functioning of Ca%" channels, and exocytosis of
Weibel-Palade bodies [19, 20], ultimately enhancing
platelet adhesion and aggregation.

The persistence of severe microhematuria 24 hours
after ULT, despite the administration of etamsylate, is
presumably due to inhibition of platelet COX activity
caused by the use of non-selective NSAIDs. The
effectiveness of etamsylate in hemorrhages associated
with COX inhibition remains poorly studied. One
of the key challenges in interpreting its action is the
lack of research on the plasticity of platelet signaling
pathways in varying degrees of hematuria, which
complicates the search for optimal mechanisms to
enhance thrombogenesis and the development of
new hemostatic drugs. A study of platelet functional
regulation mechanisms during hematuria persisting
for 24 hours has made it possible to identify a
cluster of receptors involved in compensatory
platelet aggregation during COX inhibition induced
by NSAIDs. Enhanced signal transduction through
receptors coupled to Gg-protein (PAF receptor),
Gg- and G,, ,-proteins (TP receptor), as well as
Gi- and Gq-proteins (P2Y receptors) is considered
a stereotypical mechanism for activating platelet
aggregation [21-23]. The activation of compensatory
platelet aggregation mechanisms during persistent
postoperative hematuria may be driven by paracrine
effects of activated leukocytes producing PAF (e.g.,
under pyelonephritis conditions), restoration of TxA2
synthesis (as a result of residual COX activity),
and increased ADP concentration caused by purine
nucleotide transformation during ischemia/hypoxia of
the urinary tract tissues [24-26].
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Systemic administration of etamsylate was
accompanied by modulation of signaling pathways
involved in the implementation of compensatory
platelet aggregation mechanisms. The enhanced
pro-aggregatory effect of etamsylate observed after
the 4th dose (administered 30 hours post-ULT) is
associated with increased stimulation of PAF and
TP receptors, likely leading to optimization of
intracellular platelet signaling. Since the Gqg-protein-
linked mechanism of platelet activation is common to
the function of P2Y, TP, and PAF receptors, it can be
assumed that the hemostatic effect of etamsylate also
involves signaling pathways mediated by Gi-protein.
Furthermore, the synergism of ADP, TxA2, and PAF
[27, 28] in implementing the pro-aggregatory effect of
etamsylate cannot be excluded.

Indirect evidence supporting this hypothesis includes
changes in the cluster of functionally active platelet
receptors during persistent postoperative hematuria,
possibly related to phenotypic reprogramming of
circulating platelets during megakaryocytopoiesis.
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To the Editor

We read the article by Elovskaya A. A. et al.
regarding bone turnover markers in the oral and
gingival crevicular fluid (GCF) in cases of end-stage
chronic kidney disease (CKD) [1]. They evaluated
28 children with end-stage CKD from two groups;
Group 1:14 cases with normal creatinine coefficient,
Group 2:14 cases with kidney graft dysfunction (RTD)
with creatinine coefficient > 25 ml/min/1.73 m?. There
was in addition a control Group comprising 20 children
and adolescents, matched by sex and age to the CKD
cases, with dental examination; bone turnover markers
were tested in urine, blood, oral fluid (OF), and GCF
[1]. The levels of osteocalcin (OC) were indicative
of impaired bone mineralization in CKD-associated
hyperparathyroidism; OC decrease in GCF was found
in end-stage CKD and RTD compared with controls,
while blood OC increase occurred only in end-stage
CKD group, and OC in OF did not differ among groups
[1]. The authors suggested more longitudinal studies
and large samples to clear the bone changes of end-
stage CKD and RTD children.

The following brief comments on several studies
from the last two years aim to emphasise the importance
of the topic under discussion and to maintain the
interest of healthcare workers. These concern the
cornerstone clues to be utilized for diagnosis and the
patient’s management. Foroughi M. et al. reviewed
the relationships between periodontal disease and
systemic health conditions, including the pathogenesis
biomarkers, diagnostic advances, and management [2].
Elevated levels in GCF of receptor activator of nuclear
factor kappa-B ligand (RANKL), osteoprotegerin (OPG),
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and matrix metalloproteinases are markers of high bone
resorption; and RANKL-to-OPG ratio is an important
marker of bone turnover in the periodontal region [2].
The authors highlighted the more recent advanced
tools for diagnosing periodontal disease, favoring the
early accurate systemic risk assessment, with reduced
limitations in terms of cost and accessibility, as well as
integration of the more effective innovations into routine
clinical practice [2]. Furthermore, the standardization of
respective guidelines for biomarker measurement and
data interpretation will also be needed for introducing
these markers among daily procedures [2]. Hu S. et al.
measured the levels of neutrophil extracellular traps
(NETs) in patients with CKD and periodontitis, to
evaluate the relationship between NETs, and these two
disorders [3]. Among the participants, 63 were CKD and
40 non-CKD individuals who underwent periodontal
examination, and 35 early CKD patients underwent
periodontal therapy. CKD patients had higher levels of
NETs in plasma than the non-CKD group. NETs levels
were also higher in GCF and plasma of patients with
periodontitis [3]. The authors concluded that NETs could
represent an eventual paper bridging the periodontitis
process and the CKD, and would be a practical potential
target for the therapy [3]. Matsuoka M. et al. reviewed
the literature on immune responses occurring in the
oral cavity and involving the saliva and GCF roles in
the maintenance of local and systemic health. As well
as this, they focused on the potential contributions of
GCF as a useful innovative diagnostic tool [4]. They
suggested further research on the GCF components in
order to make the study more comprehensive.
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Summary

Non-operative treatment is the first-line therapy for hemodynamically stable patients
with mild grade blunt trauma to the spleen, while severe grade injuries more often
require surgical intervention.

Materials and methods
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Aim. To evaluate the short-term outcomes of non-operative management (NOM) for blunt splenic trauma and to
identify prognostic factors for its success at a tertiary hospital.

Methods. The study cohort comprised 136 patients with blunt splenic rupture treated at People’s Hospital 115, Ho Chi
Minh City, Vietnam, between January 2021 and December 2023. Non-operative management was implemented in 91
cases (66.9%). Collected data included demographics, injury characteristics, therapeutic interventions, complications
and NOM outcomes.

Results. Among the 91 patients who received NOM, the median age was 34 (25; 47) years with male-to-female ratio
of 6:1. Traffic accidents accounted for most splenic ruptures (81.3%). Clinical symptoms included abdominal pain
(98.9%) and distension (27.5%). Abdominal computed tomography findings according to the American Association
for the Surgery of Trauma (AAST) classification revealed predominantly Grade Il (30.8%) and Grade |1l (38.5%) splenic
injuries. The hemoperitoneum volume correlated significantly with injury severity (p = 0.029). NOM was successful in
88 patients (96.7%), whereas three patients (3.3%) required splenectomy. The median hospital stay was 5 (4; 6) days.
The median amount of blood transfusion was 937.5 + 340.9 ml. No mortality was reported.
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Conclusions. Our findings confirm that NOM should be considered as a first-line therapy for hemodynamically stable
patients with blunt splenic injury, as it safely obviates the need for surgery while avoiding operation-associated
morbidity.

Keywords: blunt splenic injury; non-operative treatment; transcatheter arterial embolization; splenic salvage;
outcomes of splenic rupture
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KpaTKOCpO‘-IHbIe pe3ynbTaTbl HEONepaTuBHOrro f1e4yeHus TyI'IOﬁ
TPaBMbl CeJ1e3eHKU: peTPOCNEeKTUBHOE UccnenosaHume

K.X. Hryeu"*", T.K. daur’, I1I.C. Xoanr*
IOmoenenue obujeii xupypeuu, Hapoonas 6ononuya 115
yn. Iu Ban Xanw, 527, pation 10, 2. Xowumun, 700000, Bbemuam
“Vuueepcumem Hezyen Tam Txano
ya. Hzyen Tam Txanw, 3004, paiion 4, 2. Xowumun, 700000, Beemuam

PULMETTTER

Lenb. OLeHNTb KPaTKOCPOUHble pe3ynbTaTbl HeonepaTueHoro nederus (HOJT) Tynoid TpaBMbl CeneseHkr 1 npo-
rHocTMYeckme GakTopbl addekTneHocT HOJT B 601bHILE TPETHErO YPOBHS.

Martepunanbl u MeToapl. Viccreayemas koropta Bktoyana 136 naLneHToB C paspbiBOM CENe3eHKy B pesynbraTe
TYNOW TPaBMbl XWBOTA, MPOXOAMBLUMX neveHue B HapoaHoit 6onbHuuUe 115, XowumuH, BbeTHam, B nepuop
c aHBapsa 2021 no nekabpb 2023 roga. HOM 6bin0 npumereHo B 91 cnydae (66,9%). Ans aHanusa cobupanmchb
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AemMorpabunyeckme AaHHble NalMeHTOoB, XapakTepUCTUKM TpaBMbl, B TepaneBTUYECKUX BMELIATeIbCTB, XapakTep
OCJTIOXXHEHWI 1 PE3YNbTaTbl IEYEHNS.

Pesynbratbl. CpesiHnii Bo3pacT cpeaun 91 nauveHnTa, nonyyasiiero HOJI, coctaBun 34 (25; 47) roga, COOTHOLLE-
HME MYXXUNH W KEHLWMH — 6:1. BOMbLUMHCTBO pa3pbiBOB cenesdeHki (81,3%) NPOM30LWN0 B pesybTaTe AOPOXHO-
TPaHCMOPTHbIX NPOUCLLIECTBUIA. KnuHnyeckne cMMNTOMbI BKKOYanu: 601b B xuBoTe (98,9%) n B3ayTue (27,5%).
PesynbTaTbl KOMMbOTEPHOK TOMOrpadumM 6PHOLIHO NONOCTM B COOTBETCTBUM C KNaccudukaumein AMeprUKaHCKOIA
accoumauu xupyprum Tpaem (American Association for the Surgery of Trauma, AAST) BbIiBAY NPENMYLIECTBEHHO
nospexaerns ceneaerku Il n Il crenenn (30,8 n 38,5% cooTBeTCTBEHHO). O6bEM reMonepuTOHeyMa CTaTUCTMYECKH
3HaYMMO KOpPPEeMpoBan ¢ TsKecTbto TpaMbl (p = 0,029). HOJT 66110 addekTuBHO y 88 nauneHToB (96,7%), Toraa
Kak Tpem nauueHTam (3,3%) notpeboBanach cnneHakTomus. MegnaHa npebbiBaHns B 60MbHULE cocTaBuna 5 (4; 6)
AHell. MeavaHa o6bema nepenvBaHus kposu — 937,5 + 340,9 mn. JleTanbHbIX MCX0A0B He HabNOAaNnoCh.
3akniouyeHune. Hawu pesynbTatel noaTeepxaatoT, 4yto HOJI cneflyet paccMaTpuBaTh Kak Tepanuto NepBoii NMHUK
AN reMoAyHaMNyecKu CTabubHbIX NaLUMEHTOB C TYNOii TPABMOW Cene3eHKH, NOCKObKY OHO 6e30MacH0 yCTpaHs-
eT He06XOANMOCTb XMPYPruyecKoro BMeLLaTeNbCTBa M aCCOLMMPOBAHHbIX C HM OCNOXHEHNIA.

KnioueBblie cnoBa: Tynas TpaBMa CENeseHKu; HeonepaTMBHOE NeYeHe; TpaHCKaTeTepHas apTepuanbHas amM60u-
3aLus; COXpaHeHe ceneseHki; UCX0Abl paspbiBa CeNeseHky

Py6pukn MeSH:

PAHbBI HEMPOHNKAKOLWWE - OCJTOXHEHUSA

PAHbBI HEMPOHNKAIKOLWWE - TEPATNA

BPIOLIHOM NOMOCTM TPABMbI — OCNIOXHEHWS

BPIOLIHOWM NONOCTM TPABMbI - XMPYPT 4

CEJTE3EHKA - MOBPEXEHUS

OMBOJTN3AUNA TEPANEBTYECKAA - METO/bI

Onsa uutupoBanusa: HryeH KX, JaHr T.K., Xoaur LLI.C. KpaTKoCcpouHble pesynbTaTbl HEOMepaTUBHOro feye-
HWS TyNoi TpaBMbl Cene3eHKU: peTpOCMeKTUBHOE uccneaoBaHue. CeyeHoBCKUA BecTHUMK. 2025; 16(2): 30-38.
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Coo6ironeHue 3TMYeCKUX HOPM. [[aHHOe MCClieoBaHVie TIPOBEIEHO B COOTBETCTBUY C STUUECKUMM CTaHAapTamMu XeabCUHKCKON JeKIIa-
paumu Bepcun 2024 ropa. [Iporokon uccienoanust paccMotpeH u ogo6pen 10.10.2024 ynokanbHBIM 3THUYeCKMM KoMuTeToM HapomHoit
GosbHubl 115 (Homep opo6penns 2395/QD-BVND115). TTonyuenne MHGOPMUPOBAHHBIX COIIACHIA MALMEHTOB U UX 3aKOHHBIX Mpe.-
CTaBUTeJIEN He TPeGOBANIOCh M3-3a PETPOCIEKTUBHOIO XapaKTepa MCCIeNOBAHMS M aHa3a aHOHMMHBIX KIVMHUYECKUX JaHHbBIX.
Hdoctyn K paHHBIM. [laHHble, MOATBEPKIAIOIIME BBIBOLbI 3TOTO WUCCAENOBaHMS, OMYOIMKOBAHBI M JOCTYIHBI MO CChIIKE:
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BEPEHbI PEIaKTOPOM JKypHasa, CepTUUIMPOBAHHBIM GMOCTATUCTUKOM.

KoHmuKT MHTEpecoB. ABTOPHI 3asIBJISIOT 00 OTCYTCTBUM KOH(MIMKTA MHTEPECOB.

dunancupoBanme. lccienoBaHne He MMeNIO CIIOHCOPCKON MOAIEPKKY (COOCTBEHHbIE PECYDPCHI).

TMocrymmma: 24.04.2025
Ipunsara: 19.06.2025
Hara meuatu: 29.07.2025

Abbreviations:

AAST - American Association for the Surgery of Trauma ~ DSA - digital subtraction angiography
ASA - American Society of Anesthesiologists NOM - non-operative management

CT - computed tomography TAE - transcatheter arterial embolization
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XUPYPI'UNA

HIGHLIGHTS KJIOYEBDIE MOJIOXXEHKNA

In blunt splenic trauma, non-operative management has become the
gold standard for hemodynamically stable patients without signs of
peritonitis, ahead of splenectomy and splenorrhaphy.

Non-operative management is feasible in 74-88% of blunt splenic
injury cases, representing the safest and most effective treatment
approach.

The failure rate of non-operative management increases
progressively with higher injury grades, with most failures occurring
within the first 48 hours.

The spleen is one of the most frequently vulnerable
organs, accounting for about 32% of patients with
blunt abdominal trauma [1, 2]. This injury can lead to
severe internal bleeding and hemorrhagic shock with
a mortality rate of 7-18% if diagnosis and treatment
are delayed [3]. Motor vehicle accidents and falls are
the most prevalent causes of splenic injury in blunt
abdominal trauma [1, 4].

Treatment modalities for blunt splenic injury
include surgical interventions (splenorrhaphy and
splenectomy) and non-operative management (NOM).
Laparotomy is a recommended therapeutic option
for blunt splenic injury and splenectomy is often
unavoidable in hemodynamically unstable patients
[1, 5, 6]. However, the spleen plays a critical role in
the immune defense response, including filtration,
blood storage and phagocytosis [3]. Therefore, organ-
preserving strategies were proposed with initial studies
focusing on pediatric cases [6].

Over the past few decades, because of advances in
modern diagnostic tools and medical interventions, the
management of splenic trauma has shifted significantly
in favor of NOM. For hemodynamically stable patients,
NOM may require close monitoring with or without
digital subtraction angiography (DSA) or DSA with
selective splenic embolization [1, 3, 6].

The aim of the study is to evaluate the short-term
outcomes of NOM for blunt splenic trauma and to identify
prognostic factors for its success at a tertiary hospital.

MATERIALS AND METHODS

The retrospective study included patients admitted
to People’s Hospital 115 (a tertiary hospital) with
a diagnosis of blunt splenic injury according to the
classification codes of the International Classification
of Disease 10" revision (ICD-10) between January
2021 and December 2023.

Inclusion criteria were as follows:
e age 16 or older;
e isolated or combined splenic injury due to blunt

abdominal trauma;
e conservative therapy or NOM.

Non-inclusion criteria were:
e penetrating injury;

MMpm Tynoﬁ TpaBMe CeNie3eHKU HeonepaTUBHOE JieYeHue cTtano
30M10TbIM CTaHAapToM And remMoauHamMu4vyecku CTabUNbHbIX
nayneHToB 6e3 NPU3HaKoOB NepuToHUTa, npesocxops
CNJIEH3IKTOMMUIO U cnneHorpad)mo.

HeonepaTuBHOe feyeHWe BO3MOXHO B 74-88% cnyvaeB
Tynoii TpaBMbl CeNeseHKM W CyuTaeTcs camblM 6e30MacHbiM
1 3O PEKTUBHBIM METOAOM Tepanuu.

YacToTa HeynayHOro HeonepaTUBHOMO JIeYEHUs YBENMYMBAETCS
Mo Mepe MOBbILIEHNUS TAXKECTU TPaBMbl, MPU 3TOM 60/IbLIMHCTBO
HeyAay NpouCXoAuT B nepBble 48 Yacos.

¢ death before admission to the hospital;
¢ the need for emergency surgery due to instability or
other diagnoses.

Data were collected on demographics, clinical
symptoms, trauma causes, radiological injury
characteristics, and medical interventions.

The study flowchart is illustrated in Figure. A total
of 136 patients with blunt splenic injury were assessed,
of whom 91 (66.9%) were included in the study.

All patients admitted for blunt splenic trauma were
managed according to the Advanced Trauma Life
Support (ATLS®) guidelines by the American College
of Surgeons Committee on Trauma (Chicago, USA)
[7]. Fluid resuscitation and blood replacement were
administered to maintain hemodynamic stable.

Contrast-enhanced computed tomography (CT)
was performed to assess the grade of splenic injury,
the extent of haemoperitoneum, presence of peritonitis
and other associated injuries. If active splenic arterial
bleeding or a pseudoaneurysm was identified using
CT, transcatheter arterial embolization (TAE) was
performed by interventional radiologists.

When DSA of the celiac artery and splenic artery
identified the bleeding site, superselective embolization
was performed using embolic materials such as gelatin
sponge, Lipiodol, Histoacryl or fibered coil (Boston
Scientific, USA).

The primary endpoint was the success of NOM
during the current hospitalization.

Statistical data analysis

Data distribution was assessed using the
Kolmogorov-Smirnov test. Categorical variables are
presented as frequencies (%), continuous variables
as mean values * standard deviation or median
(interquartile range) depending on the distribution. For
categorical variables, the chi-square test was used. A
p-value < 0.05 was considered statistically significant.
Statistical analyses were performed using SPSS version
26.0 (IBM Corp., USA).

RESULTS
The median age was 34 (25; 47) years, and the
male-to-female ratio was 6:1. Traffic accidents were
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Patients hospitalized with suspected blunt splenic trauma /
TManyeHTbl, FOCIUTAIM3UPOBAHHbIE C TYIIOH TPABMOI CEIe3eHKM
N=136

Inclusion criteria / Kpurepun Britouenust:
» age 16 or older/ Bo3pact 16 sieT u crapiie;

HeolepaTuBHOE BeeHne

¢ isolated or combined splenic injury due to blunt abdominal trauma / n3osMpoBaHHOe WU
KOMOMHMPOBAaHHOE MOBPEsKIEHNME CeIe3eHKI BCJIECTBIE TYIO TPaBMbI CeJIe3eHK;
» conservative therapy or non-operative management / KOHCEpBAaTUBHasI TEPATINS WIIN

Non-inclusion criteria / Kpurepun HeBK/IOueHms1:

penetrating injury / mpoHMKarolee NOBPEXAEHNE;

dead before admission to the hospital / cmepTb 10 ocTyMIIEHMS

B GOJIBHULLY;

the need for emergency surgery due to instability or other diagnoses /
MOTPEGHOCTD B 9KCTPEHHOM XMPYPriuueckoM JieUeHny BCIIefCTBIe
HEeCTabUIIbHOCTY COCTOSTHMS WJIM COMTYTCTBYIOLIMX 3a60/I€BaHMIA

Patients included in the analysis /
TManyeHTbl, BRIIOYEHHBIE B QHAIN3
n =91

FIG. The study flowchart
PWUC. TTorokoBas muarpaMmma Mcc/ieIgoBaHmus

the leading cause (81.3%), followed by occupational
accidents (12.1%). Moreover, 73.6% of patients arrived
within 12 hours of trauma. Also, 50 patients (54.9%)
received first aid at the healthcare facilities, and 41
patients (45.1%) did not receive first aid or went to the
hospital directly. The clinical symptoms, laboratory
tests, and diagnostic imaging results are summarized in
Table 1.

The severity of the hemoperitoneum correlated
with increasing the grade of splenic injury (p = 0.029)
(Table 2).

The length of hospital stay ranged from 1 to 26
days, with a median of 5 (4; 6) days. The median blood
transfusion volume was 937.5 * 340.9 mL.

Concerning the interim treatment outcomes, 88
patients (96.7%) were stable and discharged from
the hospital following NOM. Of these patients, 74
received medical treatment alone while 14 received
a combination of medical therapy and TAE. The
distribution of successful NOM rates following Grades
[-V of blunt splenic injury was 100%, 100%, 97.1%,
100%, and 60%, respectively (Table 3).

Only three patients experienced persistent intra-
abdominal bleeding and hemodynamic instability
despite  NOM, necessitating urgent open total
splenectomy (the characteristics of these cases are
summarized in (Table 4). As a result, all three patients
achieved postoperative progress and were successfully
discharged. There were no mortalities in the study
cohort.

34

DISCUSSION

In cases of splenic injury due to blunt abdominal
trauma, NOM has emerged as the gold standard
for hemodynamically stable patients without signs
of peritonitis [2, 3, 5]. B. Garber et al. reported in a
multicentric retrospective analysis that NOM became
the preferred therapeutic strategy, followed by
splenectomy and splenorrhaphy. The rate of NOM
increased from 59% in 1991 to 75% in 1994, while
splenectomy rates declined from 35% to 24% during
the same period [8].

Recent studies indicate that NOM of blunt splenic
injury is feasible in 74-88% of cases [9, 10]. Among
patients with blunt splenic injury in this study, NOM
was possible in 66.9%. There is a male predominance
in blunt splenic injury (85%), with motor vehicle and
motorbike accidents being the primary cause of such
injuries. As reported in other studies, the prevalence
among men was about 70-80% [6, 11, 12]. Since the
most common vehicle in Vietnam is the motorcycle,
motorcycle accidents are the leading cause of blunt
abdominal trauma, especially splenic injury [13].

Abdominal ultrasound and contrast-enhanced CT
could allow for assessing hemoperitoneum volume,
injury severity, and associated abdominal organ damage.
In this study, imaging findings revealed splenic injuries
predominantly classified as Grades II-III according
to AAST scale, accompanied by mild-to-moderate
hemoperitoneum. A. Yildiz et al. reported Grades
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Table 1. The baseline characteristics of patients with blunt splenic trauma
Tabmmya 1. UcxopHble XapaKTepUCTMKMN NaLMEHTOB ¢ TYNOoii TPaBMOIi ceNle3eHKH

No. of patients / KonuyecTBo nauyueHToB

Variables / MapameTpbi (n=91) %

Sex / Mon

male / Myx 78 85.7

female / xeH 13 14.3
Clinical symptoms / KnuHnuyeckne cumntombl

splenic pain / 60nb B 0611aCTH CeNe3eHKH 83 91.2

peritoneal reaction / cUMNTOMbI pa3gpaxeHns GPIOLNHDI 4 4.4

abdominal distention / B3gyTue xumBoTta 25 27.5
Anemia / AHemus

none (Hb > 12 g/dl) / vet (Hb > 12 r/pn) 54 59.3

mild (Hb = 10-12 g/dl) / nerkas (Hb = 10-12 r/gn) 27 29.7

moderate (Hb = 8-10 g/dl) / ymepeHnHas (Hb = 8-10 r/an) 7.7

severe (Hb < 8 g/dl) / Tsxxenas (Hb < 8 r/gn) 3 3.3
The amount of hemoperitoneum on computed tomography findings /
06beM remonepuToHeymMa no JaHHbIM KOMMbIOTEPHO ToMorpabuu

none / oTcyTCTBYyET 10 11.0

mild / MUHUManbHbI 43 47.2

moderate / yMepeHHblit 30 33.0

severe / BbIpaXeHHbIii 8 8.8
AAST grading of splenic injury / Knaccudukaums TpaBMmbl cenedeqku no AAST

grade | / | cTeneHb 3 33

grade Il / Il cTeneHb 28 30.8

grade Il / lll cTeneHb 35 38.5

grade IV / IV cTeneHb 20 22.0

grade V/V cteneHb 5 5.5
Associated injuries / ConyTcTBytoLL e MOBPEXAEHMUSA

chest / rpynHas knetka 21 23.1

face / nuuo 8 8.8

brain / ronosHoi Mo3r 2 2.2

bones / kocTHble CTPYKTYpbI 10 11.0

abdomen and visceral pelvis (other than spleen) / 1 12.1

GptoLLHas MONOCTb M opraHbl Manoro Tasa (KpoMe ceneseHkiu) )

liver / neyeHb 1 1.1

kidneys / nouku 10 11.0
DSA (n =17) / UCA (n = 17)

splenic artery pseudoaneurysm / nceBgoaHeBpu3Ma Cene3eH0YHON apTepun 1 1.1

contrast extravasation from the splenic artery / 5 15 16.5¢

9KCTpaBa3aLs KOHTPACTHOrO BELLecTBa U3 CeNe3eHOYHOIi apTepum

no lesion / HeT NoBpeXAeHus 1 1.1
ISS scores / lNMokasatens ISS

mild (<9) / nerkas cteneHb (<9) 89 97.8

moderate (9-15) / ymepeHHas cTeneHb (9-15) 2 2.2

Notes: ® The percentage of patients who underwent DSA.

AAST - American Association for the Surgery of Trauma; DSA - digital subtraction angiography; ISS — Injury Severity Score.

MpuMeyaHwus: @ [lond OT nauneHToB, KOTopbiM npoBeaeHa LICA.

AAST - American Association for the Surgery of Trauma (AMepukaHcKas accoumaums xupypruv Tpasmbl); ISS = Injury Severity Score (wkana

TshxecTn TpaBMmbl); LICA - uudposas cy6TpakuMoHHas aHrnorpadus.

IT and III injuries as the most common (34.1% and
35.4%, respectively). The extent of hemoperitoneum
correlated positively with the severity of splenic injury
[14]. In the present study, NOM of blunt splenic injury
demonstrated a high success rate of 96.7%, and in

only three patients (3.3%) did it prove not successful.
Currentlyy, NOM has become the primary treatment
strategy for splenic injuries, with success rates ranging
from 80% to 100% [10, 15-18]. A. Brillantino et al.
reported a comparable failure rate of 4.6% [18].
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Table 2. Distribution of severity of hemoperitoneum following the grade of splenic injury
Tabnuya 2. PacnpepieneHue cTeneHn BbIpaXKEHHOCTU FeMONEPUTOHeYMa B 3aBUCHMOCTH OT CTENeHN
NoBpeXJeHus cene3eHKM

AAST grading of splenic injury /
Knaccudukauus TpaBmbl cenesenku no AAST Total / p-value/
Gradel/ Gradell/ Gradelll/ GradelV/ GradeV/ Bcero p-3sHauenue
| crenenb |l ctenenb Il ctenenb IV cteneHb V cTeneHb

Hemoperitoneum volume /
06bem remonepuToHeymMa

None / Het 0 2 0 0 0 2
Mild (100-200 ml) / Merkuii (100-200 mn) 2 10 6 1 0 19 0,029
Moderate (200-500 ml) / YmepeHHbiii (200-500 mn) 0 15 24 15 3 57 ’
Large (>500 ml) / Bonbwoii (>500 mn) 1 1 5 4 2 13

Total / Bcero 3 28 35 20 5 91

Note: AAST — American Association for the Surgery of Trauma.
Mpumedarne: AAST - American Association for the Surgery of Trauma (AMepukaHcKas accounaums Xupypruv TpaBMbl).

Table 3. The distribution of successful and failed non-operative management patients following the grade of splenic injury
Ta61mua 3. Pacnpeneneuue yCnewHbiX U HeyAa4yHbiX c/lyyaeB HeonepaTUuBHOIo JieyeHna B 3aBUCUMOCTHN OT CTENEHU
noBpeXxaeHua cesie3eHKun

K AAST grading of splenic injury / Successful NOM / Ycnex HON Failed NOM / Heygaua HON p-value /
naccudukauus TpaBMbl ceneseHku no AAST p-3HayeHue
Grade | / | cteneHb, n (%) 3(100) 0
Grade Il / Il cteneHb, n (%) 28 (100) 0
Grade Ill / Il cTeneHb, n (%) 34(97.1) 1(2.9) 0.0001
Grade IV / IV cteneHb, n (%) 20 (100) 0
Grade V/ V cteneHb, n (%) 3 (60) 2 (40)

Total / Bcero 88 (96.7) 3(3.3)

Note: AAST — American Association for the Surgery of Trauma; NOM - non-operative management.
Mpumedatne: AAST — AMepukaHckas accoumauns xupyprum TpaBmbl (American Association for the Surgery of Trauma); HO/T - HeonepaTue-
HOE NeveHue.

Table 4. Characteristics of the admission and postoperative features on patients with non-operative management failure
Tabmya 4. NMokasaTenu npu NOCTYMJIEHUM W NOCJIeoNepaLMOHHbIE laHHble Y NaLMeHTOB ¢ Heah(PeKTUBHbIM
HeonepaTUBHbIM Jie4eHneM

Systolic BP Hemoperitoneum tra:sl:‘ll::ion
Sex, age / mmHg) / Hoct AAST 1SS (mL) / DSA / LICA Treatment / (mL) / 06vem
Mon, Bo3pacT Cuctonuyeckoe (%) FemonepuToHeyM Nleyenne WHY 3HOHHOI
AJL (MM pr. cT.) (mn) Tepanuu (Mn)
Contrast Medical +
el 70 265 m MId/ 5501000 extravasation / ElCEE 2000
YKeHLwuHa, 852 Jlerkas MeaukameHTO3HOE +
9kcTpaBasauus KB
aHruorpagus
Contrast Medical +
Male, 29 / 110 29.9 Mild /4 590-1500 extravasation / angiography / 400
MyxuuHa, 29 Jlerkas MepukameHTO3HOE +
JkcTpaBa3sauusa KB
aHruorpagus
Contrast Medical +
SEIG 1 100 37.6 Mild /4 500-2000 extravasation / GlCER 3500
MyxuuHa, 21 Jlerkas MeaukameHTO3HOE +
9kcTpaBasauus KB
aHruorpagus

Notes: *Concomitant Grade Il lateral kidney injury.

AAST - American Association for the Surgery of Trauma; BP - Blood pressure; DSA - digital subtraction angiography; Hct — Hematocrit; ISS -
Injury Severity Score.

MpumMedaHns: @ ConyTCTBytoLLEE NOBPEXAEHE BOKOBOW NOBEPXHOCTH NOYKK Il cTeneHu.

AAST - American Association for the Surgery of Trauma (AMepukaHcKas accounaLns xupyprum Tpaembl); Het — Hematocrit (rematokpur);
ISS - Injury Severity Score (wkana TaxecT TpaBmbl); ALl — apTepuanbHoe aasnenHne; KB — KoHTpacTHoe BellecTso; LICA - undposas cy6-
TpaKLUWOHHas aHruorpadus.
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The severity of the splenic injury is a critical
predictor of NOM failure. Previous studies have
classified Grade I-III spleen injuries as low grade,
whereas Grade IV-V is considered high grade. If Grade
III spleen damage is accompanied by concomitant solid
organ injury, it may be reclassified as a high-grade. The
incidence of NOM failure increased progressively with
the increasing grade of splenic injury.

In this study, the Grade I-V spleen injuries were
successfully treated with NOM in 100%, 100%, 97.1%,
100%, and 60% (p = 0.0001), respectively. A. Yildiz
et al. demonstrated that the success rates in Grade I-V
spleen injuries were 100%, 96.3%, 92.8%, 57.7%,
and 0% [14]. In three patients with NOM failure, two
patients had Grade V splenic injury and one patient
had Grade III splenic injury with an older age (85
years). Moreover, this patient had concomitant Grade
[T lateral kidney injury. All three patients had contrast
extravasation on angiography and required more than
three units of blood transfusion.

A. Yildiz et al. suggested that the grade of splenic
injury, hemoperitoneum volume, the age being over
55 years old, the presence of contrast extravasation or
pseudoaneurysm on CT, and requiring a transfusion of
more than four units of blood within the first 24 h were
considered risk factors for NOM failure. Additionally,
other factors including ASA (American Society of
Anesthesiologists) physical status classification, GCS
(Glasgow Coma Scale), ISS (Injury Severity Score),
and RTS (Revised Trauma Score), comorbidities, and
abdominal and extra-abdominal organ injuries, have
impacted NOM success [18-21].

NOM failure typically occurs within four days
following trauma, with a maximum reported delay
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SECHENOV N Assessing 3D-modeling techniques based on a combination of positron emission
MEDICAL JOURNAL {/ tomography-and computed tomography as a means to detect tumor invasion
- of the paragastric tissue in gastric cancer: a pilot study

Summary

Combined PET-CT, supplemented by 3D visualization of DICOM files using the 3D Slicer
program, allows for precise determination of tumor invasion of the paragastric tissue
in locally advanced gastric cancer.

Materials and methods

Mgl e

4 men and 4 women CT and PET-CT study 3d Slicer Accuracy evaluation
Age: 51 to 81 years (before and after surgery) (marking of tumor boundaries) (voxel-wise comparison)

Results of PET-CT and CT
Parameters PET-CT (95%Cl) CT (95%Cl)

Sensitivity 0.88 (0.76-0.97) 0.88(0.47-1.0)

Specificity 0.91(0.80-0.99) a4 0.75 (0.35-0.97)

Dice similarity coefficient 0.85(0.74-0.92) A 0.82 (0.59-0.94)

Jaccard index 0.76 (0.65-0.86) A 0.70 (0.40-0.89)

Hausdorff distance, mm 52(4.1-68) Vv 8.1(6.3-9.5)
Khorobrykh T.V., Poddubskaya E.V., Agadzhanov V.G., et al. A ing 3D-modeling techniques based . .
ona bination of posif issil graphy-and d hy as a means to detect tumor 15 minutes

k invasion of the paragastric tissue in gastric cancer: a pilot study. Sechenov Medical Journal. toread : 3

2025; 16(2): 39-51. https://doi.org/10.47093/2218-7332.2025.16.2.39-51 -

At C

Aim. To evaluate the diagnostic capabilities of combined positron emission tomography (PET) with accumulation
of 18-fluorodeoxyglucose and computed tomography (CT) data, with additional 3D-visualization of CT DICOM files
using the 3D Slicer software, in detecting tumor invasion of the paragastric tissue in locally advanced gastric cancer.
Materials and methods. A prospective open-label study was conducted as part of the research project “SmartGastro”.
Four women and four men aged 571 to 81 years with a histologically confirmed diagnosis of gastric cancer
underwent combined PET/CT following the “Whole Body” protocol at 60-80 minutes after the administration of
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the radiopharmaceutical agent (RPA). The obtained results were analyzed through visual assessment of CT and
PET images separately, as well as through fused scans, followed by 3D reconstruction based on CT DICOM data.
All patients underwent surgery. The resected macroscopic specimen was stepwise excised along its perimeter,
followed by a histological examination of the resection margins (paragastric fat tissue). In all cases, RO resection
was confirmed, indicating radical tumor removal. The initial delineation of tumor boundaries based on PET-CT and
CT imaging was compared voxel-by-voxel with the secondary delineation performed through a visual assessment of
the excised macroscopic specimen.

Results. In 5 out of 8 cases, compromised peritumoral paracardial tissue detected on CT corresponded to regions of
radiopharmaceutical agent uptake on PET. Areas demonstrating increased RPA accumulation in the peritumoral tissue,
along with a corresponding rise in densitometric values on CT, were indicative of true invasion. This was confirmed
by a histological examination of the resected specimen, in 6 out of 8 cases. The sensitivity of combined PET/CT,
assessed on a voxel-by-voxel basis against postoperative pathological findings, was 0.88 (95% confidence interval
(Cl): 0.76-0.97), while specificity reached 0.91 (95% Cl: 0.80-0.99). The discrepancy in tumor boundaries between
these modalities, determined using the Hausdorff distance, was 5.2 mm, with a mean tumor size of 38x30x39 mm.
Conclusion. Combined PET/CT enables the surgeon to identify precisely a compromised mesolayer adipose tissue.
The construction of 3D-models of perigastric tissues affected by the tumor process, combined with the visualization
of the gastric tumor and associated vasculature, facilitates comprehensive preoperative planning for oncological
surgery.

Keywords: gastric tumor; mesogastric tissue; PET/CT; 18-fluorodeoxyglucose; medical imaging; 3D-reconstruction
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3D-MopenupoBaHue Ha OCHOBaHUM COBMeELLEeHHOU NO3UTPOHHO-
3MUCCUOHHOM U KOMMNbIOTEPHOM TOMOrpadum B BbiSiBJIEHUMU
OnyxosieBOA UHBa3UU NaparacTpasbHOMW KNeTyaTKu Npu pake
Kenyaka: NnMIoTHoe uccneposaHue

T.B. Xopo6pnsix!, E.B. ITogay6ckas’, B.I. Aramkanos', JI.M. Tyauna'?, 1.B. UBamos®™,
A.B. I'pauanos’, M.A. Ilait?, SI.A. [Ipau®, 3.A. Omaposa’
I@IAOY BO «Ilepeuwiii Mockosckuti 2ocydapcmeennblii meduyuHckuii ynusepcumem umenu M.M. Ceuenosa»
Munucmepcmea 30pasooxparenus Poccutickoii @edepayuu (Ceuenosckuii Ynusepcumem)
yn. Tpyb6eukas, 0. 8, cmp. 2, 2. Mockea, 119048, Poccus
’Ilenmp sid0eproii meduyumol «I19T-Texnonodacu» 6 Mockee «Ceuenosckuil ynueepcumem»
ya. Bonvwas Iupozosckas, 0. 2, cmp. 8, 2. Mockeaa, 119435, Poccus
S@I'AOY BO «Mockoackuii zocydapcmeenHblii mexuuueckull ynusepcumem umenu H.D. Baymana
(HayuonanvbHwIll ucciedosamenbCKull yHUSEpCument)»
yn. 2-a Baymanckas, 0. 5, cmp. 1, 2. Mockeaa, 105005, Poccus

AHH 07T Ly 15—

Lienb. OUEHUTb AWNArHOCTMYECKME BO3MOXHOCTY COBMELLEHHOW MO3UTPOHHO-3MUCCHOHHO Tomorpadum (M3T)
C HakonneHnem 18-GTOPAE30KCUIIHOKO3bI 1 KOMMbioTepHON Tomorpadun (KT), fononHeHHbIx 3D-B13yanuaalmei
DICOM-taitnos ¢ nomoLbto nporpammbl 3D Slicer, B BbIABNEHWM OMYXONEBOI MHBA3UM NaparacTpaibHOR Knetyat-
KW NPy MECTHOPACMNPOCTPAHEHHOM pake Xenyaka.

Matepuanbl n metopbl. [1pOBEJEHO OTKPLITOE NPOCMNEKTUBHOE UCCIEA0BAHME B PAMKaX HayYHO-UCCNe0BaTEbCKO-
ro npoekTa «SmartGastro». B uccnefjoBaHue BKNOYEHbI 4 XEHLLMHBI U 4 My>UWHbI B BO3pacTe 0T 51 1o 81 rofa ¢ ru-
CTOMIOrMYECKM NOATBEPXKAEHHBIM IMAarHO30M «pak Xenyaka». Bcem naumeHTam BbINMOAHAMN COBMeLLeHHYo TTIT-KT
no npotokosny «Whole body» Ha 60-80-i1 MiHyTe nocne BBeaeHNs paarodapmnpenapata (POI). 06paboTka nonyyeH-
HbIX Pe3ynbTaToB BKMOYana Bu3yanbHblii aHanua KT- v M3 T-n306paxeHuii Kak no 0TAENbHOCTH, Tak i COBMELLEHHbIX
CKaHOB, a Takxe 3D-pPeKOHCTPYKLUMIO Ha OCHOBaHUM AeHcuToMeTpuryeckoro aHanuda DICOM-aaHHbIX. Bce nauueHTbl
Obl/IM NPOONEPUPOBaHbI. YaaneHHbIid MakponpenapaT N03TanHo MCCeYeH N0 NepUMETPY C NOCAEAYHOLMM FCTONO-
FMYECKUM WCCNea0BaHNEM KpaeB pesekumn (naparacTpanbHoii KneTyaTtky). Bo BCex ciyyasx NOATBEPXKAEHa paan-
KanbHOCTb BMewatenscTea RO. TepBuyHyto pasmetky rpasut onyxonm no M3T-KT u KT cpaBHMBanu no BOKCenam
CO BTOPWYHON PA3METKOW, BbIMOHEHHON Ha OCHOBAHUW BU3YanbHOTO aHann3a yaaneHHoro Makpornpenapara.
Pe3ynbratbl. KOMNPOMETMPOBaHHas NepMONyxoneBas napakapananbHas knetyatka no KT B 5 n3 8 HabnoaeHuit
COOTBETCTBOBANA 30HaM HakonneHus POTT no M3T. YyacTku noBblleHHOro Hakonnexnns PO B nepuonyxonesoi
KNeTyaTke 1 MoBbILLIEHNE JEHCUTOMETPUYECKONR MAOTHOCTM STUX XE Y4aCTKOB Mo faHHbIM KT co0TBETCTBOBAMU
WCTWUHHOW MHBA3UW, NOATBEPXAEHHOW NPY BTOPUYHOW pasmeTke, B 6 13 8 criyyaeB. YyBCTBUTENbHOCTL NEPBUYHOM
pa3meTky no coBmelieHHoi MIT-KT B cpaBHEHMM MO BOKCENSIM CO BTOPMYHOI pasameTkoi cocTaBuna 0,88 (95% fo-
BepuUTENbHbIA MHTepBan (A1) 0,76-0,97), cneumdnyrocTts — 0,91 (95% M 0,80-0,99), pacxoxaeHne rpaHuL, onyxo-
/1, PaCCYUTaHHOE M0 paccTosHUIO Xaycaopda, COCTaBmo 5,2 MM Npw CpeaHnx padmepax onyxonn 38x30x39 MM.
3akniouenne. CopmelleHHas MIT-KT no3BoNseT To4HO ONpeAennTb 061acT KOMNPOMETMPOBAHHOIO ME30C04
XUPOBOWA knetyaTtku. Cosaanne 3D-Mofeneit KOMNPOMETNPOBAHHbIX OMYXONEBbIM MPOLECCOM MaparacTpanbHbIX
TKaHei B COYETAHUM C BU3yann3aLmeil 0NyxXoam xenyaka n Cocya0B CNOCOBCTBYET KOMMIEKCHOMY npeaonepawy-
OHHOMY M1aHUPOBAHUKO OHKOJIOTUYECKMX OMepaLyii.

KnioyeBble cnoBa: 0nyxosb Xenyaka; MesoractpanbHas kneryatka; M3T-KT, 18-0TopAe30KCUTIOK03a; MeANLMH-
Cckas BU3yanusauus, 3D-pekoHCTpyKUmMa

Py6pukn MeSH:

MECTHOPACITPOCTPAHEHHbBIE HOBOOBPA30BAHWA — OMATHOCTUYECKOE N30BPAXEHNE

XENYKA HOBOOBPA3OBAHNA — ANMATHOCTUYECKOE N30BPAXEHUE

MO3UTPOHHO-3MUCCUOHHOW TOMOI PAGUIA KOMMBIOTEPHAS TOMOI PAGUA — METO/bI

TOMOTPADKNA PEHTTEHOBCKAS KOMIMBbIOTEPHAA = METO/LbI

HOBOOBPA30BAHUI MHBA3UBHOCTb
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XENYOKA HOBOOBPA30BAHMA — MATOJ10I A

Ana uyutupoBanua: Xopo6pbix T.B., Moaaybckas E.B., ArapxaHos B.I, Tyanna J1.M., MBawos W.B., Tpayanos A.B.,
Lan M.A., Opay A.A., Omaposa 3.A. 3D-MOeNMPOBaHME HA OCHOBAHWMM COBMELLEHHOW MO3UTPOHHO-3MUCCUOH-
HOW 1 KOMMbIOTEPHOW TOMOrpaduy B BbIABIEHWN OMYyXONEBOW MHBA3MM NaparacTpanbHON KeTyaTky npu pake
Xenyaka: NNoTHoe unccnefoBaHre. CeyeHoBCKMA BecTHUK. 2025; 16(2): 39-51. https://doi.org/10.47093/2218-
7332.2025.16.2.39-51
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HIGHLIGHTS

Combining positron emission tomography with accumulation of 18-fluorodeoxyglucose demonstrates high sensitivity (88%) and specificity
(91%) in detecting tumor invasion of paragastric tissue in locally advanced gastric cancer.

3D modeling of gastric tumors, paragastric tissue, and angioarchitecture based on DICOM data enables precise tumor boundary delineation.

Combined delineation using positron emission tomography and 3D reconstruction based on computed tomography DICOM data
outperforms conventional computed tomography based delineation and shows no significant difference from the reference histological

mapping.

Gastric cancer is the fourth leading cause of
cancer-related mortality and the fifth most common
malignancy worldwide. The prognosis depends on the
disease stage. At the time of diagnosis, more than half
of patients already have locally advanced disease or
distant metastases [1].

The diagnosis of gastric cancer is based on a
combination of instrumental methods, including
esophagogastroduodenoscopy with biopsy, contrast-
enhanced computed tomography (CT), endoscopic
ultrasound, and diagnostic laparoscopy with cytological
examination of peritoneal washings [2, 3]. In recent
years, the combined positron emission tomography
(PET) and CT method has emerged and is being
considered. This technique allows for a simultaneous

assessment of both morphological and functional
changes. This method can be used both for preoperative
evaluation of gastric tumor spread and for assessing how
to treat the disease. Combined PET-CT is performed in
preoperative diagnostics in cases where staging with
standard imaging methods is inconclusive [4-7].
Contrast-enhanced CT remains the gold standard for
diagnosing and staging gastric cancer and is included
in the list of mandatory preoperative examinations [8].
According to the relevant literature, CT sensitivity in
determining primary tumor size for locally advanced
processes ranges from 68% to 85%, while for regional
lymph node involvement it ranges from 72% to 87%.
Signs of adipose tissue involvement are typically
limited to visual analysis and its description as perinodal
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changes, edema, densification, and fibrotic strands [9].
When analyzing CT images of locally advanced gastric
cancer, an increased density of the paragastric fat is
observed which visually manifests as coarse/fine fibrotic
stranding and altered lymph nodes. The densitometric
measurements of these fat areas often approach tumor
density, making it difficult to differentiate between
gastric wall boundaries and surrounding tissues [10].
Segmentation and reconstruction of these areas, along
with correlation of radiopharmaceutical agent uptake
levels on PET and actual morphological findings, may
make it easier to visualise lymphatic drainage pathways
and create a personalized tumor model for preoperative
planning.

With the active implementation of embryologically
guided surgery in oncology, understanding embryonic
layer boundaries enables organ resection within its
‘embryonic’ fascial layers, which serve as natural
barriers against tumor spread. The concept of
‘mesogastrectomy’ encompasses resection not only
of individual lymph nodes but also the paragastric fat
along with its lymphatic and blood vessels [11-13].

Aim: to evaluate the diagnostic capabilities
of combining PET with accumulation of
18-fluorodeoxyglucose and CT data, with additional
3D-visualization of CT DICOM files using the 3D
Slicer software as a means of detecting tumor invasion
of the paragastric tissue in locally advanced gastric
cancer.

MATERIALS AND METHODS

An open prospective study was conducted as part
of the research project «SmartGastro». A continuous
enrollment of patients hospitalized with newly diagnosed

Patients with gastric cancer
n=237

OHKOJIorns

gastric cancer was carried out at the G.I. Lukomsky
Clinic of Faculty Surgery No. 2 (Sechenov University),
from March 1, 2021, to October 30, 2024.

Patient enroliment

Figure 1 presents a flow diagram illustrating patient
enrollment in the study. Consecutive patient sampling
was performed. A total of 37 patients were screened to
see if they were feasible candidates for participating
in the study, of whom 18 underwent PET-CT imaging.
Exclusion criteria were found in 10 patients. Ultimately,
8 patients were enrolled in the study.

Inclusion Criteria:

e Age > 18 years;

e Eastern Cooperative Oncology Group (ECOG)
performance status < 2 [14];

e Histologically confirmed gastric adenocarcinoma
verifiedbypreoperativeesophagogastroduodenoscopy
with biopsy;

¢ PET-CT approved by the multidisciplinary tumor board;

e Written informed consent obtained.

Exclusion Criteria:
¢ Diffuse peritoneal
visceral) (n = 7);

¢ Synchronous malignant tumors (n = 4).

All the patients that were enrolled underwent
surgical treatment for gastric cancer followed by a
histopathological examination of surgical specimens.
Six patients received neoadjuvant chemotherapy prior
to surgery.

carcinomatosis (parietal or

Histopathological evaluation
A histopathological evaluation was performed by
certified pathologists from the Department of Pathology

PET/CT scan was not approved by
the oncological council

A 4

PET/CT was performed
n=18

n=19

Exclusion criteria:
e total carcinomatosis of parietal or

Patients included
n=38

FIG. 1. Flow chart showing patient inclusion in the study

A 4

visceral peritoneum (n = 7)
e multiple primary cancer (n = 4)

Note: PET-CT - positron emission tomography — computed tomography scan.
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at Sechenov University in accordance with the College
of American Pathologists guidelines!, and the WHO
Classification of Tumors of the Digestive System?.
Surgical specimens were placed in 10% neutral
buffered formalin for 24 hours. Macroscopic evaluation
included: tumor growth pattern (Lauren classification),
anatomical localization, tumor dimensions, and distance
to resection margins.

The specimens were processed by isolating the
lymph nodes according to the JGCA3 classification.
The specimens were then sectioned with parallel
cuts followed by standard paraffin embedding. Then,
the serial and stepwise histological sections were
stained with hematoxylin and eosin. A microscopic
evaluation included an assessment of tumor invasion
depth, presence of tumor cells near resection margins,
lymph node metastases (including greater and lesser
omentum), as well as the total number of removed
and metastatic lymph nodes. Surgical radicality was
categorized as follows: RO - no tumor cells at resection
margins, R1 — microscopic tumor cells at resection line,
R2 - macroscopic tumor cells at resection line, Rx -
inability to assess margins due to tumor fragmentation.

Methodology of integrated PET-CT imaging

Integrated PET-CT imaging was performed at the
PET-Technology Center of Sechenov University after
the patient had fasted for 6 hours. Patients received
an intravenous injection of '$F-fluorodeoxyglucose at
a dose of 195-410 MBq (weight-adjusted), followed
by a 60-80 minute uptake period. A standard whole-
body acquisition was performed from the orbital level
to the mid-thigh, combined with low-dose CT for PET
attenuation correction.

Image reconstruction was performed automatically
with subsequent co-registration of PET and CT
images. PET data interpretation was conducted using
both visual and semi-quantitative methods. A visual
analysis of PET scans was carried out employing
grayscale and color scales in three projections, with
generation of three-dimensional maximum intensity
projection images for each plane. All the PET findings
were systematically correlated with the corresponding
CT images that were acquired during the same
examination session.

For semi-quantitative analysis of PET images,
the standardized uptake value (SUVmax) was
calculated. Areas of increased radiopharmaceutical
uptake (hypermetabolism) that did not correspond to
physiological distribution patterns were considered
pathological. The analysis included a visual assessment

of both CT and PET images separately, as well as an
evaluation of fused PET/CT images. Peritumoral
adipose tissue was comparatively analyzed using
both densitometric measurements (on CT) and
radiopharmaceutical uptake patterns (on PET).

The technique of 3D visualization of CT images

Additionally, a team of specialists - oncologists,
surgeons, and radiologists (L.M.T. - radiology
diagnostician, 5 years of experience; M.A.Ts. - radiology
diagnostician, 3 years of experience) — performed tumor
process reconstruction using the «3D Slicer image
computing platform». This platform is distributed under
an open-source license by «The Open Source Initiative»
and has no restrictions on lawful use [15].

Lymphovascular, perineural or venous invasion of
the fibre, as well as the presence of free tumor deposits
init, was referred to as ‘paragastric tumor invasion’. The
process of marking the compromised peri-tumoral fibre
was as follows: in the presence of one or several visual
signs of the fibre lesion, such as heaviness, increased
accumulation of contrast agent, presence of altered
lymph nodes in the fibre, the areas with its average
densitometric density measurement were marked.
For comparison, a number of areas with densities of
retroperitoneal, peritoneal fibre, large omentum were
marked. The arithmetic mean value of normal fibre was
calculated and compared with the values of the affected
fibre.

Medical imaging processing methods and

statistical analysis

To assess the accuracy of preoperative localization
of pathological foci identified using combined PET-
CT or CT, a voxel-wise comparison was performed
with the reference standard marked on CT. The
initial segmentation of PET-CT and CT images
was carried out by a radiologist using the 3D Slicer
software, employing volumetric segmentation based
on densitometric contrast analysis. The postoperative
(reference) tumor boundaries were secondarily marked
on CT by another radiologist in 3D Slicer, based on
visual analysis of the resected gross specimen, which
was sequentially excised along the perimeter, followed
by histological examination of the resection margins.
In all cases, the radicality of the intervention (R0) was
confirmed. Microscopic images of the resected gastric
specimens were measured in a fully unfolded state to
standardize volumetric assessments. The secondary
CT segmentation was used as the ground truth for
calculating accuracy metrics because this modality

! College of American Pathologists. Stomach Cancer Resection Protocol. Version 4.1.0.0. https:/documents.cap.org/protocols/cp-giupper-

stomach-20-4100.pdf (access date: 23.08.2024).

2 WHO Classification of Tumours Editorial Board. Digestive System Tumours. 5th ed. Lyon: IARC; 2019. https://publications.iarc.fr/Book-
And-Report-Series/Who-Classification-Of-Tumours/Digestive-System-Tumours-2019 (access date: 23.08.2024).

5 Japanese Gastric Cancer Association. Japanese Classification of Gastric Carcinoma. 2nd English ed. Tokyo: Kanehara; 1998.
https://www.jgca.jp/wp-content/uploads/2023/08/] CGC-2E.pdf (access date: 23.08.2024).
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makes it easier to visualize the compromised mesolayer
margins.

The approximate tumor volume was calculated
based on the largest axial diameters measured on CT
scans in three orthogonal planes: frontal (mean value:
38 £ 2 mm), sagittal (mean value: 30 * 3 mm), and
vertical (mean value: 39 £ 3 mm). These dimensions
were used to estimate the histological reference tumor
volume, which enabled interpretation of the metrics
reflecting the segmentation accuracy of fused PET-CT
images and CT scans.

To quantitatively assess the spatial correspondence
between tumor boundaries identified by PET-CT and
CT with histological mapping, the Dice similarity
coefficient (Dice Similarity Coefficient) and Jaccard
index (Intersection over Union) were calculated. The
Hausdorff distance was computed to determine the
maximum discrepancy between tumor boundaries
delineated by PET-CT/CT and the histological reference
standard.

The diagnostic accuracy of primary tumor boundary
delineation (using PET-CT or CT) was compared against
the reference standard CT segmentation (based on
gross specimen analysis and histologically confirmed)
using sensitivity and specificity metrics. True positives
were defined as voxels correctly identified as tumorous
by both primary and reference segmentations; false
positives as voxels labeled tumorous by primary
segmentation but not confirmed by the reference
standard; false negatives as voxels classified as non-
tumorous by primary segmentation but identified as
tumorous in the reference standard; and true negatives
as voxels correctly classified as non-tumorous by both
segmentations. Given the small sample size (n = 8),95%
confidence intervals (Cls) for sensitivity and specificity
were calculated using the Wilson score method.

Results were reported as median values with ranges
(minimum-maximum). The analysis was performed
using Python (version 3.13) with MONAI and SciPy
libraries. A p-value < 0.05 was considered statistically
significant.

RESULTS

Baseline characteristics of patients

The study cohort comprised 4 women and 4 men
aged 51-81 years. According to the ASA (American
Society of Anesthesiologists) classification [16], 6 of
8 patients were categorized as ASA class II. The most
prevalent comorbidities were ischemic heart disease and
type 2 diabetes mellitus. Tumor localization included
the antrum (n = 3), cardia/body (n = 4), and subtotal
involvement (n = 1). Local complications (bleeding or
stenosis) were present in 50% of patients (Table 1).

Table 2 summarizes the characteristics of the tumors
and how they were treated. The histopathological tumor
type was consistent between preoperative biopsy and
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postoperative histological examination of surgical
specimens in all patients.

Tumor delineation using integrated PET-CT

The mean maximum standardized uptake value
(SUVmax) in hypermetabolic regions was 17.8 #
1.3 for antral tumors, 19.4 for gastric body tumors,
and 14.7 for tumors at the esophagogastric junction.
These quantitative measurements facilitated a precise
delineation of pathological tissue boundaries.

Poorly  differentiated tumors  demonstrated
higher radiopharmaceutical uptake, consistent with
their increased proliferative activity. However, two
cases - signet ring cell carcinoma (Patient No. 8) and
adenocarcinoma with signet ring cell features (Patient
No. 5) - showed low uptake levels. These were probably
attributable to the specific biochemical characteristics
of the tumors.

When comparing visually altered regional lymph
nodes on CT with areas of increased radiotracer uptake
(hyperfixation) on PET-CT, a correlation between CT
and PET findings was observed in 5 out of 8 cases.
Tumor invasion into adjacent organs - specifically the
pancreas (1 patient) - was detected on fused PET-CT

Table 1. Clinical characteristics of patients
Patients with gastric

Feature cancer (n = 8)
Men, n (%) 4 (50)
Age, years 54 (51-81)

Body mass index, kg/m? 23.8(20.2-24.7)

Physical status according to ASA, n (%)

ASA| 2 (25)

ASA I 6 (75)
ECOG scale status, n (%)

0 2 (25)

1 4 (50)

2 2 (25)

Comorbidity, n (%)
coronary heart disease 3(
arterial hypertension 1(12.5)
atrial fibrillation 1

type Il diabetes mellitus 2 (25)

chronic obstructive pulmonary disease 2(2)
Localization of the tumor, n (%)

cardia 2 (25)

body 2 (25)

antrum 3(37.5)

subtotal lesion 1(12.5)
Complication of the tumor process, n (%)

bleeding 1(12.5)

proximal stenosis 1(12.5)

distal stenosis 2 (25)

Note: ASA - American Society of Anesthesiologists physical status
classification system; ECOG — Eastern Cooperative Oncology Group
performance status scale.

CEYEHOBCKWM BECTHUK T. 16, Ne 2, 2025 / SECHENOV MEDICAL JOURNAL VOL. 16, No. 2, 2025 45



ONCOLOGY
Table 2. Characteristics of stomach cancer before and after treatment
Invasion
N2 Region cTNM, type, grade Treatment pTNM  ————————— '::S’ PETI;I:)T g_«I]_uaIs
LV PN PF -
Proximal gastrectomy,
1 EJ CT3N.2MO' distal esophageal pT4aN2M0  + + + 328 +
adenocarcinoma, G1 .
resection D2
cT4aN1MT, NACT, total gastrectomy,
2 EJ squamous cell distal esophageal pT4aN1M1  + - + 264 +
carcinoma resection D2
3 B cT3N_1 MO, NACT, total gastrectomy pT3N2MO + i + 445 +
adenocarcinoma, G2 D2
4 B CT3NTMO NACT, total gastrectomy pT3NOMO - i . 563 i
adenocarcinoma, G3 D2
cT3N2MQO, .
5 GA adenocarcinoma, G1; NG dlstalljgastrectomy pT3NTMO  + - + 543 -
and signet-ring cells
6 GA cT4bN1 MO, NACT, distal gastrectomy DTAbNIMO  + + + 307 +
adenocarcinoma, G2 D2
7 GA cT3N] MO, NACT, distal gastrectomy pT3N2M1 i + ) 43.1 _
adenocarcinoma, G1 D2
8 Gl cT4aN2M1, signet NACT, total gastrectomy DpT3N2MT + ) + 9291 +

ring cell carcinoma

D2

Note: CT - computed tomography; cTNM - clinical stage; EJ - esophagogastric junction (Siewert Il); GA - gastric antrum; GB - gastric body;
HU - Hounsfield unit; LV - lymphovascular; MG — mesogastrium; NACT - neoadjuvant chemotherapy; PET — positron emission tomography;
PF - perigastric fat (dissociated tumor cells); PN - perineural; pTNM - pathological stage; SGI - subtotal gastric involvement.

imaging. These images showed an increased radiotracer
metabolism and reduced densitometric values in the
pancreas and spleen (down to 20 HU) in areas adjacent
to the tumor.

According to the TNM classification, the
characteristic CT findings in the T3-stage (5 patients)
included irregular contours of the outer organ wall and
infiltration of the paragastric fat. In T4-stage tumors
(3 patients), tumor extension beyond the gastric wall
was accompanied by infiltration of the adipose tissue. In
these cases, the organ contour on CT and PET became
indistinct and frayed, while the paraesophageal fat was
thickened and surrounded the esophagus in a stellate
“rim” pattern with reduced densitometric values (20-
70 HU).

When the tumor invaded the gastric wall, changes
in the paragastric fat were detected on both th CT and
the PET. If the tumor extended into the ligaments,
varying degrees of thickening were observed in the
peritoneal layers of the ligaments and the adipose
tissue between them. In 5 out of 8 cases, compromised
(densitometrically dense) peritumoral paracardial fat
on CT correlated with areas of radiotracer uptake on
PET.

Areas of increased radiotracer uptake in the
peritumoral fat on PET, combined with elevated

densitometric values in the same regions on CT,
correlated with confirmed tumor invasion on
histological examination of the resected specimen in 6
out of 8 cases.

Voxel-based comparison revealed that primary tumor
delineation using fused PET-CT demonstrated higher
diagnostic accuracy than CT-based delineation alone
(Table 3). The primary PET-CT segmentation showed
no statistically significant difference from secondary
CT-based segmentation with 3D visualization (p = 0.41).
Primary CT-based segmentation alone was significantly
less accurate than secondary CT segmentation with 3D
visualization (p = 0.033).

Examples of 3D tumor modeling based

on CT scans

Visual expert analysis revealed poorly defined
or indistinguishable tumor margins on non-contrast
CT images (Figs. 2A, 3A, 4A). While fused PET-
CT successfully visualized the tumor, it provided
limited differentiation between the tumor and
paragastric adipose tissue (Fig. 4). Three-dimensional
reconstruction utilizing CT DICOM data and tissue
densitometry achieved satisfactory visualization of
both the tumor mass and surrounding paragastric fat
compartments (Fig. 4).
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Table 3. Comparison of the diagnostic accuracy of primary tumor boundary delineation (on PET/CT or CT) with the
reference segmentation on CT (constructed based on the macroscopic specimen and histologically confirmed)

PET/CT CcT

Jaccard index 0.76

Sensitivity 0.88 (
Specificity 0.91 (
Dice similarity coefficient 0.85 (

(

Hausdorff distance, mm

95% CI0.76-0.97)
95% CI 0.80-0.99) 0.75
95% C1 0.74-0.92)
95% CI 0.65-0.86)
5.2 (95% C1 4.1-6.8)

0.88 (95% C1 0.47-1.00)
95% C10.35-0.97)
0.82 (95% C1 0.59-0.94)
0.70 (95% C1 0.40-0.89)

8.1 (95% Cl 6.3-9.5)

—_— e~ —~

Note: Cl - confidence interval; CT - computed tomography; PET - positron emission tomography.

DISCUSSION

Tumor boundary delineation based on fused PET-
CT is highly accurate (sensitivity — 0.88, specificity -
0.91) when compared to tumor boundaries in
histological examination of postoperative specimens.
A quantitative assessment of boundary agreement
between PET-CT segmentation and histological
microslides revealed high similarity coefficients
(Dice coefficient 0.85, Jaccard index 0.76), while
the maximum tumor boundary discrepancy between
the two modalities, calculated using the Hausdorff
distance, averaged 5.2 mm. Given the mean tumor
size of 38x30x39 mm, this value can be considered
satisfactory. When delineating tumor boundaries
based solely on CT, accuracy metrics were slightly
lower. However, despite comparable results, the
wider confidence intervals observed in CT-based
segmentation of the compromised mesolayer suggest
greater variability and ‘randomness’ in boundary
definition in areas with subtle tumor invasion, such as
the paragastric layer. Thus, CT provides less consistent
tumor delineation compared to PET-CT.

The peritumoral adipose tissue—a component of the
«embryonic mesogastrium»—is often compromised and
appears denser on CT scans in locally advanced tumors.

Tumor invasion of this tissue (venous, lymphovascular,
and perineural) is considered a negative prognostic
factor [17-23]. In the present study, for 5 out of 8
patients, CT-detected densitometric consolidation of
the peritumoral fat corresponded to radiotracer-avid
areas on PET, which, combined with postoperative
histopathological findings, revealed an association
between its density and true tumor invasion.

The study additionally analyzed the density of
peritumoral adipose tissue, reconstructed these areas
in 3D Slicer software based on CT images from fused
PET-CT scans, and compared the resulting 3D models
with the ‘reference’ PET-CT segmentation. Tumor
process modeling using CT DICOM files has been
used for several years in urology, thoracic surgery, and
pancreatology. For instance, Russian researchers have
developed a neural network for generating 3D kidney
tumor models [24]. In such modeling, angioarchitecture
plays a central role—vessel reconstruction serves
as a key guide for lymph node dissection [25-28].
Preoperative 3D modeling techniques involve
constructing the tumor model itself and defining its
spatial relationship to adjacent vessels [9, 19]. With the
adoption of laparoscopic surgery which is performed
under limited visual control and without tactile

C

FIG. 2. Visualization of cancer of the middle third of the stomach body.

A. Native computed tomography.

B. Combined positron emission tomography-computed tomography.
C. 3D-model of the mesogastrium based on computes tomography DICOM data.

Note: the level of accumulation of radiopharmaceutical 18-fluorodeoxyglucose in the tumor (blue arrow) and paragastric tissue (orange arrow).
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FIG. 3. Visualization of cancer of the antrum of the stomach (arrow).

A. Native computed tomography.

B. Combined positron emission tomography-computed tomography.
C. 3D-model of the mesogastrium based on computes tomography DICOM data.

FIG. 4. Visualization of cancer of the cardioesophageal junction.
A. Native computed tomography.
B. Combined positron emission tomography-computed tomography.

C. 3D-model of the mesogastrium based on computes tomography DICOM data.

Note: the level of accumulation of radiopharmaceutical 18-fluorodeoxyglucose in the tumor (blue arrow) and paragastric tissue (orange arrow).

feedback, the need has arisen for unified anatomical
landmarks, anatomical navigation, and standardization
of technical approaches [29, 30].

Korean and Japanese surgeons have successfully
developed programs for reconstructing the stomach,
celiac trunk vessels, and spatial relationships between
the stomach and surrounding organs based on CT
data. A notable example is the recent development
by Korea’s National Institute under the leadership of
Professor Hyung W.]. - the RUS™ program. This
software simulates intraoperative conditions with
pneumoperitoneum modeling using CT DICOM
files, allowing surgeons to evaluate individual gastric
anatomy, vascular structures, and adjacent organs
[25]. The pneumoperitoneum simulation enables
highly accurate modeling of intraoperative conditions
and surgical steps. During validation of this software

in gastric cancer patients, the authors confirmed the
accuracy of 3D reconstruction. However, the program’s
developers did not address peritumoral adipose tissue
in their model.

An alternative algorithm for 3D reconstruction of
the stomach and surrounding tissues for preoperative
planning was developed by Jin Woong Kim et al. [31].
However, this method relies on contrast-enhanced CT
and virtual esophagogastroduodenoscopy (EGD) data.
Consequently, it demonstrates reduced diagnostic value
and reconstruction accuracy for tumors and affected
surrounding tissues in early-stage cancer compared to
fused PET-CT, as CT imaging offers a sharply limited
color spectrum. In the early stages (superficial parietal
lesions), conventional EGD typically reveals only
mucosal discoloration as an indicator of malignhancy
without significant fold alterations. Therefore, when
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abnormal tumor-associated mucosal thickening is not
detected on 2D images, this method’s 3D reconstruction
cannot identify the tumor or generate a detailed three-
dimensional model. Furthermore, it should be noted that
gastric secretions, food residue, and mechanical suture/
clip lines may mimic gastric cancer and be mistaken for
true malignant lesions.

Advantages of 3D tumor modeling using 3D
Slicer software include the method’s minimal
invasiveness and cost-effectiveness. This is thanks to
its reconstruction which is based on contrast-enhanced
CT data - a routine, mandatory examination included
in clinical guidelines. Furthermore, 3D reconstruction
enables an accurate restoration of peritumoral adipose
tissue architecture along with adjacent veins, lymphatic
vessels, and nerve fibers. This enhances the radicality
of surgical intervention and improves 5-year patient
survival rates. The proposed method will allow
oncologists and surgeons to preoperatively determine
tumor margins and perform resection within healthy
tissue boundaries which should improve prognosis and
survival outcomes in gastric cancer patients.

Limitations of the study and directions for future

research

The study has several limitations, including a small
patient cohort, insufficient follow-up duration for
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MEDICAL JOURNAL (/ Completg remission in an elderly patient with non-small c'ell' lung cancer and brain
K metastasis using immunotherapy plus chemotherapy: a clinical case
Summary This case supports the feasibility and effectiveness of combining immune checkpoint
inhibitors with reduced-dose chemotherapy (CheckMate 9LA protocol) in elderly,
comorbid patient with advanced non-small cell lung cancer.
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Abstract

Lung cancer remains a leading cause of cancer-related mortality, with non-small cell lung cancer (NSCLC) accounting
for the majority of cases. Among its subtypes, adenocarcinoma is most prevalent. Stage IV NSCLC comes with a
poor prognosis, particularly in elderly patients with comorbidities. Programmed death-ligand 1 (PD-L1) checkpoint
inhibitors have demonstrated promising efficacy, including in cases with brain metastases.

Case report. The case concerns an 83-year-old woman with diabetes mellitus, arterial hypertension, and atrial
fibrillation, diagnosed with stage IVB poorly differentiated lung adenocarcinoma which was confirmed by a
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percutaneous lung biopsy. PD-L1 expression was 40%. Magnetic resonance imaging identified a solitary brain
metastasis. The patient was treated with dexamethasone and a CheckMate 9LA protocol was initiated with
reduced-dose carboplatin, pemetrexed, nivolumab, and ipilimumab. A two years follow-up positron emission
tomography showed a significant reduction in lung cancer. The brain lesions had almost disappeared, and in
addition a clinical improvement could be observed.

Discussion. This case underscores the potential for durable remission and improved quality of life through
individualized treatment strategies in older patients with advanced NSCLC and brain involvement.

Keywords: pulmonary adenocarcinoma; central nervous system metastasis; poorly differentiated adenocarcinoma;
PD-L1 expression; immune checkpoint inhibitors; personalized treatment
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AHH 0T Ly

Pak Nerkoro ocTaeTcst O4HOM U3 BeAYWMX NPUYMH OHKONOrMYECKOW CMEPTHOCTU, 60MbLIMHCTBO C1y4YaeB NpUXoaNT-
sl Ha HEMENKOKETOYHbIA pak nerkoro (HMPJ1). Cpeau ero nogTMNOB Hanbonee pacnpocTpaHeHa ajeHoKapLMHO-
Ma. YeTBepTas ctagns HMPJ1 xapaktepuayeTca He61aronpuATHbIM NPOrHO30M, OCO6EHHO Y MOXMAbIX NaLUMEeHTOB
C CONYTCTBYHOLLMMM 3a601€BaHNAMM. IHTMOUTOPbI KOHTPOMbHBIX Todek PD-L1T (Programmed death-ligand 1, nurang
1 6enKa NporpamMmMu1pyeMoit KNETOYHO CMEPTU) NPOAEMOHCTPMPOBANM 06HAAEXMBALOLLYIO 3DdEKTUBHOCTD, B TOM
yucne B Cnyyasx ¢ MeTacTaszamu B rolOBHOM MO3T.

OnucaHmne cnyvas. Y 83-neTHel XEeHLLUMHbI C caxapHbIM AMabeToM, apTepuanbHoi runepTeHsmneit v bubpunnaumei
npeacepanin bbina AMarHoCTMPOBaHa HuskoanddepeHuMpoBaHHas ageHokapunHoma nerkoro IVB ctaguu, noa-
TBEPX/AEHHAs YpeCKOXHON Broncueit nerkoro. YpoBeHb akcnpeccun PD-L1T coctaBun 40%. MarHUTHO-pe30HAHC-
Has ToMorpadus (MPT) BbissBUNa ConMTapHbIl MeTacTas B rofoBHOM MO3T. lNalmeHTke Ha3HayeH AekcameTasoH
W HavaTa Tepanusa no npotokony CheckMate 9LA ¢ npumeHeHvem KapbonnaTuHa, neMeTpekceaa, HUBoONymaba
N unuaMMymaba B CHYDKEHHOI Ao3e. Yepes 2 roaa neyeHns no AaHHbIM NO3UTPOHHO-IMUCCHOHHON TOMOrpahuy
3aperncTpupoBaHo 3Ha4YUTENbHOE YMEHbLUIEHWE 04aroB B NIErKOM, No JaHHbIM MPT — npakTuyecku nonHas perpec-
CWsi 04ara B ro/I0BHOM MO3Te, a TakxXe KMHUYECKOe yiydlleHue.

06cyxpenune. [JaHHblii cnyyail NoaYEpKMBAET BO3MOXHOCTb AOCTUXKEHUSA ASMTENbHON PEMUCCUM U YNyULLEHUS
Ka4yecTBa XW3HW Mpu WHAMBWAYANN3MPOBAHHOM MOAXOAE K JIEYEHMIO MOXMUIbIX NaLUEeHTOB C PacnpoCTPpaHeHHbIM
HMPJ1 1 MeTacTaszoM B r0I0BHOR MOST.

KnioueBble cnoBa: ajeHOKapLMHOMa NIEerkoro; MeTacTasbl B LEHTPabHYIO HEPBHYIO CUCTEMY; HU3KOAUD(GepeH-
UMpoBaHHasa ageHokapuuHoma; akcnpeccusi PD-L1; MHrM6UTOpbI KOHTPOSbHBIX TOYEK; NepcoHann3MpoBaHHOe
neyeHue
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ICls — immune checkpoint inhibitors
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NSCLC - non-small cell lung cancer
PD-L1 - programmed death-ligand 1

HIGHLIGHTS KJ/TIOYEBDIE MOJIOXXEHKNA

This case supports the feasibility and effectiveness of combining
immune checkpoint inhibitors with reduced-dose chemotherapy in
older patients with non-small cell lung cancer and comorbidities.

Durable intracranial and extracranial response was achieved without
the use of brain radiotherapy, challenging traditional management
paradigms and underscoring the potential of systemic therapy
alone in selected cases.

Near-complete remission after two years highlights the potential
of immune checkpoint inhibitors for sustained control of advanced
non-small cell lung cancer with brain metastases.

Lung cancer accounts for approximately 12% of
all malignancies worldwide, with non-small cell lung
cancer (NSCLC) representing nearly 80% of all cases [1,
2]. Histopathologically, NSCLC encompasses several
subtypes, including adenocarcinoma, squamous cell
carcinoma, adenosquamous carcinoma, and large cell
carcinoma [3]. The 2015 World Health Organization
classification introduced significant refinements, such
as revised criteria for adenocarcinoma, subdivision of
squamous cell carcinoma into Kkeratinizing and non-
keratinizing (basaloid) types, and a narrowed definition
for large cell carcinoma. Neuroendocrine tumors were
grouped under a unified framework, and a more nuanced
grading approach was adopted [4].

The 2021 World Health Organization update further
expanded molecular testing recommendations, reflecting
the growing importance of precision oncology'. While the
2015 guidelines emphasized testing for epidermal growth
factor receptor mutations and anaplastic lymphoma
kinase rearrangements, the 2021 edition included
additional targets such as RET, ROS1, KRAS, MET,
NTRK1-3, ERBB2, and BRAF, alongside programmed
death-ligand 1 (PD-L1) expression assessment by tumor
proportion score or combined positive score [4, 5].

Brain metastasis remains a major complication in
NSCLC, contributing to morbidity and reduced overall
survival [6]. Approximately 25% of patients with
epidermal growth factor receptor — mutant NSCLC
present with central nervous system involvement at
diagnosis, and this rate exceeds 45% within three years
despite treatment with epidermal growth factor receptor
tyrosine kinase inhibitors [7]. Traditional management
options for limited brain metastases have included
surgical resection, whole-brain radiotherapy, and

[aHHbIA KNMHWMYECKMIA cnyyal NOATBEPXAAET LienecoobpasHocTb
1 3 PEKTUBHOCTb KOMOUHMPOBAHHOIO NPUMEHEHUSI UHTMGUTOPOB
KOHTPOJIbHbIX TOYEK M XMMMWOTEpanuu B pPedyLMpOBaHHON fo3e
Y MOXMAbIX NAaLMEHTOB C HEMENKOK/ETOYHbIM pPakoM erkoro
1 COMYTCTBYHOLMUMM 3a60NEBAHUAMMN.

,D,ocweryTa cTabunusaums onyxoneBoro npouecca Kak B roJloBHOM
MO3re, Tak U B 9KCTPaKpaHnanbHbIX 30HaX 6es NPUMEHeHNA ﬂyHEBOVI
Tepanuu, 4TO NO3BONAET paccMaTpuBaTb KOM6MHI/IpOBaHHOE
CUCTEMHOE JleYeHMEe B KayecTBe BO3MOXHOM anbTepHaTuBbI
XMMMOﬂyHEBOﬁ Tepanuu B OTAENbHbIX rpynnax nayneHToB.

LlocTW)XeHue NoyTu MoJHOM peMuccun Yepes fBa roga Tepanuu
CBUJETENbCTBYET O MOTEHLMANE MHTMGUTOPOB KOHTPOJBHbBIX TOYEK
B 06€CMEYEHNN J/INTENbHOTO KOHTPOS HEMENIKOKJIETOYHOTO paka
NIETKOT0 C METAacTaTUYECKUM NMOPaXXEHWEM FOJI0BHOTO MO3ra.

stereotactic radiosurgery [8]. However, the poor prognosis
associated with central nervous system involvement has
led to increased interest in systemic immunotherapy,
particularly immune checkpoint inhibitors (ICIs) [8].

ICIs, alone or in combination with chemotherapy,
have demonstrated efficacy in managing NSCLC with
brain metastases [9]. Notably, the CheckMate 9LA trial
showed that nivolumab plus ipilimumab, combined with
a limited course of chemotherapy, provided a durable
survival benefit across PD-L1 expression subgroups
[10, 11]. This regimen was well tolerated and has been
approved as a first-line treatment for advanced NSCLC in
multiple regions, including the United States and Europe.
Age, however, remains a recognized negative prognostic
factor in elderly patients with brain metastases, often
influencing therapeutic decisions [10].

The aim of this case report is to highlight the successful
management of stage IVB NSCLC with brain metastasis
in elderly, comorbid patient, treated with nivolumab plus
ipilimumab in combination with chemotherapy per the
CheckMate 9LA protocol.

CASE REPORT

An 83-year-old woman, non-smoker with a medical
history of hypertension, diabetes mellitus, and atrial
fibrillation, was referred to the oncology clinic for the
evaluation of a pulmonary lesion. In August 2021,
following recovery from a COVID-19 infection, a chest
computed tomography scan revealed a 3.2 cm mass in
the left upper lobe apex, raising suspicion for malignancy
(Fig. 1). This incidental finding prompted further
oncological analysis. The patient reported symptoms of
anxiety and depression. Upon physical examination, the
patient’s temperature was 36.8 °C, heart rate 78 bpm,

! Thoracic Tumours. WHO classification of tumours, 5th Edition, Volume 5. International Agency for Research on Cancer. 2021. ISBN 978-92-

832-4506-3
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A

FIG. 1. Chest computed tomography at the time of initial evaluation (7" of August 2021).

A. Frontal image.
B. Axial image.

Note: left apical mass measuring 3.2 cm (arrow).

PUC. 1. KommnbioTepHas ToMmorpadusi OpraHoB IPYIHOI KJIETKM Ha MOMEHT auarHocTuky omyxonu (7 asrycra 2021 r.).

A. ®poHTaIbHAS IIPOEKLIMS.
B. AkcuasibHasi TpoOeKIusl.

[MpumeyaHne: B BEPXYLLUKE /TIEBOr0 NIErKOro Bn3yaan3npyeTcd onyxonesoe o6pa305aHV|e pasmepom 3,2 cm (CTpeﬂKa).

respiratory rate 19 bpm, blood pressure 163/94 mmHg,
and oxygen saturation 92%. She experienced pleuritic
chest pain (numeric pain rating score 4), shortness of
breath, and easy fatigability. Her ECOG performance
status was 1, primarily due to age and comorbidities.
However, no problems with the central nervous system
were observed.

Due to the patient’s low engagement in the treatment
process, an active diagnostic approach was initiated only
seven months after the initial detected abnormalities on
computed tomography.

On March 24, 2022, a computed-tomography-guided
percutaneous lung biopsy confirmed a diagnosis of poorly
differentiated pulmonary adenocarcinoma. Molecular
analysis was negative for actionable driver mutations.
PD-L1 expression was detected in 40% of tumor cells.
To evaluate for distant metastases, a positron emission
tomography scan was performed on March 30, 2022
(part A of Fig. 2), and the disease was staged as IVB
poorly differentiated non-small cell adenocarcinoma
(T4N2M1c).

A contrast-enhanced brain magnetic resonance
imaging (MRI) in April 2022 revealed a solitary ring-
enhancing lesion in the left frontal lobe, considered
consistent with cerebral metastasis (part A of Fig. 3).
Despite the absence of neurologic symptoms,
dexamethasone was administered for 14 days. No
radiation therapy was initiated because of the patient’s
asymptomatic status, advanced age, risk of toxicity, and
emerging data supporting durable intracranial responses
with immune checkpoint inhibitors.

Systemic therapy commenced in May 2022 with a
regimen of carboplatin, pemetrexed, nivolumab, and
ipilimumab, administered at a 50% dose reduction due
to advanced age, in accordance with the CheckMate 9LA
protocol. The second cycle was completed in June 2022.
Brain MRI in August 2022 demonstrated an impressive
reduction in the left frontal metastasis to 7 mm (part B
of Fig. 3).

After ten cycles of immunotherapy, a positron
emission tomography in July 2023 demonstrated marked
reduction in both size and 18-fluorodeoxyglucose
avidity of the left apical lung mass and right axillary
nodes. Complete metabolic resolution was observed in
the mediastinal and left hilar nodes, with near-complete
resolution in the retroperitoneal nodes (Part B of Fig. 2).

By May 2024, complete resolution of both lung lesions
was documented. Brain MRI showed almost complete
response (part C of Fig. 3). Initial 18-fluorodeoxyglucose-
avid lymphadenopathy (mediastinal, left hilar, right
axillary, retroperitoneal) had fully or nearly resolved
(part C of Fig. 2).

Clinical improvement paralleled the radiological
response: the respiratory symptoms resolved, and
the patient experienced substantial enhancement in
energy, mobility, and independence. Psychological
well-being also improved significantly, with restored
social engagement and quality of life — key outcomes in
elderly patients with multiple comorbidities. On physical
examination after two years of treatment, the patient
was afebrile (37.0 °C), with a heart rate of 72 bpm,
respiratory rate 18 bpm, blood pressure 120/79 mmHg,
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Part A /Yactp A
Before treatment 30" March 2022 /
o neuenns 30 mapra 2022 1.
The left apical lung
mass / O6pasoBaHue
B BEPXYIIIKE JIEBOTO
JIETKOTO

Ex:Mar 3072022

M=10,00.gim)

The mediastinal and
left hilar nodes /
JIumdoy3snbr:
MeacTUHAIbHbIE
U KOPHSI JIEFKOT'O

The right axillary
nodes / IIpaBbie
MOIMBIIIIEYHbIE
MOy 3ITbI

The retroperitoneal
nodes / 3aGproIIMHHbIE
JiuMdOY3ITbI

50 % PET

mM=0.00 M=10.00 g/ml

After treatment 3" July 2023 /
TTocne neuenust 3 urons 2023 r.

D0 M=10.00 g/ml

OHKOJIorns

Part B /Yacts B Part C /Yacts C

After treatment 31% May 2024 /
ITocne neuenns 31 masg 2024 1.

Ex:Jul 0

m=0.00 M=10:00'g/ml

¥

m=0.00 M=10.00 g/ml

m=0.00 M=10.00 g/ml

M=10.00 g/mi

FIG. 2. Treatment-related changes on follow-up positron emission tomography scans.

Part A: before treatment. Pathological lesions with 18-fluorodeoxyglucose enhancement.

Part B: one year after the initiation of treatment. A reduction in tumor size and 18-fluorodeoxyglucose avidity.

Part C: two years after the initiation of treatment. Fully or nearly resolved 18-fluorodeoxyglucose-avid lymphadenopathy.

PWUC. 2. Iunamuka M3MeHeHu 110 JaHHbIM [TO3UTPOHHO-IMUCCUOHHONM TOMOrpadun.
Yactb A: 1o neuenusi. [laTonormyeckue ouaru, HakaruBaiiye 18-GTopae3okcuritokosy.
Yactp B: uepes ron mocse Hauajia JiedeHusl. YMeHbIIIEHe pa3MepoB OuaroB M CHMKEHMST akKTMBHOCTHM 3axBara 18-(propmesokcu-

IJIFOKO3BbI.

Yactp C: yepe3 /Ba ropja rnocjie Havaia JieyeHus. [loyHas wiu MOYTM TOSHAsI perpeccus JmMMdaneHonaTuy ¢ HaKOIUIeHVeM

18-bTOpHe30KCUTTIOKO3DI.

and oxygen saturation of 96%. HbAlc was 6.7%. She
reported minimal pain (numeric pain rating score 2), no
dyspnea, and stable clinical status.

DISCUSSION

NSCLC accounts for approximately 85% of lung
cancer cases and comprises several histologic subtypes,
including adenocarcinoma, squamous cell carcinoma,
and large cell carcinoma [12]. Each subtype differs in

morphology, molecular profile, and therapeutic strategies
[13]. Adenocarcinoma is the most common, especially in
non-smokers, while squamous cell carcinoma is strongly
associated with tobacco use’. Large cell carcinoma,
though less prevalent, is typically poorly differentiated
and aggressive. Advances in molecular diagnostics have
facilitated the identification of targetable mutations and
biomarkers, such as EGFR (epidermal growth factor
receptor), ALK (anaplastic lymphoma kinase), and

2 Belloum Y. Circulating tumor cells (CTCs) and circulating cell-free tumor DNA (ctDNA) as blood-based biomarkers for managing non-small
cell lung cancer patients [dissertation]. Hamburg: University of Hamburg; 2023. https://ediss.sub.uni-hamburg.de/handle/ediss/10671 (access
date: 12.11.2024).
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Part A /Yacts A
Before treatment 22" April 2022 /
o nmeuenns 22 anpesnst 2022 1.

FIG. 3. Brain magnetic resonance imaging.

Part B /Yacre B
After treatment 1%* August 2022 /
ITocne neuenns 1 aBrycra 2022 r.

Part C /Yacts C
After treatment 31 May 2024 /
ITocse neuenns 31 mast 2024 r.

Part A: before treatment, frontal image (top), axial image (bottom). Solitary ring-enhancing lesion measuring 1.1x1.0 ¢cm in the
left frontal lobe (arrow), associated with marked perilesional vasogenic edema.

Part B: two months after the initiation of treatment, axial image. Solitary ring-enhancing lesion measuring 0.7 cm in the left frontal
lobe (arrow), associated with reduction of perilesional vasogenic edema.

Part C: two years after the initiation of treatment, axial image. Almost resolved brain lesion and perilesional vasogenic edema
(arrow).

PWUC. 3. MaruntHo-pe3oHaHCcHasi ToMorpadusi FOJIOBHOTO MO3ra.

YacTb A: 0 jieuennst, bpoHTaIbHAs TPOeKLs (BBEPXY), akCcHasbHast poekuys (BHM3Y). ComaHoe KolblieBUIHOEe 06pasoBaHie
pasmepom 1,1x1,0 cm B JieBov JTOGHOI JjoJie (CTpesika), COTIPOBOXKIAIONIEe s BbIpasKeHHbIM MeprdOKaIbHbIM Ba30r€HHbIM OTEKOM.
Yactp B: uepes mBa Mecsiia mocjie Havaja JieueHusi, akcuasabHas mpoekiys. ConmaHoe KoblieBUaHOe 06pasoBaHie pa3mMepoM
0,7 cm B J1eBoJi JIOGHOV oste (CTpesika) C yMeHbIlleHeM eprdOKaIbHOTO Ba30TeHHOTO OTeKa.

Yacte C: uepes [Ba rofa mocjie Havyasia jedeHns, akcuaibHas nmpoekuys. [IpakTnuecku mosiHast perpeccus ouara u nepudoKaib-

HOTO OTeKa (CTpeJika).

PD-L1, enabling individualized treatment approaches
[14]. Management of NSCLC may include surgery,
radiotherapy, chemotherapy, targeted agents, and ICls,
depending on disease stage and biomarker status [15].
This case report describes an elderly patient with
stage IVB poorly differentiated lung adenocarcinoma
and brain metastasis who achieved near-complete
remission without brain surgery or radiotherapy.
Historically, metastatic NSCLC has been associated with
poor prognosis and with a median survival of around one
year [16]. However, the advent of immune checkpoint
inhibitors has ushered in a new era in lung cancer
treatment, significantly improving overall survival [17].
Immunosenescence may attenuate immune responses
in older adults, potentially reducing ICls efficacy [18].

Nevertheless, analyses of clinical trial data by the U.S.
Food and Drug Administration indicate that patients
aged >65 years, including those 275, derive similar
survival benefits from ICIs as younger patients [18].
This case confirms the superiority of ICI monotherapy
or chemoimmunotherapy over chemotherapy alone in
terms of both survival and toxicity.

The combination of nivolumab and ipilimumab with
two cycles of chemotherapy, as in the CheckMate 9LA
protocol, has demonstrated sustained survival benefit
versus four cycles of chemotherapy, independent of PD-
L1 expression or histology [11]. In patients with low
PD-L1 expression or high disease burden, combining
PD-L1 ICIs with platinum-based doublet chemotherapy
has been particularly advantageous. Our patient, with
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PD-L1 expression <50% and brain metastasis, met
the profile of a candidate likely to benefit from this
combined regimen.

Although the blood-brain barrier limits systemic
therapy efficacy in brain metastases, emerging evidence
suggeststhat PD-1/PD-L1 blockade may yield intracranial
responses via mechanisms not yet fully elucidated [19].
Clinical trials report that patients with asymptomatic
brain metastases respond favorably to nivolumab-
ipilimumab combinations, with 57% intracranial benefit
and 71.9% 3-year overall survival [20, 21]. While we
could not assess PD-L1 expression in the brain lesion, the
radiographic and clinical response suggests comparable
or higher PD-L1 levels. Data from the CheckMate 9LA
trial reinforce the role of immunotherapy in managing
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