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PE3IOME
AkTyanbHicTb. [lepeHeceHa kopoHaBipycHa iH(peKLis CTBOPIOE AOAATKOBI BUKIMKM
Ana  NiKyBaHHA  OHKOMOTMYHWMX MauieHTiB  4epe3 OPMYBaHHSA  MNEPCUCTYIOYMX

MYMbTUCUCTEMHUX MOPYLUEHb, WO NoTpebye AeTanbHOro BMBYEHHS AN onTumisauii
TepaneBTUYHMX NiOXOAIB.

Meta poboTM — BU3HAYMTWM XapakTep pagionoriyHMx Ta (YHKUIOHANBbHUX 3MiH
CepLeBO-CyANHHOI Ta AMXarnbHOi CUCTEM Yy NALEHTIB 3 OHKOMOTMYHMMWN 3aXBOPIOBAH-
HAMW MiCNs NepeHeceHOi KOPOHaBIPYCHOI iHdeKUii Ta iX B3aEMO3B'SA30K 3 KIiHiY-
HOI0 CMMMTOMATUKOLO.

Martepianu Ta Metoau. pocnekTVBHE KOrOpPTHE MOPIBHSAMNbHE AOCHIAXEHHS MPOBO-
avnocb Ha 6asi [lepxaBHOi ycTaHOBM «IHCTUTYT MeAMYHOI pagionorii Ta oHKonorii
im. C.TM. Ipurop’eBa HauionanbHOi akagemii MegnyHux Hayk YkpaiHu» y M. Xapkis
(Ykpaina) nportsarom 2022-2024 pokiB i3 3anyveHHam 130 nauieHTiB, po3nogineHux
Ha OCHOBHy (67 ocib 3 mepeHeceHOK KOpPOHaBiPYCHOW iHMEKLIE) Ta KOHTPOSbHY
(63 ocobn 6e3 iHdekLUii B aHamHesi) rpynu, SKUM BMKOHYBABCS KOMMIEKC KIiHIYHUX,
nabopaTtopHuX Ta IHCTPYMEHTanbHNUX JOCHIMKEHb.

Pesynbratn. BecraHosneHo, wo y 49,2% nauieHTiB OCHOBHOI rpynu MPOTArOM POKY
nicns nepeHecenoro COVID-19 36epiranucs CTiliki IPOSIBU MOCTKOBIAHOMO CUHOPOMY.
Yactota ycknagHeHb MPOTUNYXIMHHOI Tepanii y HuX Oynma BABIYi BULLOK, HiX
y KOHTpOnbHin rpyni (26,8% npotn 12,7). PagionoriyHe ob6CcTexeHHs BUSIBUNO nepesa-
XaHHSA iHTepcTUUianbHUX 3MiH NereHeBoi MapeHxiMM 3 CUMMTOMOM «MaTtoBOrO CKna»
(71,6%) i petukynapHum natepHom (41,8%), Wo cBiaYMTL NPo hOpMyBaHHS MOCTiH(EK-
uinHoro @ibposy. 3a AaHMMK DYHKUIOHANbHUX TecTiB, AOMIHYBaB PeCTPUKTUBHWN
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AAS UUTYBAHHS:

TN BEHTUNAUIMHUX MOPYLUEHb, YacToTa SIKOro NICMs crnewianbHOro fikyBaHHS 3pocna
3 22,4 po 35,8% (%2=6,013; df=1; p=0,014). JTaGopaTopHi NOKasHWKN BUSIBUNIN Nep-
CUCTYIOMY aKTuBaLUilo reMocTasy 3 nigBueHHsM piBHA D-gumepy o 872+124 wr/mn
(x?=9,571; df=1; p<0,01) Ta pgucbanaHc KMITUHHOTO IMYHITETY 3i 3HWKEHHAM
CD4+/CD8+ po 1,31+0,08. OtpumaHi gaHi BKa3dyloTb Ha CUCTEMHUIM XapakTep
MOCTKOBIAHUX 3MiH, LLO 3HWXKYIOTb TOMEPaHTHICTb A0 MIEMNO- Ta KapAiOTOKCUYHOI Al
NPOTUMYXIIMHHOTO NiKyBaHHS.

BucHoBkuU. Pe3ynstaty gocnigxeHHs obrpyHTOBYOTb HeobXigHICTb po3pobku nepco-
Hani3oBaHWX MPOTOKONIB BEAEHHS OHKOMOMYHMUX XBOPUX i3 MOCTKOBIAHNM CUHAPOMOM
ONs NiABULLEHHS TONEepaHTHOCTI A0 MPOTUMYXMMHHOI Tepanii. [pakTuyHe 3Ha4YeHHs
nonsirae 'y BW3HAYeHHi KPUTEPIiiB MOHITOPUHIY, PaHHbLOrO BUSIBMEHHS Ta Kopekuil
CUCTEMHMX MOPYLUEHb 3 METOK ONTUMI3aLii NikyBanbHOI TakTVKM Ta MNpodinakTuku
yCcKnagHeHb Y Liei kaTeropii nayieHTiB.

laBpunenko M.B., Aptiox C.B., HacoHoBa A.M., CopouyaH T.I., Cnyssk PM., MenbHuk B.l. KniHiko-pagionorivHi
acnekTn 3MiH pecnipaTopHOi Ta CepueBO-CyAMHHOI CUCTEM OpraHiaMy OHKOMOrMYHUX XBOPWX, WO MepeHecnn

COVID-19.
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ABSTRACT

Background. The coronavirus infection poses additional challenges for the treatment
of cancer patients due to the development of persistent multisystem disorders, which
requires detailed investigation to optimize therapeutic approaches.

Purpose — to determine the nature of radiological and functional changes in the
cardiovascular and respiratory systems in cancer patients who have recovered
from coronavirus infection and their relationship with clinical symptoms.

Materials and methods. A prospective cohort comparative study was conducted
at the State Organization «Grigoriev Institute for Medical Radiology and Oncology
of the National Academy of Medical Sciences of Ukraine» in Kharkiv (Ukraine) from
2022 to 2024. The study included 130 patients divided into the main group (67 patients
with a history of coronavirus infection) and the control group (63 patients without it),
who underwent a comprehensive clinical, laboratory, and instrumental assessment.
Results. It was found that 49.2% of patients in the main group exhibited persistent
manifestations of post-COVID syndrome within one year after the infection. The fre-
quency of cancer therapy complications in this group was twice as high as in the
control group (26.8% vs. 12.7). Radiological examination revealed predominantly
interstitial changes in the lung parenchyma with ground-glass opacity (71.6%) and
reticular pattern (41.8%), indicating postinfectious fibrosis formation. Functional testing
showed a predominance of restrictive ventilatory disorders, the frequency of which
increased after specific treatment from 22.4 to 35.8% (x?=6.013; df=1; p=0.014).
Laboratory parameters demonstrated persistent activation of hemostasis with elevated
D-dimer levels (872124 ng/mL; %?=9.571; df=1; p<0.01) and an imbalance in cellular
immunity with a reduced CD4+/CD8+ ratio (1.31+£0.08). These findings indicate the
systemic nature of post-COVID alterations, which decrease tolerance to the myelo-
and cardiotoxic effects of anticancer therapy.

Conclusions. The results justify the need to develop personalized management
protocols for cancer patients with post-COVID syndrome to enhance tolerance to
anticancer treatment. The practical significance lies in identifying monitoring criteria
for early detection and correction of systemic disorders to optimize therapeutic
strategies and prevent complications in this category of patients.

Havrylenko MV, Artiukh SV, Nasonova AM, Sorochan PP, Spuziak RM, Melnyk BI. Clinical and radiological aspects
of respiratory and cardiovascular system changes in cancer patients who have recovered from COVID-19. Ukrainian
Jjournal of radiology and oncology. 2025;33(3):334—366. DOI: https://doi.org/10.46879/ukroj.3.2025.334-366
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National Academy of Medical Sciences of Ukraine»
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HOi Tepanii y nauieHTiB, siki nepeHecnn COVID-19»,
HOoMep [nepxaBHoi peecTpauii: 0121U112052, wudp
Temn: HAMH.04.22, npuknagHa, TepMiH BWKOHaHHS:
2022-2024 pp., KepiBHUKM — OOKTOP MeOUYHMX Hayk,
npodecop M.B. KpacHocenbCbkuin Ta SOKTOP MELUYHUX
Hayk, npodecop, B.MN.CtapeHbkui.

BCTYN

MaHpemis kopoHasipycHoi xBopobu (COVID-19)
ocobnueo Hebe3anevyHa AN OHKOMOMYHWUX XBOPUX, SKi
HanexaTb A0 rpynv nNiaBULLEHOrO pU3NKy Yepes ocnab-
nexun imyHiteT. lNMepeHeceHa KopoHaBipycHa iHdeKLis
4acTo NPU3BOAMTL OO TpuBanNuX YycknagHeHb 3 6oky
pecnipaTopHOi Ta cepLUeBO-CyANHHOT CUCTEM, LLIO CYTTEBO
BNNMBae Ha nopanblle MiKyBaHHA  OHKOMaTOnorii.
V.F. Chekhun ta E.A. Domina (2021) pocnigxysanu
BNMMB KOPOHAaBIPYCy TSHKKOro rocTpOro pecnipaTtopHoro
cuHgpomy 2 (SARS-CoV-2) Ha iHauBigyanbHy pagiodyT-
NUBICTb  OHKOMOFYHUX NauieHTiB. ABTOpU BUSIBUNW,
O MepcucTyloda CUCTEMHA 3anarnbHa akTUBHICTb Bif
COVID-19 Moxe CyTTEBO BMMMBAaTU Ha padiovyTNmBICTb,
BMMaralo4u nepcoHanisoBaHWX KOpeKLii NpoTOKONiB Npo-
meHeBoi Tepanii [1]. OCHOBHOW nporanuHo Aocnig-
XeHHs1 Oyna BiACYTHICTb eKCnepumeHTanbHOI Banigauii
MeXxaHi3miB (hOpMyBaHHsI pafiodyTnMBOCTI Nicnsa iHek-
uii. G.V. Kulinich et al. (2020) posrnsganu cknagHi pagio-
norivyHi  Buknukn gudpepeHuiadii COVID-19 nHeBMOHii
BiJ MporpecyBaHHs 3axXBOPIOBaHHA B OHKOMOrYHUX XBO-
pux. Yepes aHani3 kniHiYHMX BUNagKis BOHW NMPOAEMOHCT-
pyBanu AiarHOCTUYHI AUnemMu, Lo BUMaranu peTtensHoro
MOHITOpuHry. PoboTa BusBuMna KpuTuyHy notpeby B no-
KpaLLeHWX paaionoriyHnx kputepisax [2].

BukopucToBytoun enekTpoHHy Mikpockonito Y. Kuzyk
et al. (2024) BuaBunM eHpoTenianbHy AUChYHKUIO
3 TpomB030M Ta MikpoaHrionaTieto nereHeBmx CyauH npu
Tskkomy COVID-19. JocnigxeHHsA BUCBITNNNO 0bMeXeHy
OOCTYNHICTb €NEeKTPOHHO-MIKPOCKOMNIYHOrO AO0CNIMKEHHSA
nereHeBoro CyaAMHHOrO pycna sik 3Ha4Hy nporanuHy [3].

JNlykawosa O.M1. i3 cnieaBT. (2024) noka3anu B CBOIX
OOCniXeHHsAX, WO MexaHiamu natoreHedy COVID-19
nondraloTb y 6esnocepenHin pynHiBHIin Aii Bipycy Ha eni-
TenianbHiNbHI KNiTUHW rematoanbBeonspHoro 6Gap’epy,
L0, OYEBUAHO, NPU3BOAUTL A0 BMBINIbHEHHS 3ananbHUX
LMTOKIHIB, AKi CTUMYNIOIOTb CUCTEMHY peaKLilo BHYTPILL-
HbOCYAMHHOIO 3ropTaHHs KPoBi. B gocnigxeHHi BCTaHOB-
NEHOo, WO ANs OHKOMOFYHMX XBOPWX, B aHaMHE3i SKMX
Oyno npoeefeHHsA ximioTepanii, npouecn Tpombo3y Ta
pyViHyBaHHSA anbBeonsapHux neperopogok npu COVID-19
Oynn ogHMMK 3 BMPA3HILIMX ypaXKeHb, MOPIBHAHO 3 iH-
LUMMK XBOpUMU [4].

L. Konopkina et al. (2022) ouiHioBanv BEHTURALINHY
dyHkuito y 41 nauieHta nicns COVID-19 nHesmoHii. MNaui-
€HTW 3 nerkum roctpum COVID-19 manu 3HayHo Ginblue
OBCTPYKTUBHUX 3MiH, TOAI SK Ti, XTO MaB TSHXKKUIN roCTpui
COVID-19, posBuHynu 6inblue PecTPpUKTUBHUX MOPY-
weHb [5]. Lle symoenioe notpeby B AOBroTpMBanux Ao-
CMiPKEHHSIX CMOCTEPEXEHHS Ta CTaHAaPTU30BaHNX NPOTO-
konax peabiniTauii. MNpwu aHanisi ricronatonorii nereHb
y 31 dharansHomy Bunagky COVID-19 O. Yakovenko et al.
(2023) 3agoKyMeHTyBanm BUCOKi YacTOTM rianiHOBUX MEM-
6paH (70,9%), kaninapHoro ctasy (77,4%) Ta andy3sHoro
anbBeonsipHoro ywkomkeHHs (90,3%). 3a ix gaHumu,
Yy XBOpMX YOSOBIYOI CTaTi BiA3Ha4YaBCs 3HAYHO BULLNIA

ting Antiblastic Therapy in Patients Who Have Reco-
vered from COVID-19». The project’s state registration
number is 0121U112052, and its code is NAMN.04.22,
with applied research and duration from 2022 to 2024.
The project is led by Doctor of Medical Sciences,
Professor M.V. Krasnoselskyi and Doctor of Medical
Sciences, Professor V.P. Starenkyi.

INTRODUCTION

The COVID-19 pandemic poses particular danger
for cancer patients, who belong to a high-risk group
due to compromised immunity. A history of coronavirus
infection often leads to long-term complications affecting
the respiratory and cardiovascular systems, signifi-
cantly impacting the further treatment of cancer patho-
logy. V.F. Chekhun and E.A. Domina (2021) investigated
the impact of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) on individual radiosen-
sitivity in cancer patients. The authors found that per-
sistent systemic inflammatory activity due to COVID-19
may significantly influence radiosensitivity, necessitating
personalized adjustments to radiotherapy protocols [1].
A major limitation of the study was the lack of experi-
mental validation of the mechanisms underlying post-i
nfection changes in radiosensitivity. G.V. Kulinich et al.
(2020) examined complex radiological challenges in
differentiating COVID-19 pneumonia from disease
progression in cancer patients. Through clinical case
analysis, they highlighted diagnostic dilemmas requi-
ring meticulous monitoring. The study revealed a critical
need for improved radiological criteria [2].

Using electron microscopy, Y. Kuzyk et al. (2024)
identified endothelial dysfunction with thrombosis and
microangiopathy in pulmonary vessels during severe
COVID-19. The research highlighted the limited availa-
bility of electron microscopic examination of pulmonary
vasculature as a significant gap [3].

O.P. Lukashova et al. (2024) demonstrated in their
studies that the pathogenic mechanisms of COVID-19
involve direct viral damage to epithelial cells of the
alveolar-capillary barrier, evidently leading to the release
of inflammatory cytokines that trigger a systemic intra-
vascular coagulation response. The study found that
in cancer patients with a history of chemotherapy,
thrombosis and destruction of alveolar septa due to
COVID-19 were among the most prominent lesions
compared to other patients [4].

L. Konopkina et al. (2022) evaluated ventilatory
function in 41 patients after COVID-19 pneumonia.
Patients with mild acute COVID-19 exhibited more
obstructive changes, whereas those with severe acute
COVID-19 developed predominantly restrictive impair-
ments [5]. This highlights the need for long-term
observational studies and standardized rehabilitation
protocols. In a histopathological analysis of lungs
from 31 fatal COVID-19 cases, O. Yakovenko et al. (2023)
documented high frequencies of hyaline membranes
(70.9%), capillary stasis (77.4%), and diffuse alveolar
damage (90.3%). According to their data, male patients
showed a significantly higher risk of fatal outcomes [6].
However, the study was limited by a lack of understan-
ding of long-term pathological changes.

N.M. Kuderer et al. (2020) analyzed data from
928 cancer patients with COVID-19 across several
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pusuk hatanbHnx Hacnigkis [6]. TMporanuHoto 6Gyno
obMmexeHe po3yMiHHS JOBroTpUBANMX NaTonoriYyHux 3aMiH.

N.M. Kuderer et al. (2020) npoaHanidyBanu paHi
928 oHkonorivyHunx nauieHTiB i3 COVID-19 y Kinbkox kpaiHax
i BusBUNu 30-AeHHy 3aranbHy CMepTHICTb Ha piBHI 13%.
Bnnasbko 53% notpebyBanu gogaTkoBoi modadi KUCHIO,
a 11% ocib nepeHecnu cepuUeBO-CyAWHHI YCKNaAHEHHS.
HesanexHumun aktopamy pusuKy CMepTHOCTI OBynu
BiK NoHag 65 poki, YornoBiva cTaTb Ta aKTUBHUKN nepe-
6ir 3nosikicHoro npouecy [7]. Cepen obmexeHb gocnia-
)KEHHs1 3a3Ha4YeHO NpUTaMaHHy obcepBaLiiHOMY An3aiiHy
ynepeKeHiCTb i reTeporeHHiCTb TUNiB paky. Y gocnia-
xeHHi K. Yang et al. (2020), sike Bkntoyano 205 rocnita-
nisoBaHWx oHKororiYHux nauieHTie i3 COVID-19 y npoBiHuji
Xy6ewn (KvuTait), NoBigOMNEHO MPO BHYTPILLHLOMIKAPHSAHY
CcMepTHicTb Ha piBHi 20%. Y 89% 6yno piarHoctoBaHO
NMHEBMOHIt0, a Y 18% pO3BUHYBCS TSHKKUIA FOCTPUIA pecni-
patopHui auctpec-cuHgpom (MPOC). NpoeegeHHs Xximio-
Tepanii NnpoTarom 4 TWXHIB 40 NOSIBU CMMMTOMIB 3HAYHO
nigsuLLyeano puank cmeptHocTi (OR 3,51) [8]. o obme-
XeHb BiHECEHO HedoCTaTHICTb AaHMX OOBroTpMBanoro
cnocrepexeHHsl. Y macwtabHOMy KOropTHOMY Aocria-
xeHHi Y. Xie et al. (2022), wo oxonuno 153760 oci6,
ki nepexunn COVID-19, i3 noganbwnm 12-mica4yHum
Harnsgom, 6yno 3a40KyMEHTOBAHO CYTTEBO MifBULLEHUIA
pU3UK CepLIEBO-CYAMHHMX YCKNaAHEHb, BKIOYaK4n cep-
ueBy HepoctaTHictb (HR 1,72), aputmii (HR 1,69) Ta
TpomboembonivHi nogii (HR 2,39). L edektn npo-
CTeXyBarnucs HaBiTb cepef NauieHTiB, ki He noTpebyBanu
rocnitTanisauii, ogHak nepeBaxaHHs y BuOGipui 6Ginoi
YomnoBivoi nonynsilii BeTepaHiB OOMEXYe MOXIUBICTb
LLUMPOKOro y3aranbHeHHs1 pe3yneraris [9].

M. Nishiga et al. (2020) posrnsganv gBoHanpasne-
HUA 3B’A30K Mk COVID-19 Ta cepueBO-CyaAMHHUMW 3a-
XBOPIOBaHHAMMW. YLLIKOOKEHHSI Miokapha crnocrtepiranoch
y 7-20% nauieHTiB, cepueBa HegocTaTHICTb y 23—24%
rocnitanisoBaHux Ta apuTmii y 17% 3saranom (44% vy Bia-
OineHHs iHTeHCUBHOI Tepanii). 3HWKeHHsA perynauii
ACE2 (aHrioTeH3nHNepeTBOpIOBanbHUIA (PepMeHT 2 Tuny)
yepe3 SARS-CoV-2 6yno BM3Ha4YeHO $IK MOTEHLiAHWIA
MexaHi3M CcepLeBO-CyOUHHOI AMCAYHKUiT, Xoya Mexa-
Hi3MKM NpsIMOro MPOTU HEMNpPsSIMOro CepLEeBO-CYAUHHOIO
YLWKOMXKEHHS 3anuwmnnuncek Hesd’sicoeaHumu [10]. Oocnia-
xeHHa C. Lozahic et al. (2021) BucsiTnuno nigsuLieHy
cepueBO-CyaANHHY BpPasnMBICTb OHKOMOFYHWX NauieHTIB
nigz snnameom COVID-19. AsTopu onucann «MOgernb
NoABIMHOrO yaapy», Ae OHKOMoriYHa Tepanisi BUKMNUKaE
KapAiOTOKCUYHICTb, a y noegHaHHi 3 COVID-19 pusukn
cepLeBuX YCKNaAHeHb 3Ha4yHO 3pocTatoTb. [ligkpecneHa
HeoOXigHICTb pPO3pOo0KM OMTUMI30BaHUX CTparteriin aiar-
HOCTMKW Ta NiKyBaHHA Ans Takux nauieHTis [11].

MaHgemis COVID-19 crtumynioBana npoBegeHHs
UYUCMNEHHUX [OOCNIgKEHb, MPUCBAYEHMX PI3HUM acnek-
TaM KOpoHaBipycHOI iHdekuii Ta Ti HacnigkiB. OpHak,
He3BaXkaluM Ha 3HayHy KinbkicTb nybnikaui wono
nepebiry COVID-19 y 3aranbHii nonynsuii Ta okpemmnx
KaTeropin nauieHTiB, pobiT, cCNpsAMOBaHNX HA KOMMIIEKCHe
BMBYEHHSA KNiHIKO-pagionoriYHMx acnekTiB 3MiH pecnipa-
TOPHOI Ta CepueBO-CyAMHHOI CUCTEM OpraHiamy came
OHKOIOriYHMX XBOpUX, WO nepeHecnm COVID-19, Buse-
NEHO HeQoCTaTHbO, LLO i 3yMOBUIIO HEOOXIAHICTL NpoBe-
[OEHHSI NOTOYHOTO AOCHIAKEHHS.

3aBaaHHA [OCNiQKEHHs:: npoaHanidyBaTu Xapaktep
Ta 4acToTy pafionoriyHMx 3MiH pecnipaTopHoi cuctemm
(3a gaHMmu komn’toTepHoi Tomorpadii (KT) Ta peHTreHo-
rpadii) B OHKOMOriYHMX XBOPUX, Ak nepeHecnn COVID-19,

countries, reporting an overall 30-day mortality rate
of 13%. Approximately 53% required supplemental
oxygen, and 11% experienced cardiovascular complica-
tions. Independent risk factors for mortality included
age over 65, male sex, and active malignant disease [7].
Limitations of the study included observational design
bias and cancer-type heterogeneity. In a study by
K. Yang et al. (2020) involving 205 hospitalized cancer
patients with COVID-19 in Hubei Province (China),
in-hospital mortality was reported at 20%. Pneumonia
was diagnosed in 89% of patients, and 18% developed
severe acute respiratory distress syndrome (ARDS).
Chemotherapy within 4 weeks prior to symptom onset
significantly increased the risk of mortality (OR 3.51) [8].
Limitations included insufficient long-term follow-up data.
A large cohort study by Y. Xie et al. (2022), involving
153,760 individuals who survived COVID-19 with
subsequent 12-month follow-up, documented a signi-
ficantly increased risk of cardiovascular complications,
including heart failure (HR 1.72), arrhythmias (HR 1.69),
and thromboembolic events (HR 2.39). These effects
were observed even among non-hospitalized patients;
however, the predominance of white male veterans
in the study population limits the generalizability of
the findings [9].

M. Nishiga et al. (2020) explored the bidirectional
relationship between COVID-19 and cardiovascular
diseases. Myocardial injury was observed in 7-20%
of patients, heart failure in 23-24% of hospitalized
individuals, and arrhythmias in 17% overall (44% in the
intensive care unit). A reduction in ACE2 (angiotensin-
converting enzyme 2) regulation due to SARS-CoV-2
was identified as a potential mechanism for cardio-
vascular dysfunction, although the mechanisms of
direct versus indirect cardiovascular damage remain
unclear [10]. The study by C. Lozahic et al. (2021)
highlighted the increased cardiovascular vulnerability
of oncology patients under the influence of COVID-19.
The authors described a «double-hit model» in which
oncological therapy induces cardiotoxicity, and when com-
bined with COVID-19, the risks of cardiovascular compli-
cations are significantly amplified. The study emphasized
the need for the development of optimized diagnostic
and treatment strategies for such patients [11].

The COVID-19 pandemic has prompted numerous
studies addressing various aspects of the coronavirus
infection and its consequences. However, despite the
significant number of publications concerning the course
of COVID-19 in the general population and in specific
patient categories, there is a lack of research focused
on the comprehensive study of clinical and radiological
aspects of changes in the respiratory and cardiovascular
systems in oncology patients who have recovered
from COVID-19. This gap in research has highlighted
the necessity of the current study.

The aims of the study are to analyze the nature
and frequency of radiological changes in the respiratory
system (based on computed tomography (CT) and
radiography) in cancer patients who have recovered
from COVID-19, compared to cancer patients without
a history of coronavirus infection; to assess the corre-
lation between radiological findings, functional impair-
ments (such as lung function tests (LFT), electrocardio-
graphy (ECG)), and clinical symptoms of post-COVID
syndrome in cancer patients at various stages of specific
antitumor treatment.
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MOPIBHSIHO 3 OHKOXBOPMMMW Ge3 KOPOHAaBIPYCHOT iHdheKLUil
B aHaMHesi; OLiHUTM B3aEMO3B’SI30K MiXK pagionoriy-
HAMW  3Haxigkamu, YHKUIOHaNbHUMWU MOPYLUEHHAMU
(cpyHKuis 30BHIiWHbOro auxaHHa (P3[), enekTpokapaio-
rpagpis (EKIM)) Ta kniHiYHOWO CMMNTOMAaTUKOI MOCTKOBIA-
HOrO CUMHAPOMY B OHKOMOFYHWX NaUieHTIB Ha pPi3HUX
eTanax cnewianbHOro NPOTUMNYXIIMHHOIO MiKyBaHHS.

MeTa po6oTu — BMBYEHHSA 0COBNMBOCTI paaionoriy-
HUX 3MiH CepLeBO-CyaAMHHOI i pecnipaTopHoi cucteM Ta
iX Kopensuito 3 KMiHIYHMMW NposiBaMM B OHKOMOFYHMUX
XBOPMX 3 MOCTKOBIAHWUM CUHAPOMOM.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

[aHe pocnigxeHHA Gyno peTpocneKkTUBHO-MPOCNEK-
TUBHUM KOFOPTHWM MOPIBHANBHUM, OCKiNbKv BiAabip naui-
EHTIB 34iNCHIOBABCS LUNAXOM PETPOCMNEKTUBHOIO aHanisy
Meau4yHoi AOoKyMeHTauii 3 noganbluvM MpPOCNEKTUBHUM
CrocTepexeHHsiM, Oyno npoBegeHe Yy nepiog 3 CivHA
2022 poky no nuneHb 2024 poky. JlocnigxeHHs npo-
Boaunocb Ha 6asi [epxaBHOi YCTaHOBU «IHCTUTYT
mMeaunyHoi pagionorii Ta oHkonorii im. C.. purop’esa
HauioHanbHOI akagemii MeanyHMx Hayk  YKpaiHu»
y M. XapkiB (YkpaiHa), 3okpema y BigAineHHax pagia-
LiMHOI OHKOnoTrii, NPpOMeHeBOi naTonorii, peabiniTauii Ta
naniaTMBHOI MefuUMHMW, KNiHIYHOT OHKOMOrii Ta remaro-
norii, OHKoNorivHoi xipyprii. Yci nabopaTtopHi gocniaxeH-
HS BMKOHYyBanucb B aTectoBaHux naboparopisx iHCTuW-
TyTy (nabopatopii pagiauifiHoi iMyHonorii Ta KniHiYHOT
giarHoctukn). [locnimxkeHHs npoBogunucs BignoBiaHoO Ao
eTUYHNX CTaHZapTiB GiomeanyHnx AocnigxeHb, 3okpema
npuHuunie MenbciHCbKOT Aeknapauii BcecBiTHROT Meany-
Hoi acoujauii (World Medical Association, 1964) [12].
Yci nauieHTn 6ynu HaneXxHum YMHOM NPOIHPOPMOBaHI
Npo Xapaktep AOCNIMKEHHS Ta Aanu NMCbMoBy iHHOPMO-
BaHy 3rofy Ha y4acTb, Lo 6yno nigTeepokeHo KomiteTom
3 BioeTnkn Ta AEOHTONOTrIT IHCTUTYTY.

[ocnimpkeHHsa BKNOYano Aekinbka etanis.

Ha nepwomy etani 3giicHioBaBca Habip nauieHTiB
LUASIXOM PETPOCMNEKTUBHOIO aHanisy MeauyHoi [OKy-
MeHTauii (BMnuckn 3 ambynaTopHuX KapT, icTopii XBO-
pobun) ans igeHtTudpikauii oci6 3 mopdonoriyHo nia-
TBEPOXKEHNM OHKOMOTYHUM 3aXBOPIOBAHHAM Ta, Ans
OCHOBHOI rpynu, 3 NiATBEPAXEHUM (DaKTOM nepeHeceHol
KopoHasipycHoi iHdekuii y 2020-2024 pp. Bigbip naui-
€HTIB NPOBOAMBCA 3riAHO 3 BU3HAYEHUMU KpUTEPISMU
BKIMIOYEHHSI Ta BUKIIOYEHHA 3 MeTol  (DOpMyBaHHSA
OBOX rpyn AN 3iCTaBNEeHHs: OCHOBHOI (OHKOMOTiYHi XBOPI,
wo nepeHecnn COVID-19) Ta KOHTPOMbLHOI (OHKOMOTiYHiI
xBopi 6e3 COVID-19 B aHamHesi).

Kpumepii ekrtoyeHHs: MopdonoriyHo niaTBEpOXKeHe
3MnosiKicHe HOBOYTBOPEHHS1 Oyab-sikoi nokanisadii, BiK
nauieHTiB 18 pokiB i cTapwe, AnA OCHOBHOI rpynn —
nabopaTopHO NiATBEPOXEHUA HaKT NepeHeceHoi Kopo-
HaBipycHOI iHdekuii (nosutueHun [J1P-Tect (nonimve-
pasHa naHulroBa peakuis) abo TecT Ha aHTuTIna)
y 2020-2024 pokax; nuMcbmoBa iHdoOpmoBaHa 3roaa
Ha y4acTb Y AOCHIOKEHHI.

Kpumepii 8uknto4yeHHs: AEKOMNEHCOBaHi CynyTHi 3a-
XBOploBaHHA (cepueBa HepgoctatHicTb |-V dyHkuio-
HanbHoro knacy (®K), auxanbHa HepoctaTHicTb Il cTy-
NeHs, HUPKOBA HEAOCTATHICTb 3i LUBUAKICTIO KNy6o4KoBOT
dinbrpadii (LLUK®) <30 mn/xe/1,73 m?), noBTOpHa rocni-
Tanisauis 3 npuBody KOpPOHaBipycHOi xBopobu 2019

Objective — is to determine the nature of radiological
and functional changes in the cardiovascular and respi-
ratory systems in cancer patients who have recovered
from coronavirus infection and their relationship with
clinical symptoms.

MATERIALS AND METHODS

This study was a retrospective-prospective cohort
comparative study, as patient selection was conducted
through a retrospective analysis of medical records
followed by prospective observation. The study was
conducted from 2022 to 2024 at the State Organization
«Grigoriev Institute for Medical Radiology and Oncology
of the National Academy of Medical Sciences of Ukraine»
in Kharkiv (Ukraine), specifically in the Departments of
Radiation Oncology, Radiation Pathology, Rehabilitation
and Palliative Medicine, Clinical Oncology and Hema-
tology, and Oncological Surgery. All laboratory tests
were performed in the accredited laboratories of the
institute (laboratories of radiation immunology and
clinical diagnostics). The study was conducted in
accordance with the ethical standards for biomedical
research, including the principles of the Helsinki Decla-
ration of the World Medical Association (World Medical
Association, 1964) [12]. All patients were adequately
informed about the nature of the study and gave written
informed consent to participate, which was confirmed by
the Bioethics and Deontology Committee of the institute.

The study included several stages.

At the first stage, patients were selected through
a retrospective analysis of medical records (discharge
summaries, outpatient cards, medical history) to iden-
tify individuals with morphologically confirmed onco-
logical diseases and, for the main group, with confirmed
COVID-19 infection from 2020 to 2024. The selection
of patients was performed according to predefined
inclusion and exclusion criteria to form two groups for
comparison: the main group (oncological patients who
had recovered from COVID-19) and the control group
(oncological patients without a history of COVID-19).

Inclusion criteria: Morphologically confirmed malig-
nant neoplasm of any localization, patients aged 18 years
and older, for the main group — laboratory-confirmed
history of COVID-19 infection (positive PCR test or
antibody test) in 2020-2024; written informed consent
to participate in the study.

Exclusion criteria: Decompensated comorbidities
(IN-V functional class (FC) heart failure, grade Il respi-
ratory failure, renal failure with glomerular filtration
rate (GFR) <30 ml/min/1.73 m?), repeated hospitalization
for COVID-19, presence of another active infection at
the time of inclusion, pregnancy or breastfeeding,
mental disorders that hinder cooperation.

Next, at the stage of preparing patients from the
main group for planned specific antitumor treatment
(radiation therapy, surgery, or chemotherapy), prospec-
tive clinical data were collected through detailed history
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(COVID-19), HasiBHiCTb iHLWOI aKTMBHOI iHdeEKLUii Ha
MOMEHT BKITHOYEHHS, BariTHiCTb abo rogyBaHHS rpyaato,
NCUXivHi po3naam, Lo nepeLlKoaXatoTb cnisnpadi.

[ani, Ha eTani NiAroToBKM MauieHTIB OCHOBHOI rpynu
[0 3anfaHoBaHOro  crneuianbHOro  NPOTUMYXIMHHOIO
nikyBaHHS (NpoMeHeBa Tepanis, XipypriyHe nikyBaHHS
abo ximioTepanisi), MPOBOAMBCA NPOCNEKTUBHUIA 36ip
KNiHIYHNX JaHUX LUNSIXOM AeTanbHoro 36opy aHamHesy
(nepebir  OHKOMOriYHOTrO  3aXBOPKOBAHHS,,  XapakTep
COVID-19, TepMmiHM, BakuuHauid) Ta disnkanbHOro
ornsigy. OgHoYacHO MPOBOAMBCS KOMIMIEKC iHCTPYMEH-
TanbHWX Ta nabopaTopHUX JoCnimXeHb Anst OLiHKM CTaHy
KapaiopecnipatopHoi Ta iHWWX CUCTEM OpraHiamy.
Uepe3 MicsAub nicns 3aBepLleHHs creuianbHOro riky-
BaHHS1 BUKOHYBABCS MOBTOPHMI 36ip AaHUX ANst OUiHKK
OWHaMikn 3MiH. [loBTOpHEe OOCTEXEHHS1 NPOoWLNKN BCi
67 nauieHTiB OCHOBHOI rpynu Ta 63 — KOHTPOMbHOI rpynu.
[MoBTOPHO OUiHIOBanNMCb: remMaTornoriyHi NoKasHUkK (3a-
ranbHW aHani3 KpoBi), peHTreHorpadis opraHie rpygHol
KNiTKW, enekTpokapaiorpadia Ta yHKUiS 30BHILLIHbOrO
OuxaHHA. |HWi gocnigXeHHs (komn'toTepHa Tomorpa-
gisi, exokapgiockonisi, iMyHorpama) BWKOHyBarnucb
3a KNiHiYHMMY NOKa3aHHAMM.

HocnigHnubka BMbipka cknaganacsa 3 67 nauieHTiB
OCHOBHOI rpynn Ta 63 nauieHTIB KOHTPOMNbLHOI rpymnu.
Yci nauieHTn manu mopdhonoriyHe niaTBepOXKEHHS 310-
SIKICHOrO HOBOYTBOPEHHS. BikoBuUi Aiana3oH B OCHOBHIN
rpyni ctaHoBuB 36—84 poku (mediaHa 62 poku), B KOHT-
ponbHin rpyni — 42—80 pokis (MegiaHa 61 pik). Po3snogin
3a CTaTTio: OCHOBHa rpyna — 21 4onoBik, 46 XiHOK;
KOHTpoOmbHa rpyna — 27 4onosikiB, 36 xiHok. 3a cTagis-
Mu TNM posnogin craHoBuB: |-l cTtagis — 32 nauieHTn
B OCHOBHIl rpyni Ta 28 B koHTponbHin; -1V cTtagia 35
Ta 35 BignosigHo. OcHOBHI Nokanisauii: rpygHa 3anosa —
28 BuMNagkiB B OCHOBHIN rpyni Ta 25 B KOHTPOMbHIN;
opraHu LUMYHKOBO-KULLKOBOrO Tpakty — 18 Ta 16;
nereHi — 12 1a 13; iHWi nokani3auii — 9 Ta 9 BignoBiaHo.
KomnnekcHa metoauka obcTexxeHHs1 nepenbdayana BUKO-
PUCTaHHS LUMPOKOrO crnekTpa nabopaTopHUx Ta iHCTpY-
MeHTanbHUX MeTodiB. [eMaTonoriyHi NoKka3HUKN (epuTpo-
unTK, reMornobiH, TpomGoumnTn, nerikouunTn, LUOE Ta iH.)
BM3Ha4Yanucb Ha aBTOMaTMYHOMY reMaTosoriYHOMY
aHanizatopi XN-L550 (Sysmex, Anonis). OuiHioBanuchb:
RBC (eputpoumntn), Hb (remorno6in), KM (konbopoBuii
nokasHuk), MCH (cepepgHiii BMicT remornobiHy B epwu-
TpouwuTi), MCV (cepegaHiit 06’em eputpoumTta), PLT (Tpom-
6ounTtn), HCT (rematokput), WBC (newikounTtn), LIOE
(wBmnakKictb  ocigaHHs  epuTpouuTie). KpoB 36upanu
B EOTA (eTunengiamiHTeTpaouTOBa KMCMOTa) y CniBBia-
HoweHHi 9:1. [ocnigkeHHs NpoBOAUNOCL A0 NiKyBaHHA
Ta 4Yepe3 MicAub nicng 3aBepweHHs. CtaH cuctemu
reMocTasy OLjiHIOBaBCSl 3a MoKasHWKamu Koaryrnorpamu
Ta piBHeMm D-ammepy. BusHadeHHs D-gumepy nposoawu-
nocb Ha aBTOMatuU4HOMy GioxiMiyHOMY aHanizaTopi
«RESPONS 910» (DiaSys, HimeuunHa). OuiHtoBanuch:
MTY (npotpombiHoBwmii vac), MTI (NpoTpoMBGiHOBWI iHAEKCE),
AYTY (akTMBOBaHUIA YaCTKOBMI TPOMGOMNACTUHOBUIA Yac),
MHB (mixHapogHe HopManisoBaHe BigHOLIEHHS), dibpu-
HoreH, POMK (po34nHHi ¢ibprH-MOHOMEpHI KOMMEKCH),
D-gumep. IMyHonorivHi AOCRIAXEHHA BKIOYanu BU3Ha-
YeHHs nonynsAuin Ta cyénonynsui nimgounTie MeTogom
NPOTOYHOI LMTOMETpIi Ha untomeTpi FC-500 (Beckman
Coulter, CLUA) 3 BUKOpPUCTAHHAM MOHOKINOHAMNbHNX
aHTuTin BUpo6HMUTBa Beckman Coulter (CLUA). AHani-
3yBanucb BMICT OCHOBHWUX cybnonynsuin (CD3+, CD4+,

taking (oncological disease progression, COVID-19
characteristics, timing, vaccination) and physical exa-
mination. Simultaneously, a comprehensive set of instru-
mental and laboratory tests was conducted to assess
the condition of the cardiovascular and respiratory
systems, as well as other body systems. One month
after the completion of the special treatment, a follow-up
data collection was conducted to assess the dynamics
of changes. Follow-up evaluations were carried out
for all 67 patients in the main group and 63 patients
in the control group. The following indicators were re-
assessed: hematological parameters (complete blood
count), chest X-ray, electrocardiography, and pulmonary
function tests. Other studies (CT, echocardiography, im-
munogram) were conducted based on clinical indications.

The research sample consisted of 67 patients in
the main group and 63 patients in the control group.
All patients had morphologically confirmed malignant
neoplasms. The age range in the main group was
36-84 years (median 62 years), and in the control group,
it was 42-80 years (median 61 years). The gender
distribution was the following: main group — 21 men,
46 women; control group — 27 men, 36 women. Accor-
ding to the TNM stages, the distribution was as follows:
stage I-ll — 32 patients in the main group and 28 in
the control group; stage IlI-IV — 35 and 35, respectively.
The main localizations were: breast — 28 cases in the
main group and 25 in the control group; gastrointestinal
organs — 18 and 16; lungs — 12 and 13; other localiza-
tions — 9 and 9, respectively. The comprehensive exa-
mination methodology involved the use of a wide range
of laboratory and instrumental methods. Hematological
parameters (erythrocytes, hemoglobin, platelets, leuko-
cytes, ESR, etc.) were determined using an auto-
mated hematology analyzer XN-L550 (Sysmex, Japan).
The following parameters were evaluated: RBC (erythro-
cytes), Hb (hemoglobin), MCH (mean corpuscular
hemoglobin), MCV (mean corpuscular volume), PLT
(platelets), HCT (hematocrit)), WBC (leukocytes),
ESR (erythrocyte sedimentation rate). Blood samples
were collected in EDTA (ethylenediaminetetraacetic
acid) at a 9:1 ratio. The study was conducted before
treatment and one month after its completion. The state
of the hemostasis system was assessed based on
the coagulation profile and D-dimer levels. D-dimer
determination was carried out using an automated bio-
chemical analyzer «kRESPONS 910» (DiaSys, Germany).
The following parameters were evaluated: PT (prothrom-
bin time), PTI (prothrombin index), APTT (activated
partial thromboplastin time), INR (international norma-
lized ratio), fibrinogen, D-dimer, and soluble fibrin-
monomer complexes (RFMC). Immunological studies
included determining the populations and subpopulations
of lymphocytes using flow cytometry on the FC-500
cytometer (Beckman Coulter, USA) with monoclonal
antibodies from Beckman Coulter (USA). The following
major subpopulations were analyzed: CD3+, CD4+,
CD8+, CD16+56+, CD19+ and some activation markers.
For the evaluation of humoral immunity, the concentra-
tions of immunoglobulins G, A, M, and circulating immune
complexes (CIC) were determined using a photometer
«SUNRISE TECAN» (Tecan Austria GmbH, Austria)
and corresponding reagent kits. The phagocytic activity
of neutrophils was assessed using a direct visual test
with staphylococcus (strain C-52).
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CD8+, CD16+56+, CD19+) Ta peskux akTmBauinHUX
MapkepiB. [1ns oUiHKK 'ymMmOparnbHOro iMyHIiTeTY BU3Ha4yanu
KOHUeHTpauijto imyHornobyniHis knacie G, A, M Ta uupky-
ntotoumx imyHHUX komnnekcis (LIK) 3a gonomoroto goto-
meTpa «SUNRISE TECAN» (Tecan Austria GmbH, AscTpis)
Ta BignoBigHMX HabopiB peareHTiB. ParoumMTapHa akTMB-
HICTb HENTPOINiB oOuiHOBanack y npsiMoMy BidyanbHOMY
TeCTi 3 BUKOPUCTaHHAM cTadpinokoka (wrtam C-52).

I3 iHCTpyMeHTanbHNX MeTOoAiB MpoBoAuNnach OujiHKa
YHKUIT 30BHIilWHBOrO AmxaHHa (P3[) ycim nauieHTam,
3anyyeHVM 00 JOCHIAKEHHS, Ha cniporpadiyHOMy KOMM-
nekci «Cnipokom» (YkpaiHa, mogenb Spirocom-K). Oui-
HioBanucb NokasHukun: XKEJ1 (kutTeBa €MHICTb nereHb),
3€J1 (3aranbHa eMHicTb nerexb), 30J1 (3anuLwKoBuMi 06’em
nerexb), OPB, (06’'em opcoBaHOro BMAKXY 3a NepLy
cekyHay), MOLW. . ta MOL,, (makcumarnbHa o6’€mHa
LWBKAKICTE Ha piBHI 75 Ta 50%). PyHKLiOHaNbHWI CcTaH
CepLieBO-CyAMHHOT CUCTEMU MOHITOpPYBaBCS 3a [J0MOo-
moroto EKI™ 3 12 ctaHgapTHUX BigBeAEHb Ha enekTpokap-
piorpaci MIOAC 6/12 (YkpaiHa, mogenb Midas-EKG).
BisyanisauinHi metoam BkMYanu yneTpas3ByKoBY nAiar-
HocTuky cepus (ExoKC), komm'totepHy Tomorpadito (KT)
opraHiB rpyaHoOi KniTkm Ta peHTreHorpadgito. ExoKC
BMKOHyBanacb Ha anapati CHISON 17 (Chison Medical
Imaging Co., Ltd., Kutain) 3a ctaHgapTHOO METOOUKOO
3 OUiIHKOIW po3MipiB kamep cepus, TOBLUMHM CTIHOK,
CUCTONIYHOI Ta AiacTonivyHoi pyHKUiT (Y TOMY uncni dpak-
uito BMKMAY 3a MoaudikoBaHuM MeTodoM Simpson),
CTaHy KranaHHoro anapary Ta nepukapga. KT (komm’to-
TepHa Tomorpadis) OIK nposoaunacs Ha MynbTUCHI-
panbHOMY KOMM'IOTEpHOMY ToMorpadi Siemens Somatom
Definition Edge (HimeuyunHa) 3 TOBLLMHOW 3pi3y 1-2 MM.
OuiHloBanucb: napeHxiMatosHi 3MiHW (naTtepHu «maTo-
BOrO CKnay, KoHconigauii Ta peTuKynapHui), nokanisauisa
YpaXKeHHs, oAaTKoBI 3Haxigku (GpoHXoekTasn, Tpakuin-
Hi 3MiHK, KICTO3Hi ypaxkeHHs1). PeHtreHorpacpiss OI'K Buko-
HyBanacsi y ABOX Mpoekuisax (npsima Ta 6ivyHa) Ha uund-
poBoMYy peHTreHiBcbkomy anaparti Proteus XR/a (General
Electric, CLLWA). AHanizyBanuncs ctaH nereHeBoro pucyH-
kKa (nocuneHHs, Aedopmadid, PETUKYNAPHUN naTepH),
iHgiNbTpaTUBHI Npouecu, KOpeHi nerexb, giacdparma, cu-
Hycw, cepueBa TiHb. OcobnvBa yBara npuginsanacb o3Ha-
KaMm iHTepcTuuianbHUX 3MiH KK NPOsiBaM MOCT-KOBIAHOMO
dibposy. MNpu KT ouiHoBanucsi: napeHxiMaTo3Hi 3MiHu
(cumMnTOMM «MaTOBOro Cknax», KOHconigawii, peTukynsap-
HWUIA NaTepH), CTPYKTYPHi 3MiHU (annaTtauis 6poHxis, cy6-
nnesparnbHi CMyru, TpakuiiHi GpoHXoekTa3un), po3noBctoa-
XEHHs1 ypaxeHHs1 (aBobivyHe/ogHOGiuHe, nepudepuyHe/
ueHTpanbHe). [Npu peHTreHorpadii aHanisyBanuce: cTaH
nereHeBOro puUcyHKa, iHINsTPaTUBHI 3MiHW, 3MiHW KOPEHIB
nereHb, NNeBparnbHi 3MiHKW, giacdparma Ta cepueBa TiHb.

3acTocoBaHa KOMMMEKCHa MEeToAoMoris, Wo noea-
HyBana KniHi4Hy OuiHKy, nabopaTopHi aHaniau Ta Lwupo-
KA CNEKTp iHCTPYMEHTarnbHUX i NPOMEHEBUX METOAIB,
[o3sonuna BcebiyHo gocniaMTu ctaH kapaiopecnipatop-
HOI Ta iHWMX CUCTEM Y OHKOMOrYHMX NauieHTiB nicna
COVID-19 Ta BUSBUTN 0COONMBOCTI NOCTKOBIAHOIO CUHA-
pomy B Ui€ei koropTn. OTpumaHi pesynstatu, 3iCTaBneHi
MiX rpynamu, CnpusitoTb JOCSATHEHHIO NMOCTaBEHOT METH
OOCTiAXXeHHS LWOoA0 XapakTePUCTUKUN KNiHIYHKX, PyHKLUiO-
HanbHUX Ta Bi3dyanizauiiHux 3MiH, NOB’A3aHUX 3 nepe-
HECEeHOI0 KOPOHaBipyCHO iHdekKuieo, Ta iX BNUBY
Ha nepebir OCHOBHOMO 3axXBOPHOBAHHSA Ta TONEPaHTHICTb
0o cneuianbHoro nikyBaHHSA. CTaTUCTUYHUI aHani3 npo-
BOOMBCS 3 BUKOPUCTAHHSAM MpPOrpamMHoro 3abesneyeHHs
SPSS Statistics 23.0 (IBM Corp., CLUA). HopmanbHicTb

Among instrumental methods, pulmonary function
tests (PFT) were performed for all patients included in
the study using the spirometry complex «Spirocom»
(Ukraine, model Spirocom-K). The following parameters
were evaluated: VC (vital capacity), TLC (total lung
capacity), RV (residual volume), FEV, (forced expiratory
volume in the first second), and peak expiratory flow rates
(PEFR) at 75% and 50% (MEF,, and MEF, ). The func-
tional state of the cardiovascular system was monitored
using electrocardiography (ECG) with 12 standard leads
on the MIDAS 6/12 electrocardiograph (Ukraine, model
Midas-EKG). Imaging methods included echocardio-
graphy (ECHO), chest CT, and X-ray. ECHO was
performed on a CHISON 17 device (Chison Medical
Imaging Co., Ltd., China) according to standard metho-
dology, assessing heart chamber sizes, wall thickness,
systolic and diastolic function (including ejection fraction
by the modified Simpson method), the valve apparatus,
and pericardium. Chest CT was performed on a multi-slice
CT scanner Siemens Somatom Definition Edge (Germany)
with a slice thickness of 1-2 mm. The following parame-
ters were assessed: parenchymal changes (patterns
of ground-glass opacity, consolidation, and reticular
patterns), lesion localization, and additional findings
(bronchiectasis, traction changes, cystic lesions).
Chest X-ray was performed in two projections (antero-
posterior and lateral) using a digital X-ray machine
Proteus XR/a (General Electric, USA). The analysis
included the state of the lung parenchyma (increased
opacity, deformation, reticular pattern), infiltrative pro-
cesses, lung roots, diaphragm, sinuses, and cardiac
shadow. Special attention was given to signs of inter-
stitial changes as manifestations of post-COVID
fibrosis. In CT, the following parameters were evaluated:
parenchymal changes (ground-glass opacity, consoli-
dation, reticular patterns), structural changes (bronchial
dilation, subpleural bands, traction bronchiectasis),
lesion distribution (bilateral/unilateral, peripheral/central).
In X-ray, the analysis included the condition of the lung
pattern, infiltrative changes, lung roots, pleural changes,
diaphragm, and cardiac shadow.

The applied comprehensive methodology, which
combined clinical evaluation, laboratory analyses, and
a wide range of instrumental and radiological methods,
allowed for a thorough investigation of the state of the
cardiovascular, respiratory, and other systems in cancer
patients who recovered from COVID-19 and revealed
features of post-COVID syndrome in this cohort. The re-
sults obtained, compared between the groups, contri-
buted to achieving the research goal of characterizing
the clinical, functional, and imaging changes associated
with the past coronavirus infection, and their impact
on the course of the primary disease and tolerance
to special treatment. Statistical analysis was performed
using SPSS Statistics 23.0 software (IBM Corp., USA).
The normality of the distribution of quantitative indicators
was checked using the Shapiro-Wilk test. To compare the
means between two independent groups, the Student’s
t-test (for normal distribution) or the Mann-Whitney
U test (for non-normal distribution) was used. Categorical
variables were compared using the Pearson chi-square
test or Fisher's exact test. Results are presented
as the mean + standard error of the mean (Mtm) for
quantitative variables and as absolute numbers for
categorical variables. Differences were considered
statistically significant at p<0.05. A limitation of the study
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po3nogdiny KinbKiCHUX NOKa3HWKIB MepeBipsinu 3a Kpute-
piem LWanipo—Yinka. [ns nopiBHAHHA cepefHix 3Ha4yeHb
MK [BOMa He3anexHumy rpyrnaMmum BUKOPUCTOBYBanu
t-kputepin CtblogeHTa (3a HopmarnbHOro posnoginy) abo
U-kpuTepin MaHHa—YiTHi (3a HEeHOpManbHOro po3noainy).
KaTeropianbHi 3MiHHI MoOpiBHIOBanu 3a [OMNOMOrow
KpuTepito xi-kBagpat [lipcoHa abo ToO4HOro KpuTepito
®iwepa. Pesynbratv npeacTaBneHi £k cepegHe
cTaHfapTHa noxmbka cepefHboro (M+m) ons KinbkKiCHUX
3MiHHUX Ta siKk abComnTHI Yucna Ans KarteropianbHUX.
CTaTUCTUYHO 3HauyLWMMKM BBaXanu BigMIHHOCTI npwu
p<0,05. OGMmexeHHAM pocnigXeHHs Oyna BiACYTHICTb
[JOBrOTPMBAIIOro CMOCTEPEXEHHSI MOHAA OAWMH pik nicns
3aBepLUEHHS cneLianbHOro NikyBaHHS.

PE3YALTATU

KAiHi4Hi NnposiBM NOCTKOBIAHOIO CUHAPOMY

B OHKOAOT4YHMX XBOPUX

Pe3ynbratv KOMMNNEKCHOro obCcTexeHHs1 67 OHKoMo-
rivHnx xsopux 3 COVID-19 B aHamHesi Ta 63 oHKomno-
riYHMX xBopux 6e3 KopoHaBipycHOI iHdbekuii Ao3Bonumm
BMSIBUTM 0COBNUMBOCTI KNiHiko-paaionoriyHux 3miH kapaio-
pecnipaTtopHoi cucteMmn B NOCTKOBIAHOMY nepiogi. [po-
BEAEHU NOPIBHANBHUIA aHani3 KNiHiKo-iHCTPYMEHTanbHNX
MOKa3HWKIB BUSABUB, WO Y 49,2% OHKONOriYHMX nauieHTiB
y TepMmiHu Binbwe poky nicnsi nepeHeceHoro COVID-19,
36epiranucb CMMNTOMM CTIAKOrO NMOCTKOBIAHOIO CUHAPOMY
3 BoOKy cepuLeBO-CyAMHHOI Ta pecnipaTopHOi CcuUCTeM.
[eTtanbHuin  aHania KniHiMHMX Ta  IHCTPYMEHTanbHMX
03Hak npeacTaeneHo B Tabnuui 1.

was the lack of long-term observation beyond one year
after the completion of special treatment.

RESULTS

Clinical manifestations of post-COVID syndrome
in cancer patients
The results of the comprehensive examination of
67 cancer patients with a history of COVID-19 and
63 cancer patients without coronavirus infection revealed
the features of clinical and radiological changes in the
cardiovascular and respiratory systems during the
post-COVID period. The comparative analysis of clinical
and instrumental indicators revealed that in 49.2% of
cancer patients, more than one year after the recovery
from COVID-19, symptoms of persistent post-COVID
syndrome involving the cardiovascular and respiratory
systems were still present. A detailed analysis of clinical
and instrumental signs is presented in Table 1.

Ta6nuus 1. MposiBM NOCTKOBIAHOMO cMHAPOMY 3 BOKy KapaiopecnipaTopHoi cuctemu
y TepMiHu 4 TxHi — 12 micauiB nicnsa BCTaHOBNEHHSA AiarHo3y [[kepeno: CTBOPeHO aBTOPOM Ha OCHOBI AaHUX OOCAIOXEHHS]
Table 1. Manifestations of post-COVID syndrome affecting the cardiorespiratory system
within 4 weeks to 12 months after diagnosis [Source: Created by the author based on study data]

OHKOXBOPI, O XBOPINu OHkoxBopi 6e3 COVID-19
o . Ha COVID-19 (ocHoBHa rpyna) (koHTpoOrbHa rpyna)
KniHiuhi | iHCTpymMeHTanbHi o3Hakm Cancer patients with a history Cancer patients without COVID-19 p
Clinical and instrumental signs of COVID-19 (main group) (control group)
n =67, abc./abs. n = 63, abc./abs.
Cnabkictb / Weakness 58 50 0,27
3apuwka / Dyspnea 32 23 0,19
Kawenb / Cough 25 14 0,06
Binb B rpyaHin knitui / Chest pain 13 9 0,43
CuHycHa Taxikapgis / Sinus tachycardia 24 20 0,62
Bpagavkapgis / Bradycardia 12 7 0,27
Murotnuea aputmis / Atrial fibrillation 10 6 0,34
Ekctpacuctonis / Extrasystole 6 2 0,27
3miHn ST ilwemiyHoro xapakrepy 15 6 004
Ischemic-type ST changes ’
PecTpuKTuBHI, 0BCTPYKTUBHI MOPYLUEHHSI
@YHKLT 30BHILLHBOrO ANXaHHS
Restrictive or obstructive disorders 25 15 0,09
of external respiratory function
YcknagHeHHs XiMio-npoMeHeBOoro MiKyBaHHS 18 8 004
Complications of chemoradiotherapy ’

Mpumimku:
abc. — abcontoTHa KinbkicTb; N — obcar BUBIpku,
¥?=6,42; df = 1; p = 0,04 ons iwemiyHnx 3miH ST,

%2 =6,54; df = 1; p = 0,04 onsa ycknagHeHb XiMiONPOMEHEBOTO MiKyBaHHS.

Notes:
abs. — absolute number; n — sample size;
%2 =6.42; df = 1; p = 0.04 for ischemic ST changes;

%2 = 6.54; df = 1; p = 0.04 for complications of chemoradiotherapy.
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Y nauieHTiB, aki nepeHecnn COVID-19, vactoTta -
KNiHIYHNX Ta IHCTPYMEHTaNbHMX O3HAK YpPaXeHHs1 cep-
LieBO-CYAMHHOI | pecnipaTopHOi cuctemM Gyna BULLOKD, HiXK
Yy KOHTPOnbHIiM rpyni. B 0CHOBHIl KOropTi YacTiwe peecT-
pyBanucsi ckaprm Ha cnabkicTb, 3auLlLKy Ta Kallerb,
a TakoX O3HaKuM BereTaTtmBHOro AmucbanaHcy (CUHycHa
Taxikappgis, 6pagukapgis) 1 NopyLUeHHs pUTMy (MMUroT-
nvBa apwuTMmis, ekctpacucTonis). Lli nposiBu Bigobpa-
XKanu 3HWXKEHHS aganTauiiHMX MOXINMBOCTEN Kapaiopec-
nipaToOpHOI CUCTEMM NiCNSA NepeHECEHOI iHGpeKLii.

CTaTUCTUYHUIA aHani3 i3 3acTOCyBaHHSIM KpUTEPIto
MipcoHa (?) nokasaB, L0 Ha CTATUCTUYHO 3HAYYLLOMY
piBHi (p<0,05) BiaMIHHOCTI MiX rpynamu BusIBfieHi nuile
ans iwemivyHnx 3miH cermeHta ST (3= 6,42; df = 1;
p = 0,041) Ta ycknagHeHb XiMiO-NPOMEHEBOr0 NiKyBaHHA
(x>= 6,54; df = 1; p = 0,039). Ana iHWKNX NOKa3HWUKIB
3acdikcoBaHO nulIe TEHOEHUild OO0 BMLWOI 4acToTu
CUMMTOMIB Yy MaUieHTIB 3 MOCTKOBIAHWM CUHOPOMOM
(p>0,05), wo noTpebye noaanbLIOro BUBYEHHS Ha PO3-
wupeHnx Bubipkax. OTpumaHi pesynsTati BKasyHTb,
wo nepeHeceHnn COVID-19 moxe acouitoBatmcs 3 nig-
BULLEHNM PU3MKOM MIKPOBACKYINSIPHOMO YpPaXKEHHs1 Mio-
Kapaa Ta 3HWKEHHSIM TOMNEPaHTHOCTI [0 TOKCUYHUX
edeKTiB NPOTUNYXIIMHHOIO MiKYBaHHS.

Takum 4mHOM, pesynbTaTv AOCHIMKEHHS CBigyaThb,
WO MOCTKOBIAHWIA cuHApOM dopMmye poH Ansa nig-
BULLEHOI 4YyTNMBOCTI  KapaiopecnipaTopHoi cuctemu
[0 niKyBanbHOIO HaBaHTaXEHHSI B OHKOMOTYHWMX naui-
€HTiB. BusiBneHi TeHAeHUji Ta CTaTUCTUYHO 3HaYyLLi 3MiHK
0O6r'pyHTOBYIOTb  HEOOXIQHICTE  MOCUNEHOMO  KIiHIYHOMO
MOHITOPUHrY, iHAMBIQyani3auii pexumis rikyBaHHA Ta
po3pobkM npoddinakTUYHUX 3axopis. [ns ocTtaToyHOro
NiaTBEPOKEHHS] BCTAHOBIEHMX 3aKOHOMIPHOCTEW MO-
TpiBHI noganbLi gocniaXeHHs 3 GinbLluMMK BUBipkamu.

CTpYyKTypa CynyTHbOI NATOAOTiT

Y AOCAIAXYBAHUX rPYNax XBOPMUX

BaxnMBMM acnekToM KOMMIIEKCHOrO aHanisy CTaHy
OHKOJOFYHNX XBOPUX 3 MOCTKOBIAHUM CUMHAPOMOM Oyna
ouiHKa CynyTHbOI NaTonorii, ika MoXe CyTTEBO BNAMBaTH
Ha nepebir OCHOBHOIO 3axXBOPHOBaHHS Ta MoaudikysaTu
KNiHiYHi  nposiBu  BigaaneHnx Hacnigkie COVID-19.
Komop6igHi cTaHu CTBOpPHOOTL [OAATKOBE HaBaHTaXKeH-
HA Ha YHKUiOHANbHI CUCTEMWU OpraHiamMy, 3HWXYIOTb
ajanTtauiiHi pe3epBM Ta MOXYTb MNOTEHUilOBaTN Hera-
TUBHWI BNNUB sIK KOPOHaBIPYCHOI iHdekLUii, Tak i npoTu-
NyXNMHHOTO nikyBaHHsA. OcobnuBe 3Ha4YeHHs MatoTb
3axBOpIOBaHHSA  CepLeBO-CYOUHHOI Ta pecnipaTopHoi
CUCTEM, OCKINbKM came Lii CUCTEMU € OCHOBHMMM Mille-
HAMK ana SARS-CoV-2. HasaBHicTb nonepenHboi Kapgi-
anbHoi abo nereHeBoi NATONOrii MOXe He NnuLle O06TSXY-
BaTu roctpun nepiog COVID-19, ane n cnpustu dop-
MYBaHHIO CTIIKMX MOCTKOBIOHWX 3MiH. Y 3B’A3KY 3 UMM,
JeTanbHUI  aHani3 CTPYKTYpu Ta 4acToTM CymyTHiX
3aXBOPIOBaHb € KPUTUYHO BaXMUBMM NS PO3YMiHHSI
NaToOreHeTUYHNX MeEXaHi3aMiB MOCTKOBIAHOIO CUHOPOMY
B OHKOMoriyHux xsopux. Po3nogin cynyTHbOi Kapaianb-
HOI Ta pecnipaTopHOI NaTonorii y A0CAigKYBaHUX rpynax
nogaHo B Tabnuu,i 2.

AHani3 cynyTHbOI nartonorii BUSIBUB NepeBaxaHHs
CepLieBO-CyAMHHMX | pecnipaTOpHUX 3axBOpHOBaHb Yy Na-
LieHTIB OCHOBHOI rpynu. YacToTa rinepToHi4YHOT XBopobu
Oyna Buwol cepes ocib, siki nepeHecnn COVID-19
(41 npotn 32 BUNAAkKiB), oAHaK LA pi3HMUA He aocsrmna
CTaTUCTUYHO 3HaYYLLOro piBHS (x?= 1,06; df = 1; p = 0,304).
MopibHa TeHaeHUis cnocTepiranacb i Ansa ilwemivyHol

In patients who had recovered from COVID-19,
the frequency of clinical and instrumental signs of cardio-
vascular and respiratory system damage was higher
compared to the control group. In the main cohort,
complaints of weakness, shortness of breath, and cough
were more frequently registered, as well as signs of
autonomic imbalance (sinus tachycardia, bradycardia)
and rhythm disturbances (atrial fibrillation, extrasystoles).
These manifestations reflected a decrease in the adap-
tive capacity of the cardiorespiratory system after
the infection.

Statistical analysis using Pearson’s chi-square
test (x?) showed that statistically significant differences
between the groups were found only for ischemic chan-
ges in the ST segment (y? = 6.42; df = 1; p = 0.041) and
complications of chemo-radiotherapy (32 = 6.54; df = 1;
p = 0.039). For other indicators, only a trend towards
a higher frequency of symptoms in patients with post-
COVID syndrome was observed (p>0.05), which requires
further study on larger sample sizes. The obtained
results suggest that a history of COVID-19 may be asso-
ciated with an increased risk of microvascular myo-
cardial damage and a reduced tolerance to the toxic
effects of anticancer treatment.

Thus, the results of the study indicate that post-COVID
syndrome creates a background for increased sensi-
tivity of the cardiorespiratory system to treatment stress
in oncology patients. The identified trends and statis-
tically significant changes justify the need for intensified
clinical monitoring, individualized treatment regimens,
and the development of preventive measures. Further
research with larger sample sizes is required to defini-
tively confirm the established patterns.

Structure of comorbid pathology
in the studied patient groups

An important aspect of the comprehensive analysis
of the condition of cancer patients with post-COVID
syndrome was the evaluation of comorbidities, which
may significantly affect the course of the primary disease
and modify the clinical manifestations of the long-term
effects of COVID-19. Comorbid conditions place addi-
tional stress on the body’s functional systems, reduce
adaptive reserves, and may potentiate the negative
impact of both the coronavirus infection and anticancer
treatment. Particular attention is given to diseases of
the cardiovascular and respiratory systems, as these
are the main targets for SARS-CoV-2. The presence
of pre-existing cardiac or pulmonary pathology can not
only exacerbate the acute phase of COVID-19 but also
contribute to the formation of persistent post-COVID
changes. Therefore, a detailed analysis of the structure
and frequency of comorbidities is critically important
for understanding the pathogenic mechanisms of
post-COVID syndrome in oncology patients. The distri-
bution of comorbid cardiac and respiratory pathology
in the studied groups is presented in Table 2.

The analysis of comorbid pathology revealed a pre-
dominance of cardiovascular and respiratory diseases
in patients from the main group. The frequency of hyper-
tension was higher among those who had recovered
from COVID-19 (41 vs. 32 cases), but this difference
did not reach statistical significance (x> = 1.06; df = 1;
p = 0.304). A similar trend was observed for ischemic
heart disease, such as stable angina and post-infarction
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XBOopoOW cepus y BumMsadi  ctabinbHoi  cTeHokapail
Ta nocTiHdapKkTHOro kapgiockneposy (y2= 1,42; df = 1;
p = 0,233). BogHouac, ans AndysHOro Kapgiockneposy
pisHMUs MK rpynamu 6yna Ha CTaTUCTUYHO 3Hauvy-
womy pieHi (32 = 3,91; df = 1; p = 0,048), wo moxe
CBigYMTM Npo Ginbll iHTEHCMBHE YpaXeHHs Miokapaa
y NauieHTIB nicnsi nepeHeceHoi iHgeKLUil.

cardiosclerosis (y? = 1.42; df = 1; p = 0.233). At the same
time, for diffuse cardiosclerosis, the difference between
groups was statistically significant (x? = 3.91; df = 1;
p = 0.048), which may indicate more intensive myocar-

dial damage in patients after the infection.

Tabnuusa 2. CynyTHA KapgianbHa Ta pecnipatopHa naTornoria nauieHTiB 060x rpyn AoCnigXeHHS

[d>xepeno: cTBOPEHO aBTOPOM Ha OCHOBI AA@HWX OOCTIIKEHHS]

Table 2. Comorbid cardiac and respiratory pathology in patients in both study groups
[Source: Created by the author based on study data]

OHkoxBopi 3 COVID-19 OHkoxsopi 6e3 COVID-19
(ocHoBHa rpyna) (koHTpOMbHa rpyna)
Hosonorisi / Nosology Cancer patients who had Cancer patients without
COVID-19 (main group) COVID-19 (control group)
n =67, abc./abs. n =63, abc./abs.
linepToHiuyHa xBopoba / Hypertensive disease 41 32
IXC / IHD
CrabinbHa cTeHokapais Hanpyru / Stable exertional angina 12 8
Owndpy3Hui kapgiocknepos / Diffuse cardiosclerosis 22 15
MocTiHdpapkTHWI Kapgiocknepos / Post-infarction cardiosclerosis 10 7
PecnipatopHa natonoris / Respiratory pathology
XO3J1/ COPD 24 11
XpoHivHui 6poHxiT / Chronic bronchitis 7 6
BpoHxianbHa actma / Bronchial asthma 4 1

IMpumimku:

abc. — abcontoTHa KinbKicTb; N — 06car BUbipku;

IXC — iwemiyHa xBopoba cepus;

XO3J1 — XpoHi4YHEe 0BCTPYKTUBHE 3aXBOPIOBAHHSI NIEreHb.
Notes:

abs. — absolute number; n — sample size;

IHD — ischemic heart disease;

COPD - chronic obstructive pulmonary disease.

Haibinblw Bupa)keHa i CTaTUCTMYHO nigTBEepAXeHa
pi3HMUSA crocTepiranacb Ans XPOHIYHOrO OOCTPYKTUB-
HOro 3axBOPKOBaHHA nereHb (24 npotv 11 BMNagkis;
¥% =6,38; df = 1; p = 0,012), wo Bigobpaxano sik BANUB
BWXiZAHOTO NOPYLLEHHSA ra3o0bMiHy Ha TsxkkicTe COVID-19,
TaK i MOXnvBe nporpecyBaHHs GpPOHXOOGCTPYKTUBHMX
3MiH YHacnigoK NMepCUCTYIOHOro 3amnaneHHst guxanbHuX
wnsxie. [Ona  xpoHiyHoro O6poHxiTy Ta 6poHxianbHOT
acTMM 3adhiKCOBaHO nuvule TEHAEHLio A0 BMLIOI 4ac-
TOTM B OCHOBHIn rpyni (p>0,05), 6e3 cTaTMCTM4HO
3HaYyLWKUX BiAMIHHOCTEN.

OTpumaHi fJaHi [03BONAKTb  3p0OUTU  BUCHOBOK,
LLIO HasIBHICTb CepLEeBO-CYAMHHOI Ta pecnipaTopHOi naTo-
norii nigBvwyBana pusuk Tskkoro nepebiry COVID-19
i cnpusina OPMYBAHHKO CTIKUX MOCTKOBIOHWUX 3MiH.
KopoHaBipycHa iHdheKuUisi, y CBOK 4Yepry, mMorna npoBo-
KyBaTu MporpecyBaHHA KOMOpPOIgHUX CTaHiB, WO Hera-
TMBHO BMIIMBaNo Ha nepebir OHKOMOriYHOro mpouecy Ta
TOMNEpPaHTHICTb A0 MPOTUMYXMMHHOIO NikyBaHHS. lMpose-
[OEHHS pO3LUMPEHOro aHarnidy KoMmopoigHoro oHy 3 BUKO-
puctaHHam knacucdpikauii MKX-10 3abe3neunno crak-
[apTn30BaHy OLiHKY Ta JO3BONUIO 3iCTaBUTK pe3ynsraTtu
3 iHWKUMUK KMiHIYHUMKU cnocTepexeHHamn [13].

YacToTa 3ycTpivanbHOCTI CynyTHBOI naTonorii y nawi-
€HTIB JOCMioKyBaHUX rpyn nogaHa B Tabnuui 3.

AHanmi3 CTpyKTypu CynyTHbOI MaTomnorii BUSBMB Xa-
paKkTepHi 3aKOHOMIpPHOCTi. XBOpPOOM cuctemMm KpoBoobiry
3anmanu nposigHe micue B 06ox rpynax (50,75% y naui-
€HTiB, WO nepeHecnun COVID-19, i 47,62% y KOHTpOnb-
Hi), i Us pisHUUS He JocdArna CTaTUCTUYHO 3HadyLLoro

The most pronounced and statistically significant
difference was observed for chronic obstructive pulmo-
nary disease (COPD) (24 vs. 11 cases; 2 = 6.38; df = 1;
p = 0.012), which reflected both the impact of pre-exis-
ting gas exchange disorders on the severity of COVID-19
and the possible progression of bronchial obstructive
changes due to persistent inflammation of the respiratory
tract. For chronic bronchitis and asthma, only a tendency
for higher frequency was noted in the main group
(p > 0.05), without statistically significant differences.

The obtained data allow us to conclude that the
presence of cardiovascular and respiratory pathology
increased the risk of severe COVID-19 progression and
contributed to the formation of persistent post-COVID
changes. The coronavirus infection, in turn, could
provoke the progression of comorbid conditions, nega-
tively affecting the course of the oncological process
and the tolerance to anticancer treatment. Conducting
an expanded analysis of the comorbid background us-
ing the ICD-10 classification provided a standardized
evaluation and allowed comparison of the results with
other clinical observations [13].

The frequency of comorbidities in the patients of
the studied groups is presented in Table 3.

The analysis of comorbid pathology revealed some
characteristic patterns. Diseases of the circulatory sys-
tem occupied a leading position in both groups
(50.75% in patients who had recovered from COVID-19
and 47.62% in the control group), and this difference
did not reach statistical significance (¥ = 0.13; df = 1;
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piBHs (x2 = 0,13; df = 1; p = 0,717), Wo y3rogxyeTbcs
3 nonepeaHiM aHaniaom KapgianbHoi natosnorii.

p = 0.717), which aligns with the previous analysis
of cardiac pathology.

Ta6nuus 3. YactoTa 3ycTpivanbHOCTi CynyTHBOI NaTONOrii y XBOPUX OCHOBHOI Ta KOHTPOIBHOI rpynu
[[xepeno: CTBOPEHO aBTOPOM Ha OCHOBI A@aHUX AOCHIOKEHHS]
Table 3. Frequency analysis of comorbid pathology in patients of the main and control groups
[Source: Created by the author based on study datal]

YacTora 3ycTpidansHocTi Hosonorii, (%)
Frequency of occurrence of pathology, (%)
QUL (e KoHTponbHa rpyna
CynyTHSA naTtonoris LLncpp 3a MKX-10 | (nauieHTu, Lo nepexsopinu OHTD Py
; (naujeHtn 6e3 COVID-19)
Comorbid pathology ICD-10 code Ha COVID-19) - .
. Cancer patients without
Cancer patients who had COVID-19 (control group)
COVID-19 (main group) group
n =67, abc. / abs. n = 63, abc. / abs.
X|_30po6V| cucTemu Kposoo&ry 100-199 34 (50,75) 30 (47,62)
Circulatory system diseases
XBOpoGW opraHiB TpaBrneHHs!
Diseases of the digestive system KOO-K93 18 (26,87) 82(50.79)
XBOPODY OpraHis AnxarHs J00-J99 26 (38,81) 13 (20,63)
Respiratory diseases
Xgopo6m HEepBOBOI CUCTEMM G00-G99 9(13.43) 12 (19,05)
Diseases of the nervous system
XBOpOOM KPOBi, KPOBOTBOPHMX OpraHiB .
Diseases of the blood and blood-forming organs D50-D89 5(7.45) 71
XBopo6_|/| EHAOKPUHHOT CUCTEeMM E00-E90 6 (8,96) 6 (9,52)
Endocrine system diseases
Xgopo6m cedocTaTeBoi cuctemu NOO-N99 4(5,97) 10 (15,87)
Diseases of the genitourinary system
XBOpPOOW LLKIpW Ta NiALLKIPHOT KMITKOBUHM g
Diseases of the skin and subcutaneous tissue L00-L99 1(1.49) 0

lMpumimku:
abc. — abcontoTHa KinbkicTb; N — obear BUBIpku;

MKX-10 — MixxHapogHa knacudikauisi xeopob 10-ro nepernsay.

Notes:
abs. — absolute number; n — sample size;

ICD-10 — International Classification of Diseases, 10th revision.

HatomicTb YacToTa xBopob opraHiB aguxaHHs (38,81%
npotun 20,63; %2 = 4,89; df = 1; p = 0,027) Ta TpaBneHHs
(26,87% npotn 50,79; y2 = 7,64; df = 1; p = 0,006) Bu-
SIBANAcs CTaTUCTMYHO 3Hauvylle Pi3HOK MiX rpynamu.
Lle nigTBepaxye rinotesy nNpo NepcuUCTyiode YpaKeHHs!
pecnipatopHoi cuctemu nicns COVID-19 i kopentoe
3 Ginbwoto nowmpeHicTio XO3J1 B ocHOBHI rpyni. MeH-
LA YacToTa racTPOEHTEPOSOriYHMX 3aXBOPOBaHb Yy MaLli-
€HTIB 3 MOCTKOBIOHMM CUMHOPOMOM MOXe OyTu noB’'si3a-
Ha 3 ocobnuBocTsiMu Binbopy abo MacKyBaHHSAM racTpOiH-
TECTUHArNbHMUX CUMNTOMIB Ha TNi pecnipaTopHUX NPosiBiB.

[ns iHWMX knacie natonorii — HepBOBOI, cevocTarte-
BOi, €HOOKPMHHOI cuCTeM, a TakoX XBOpob KpoBi —
CTaTUCTUYHO 3HaYyLLMX BiAMIHHOCTEN HE BCTaHOBIEHO
(p>0,05). Lle po3sonsie npunycTuTK, WO Y AaHin KOropTi
OCHOBHMMW  MilleHsMn SARS-CoV-2 3anuuwatotbes
cepLieBO-CyIMHHA Ta pecnipaTopHa cuctemu, Todi siK Big-
MIHHOCTI B iHLUMX OpraHHMX Kfiacax MatTb OMMCOBUIA Xa-
pakTep i NoTpebyoTh NiaTBEPAXKEHHSA Y BinbLUMX BUBipKaX.

EAekTpoOdisioAoridHi 3MiHK cepus

B AMHAMILLi CNEeLIaAbHOrO AiKyBAHHS.

Enektpokapgiorpadis 3anuwaeTtbCsl OQHUM 3 Hau-
Ginbll OOCTYNHMX Ta iHpOPMAaTUBHUX METOAIB OLHKK
PYHKLIOHaNbLHOro CTaHy CcepueBO-CyAMHHOT CUCTEMW.
Y KOHTEKCTi MOCTKOBIAHOrO CUMHAPOMY B OHKOMOMYHUX
XBOpMX, AnHamiyHe EKI-MoHiTopyBaHHsA HabyBae ocob-
NNUBOTO 3HAYEHHS, OCKINbKM A03BOMNSAE BUSBUTU He nuLlie

In contrast, the frequency of respiratory diseases
(38.81% vs. 20.63; x2 = 4.89; df = 1; p = 0.027) and
digestive system diseases (26.87% vs. 50.79; x? = 7.64;
df = 1; p = 0.006) was statistically significantly different
between the groups. This supports the hypothesis of per-
sistent respiratory system damage following COVID-19
and correlates with the higher prevalence of COPD
in the main group. The lower frequency of gastrointes-
tinal diseases in patients with post-COVID syndrome
may be related to selection bias or the masking of gastro-
intestinal symptoms against the backdrop of respira-
tory manifestations.

For other pathology classes — nervous, urogenital,
endocrine systems, and blood diseases — no statistically
significant differences were found (p > 0.05). This sug-
gests that in this cohort, the main targets of SARS-CoV-2
remain the cardiovascular and respiratory systems,
while differences in other organ classes are descriptive
and require confirmation in larger samples.

Electrophysiological changes in the heart

during the course of special treatment
Electrocardiography remains one of the most
accessible and informative methods for assessing the
functional state of the cardiovascular system. In the con-
text of post-COVID syndrome in cancer patients, dyna-
mic ECG monitoring becomes particularly important,
as it allows for the detection of not only acute distur-
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rocTpi MOPYLUEHHSA, ane W BIiACTEXWUTWU eBOMIoLil0 Kap-
JianbHWX 3MiH nig BAMBOM NPOTUNYXITMHHOIO MNiKyBaHHS.
Bigomo, wo COVID-19 MoXe ChnpUYMHATM LUMPOKUIA
CNEKTP KapAionoriYyHnx ycknagHeHb — Bif TPAH3UTOPHUX
nopyLleHb pUTMY A0 CTIKUX CTPYKTYPHUX 3MiH Miokapaa.
BogHouac, Garato cxem XximioTepanii Ta npomeHeBe
nikyBaHHA MaloTb KapAioTOKCUYHMIA noTeHuian. MNoegHaH-
HA MNOCTKOBIOHMX 3MiH 3 KapLiOTOKCMYHICTIO MNpOTH-
NyXMMHHOI Tepanii CTBOPIOE YHiKanbHY KNiHiYHY cuTyadito,
sika noTpebye peTenbHOro MOHITOPUHIY Ta aHaniay.

Ona ouiHkm BNNMBY  cneuianbHOrO  NiKyBaHHSA
Ha enekTpodisionoriyHi nokasHukn cepus Gyno npose-
OeHo nopisHANbHWUIA aHani3 EKIM-3miH go nodatky Tepanii
Ta Yyepes3 Micsub nicnsa il 3aBeplUeHHs. Takuin YacoBum
iHTepBan 03BOSMIMB BUSBUTU SK FOCTPI, TakK i BiOCTPOYEHI
edeKTn NiKyBaHHA, a TakOX OUiHUTWM aganTauiiHi MOX-
NMBOCTI CEpLEBO-CYOUHHOI CUCTEMM B YMOBax MOCT-
KOBiQHOro cMHapomy. Pesynsrati AuHamiyHOro enekTpo-
KapaiorpadivyHoro cnoctepexxeHHsi nogaHo B Tabnuui 4.

bances but also tracking the evolution of cardiac chan-
ges under the influence of antitumor treatment. It is well
known that COVID-19 can cause a wide range of cardio-
logical complications, from transient rhythm disturban-
ces to persistent structural changes in the myocardium.
At the same time, many chemotherapy regimens and
radiation therapy have cardiotoxic potential. The combi-
nation of post-COVID changes with the cardiotoxicity
of antitumor therapy creates a unique clinical situation
that requires careful monitoring and analysis.

To assess the impact of special treatment on the
electrophysiological indicators of the heart, a compara-
tive analysis of ECG changes was conducted before
the start of therapy and one month after its completion.
This time interval allowed the detection of both acute
and delayed effects of treatment, as well as the assess-
ment of the adaptive capacity of the cardiovascular
system in the context of post-COVID syndrome.
The results of dynamic electrocardiographic monitoring
are presented in Table 4.

Ta6nuus 4. EnektpokapaiorpadiyvHi 3MiH1 40 Ta Yepe3 0AMH MicsiLlb Micns cneljianbHOro nikyBaHHS
[O>xepeno: cTBOPEHO aBTOPOM Ha OCHOBI AaHWX OOCNIAKEHHS]
Table 4. Electrocardiographic changes before and 1 month after special treatment
[Source: Created by the author based on study data]

Lo nikyBaHHs1 / Before treatment Micnsa nikyBaHHs / After treatment
Mokzatk  Indicator i | et oers | renedr || somlewrn
n = 67, abc. / abs. n = 63, abc. / abs. n = 67, abc. / abs. n =63, abc. / abs.
Taxikapgis / Tachycardia 25 20 32 24
Bpaaukapgis / Bradycardia 12 7 12 7
EkcTtpacucTonis / Extrasystole 7 2 7 2
Mwurotnuea aputmisi / Atrial fibrillation 3 9 10 9
B e oo i | 24203

TMpumimku:
abc. — abcontoTHa KinbkicTb; N — obcar BUBIpKy;

Mzm — cepeaHe 3HaveHHs + cTaHOapTHa Noxmbka cepeaHboro.

Notes:
abs. — absolute number; n — sample size;
Mtm — mean * standard error of the mean.

AHania puHamikn enekTpokapgiorpadiyHmx nokas-
HUKIB BMSIBUB BiAMIHHOCTI Mi>XX nauji€eHTamMy 3 NMOCTKOBIO-
HUM CUHOPOMOM i KOHTpOmbHOW rpynoto. [icns 3asep-
WEHHA MPOTMNYXNIMHHOI Tepanii B OCHOBHIN rpyni
crnocrepiranocs 3poCcTaHHs YacToTu Taxikapaii (32 npotu
24 BuNafkiB), ogHaK LA PisHUUSA He Oyrna cTaTUCTMYHO
3Hauywot (2 = 1,32; df = 1; p = 0,251). Bpagukapgais
Ta eKcTpacucTonia 3anuwanncs Ha noaibHoMy piBHi
B 0box rpynax (p > 0,05). Lle Bkasye, W0 enekTpunyHa
HecTabinbHICTb  MioKkapga 4acTille CrnocTepiraeTbca
Yy MauieHTIB 3 MOCTKOBIOHMM CUHAPOMOM, ane y AaHin
BMOIipLi He oTpuMana CTaTUCTUYHOIO MiATBEPOXKEHHS.

Hambinblw BupaxeHi 3MiHW BUSBNEHi y OuHamiui
MUFOTIIMBOI apuTMii: B OCHOBHIl rpyni i yactota 3pocna
3 3 po 10 BunagkiB, TOAI K y KOHTPOMbHIW rpymni nokas-
HVK 3anuwmeesa cTabinbHum (9 Bunagkis). Xoya MixXrpy-
noBa pi3HUUS Micns nikyBaHHA He Oyna CTaTUCTUYHO
3Hauywot (x> = 0,62; df = 1; p = 0,432), oTpumaHa
TEHOEHUIA BKadye Ha MOXIMBUA 3B’sI30K MOCTKOBIA-
HUX CTPYKTYpPHUX 3MiH nepeacepAab i3 MiABULLEHO
CXWINbHICTIO A0 ibpunadii nig BNIMBOM  KapAiOTOK-
CMYHUX Mpenaparis.

The analysis of the changes of electrocardiographic
indicators over time revealed differences between
patients with post-COVID syndrome and the control group.
After the completion of antitumor therapy, an increase
in the frequency of tachycardia was observed in the main
group (32 vs. 24 cases), although this difference was
not statistically significant (y2 = 1.32; df = 1; p = 0.251).
Bradycardia and extrasystole remained at similar levels
in both groups (p > 0.05). This suggests that electrical
instability of the myocardium is more frequently obser-
ved in patients with post-COVID syndrome, but this trend
did not reach statistical significance in the sample.

The most pronounced changes were observed in the
changes of atrial fibrillation over time: in the main group,
its frequency increased from 3 to 10 cases, while in the
control group, the number remained stable (9 cases).
Although the intergroup difference after treatment was
not statistically significant (2 = 0.62; df = 1; p = 0.432),
the observed trend indicates a potential connection
between post-COVID structural changes in the atria
and an increased predisposition to fibrillation under the
influence of cardiotoxic drugs.
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Hanbinblw 3Hauywli BigMiHHOCTI BusBReHi ons ae-
npecii cermeHta ST, 9ka Mana CTaTUCTUMYHO 3HaYyLLi
pisHuui sk oo (y? = 7,65; df = 1; p = 0,006), Tak i nicnsa
nikyBaHHs (y? = 13,21; df = 1; p < 0,001). Y nauieHTiB
OCHOBHOI pynu crnocrepiranocsi nNornMbneHHs aenpecii
(324 %+ 0,3 gpo 3,6 + 0,5 Mm), TOAi SK Y KOHTPOMbHIN
rpyni — amMmeHweHHs (3 1,5+ 0,1 go 1,3 £ 0,2 mm). Lle moxe
BijoOpaxaTy cymauiio MOCTKOBIAHOINO MikpOBacKynsip-
HOrO ypaXXeHHs1 Ta KapAioTOKCUYHOro edekTy creujianb-
Horo nikyBaHHsA. OTpuMaHi pesynbTati  BKasyloTb
Ha BULLY BPa3nuMBiCTb MaLi€HTIB 3 NOCTKOBIAHUM CUHAPO-
MOM [0 ileMiYHMX 3MiH Ta MiaKPecnoTb HeobXigHICTb
YAOCKOHanNeHHs NpOTOKOMIB KapAiOMOHITOPUHrY i KapAio-
NPOTEKL,ii B OHKOMNOTYHNX XBOPUX LiIET KaTeropii.

PYHKLiOHAABHI NOPYLUEHHS

pecnipaTopHOi CUCTEMM TA iX AMHAMIKA

OocnigkeHHa dyHKUIT 30BHiWHbOro AnxaHHa (P3[)
Oyno BaXNMBUM KOMMOHEHTOM KOMIMMEKCHOI OLiHKK
CTaHy pecnipaTopHOi CUCTEMWU OHKOMOMYHUX XBOPUX
3 MNOCTKOBIgHMM cuHApomoMm. CniporpadgiyHe o6cTe-
KEHHs1 [03BOMsANO 00’ekTMBI3yBaTW CTYMiHb MOPYLUEHHS
BEHTUNAUINHOI DYHKLiT NereHb Ta BU3HAYUTU XapakTep
UMX nopyleHb — OOCTPYKTUBHWIA, PECTPUKTUBHWUIA 4K
3MilaHuin. AkTyanbHicTb npoBeaeHHs ®3[ y aaHoi kaTe-
ropii mauieHTiB 3ymoBnioBanachb Kinbkoma akTopamu.
Mo-nepwe, nereHi OynM NEPBUMHHOK MilLEHHIO Ans
SARS-CoV-2, wo npu3soguno A0 po3BUTKY iHTEPCTUL-
anbHUX 3MiH, NOPYLUEHHS anbBeono-kaninapHoi Andysii
Ta chopmyBaHHs iGpo3HNX 3MiH. Mo-apyre, npomeHeBa
Tepanis Ha opraHu rpyaHOI KNiTKM Ta Aesiki cxemu
XimioTepanii MOrnn CApUYMHATA MHEBMOHITM Ta MHEB-
Mocpibpo3. [lo-TpeTe, HasBHICTb CynyTHLOI rereHeBoil
natonorii (XO3J1, 6poHxianbHa acTtma) cTBOptoBana
[OOaTKOBI NepeaymMoBU Anst PO3BUTKY (DYHKLLIOHANbHMX
nopyLweHb. [ocnimpkeHHs1 BUKOHYBanoCcb [0 MNoYaTKy
creujianbHOro nikyBaHHa Ta 4epe3 MicdAub nicnsg moro
3aBeplleHHs. Pesynbratv ouiHKM (PyHKUIT 30BHILUHBOrO
OuxaHHs B AMHaMiUi npeacTasneHi B Tabnuui 5.

The most significant differences were found for ST
segment depression, which showed statistically signi-
ficant differences both before (32 = 7.65; df = 1; p = 0.006)
and after treatment (%2 = 13.21; df = 1; p < 0.001). In pa-
tients of the main group, the depression deepened
(from 2.4 £ 0.3 t0 3.6 + 0.5 mm), while in the control group,
it decreased (from 1.5 + 0.1 to 1.3 £ 0.2 mm). This may
reflect the summation of post-COVID microvascular
damage and the cardiotoxic effects of antitumor
therapy. The results obtained indicate a higher vulner-
ability of patients with post-COVID syndrome to ischemic
changes and emphasize the need to improve cardio-
monitoring protocols and cardioprotection in cancer
patients of this category.

Functional disorders of the

respiratory system and their changes over time

The study of external respiratory function (ERF)
was an important component of the comprehensive
evaluation of the respiratory system in cancer patients
with post-COVID syndrome. Spirometry test allowed
for the objective assessment of the degree of ventilation
dysfunction in the lungs and the determination of the
nature of these disorders — obstructive, restrictive,
or mixed. The relevance of conducting ERF testing in this
category of patients was driven by several factors.
Firstly, the lungs were the primary target organ for
SARS-CoV-2, leading to the development of interstitial
changes, impairment of alveolar-capillary diffusion, and
the formation of fibrotic alterations. Secondly, radiation
therapy to the chest organs and certain chemotherapy
regimens could cause pneumonitis and pneumofibrosis.
Thirdly, the presence of comorbid pulmonary pathology
(COPD, bronchial asthma) created additional precon-
ditions for the development of functional disorders.
The research was conducted before the initiation of
antitumor therapy and one month after its completion.
The results of the dynamic evaluation of external respi-
ratory function are presented in Table 5.

Tabnuus 5. MNopyLleHHs1 30BHILLHBOTO ANXaHHS 4O Ta Yepe3 OAMH MicsiLpb Nicrns crnevlianbHOro nikyBaHHA
[[xepeno: CTBOPEHO aBTOPOM Ha OCHOBI AAHUX AOCHIAKEHHS]
Table 5. External respiration disorders before and 1 month after special treatment
[Source: Created by the author based on study data]

[o noyatky crneujianbHOro nikyBaHHSA
Before starting special treatment

Yepes micsAub nicns 3akiH4eHHs
cnevjianbHOro NikyBaHHS
One month after the end of special treatment

Xapaktep nopyLieHb
Nature of disorders

OHkoxBopi 3 COVID-19
(ocHoBHa rpyna)
Cancer patients with
COVID-19 (main group)

OHkoxBopi 6e3
COVID-19
(koHTpOMbHa rpyna)
Cancer patients without
COVID-19
(control group).

OHkoxBopi 6e3
COVID-19
(koHTpoOmbHa rpyna)
Cancer patients without
COVID-19
(control group)

OHkoxBopi 3 COVID-19
(ocHoBHa rpyna)
Cancer patients with
COVID-19 (main group)

n =67, abc. / abs.

n =63, abc. / abs.

n =67, abc. / abs. n =63, abc. / abs.

PectpukTueHi / Restrictive 15 8 24 7

O6cTpykTuBHi / Obstructive 4 5 2 4

3miwaHi / Mixed 7 5 9 2
lMpumimku:

abc. — abcontoTHa KinbkicTb; N — obcar BUBIpKku.
Notes:
abs. — absolute number; n — sample size.

AHania pesyneraTtiB cniporpadiyHoro AOChiAXEHHS
BUSIBUB Pi3HOCMPSMOBAHI 3MiHM Y MauieHTiB 060X rpymn.
Micna 3aBepLUEeHHs1 NPOTUNYXIMHHOI Tepanii B OCHOBHIl
rpyni cnocrtepiranocs 3poCTaHHA 4YacTOTM PECTPUKTUB-

The analysis of spirometry test results revealed
divergent changes in the patients of both groups. After
completing antitumor therapy, an increase in the fre-
quency of restrictive ventilation disorders was observed
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HUX MOpYLUEHb 30BHILLHBOrO AMxaHHA (3 15 po 24 Bu-
nagkiB), To4i SK Y KOHTPOMbHIN rpyni Len nokasHWK 3anu-
LaBcsa Maxe He3MiHHMM (8 Ta 7 BMNaaKiB BiAMOBIAHO).
BusiBneHa pisHuua OGyna  CTAaTUCTUYHO  3HAYYLLOHO
(%2 = 7,02; df = 1; p = 0,008), wo cBiguMTL Npo BinbLu
BMPaXEHE 3HWXKEHHS1 NEreHeBMX pes3epBiB y NaLieHTIB
i3 NOCTKOBIAHMM CUHOPOMOM.

OGCTPYKTVBHI MOPYLUEHHS!, HaBMaku, 3MEeHLINNUCS
B 060x rpynax (3 4 go 2 BunagkiB y OCHOBHiIln Ta 3 5 go 4
Yy KOHTPOIbHIi), i Pi3HWLS MiXXK HUMW He Jocarna ctaTuc-
TUYHO 3Hadywloro piBHA (32 = 0,59; df = 1; p = 0,442).
3MmillaHi  nopyLlieHHs BeHTUNsAUii npogeMOoHCTpyBanu
NpoTUNexHy AuHamiky: y naudieHtie 3 COVID-19 ix vac-
ToTa 3binbwunaca (3 7 go 9 BunagkiB), Tog4i sIK Y KOHT-
ponbHiIN rpyni 3meHwunacs (3 5 4o 2), wo niarsepakeHo
ctatuctnyHo (x? = 4,41; df = 1; p = 0,036). Lle Bkasye
Ha [O0[aTKoBE HaBaHTaXEHHs Ha pecnipaTopHy cuc-
TEeMy BHaACNiOK pe3nayarnbHUX NOCTKOBIAHMX 3MiH.

BaranbHa 4actota yHKUiOHanbHUX MOpYyLUeHb An-
XaHHA nicns NikyBaHHA 3pocna B OCHOBHIW rpyni, ToAi
SIK Y KOHTPOMbHIN rpyni Mana TeHAEHUit0 OO0 3HMKEHHS.
BaxnuBo, WO PecTPUKTUBHI MOPYLUEHHSI BUSBMSNUCA
HaBiTb NPU MiHIMaNbHUX IHINETPATUBHUX 3MiHaX rfere-
HeBOi napeHximu 3a gaHummn KT, wo ceigunTb Npo BuU-
COKY 4yTnuBICTb (PyHKUiOHanNbHUX TecTiB. OTpumaHi
pe3ynsTaT MiATBEPAXYIOTb HEraTUBHWUIA BMSMB MOCTKO-
BiQHOrO CMHOPOMY Ha (YHKUiOHANbHI MOXNMBOCTI Au-
XanbHOI CUCTEMU Ta MiAKpPecnoTb NPOBIAHY pofb pe-
CTPUKTMBHOIO TUMY Y (oOpMYBaHHIi CTIMKMX NOPYLUEHb BEH-
TURALIT Nicns NPOBEAEHHSA NPOTUNYXIMHHOIO NiKyBaHHS.

PaaioAoridyHa xapakTepucTMka

3MiH AereHeBoi NapeHxiMu

3a AaHumm KT

Komm’totepHa ToMorpadpisi opraHiB rpyaHoi  KniTku
Oyna OCHOBHMM METOAOM Bidyanizauii CTPYKTYPHUX 3MiH
nereHeBoi NapeHxiMnm B OHKOSOrYHUX XBOPUX 3 MOCT-
KoBigHUM cuHapomom. KT-gocnigkeHHs  [go3Bonsno
He nuie BUSIBUTM NATONOriYHi 3MiHW, ane W OUiHUTK
iX XapakTtep, nokanisauilo, MNOLUPeHiCTb Ta AvHaMIKy
B MpoLieci cneujianbHoro nikysaHHs. OcobnuBoi akTyans-
HocTi KT-MOHiTOpUHr HabyBaB Yy KOHTEKCTI AudepeH-
uianbHOI AiarHOCTUKM MiXX MNOCTKOBIAHUMUW 3MiHaMMU,
NporpecyBaHHsIM OHKOIOTYHOro npouecy, MeaukameH-
TO3HMM NHEBMOHITOM Ta iH(PEKUINHUMN YCKNagHEeHHAMM.
CknagHicTb iHTepnpeTauii pagionoriyHnx 3Haxigok y uiei
KaTeropii nauieHTiB 3yMOBMOBanacb HaknagaHHsaM pis-
HUX NaTONOrYHUX MPOLECIB, WO MOIMKM MaTh CXOXi
BidyanizauinHi npossun. OetanbHun aHania KT-3Haxigok
y nauieHTiB gocnigKyBaHuX rpyn nogaHun B Tabnuui 6.

PapionoriyuHe gocnifxeHHS BUSBUNO 3HaYHI MiXrpy-
noBi BiOMIHHOCTI Y CTPYKTYpi ypaxeHb nereHeBoi napeH-
XiMn. HainBinblu xapakTepHo 3HaXiaKow AN NOCTKOBIA-
HUX 3MiH OyB cMMnTOM «MaToBOro cknax» (y2 = 27,361;
df = 1; p < 0,001), AKMN Ha CTATUCTUYHO 3HAYYLLOMY
piBHI 4YacTille BUSBNSABCA B OCHOBHIM rpyni Ta cBiguuB
npo iHTepcTuUianbHe 3ananeHHsl, Habpsik anbBeonsip-
HUX Neperopoaok abo YacTKoBe 3anoBHEHHS anbBeorl.

3HauyLi BiAMIHHOCTI TakoX BiA3HauyeHi Ons peTuky-
nsipHoro natepHy (y?=18,724;df=1; p <0,001), cy6nnes-
panbHux cmyr (x2 = 21,041; df = 1; p < 0,001), TpakLiAHNX
6poHxoekTasis (32 = 17,191; df = 1; p < 0,001) i annarauii
OpoHxiB (2 = 8,781; df = 1; p = 0,004), wo cBig4UTL
npo hopMyBaHHS CTINKMX iHTEpCTULianbHO-IGPOTUYHNX
nepebynos nicns COVID-19.

in the main group (from 15 to 24 cases), while in the
control group, this indicator remained almost unchanged
(8 and 7 cases, respectively). The difference was sta-
tistically significant (y2 = 7.02; df = 1; p = 0.008), indicating
a more pronounced reduction in pulmonary reserves
in patients with post-COVID syndrome.

Conversely, obstructive disorders decreased in both
groups (from 4 to 2 cases in the main group and from
5 to 4 in the control group), with no statistically significant
difference between them (y? = 0.59; df = 1; p = 0.442).
Mixed ventilation disorders showed an opposite trend:
in patients with COVID-19, their frequency increased
(from 7 to 9 cases), while in the control group, it decrea-
sed (from 5 to 2). This difference was statistically
confirmed (32 = 4.41; df = 1; p = 0.036). This suggests
an additional burden on the respiratory system due
to residual post-COVID changes.

The overall frequency of functional respiratory
disorders increased after treatment in the main group,
while the control group showed a tendency toward
a decrease. Notably, restrictive disorders were found
even with minimal infiltrative changes in the lung paren-
chyma based on CT data, indicating the high sensitivity
of functional tests. These results confirm the negative
impact of post-COVID syndrome on the functional capa-
city of the respiratory system and emphasize the leading
role of the restrictive type in the formation of persistent
ventilation disorders following antitumor treatment.

Radiological characterization
of pulmonary parenchymal changes
based on CT data

Computed tomography (CT) of the chest organs
served as the primary method for visualizing structural
changes in the pulmonary parenchyma in cancer patients
with post-COVID syndrome. CT studies allowed for not
only the detection of pathological changes but also
an assessment of their nature, location, extent, and chan-
ges over time during the course of specialized treatment.
The CT monitoring process was particularly important in
the context of differential diagnosis between post-COVID
changes, progression of the oncological process, drug-
induced pneumonitis, and infectious complications.
The complexity of interpreting radiological findings in this
patient cohort arose from the overlapping of different
pathological processes that could have similar visualiza-
tion manifestations. A detailed analysis of the CT findings
in the studied groups of patients is provided in Table 6.

Radiological examination revealed significant inter-
group differences in the structure of lung parenchymal
damage. The most characteristic finding of post-COVID
changes was the «ground-glass opacity» (32 = 27.361;
df = 1; p < 0.001), which was statistically significantly
more common in the main group, indicating interstitial
inflammation, alveolar septal edema, or partial filling
of alveoli.

Significant differences were also observed in the
reticular pattern (2 = 18.724; df = 1; p < 0.001), subpleu-
ral bands (y? = 21.041; df = 1; p < 0.001), tractional
bronchiectasis (x? = 17.191; df = 1; p < 0.001), and bron-
chial dilation (x2 = 8.781; df = 1; p = 0.004), indicating
the formation of persistent interstitial-fibrotic remodeling
after COVID-19.
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Ta6nuus 6. PagionoriyHi 3MiHM pecnipaTopHOi cucTemMu 3a 4aH1MK KOMM'lTEPHOT ToMorpadii opraHiB rpyaHoi KniTku
[O>xepeno: CTBOPEHO aBTOPOM Ha OCHOBI AaHWX AOCHIMKEHHS]
Table 6. Radiological changes in the respiratory system according to CT scans of the chest organs
[Source: Created by the author based on study data]

KT-3naxigku / CT findings

OHkoxBopi 3 COVID-19
(ocHoBHa rpyna)
Cancer patients with COVID-19
(main group)

OHkoxBopi 6e3 COVID-19
(koHTporbHa rpyna)
Cancer patients without COVID-19
(control group)

n =67, abc. / abs.

n =63, abc. / abs.

MapeHximaTo3Hi 3MiHu / Parenchymal changes

«MartoBe ckno» / «Ground-glass opacity» 48 12
KoHconigauis / Consolidation 15 8
PetukynsipHuin natepH / Reticular pattern 28 6
OuckonopibHi atenekTtasun / Discoid atelectasis "

CTpyKTYpHi 3miHu / Structural changes

Lung architectural distortion

[OwunaTtauis 6poxxis / Bronchial dilation 19 5
CybnnespanbHi cmyru / Subpleural bands 31 9
TpakuinHi 6poHxoekTasu / Traction bronchiectasis 22 3
[MOTOBLUEHHS MXKYACTOYKOBUX NEPEropoaok

Intralobular septal thickening 7 4

Po3noBcrogxeHHs ypaxeHHs / Distribution of parenchymal damage
[Bob6iuHe / Bilateral 52 15
Mepudepunyne / Peripheral 44 11
BepxHe none / Upper field 18 7
CepegHe none / Middle field 35 10
HwxHe none / / ower field 41 13
DopatkoBi 3Haxiaku / Additional findings

MoszaiuHe nocnabneHHs / Mosaic attenuation 14 2
KicTosHi ypaxeHHs / Cystic lesions 8 1

EmdizematosHi amiHm / Emphysematous changes 12 6
ApXITEKTYpHi 3MiHV napeHximn 25 4

lMpumimku:

abc. — abcontoTHa KinbKicTb; N — obcar BUBIPKA.
Notes:

abs. — absolute number; n — sample size.

[MOTOBLUEHHS MiDKYACTOYKOBUX Meperopoaok
Mano CTaTUCTUYHO 3HauyLli BiAMIHHOCTI (y? =
df = 1; p =0,002).

Po3noBctogXeHHs NaTonoriYHoro NpoLecy Xapakrepu-
3yBanocs nepeBaxaHHsAM ABOGiYHoro (x2 = 29,178; df = 1;
p <0,001) i nepudepuyHoro (y?=24,942; df=1; p<0,001)
YPpaXXeHHs 3 Han4acTiLLo Nnokanisauieto y cepegHix i Hyx-
HiX nonsix nereHb. Cepen 40OaTKOBMX 3HaXigoK cTaTuc-
TUYHO 3HaYyLWMMKU Bynu apxiTEKTYpHi 3MiHU MapeHXiMu
(x?>=17,852; df = 1; p < 0,001) Ta Mo3aiuHe nocrabneHHsi
nereHeBoro pucyHka (y2? = 9,231; df = 1; p = 0,002).

OwnckonopiGHi  aTenekTtasn [eMOHCTpyBanu nuiie
TeHAEHUjto Ao yacTiwoi peectpauii (x?2 = 3,261; df = 1;
p = 0,071), Togi Sk koHconigauis Ta eMdizeMaTo3Hi 3MiHN
He Manu CTaTUCTUYHO 3Ha4yLUMX BigMiHHOCTEN (x2 < 2;
df=1;p>0,1).

OTpuMaHi pesynsraTtv MiATBEPAXYOTb, O PecTpuK-
TUBHI MOpPYLUEHHA BEeHTWUMAUil MOrnu crnocrepiratucs
HaBiTb MpWU MiHIManbHUX HINETPATUBHMX 3MiHaX, LWO
NigKpecnoe BUCOKY YYTNUBICTb (PYHKLIOHANbHUX TECTIB.
IHTepnpetauia KT-3Haxigok y nauieHTiB 3 NOCTKOBIAHUM
CMHOPOMOM YCKNafHiBanacss MOXIMBUM MNOEAHAHHAM
nocTiHdpekuiiHoro ibpo3y 3 nposiBamu pafiauiinHoro
abo MeoMKaMeHTO3HOro NMHEBMOHITY. [nsa TovHoi ande-
peHuiauii HeobXxigHWA KOMMMEKCHUA  KniHiko-pagiono-
riYHUI aHani3 i cnocTepexeHHs y AnHaMiui.

TaKoX
9,356;

Thickening of interlobular septa also showed
statistically significant differences (x> = 9.356; df = 1;
p = 0.002).

The distribution of the pathological process was
characterized by bilateral (y? = 29.178; df = 1; p < 0.001)
and peripheral (x? = 24.942; df = 1; p < 0.001) in-
volvement, with the most common localization in the
middle and lower lung fields. Among additional findings,
architectural changes in the parenchyma (3% = 17.852;
df = 1; p < 0.001) and mosaic attenuation of the lung
pattern (2 = 9.231; df = 1; p = 0.002) were also statis-
tically significant.

Disc-shaped atelectasis showed only a trend toward
more frequent occurrence (y? = 3.261; df = 1; p = 0.071),
while consolidation and emphysematous changes did
not demonstrate statistically significant differences
(x><2;df=1;p>0.1).

The results confirm that restrictive ventilation disor-
ders could be observed even with minimal infiltrative
changes, emphasizing the high sensitivity of functional
tests. The interpretation of CT findings in patients with
post-COVID syndrome was complicated by the potential
combination of post-infectious fibrosis with radiation-
induced or drug-induced pneumonitis. To ensure accurate
differentiation, a comprehensive clinical-radiological
analysis and dynamic monitoring are essential.
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PeHTreHorpadiyHi 3miHM

OPraHiB rPYAHOI KAITKM B AMHAMILLI AiKyBOHHS

PeHTreHorpadis opraHis rpyaHol KniTkM 3anvwanach
06a30BMM METOAOM MPOMEHEBOI AiarHOCTUKK, kM OyB
OOCTYNHWIA ANsl CKPUHIHFOBOrO OOCTEXXEHHA Ta AMHaMIY-
HOTO CMOCTEPEXEHHS OHKOMOTiYHMX XBOpPUX. He3Baxkatoun
Ha MeHLWy 4yTnuBeicTb nopieHaHO 3 KT, peHTreHorpadis
[,03BOssiNa BUABUTU OCHOBHI NaToNOrivyHi 3MiHM NereHeBoi
napeHximm Ta 6yna ocobnuBo LiHHOK OIS MOHITOPUHTY
AnHaMmikn npouecy. PeHTreHomnoriyHa ouiHKa opraHiB
rPYLHOI KMiTKM NPOBOAMNACKE 3a CTaHA4aPTHO METOAMNKOH
B NpsAMIl Ta BiYHiA NpoeKLisX.

IHTepcTUUianbHi 3MiHM Ha peHTreHorpamax 4acTto
NPOSBNSANMUCH SIK NMOCUIEHHA Ta Aedopmallis nereHeBoro
pUCYHKa, iHOAj 3 HEYITKICTIO KOHTYpPIB CyauH. 3MiHM KOPEHIB
nereHb BKMOYanu ix pos3wmpeHHs (36inbLUIeHHS WUpUHA
TiHi KOpeHs1), YLiNbHEHHS (NiABULLEHHS iHTEHCUBHOCTI
TiHi) Ta HEYITKICTb KOHTYPIB, LLO MO0 BKa3yBaTh Ha NiM-
(bapeHonarito, 3ananbHuii Npouec abo 3MiHM B cyauHax.
MneBpanbHi 3MiHW: NOTOBLLEHHS NMEBPWU Ta NneBpanbHi
HallapyBaHHS BidyanidyBanucb £IK MiHiMHI TiHi B340BX
KOHTYpPY rpygHOi cTiHkm abo piacpparmu; obniTepauis
CVHYCIB — §IK BiAACYTHICTb Bi3yanisauji pebepHo-giadpar-
ManbHuX KyTiB. [iadparma: ouiHoBanucb BucoTa i
CTOSIHHS Ta YiTKICTb KOHTYpIB. CepLeBa TiHb: OUiHIOBanuch
ii po3mip (po3LwmnpeHHs, kapgiomeranis) Ta KoHdirypadis.
PeHTtreHorpadis nposogunacs BCiM nauieHTam Ao noyar-
Ky creujanbHoro nikyBaHHsA Ta Yyepes Micsub nicns noro
3aBEpLUEHHS], WO [J03BOMANO OUHUTM He nuwe 6a3oBsi
3MiHW, ane 1 iXx AuHaMiky nig BAAVBOM NPOTUMYXITUHHOI
Tepanii. Pe3ynsratu MNepBUHHOIO peHTreHorpadiyHoro
obcTexXeHHs nogaHo B Tabnuui 7.

Radiographic changes
in the chest organs during freatment

Chest radiography remained a fundamental diagnostic
tool for screening and dynamic monitoring in cancer pa-
tients. Although less sensitive than CT scans, radiography
allowed for the detection of primary pathological changes
in the lung parenchyma and was particularly valuable
in monitoring the progression of the disease. Radiological
evaluation was performed using standard methodology
in both anteroposterior and lateral projections.

On chest X-rays, interstitial changes were often mani-
fested as enhancement and deformation of the lung
pattern, occasionally with unclear vascular contours.
Alterations in the lung roots included their enlargement
(increased width of the root shadow), consolidation
(increased intensity of the shadow), and blurred contours,
which could indicate lymphadenopathy, inflammatory pro-
cesses, or vascular changes. Pleural changes were ob-
served in the form of thickening of the pleura and pleural
layers visualized as linear shadows along the chest wall
or diaphragm and sinus obliteration, which appeared as
the absence of rib-diaphragmatic angles. Regarding di-
aphragm, its position and the clarity of its contours were
evaluated, which could indicate potential pleural effusion
or atelectasis. Cardiac shadow: the size (especially cardio-
megaly) and configuration of the heart shadow were moni-
tored. Radiography was conducted in all patients before
starting specialized treatment and one month after its comp-
letion. This allowed for the assessment of not only the base-
line changes but also the progression of these changes
under the influence of antitumor therapy. The results of the
primary radiographic examination are presented in Table 7.

Tabnuus 7. PeHTreHorpadiyHi 3MiHW opraHiB rpyaHOi KMiTKA Npy NEPBUHHOMY OBCTEXEHHI
[[xepeno: cTBOPEHO aBTOPOM Ha OCHOBI AAaHUX AOCHIAXKEHHS]
Table 7. Radiographic changes in the chest organs during the initial examination
[Source: Created by the author based on study data]

PeHTreHonoriyHi o3Haku
(3MiHM nereHeBOro pucyHka)
Radiographic signs

OHkoxsopi 3 COVID-19
(ocHoBHa rpyna)
Cancer patients with COVID-19
(main group)

OHkoxsopi 6e3 COVID-19
(koHTponbHa rpyna)
Cancer patients without COVID-19
(control group)

(changes in lung pattern)

n =67, abc. / abs.

n = 63, abe. / abs.

Mocunexns / Enhanced pattern 54 28
HedopmaLis / Distortion 38 16
PetukynsipHi amiHu / Reticulation 24 5

IHdinsTpaTUBHI 3minm / Infiltrative changes

Bornuwesi TiHi / Focal opacities 19 8
3nueHi iHginbTpaTtn / Confluent infiltrates 7 2
IHTepcTuuianbHi 3miHm / Interstitial changes 31 7

3miHu kopeHiB nerexb / Hilar changes

PoswwmpenHs / Enlargement 26 14
YuwinsHeHHs / Densification 35 18
HeuiTtkicTb kOHTYpiB / Unclear contours 22 9

MnespanbHi 3miHK / Pleural abnormalities

MotoBweHHs nnespwm / Pleural thickening 18 6
MneBpanbHi HawapysaHHs / Pleural adhesions 12 3
Ob6nitepauis cuHycis / Sinus obliteration 8 4

Diacdparma/ Diaphragm

Bucoke cTtosiHHs / Elevated hemidiaphragm

14 7

HeuiTkicTb koHTYpIB / Unclear diaphragm contour

16 5

CepueBa TiHb / Cardiac silhouette

Po3swwupeHHsi / Enlarged cardiac silhouette 28 22
Kapgiomeranisi / Cardiomegaly 9 6
lMpumimku: abc. — abcontoTHa KinbKiCTb; N — 06cAr BUBIPKN.
Notes: abs. — absolute number; n — sample size.
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PeHTreHorpadiyHe pocnigXeHHs opraHiB  rpyaHol
KNiTKM BUSBUNO XapakTepHi BiAMIHHOCTI MK rpynamu
nauieHTiB (Tabn. 7). Hanvyactiwnmy 3miHamu y XBOPWX,
siki nepeHecnu COVID-19, 6ynu nocuneHHs nereHeBoro
pucyHka (y? = 22,841; df = 1; p <0,001), noro pecopmaldiis
(x% = 16,522; df = 1; p < 0,001) Ta peTuKynsipHi 3MiHu
(x>=14,771;df=1; p<0,001), Wwo cBiA4MNIO NPO HAsABHICTb
BMpaXeHoro iHTepcTulianbHOro npouecy. IHinsTpa-
TUBHI 3MiHM NPOSIBASANUCA NEpPeBaXKaHHAM iHTEPCTULI-
anbHoro komnoHeHTa (x2 = 13,624; df = 1; p < 0,001)
i YacTiLMM BUSIBNEHHSIM BOTHULLEBUX TiHen (y? = 4,825;
df = 1; p = 0,028), Toai sk 3nuBHI iHINLTPaTK cnocTepira-
nncb pigKo W He Manu CTaTUCTMYHO 3Hauvyllmx Bia-
MiHHOCTel Mix rpynamm (32 = 1,781; df = 1; p = 0,182).

3MiHW KOpeHiB NnereHb y NauieHTiB OCHOBHOI rpynu Ta-
KOX peecTpyBanucs 4vacTile: po3wmpeHHs (y? = 3,891;
df = 1; p = 0,049), ywinbHeHHsa (¥ = 6,904; df = 1;
p = 0,009) Ta HeuviTkicTb KOHTYpIB (¥ = 5,351; df = 1;
p = 0,021). Cepen nneBpanbHUX NPOSBIB CTAaTUCTUYHO
3HavyLL MMM Byny NOTOBLUEHHS NneBpu (y2? = 6,889; df = 1;
p = 0,009) i nneBpanbHi HawapyBaHHs (y? = 4,884;
df = 1; p = 0,027), Toai sik obniTepauis cuHyciB He Mana
3HauyLmx BiamiHHoCTen (y2 = 0,921; df = 1; p = 0,337).

3 Goky fiacbparmMm BUCOKE CTOSIHHSI Maro nuile TeH-
OeHUilo A0 4acTiloro BUSIBMEHHA Y Naui€HTiB OCHOBHOI
rpynu (x? = 2,891; df = 1; p = 0,089), Toai sk HeuiTKICTb i
KOHTYpIB Mana cTaTUCTUYHO 3HaYyLLy pisHuLto (y?=5,815;
df = 1; p = 0,016). 3MiHM cepueBOi TiHi, BKIIOYHO 3 PO3-
WnpeHHsim (y? = 0,424; df = 1; p = 0,515) i kapaiomera-
nieto (x? = 0,551; df = 1; p = 0,458), He Bigpi3HaANUCs
MK rpynamu, WO Y3rogXyeTbCsi 3 MofibHOK 4acToTo
KapgianbHoi naTtonorii y nauieHTiB 060x Koropr.

Takum YMHOM, Ha CTaATUCTMYHO 3HAYyLWOMY piBHi
niagTBepOXEHO NpOoBiAHY ponb iHTepcTuLianbHo-dibpo-
TUYHUX, NNeBparnbHUX | KOpeHeBUX 3MiH Yy hOopMyBaHHiI
PEHTreHONOoriYHOI KapTUHW MOCTKOBIAHOIO YPaXeHHs op-
raHiB rpyaHol KNiTKM B OHKONOriYHMX nauieHTiB. OTpumaHi
pesynbTaTi cBig4aTh, WO HaBiTb MpW BiACYTHOCTI rOCT-
poro 3ananeHHs y Takux XBopux 30epiraloTbCs CTPYK-
TYpHi MOPYLIEHHS, siKi MOXYTb BNNMBATU Ha TonepaHT-
HICTb A0 creujianbHOro nikyBaHHS.

[nHamika peHTreHonoriYHMx 3MiH nicnsa nNpoBeaeHHs
cneuianbHOro nikyBaHHs nogaHa B Tabnuui 8.

Radiographic examination of the chest organs
revealed characteristic differences between the patient
groups (Table 7). The most common changes in patients
who had recovered from COVID-19 were enhancement
of the lung pattern (y? = 22.841; df = 1; p < 0.001), distor-
tion of the lung pattern (32 = 16.522; df = 1; p <0.001), and
reticular changes (32 = 14.771; df = 1; p < 0.001), indi-
cating the presence of pronounced interstitial processes.
Infiltrative changes manifested as a predominance of
the interstitial component (32 = 13.624; df = 1; p < 0.001)
and more frequent detection of focal opacities (y? = 4.825;
df = 1; p = 0.028), while confluent infiltrates were rarely
observed and did not show statistically significant diffe-
rences between the groups (y?=1.781; df = 1; p = 0.182).

Lung root changes in patients of the main group were
also more frequently recorded: enlargement (y? = 3.891;
df = 1; p = 0.049), consolidation (x> = 6.904; df = 1;
p = 0.009), and unclear contours (x? = 5.351; df = 1;
p = 0.021). Among pleural manifestations, pleural thicke-
ning (3% = 6.889; df = 1; p = 0.009) and pleural adhesions
(x% = 4.884; df = 1; p = 0.027) were statistically significant,
while obliteration of the sinuses showed no significant
differences (32 = 0.921; df = 1; p = 0.337).

Regarding the diaphragm, elevated hemidiaphragm
showed only a tendency to be more frequent in patients
of the main group (x? = 2.891; df = 1; p = 0.089), while
unclear contours had a statistically significant difference
(x% = 5.815; df = 1; p = 0.016). Changes in the cardiac
shadow, including enlargement (y2 = 0.424; df = 1;
p =0.515) and cardiomegaly (y?=0.551; df = 1; p = 0.458),
did not differ between the groups, which corresponds
to the similar frequency of cardiac pathology in patients
of both cohorts.

Thus, the leading role of interstitial-fibrotic, pleural,
and root changes in the formation of the radiological
picture of post-COVID damage to the chest organs in
cancer patients was confirmed at a statistically significant
level. The obtained results indicate that even in the
absence of acute inflammation, structural disorders
remain in these patients, which may affect their tolerance
to special treatment.

The course of radiographic changes after special
treatment is presented in Table 8.

Ta6nuua 8. [lnHamika peHTreHomnoriYHnxX 3MiH Yepes oavH MicsiLp Micns cnewianbHOro NikyBaHHSA
[O>xepeno: CTBOPEHO aBTOPOM Ha OCHOBI JAaHWUX JOCHIAKEHHSA]
Table 8. Course of radiographic changes 1 month after special treatment
[Source: Created by the author based on study data]

[o nikyBaHHs / Before treatment

Micnsa nikyBaHHs / After treatment

PeHTreHonoriyHi o3Haku OCHOBHa rpyna KOHTpOMbHa rpyna OCHOBHa rpyna KOHTpOMbHa rpyna
Radiographic signs main group control group main group control group
n=67,ab6c./abs. | n=63,abc./abs. | n=67,a6c./abs. | n=63, abc. / abs.

MocuneHHs nereHeBoro pucyHka 54 8 58 25
Enhanced lung pattern
PetukynsipHi 3miHm / Reticular changes 24 5 32 4
IHTepcTuuianbHi 3miHu / Interstitial changes 31 7 38 6
Bornuwesi TiHi / Focal opacities 19 8 23 7
MotoBLeHHs nnespm / Pleural thickening 18 6 24 5
PoswwmpeHHs kopeHis / Hilar enlargement 26 14 29 15
He‘-IITKICTI:? KOHTYypiB Aiadparmm 16 5 21 4
Unclear diaphragm contour

TMpumimku:

abc. — abcomntoTHa KinbKiCTb; N — obcar BUBIpKu.
Notes:

abs. — absolute number; n — sample size.
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[nHamika peHTreHonoriYHMx 3MiH nicnsa NpoBeaeHHs
NpOTUNYXIIMHHOI Tepanii NpogeMoHCTpyBana pisHocnps-
MOBaHi TeHAeHUil y gocnigkyBaHux rpynax (tabn. 8).
Y nauieHTiB OCHOBHOI rpynu, siki nepeHecnn COVID-19,
crnocrepiranocsi CTaTUCTUYHO 3HavyLle 36inbLlUeHHS Yac-
TOTWU NOCWUNEHHS nereHeBoro mantoHka (3 54 po 58 Bu-
nagkis; x? = 4,312; df = 1; p = 0,038), peTUKynspHUx 3miH
(3 24 po 32; y? = 7,826; df = 1; p = 0,005) Ta iHTep-
cTuuianbHux 3miH (3 31 0o 38; x2=6,941; df = 1; p=0,008).
BorHuwesi TiHi (3 19 go 23 BunagkiB) i NOTOBLUEHHA
nnespu (3 18 oo 24 Bunagkis) Takox 36inbLUyBanucs, 4o-
CArar4m CTaTUCTUYHO 3HAYYLLOro piBHSA (y2 = 4,642; df = 1;
p =0,031 ta x2=5,714; df = 1; p = 0,017 BignosigHo).

Y KOHTPOMbHIN rpyni, HaBnaku, BUSBNEHO TeHAEHLio
[0 3HWXKEHHS YacTOTK BiNbLUOCTI 03HaK: NOCUNEHHS nere-
HeBoro MantoHka (3 28 go 25 sunagkis; % = 1,841; df = 1;
p =0,175), peTukynspHux amiH (35 no 4; 2= 0,221; df = 1;
p = 0,639), iHTepcTulianbHKMX 3MiH (3 7 8o 6; x? = 0,191;
df =1; p = 0,662), BorHueBmux TiHen (3 8 go 7; x2 = 0,129;
df = 1; p = 0,720) Ta notoBLLeHHs nnespu (3 6 go 5;
x? = 0,188; df = 1; p = 0,665). Lli BigMiHHOCTi He gocsrnu
CTaTUCTUYHO 3HAYYLLOrO PiBHS, OOHaK AEMOHCTpyBanu
TEHAEHUII0 00 NOKpPAaLLEHHSI PEHTIEHONOrYHOI KapTUHU
nicna nikyBaHHsA. PO3LUMPEHHS KOPEHIB i HEYITKICTb KOH-
TypiB AiadparmMn Takox YacTille peecTpyBanucs y nadi-
€HTIB OCHOBHOI rpynu nicns nikyBaHHs (y? = 3,651; df = 1;
p = 0,056 Ta y?=4,913; df = 1; p = 0,027 BignoBigHo), Lo
BKa3yBaro Ha 30epexeHHs1 3ananbHO-aNCTPOdIYHMX 3MiH.

OTXe, Ha CTaTUCTUYHO 3HaAYyLIOMY piBHI nigTBepa-
XKEHO MOTipLUEHHSA PEHTreHONOoriYHMX NOKa3HWKIB y nali-
€HTIB 3 MOCTKOBIAHWUM CUHAPOMOM MiCAsi NPOTUNYXINH-
HOi Tepanii. ¥ KOHTPOMbHIN rpyni, HaBnaku, BUSBMEHO
TeHOeHuito ao crtabinizauii abo 3MeHLWeHHs1 nposiBiB
3ananbHo-iHTepCcTULianbHUX 3miH. Lli gani ceigyaTtb, WO
nepeHeceHa iHdpekuis SARS-CoV-2 3HuxXye aganTauin-
Hi pesepBu pecnipaTopHOi cucTemu, MiABULLYE PU3UK
NMHEBMOTOKCUYHMX edekTiB i 0br'pyHTOBYE HEOOXiaHICTb
BKITIOYEHHS]  PErynsipHOro  PEHTreHONOrYHOro  KOHTpO-
N0 0o NPOTOKOSIB CNOCTEPEXEHHS 3@ OHKOMOMYHMMM
nauieHTamu 3 NoCTKOBIOHUM CUHOPOMOM.

ExokapaiorpadpidyHi NOKasHMKH

CTPYKTYPHO-COYHKLLIOHOABHOTO CTAHY MiokapAd

YnbTpa3BykoBe [OOCNIMKEHHS CepuUs NpOBOAMIIOCH
3 METOK BUSBMEHHS CTPYKTYPHUX Ta (DYHKLiOHANbHMX
3MiH Miokapga B OHKOSOrYHMX XBOPWUX Micna nepe-
HeceHOI KOpoHaBipyCcHOI iHdbekLii. YnbTpa3sykoBe gocnia-
XKEHHs1 cepusl NpoBOAWMOCL AN BUSIBMEHHS CTPYKTYp-
HUX 3MiH MioKkapaa Ta OUiHKM yHKLIOHaNbHOI CIPOMOX-
HOCTi cepueBo-cyanHHoi cuctemun. Ocobrnuea yBara
npuainsnacb  BUKIMIOYEHHIO  YCKNagHEHb  CepLeBo-
cyavHHoi cuctemu nicna COVID-19, Takux sik Miokapaur,
nepukapauT, BOTHULWLEBI 3MiHWM Miokapga. Baxnunsum
napameTpom Oyna ouiHka (YyHKULIOHANbHOI CMPOMOX-
HOCTi NiBOro LUNyHouYKa, 3okpema dpakuii sukugy ($B),
sika BM3Ha4ana MOXIMBICTb NPOBEOEHHS KapOiOTOKCUY-
HOI NpoTMNYXNMHHOI Tepanii. ExokapaiorpadivyHe obcTe-
EHHs1 Gyno BWKOHAHO 23 nauieHTam OCHOBHOI rpynu
(34,3%) Ha eTani JooOGCTEXeHHs nepen cneuianbHUM
nikyBaHHaM. BigGip nauieHtiB gns ExoKC 6GasysaBcs
Ha HasiBHOCTI natosnoriyHmMx 3miH Ha EKT, kniHiYHMX o3Hak
cepueBoi HegocTaTHOCTI abo OOTsXKEHOro Kapgionoriy-
HOro aHamHesy. Y KOHTPOIbHIA rpyni exokapgiockonisa
He npoBogunacb. Pesynstatn exokapaiorpadidyHoro
JocnimKkeHHs nogaHo B Tabnuui 9.

The course of radiological changes after antitumor
therapy showed divergent trends in the studied groups
(Table 8). In the main group of patients who had reco-
vered from COVID-19, there was a statistically signifi-
cant increase in the frequency of enhanced lung pattern
(from 54 to 58 cases; y? = 4.312; df = 1; p = 0.038), reti-
cular changes (from 24 to 32; 42 =7.826; df = 1; p = 0.005),
and interstitial changes (from 31 to 38; 2 = 6.941; df = 1;
p = 0.008). Focal opacities (from 19 to 23 cases) and
pleural thickening (from 18 to 24 cases) also increased,
reaching statistically significant levels (y? = 4.642; df = 1;
p =0.031 and x2=5.714; df = 1; p = 0.017, respectively).

In the control group, on the contrary, a tendency
towards a decrease in the frequency of most signs was
observed: enhancement of the lung pattern (from 28
to 25 cases; % = 1.841; df = 1; p = 0.175), reticular chan-
ges (from 5 to 4; x2 = 0.221; df = 1; p = 0.639), interstitial
changes (from 7 to 6; x2 = 0.191; df = 1; p = 0.662),
focal opacities (from 8 to 7; x2 = 0.129; df = 1; p = 0.720),
and pleural thickening (from 6 to 5; x2 = 0.188; df = 1;
p = 0.665). These differences did not reach statistically
significant levels but demonstrated a trend towards
improvement in the radiographic picture after treatment.
Enlargement of the lung roots and unclear contours
of the diaphragm were also more frequently recorded
in the main group of patients after treatment (32 = 3.651;
df = 1; p = 0.056 and y2 = 4.913; df = 1; p = 0.027, res-
pectively), indicating the persistence of inflammatory-
dystrophic changes.

Thus, at a statistically significant level, the worsening
of radiographic indicators in patients with post-COVID
syndrome after antitumor therapy was confirmed. In the
control group, on the other hand, a trend towards stabi-
lization or reduction of inflammatory-interstitial changes
was observed. These data suggest that the SARS-CoV-2
infection reduces the adaptive reserves of the respira-
tory system, increases the risk of pneumotoxic effects,
and justifies the need to include regular radiographic
monitoring in the observation protocols for cancer
patients with post-COVID syndrome.

Echocardiographic indicators of the

structural-functional state of the myocardium

Ultrasound examination of the heart was conducted
to detect structural and functional changes in the myo-
cardium in cancer patients who had recovered from
coronavirus infection. The ultrasound examination of
the heart aimed to identify structural changes in the
myocardium and assess the functional capacity of the
cardiovascular system. Special attention was given to
exclusion of the complications of the cardiovascular
system after COVID-19, such as myocarditis, pericar-
ditis, and focal myocardial changes. An important para-
meter was the assessment of the functional capacity of
the left ventricle, particularly the ejection fraction (EF),
which determined the possibility of administering cardio-
toxic antitumor therapy. Echocardiographic examination
was performed in 23 patients in the main group (34.3%)
at the stage of further examination before specialized
treatment. The selection of patients for echocardiography
was based on the presence of pathological changes
in the ECG, clinical signs of heart failure, or a history of
cardiovascular disease. Echocardiographic examination
was not performed in the control group. The results of
the examination are presented in Table 9.
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Ta6nuus 9. ExokapgiorpadiyHi nokasHWkM y nauieHTiB OCHOBHOT rpynu (n = 23)
[d>xepeno: cTBOPEHO aBTOPOM Ha OCHOBI AaHWX OOCNIAKEHHS]
Table 9. Echocardiographic indicators in patients of the main group (n = 23)
[Source: Created by the author based on study data]

MokasHuk / Indicator ACLER e, 2e, XapakTepuctuka / Characteristics
Number of patients, abs.
3ananeHHsi cepLeBoro M'siza (MiokapauT) 0 He BusBneHo
Inflammation of the heart muscle (myocarditis) Not found
3ananeHHs 30BHiLLHLOT 06OMOHKK cepus (NepukapauT) 0 He BusBneHo
Inflammation of the outer lining of the heart (pericarditis) Not found
30HM rino- Ta akiHesii 5 MNepepgHs cTiHka JIW Ta MLUMM
Areas of hypo- and akinesia Anterior wall of LV and VPM
3HnxeHHs dpakuii Buknay (< 50%) 1 PB =43%
Decreased ejection fraction (< 50%) EF =43%
HopmanbeHa dpakuis Bukugy (= 55%) 29 @B B Mexax Hopmu
Normal ejection fraction (= 55%) Normal EF
MotoBuweHHst cTiHky JILL (13-17 Mm) 24 lineptpodpis J1LL
Thickening of the LV wall (13—17 mm) LV hypertrophy
MopyLueHHs puTmy 10 Bignosiganu gaHum EKI
Arrhythmia Consistent with ECG findings
lMpumimku:

abc. — abconTHa KinbKicTb; N — ob6car BUbipky;
JIW — niBuni wnyHoyok; MLUM — miXwnyHo4koBa Neperopoaka;
®B — cpakuis Bukugy;
EKI™ — enekTpokapaiorpadis
Notes:
abs. — absolute number; n — sample size;
LV — left ventricle; IVS — interventricular septum;
EF — ejection fraction;
ECG - electrocardiography

ExokappgiorpacpiuHe gocnigXeHHs1 nauieHTiB OCHOB-
HOi rpynu (n = 23) He BMSABWUIO O3HaK 3anarnbHOro ypa-
XEHHSI cepus: MioKapauT i nepukapaut He Bynu 3adi-
KcoBaHi xopgHoro pasy (0%), Wwo ceig4nno npo BiACyTHICTb
rOCTPMX MOCTKOBIOHWX 3ananbHuX YCKMagHeHb cepus
y BigdaneHun nepioa. Y nm’atu nadieHtis (21,7%) cno-
cTepiranncs 30HU TiNO- Ta akiHesii nepeaHbOoi CTiHKK
nisoro wnyHouka (J1LW) ta mixwnyHo4koBoi neperopop-
kv (MLUM), sxi signosiganu pybueBum 3miHam nicns
iHbapkTy Miokapga. 3a pesynbraTamu CTaTUCTUYHOMO
aHanisy BiAMIHHICTb MiX YaCTOTOK TaKMX 3MiH Ta iHLLUMMMU
€XOCTPYKTYPHUMM MOKa3HMKamMy He p[ocsarna  craTtuc-
TUYHO 3Hauyworo piBHa (x? = 1,242; df = 1; p = 0,265),
O BKasye Ha WMOBIPHO HeacouinosaHun i3 COVID-19
XapakTtep BUSBNEHNX aHOManin.

3HmxeHHs1 dpakuii Bukngy (®PB < 50%) 6yno BusBs-
neHo nuwe B ogHoro nauieHta (4,3%), Togi sk y 22 3 23
(95,7%) ocio ®B 3anuwanacsa B Mexax Hopmu (= 55%).
PisHnua mixx HopmanbHo Ta natonorivyHoo $B Bussu-
nacs cTaTMCTUYHO 3HaYyLLo (x2=19,326;df=1;p<0,001),
LLIO CBIgYUTb NPO 36epexxeHy cUCTOoNiYHY dyHKLUi0 y Binb-
wocTi nauieHTiB. lNnepTpodia CTiHKKM MiBOro LWNyHo4Ka
(13-17 mm) cnoctepiranacsa y 24 Bunagkax, Wo nepe-
BULLYE YMCENbHICTb BUOIPKM Yepe3 MoedHaHHs KiflbKoX
exokapaiorpadiyHux O3HaK y YacTMHW nauieHTiB. Yac-
ToTa rinepTpodii He Mana CTaTUCTUYHO 3HauvyLloi aco-
uiauii 3 nepeHeceHnm COVID-19 (x2 = 0,382; df = 1;
p = 0,536), ogHak posrnsganacsa Sk (PakTop PU3UKy
noripLweHHs aganTtauiiHux MOXMIMBOCTEN cepus nig 4ac
NPOTUNYXNIMHHOIO NiKYBaHHS.

MopyLUeHHs pUTMY CepLeBUX CKOPOYEHb, NEPEBaXKHO
y BUMSGi HagLWyHOYKOBUX abo LUMYHOYKOBKX eKCTpa-
cuctonin, 6ynn BusaBneHi y 10 nauieHTiB (43,5%) i nos-
HicTio 3biranucs 3 pesynbrataMmu enekTpokapaiorpadii.
Lli paHi ceigyaTe nNpo BiACYTHICTL cneundiyHMX nocT-

Echocardiographic examination of patients in the
main group (n = 23) did not reveal signs of inflammatory
heart damage: myocarditis and pericarditis were not
recorded at all (0%), indicating the absence of acute
post-COVID inflammatory heart complications in the
long term. In five patients (21.7%), areas of hypo- and
akinesia of the anterior wall of the left ventricle (LV)
and the interventricular septum (IVS) were observed,
which corresponded to scar changes after a myocardial
infarction. According to statistical analysis, the difference
in the frequency of such changes and other echo-
structural parameters did not reach statistical signifi-
cance (x2 = 1.242; df = 1, p = 0.265), indicating
that the detected anomalies were likely not associated
with COVID-19.

A reduction in the ejection fraction (EF < 50%) was
found in only one patient (4.3%), while in 22 out of 23 pa-
tients (95.7%), EF remained within the normal range
(= 55%). The difference between normal and patho-
logical EF was statistically significant (x2 = 19.326;
df = 1; p < 0.001), indicating preserved systolic function
in the majority of patients. Left ventricular wall hyper-
trophy (13-17 mm) was observed in 24 cases, which
exceeds the sample size due to the combination of
several echocardiographic features in some patients.
The frequency of hypertrophy showed no statistically
significant association with the history of COVID-19
(x> = 0.382; df = 1; p = 0.536), but was considered
a risk factor for worsening cardiac adaptation during
antitumor treatment.

Heart rhythm disturbances, primarily in the form
of supraventricular or ventricular extrasystoles, were
found in 10 patients (43.5%) and completely coincided
with the results of electrocardiography. These data
suggest the absence of specific post-COVID structural
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KOBIOHMX CTPYKTYpHUX 3MiH Miokapaa Ta 3aranom
cTabinbHy cuctoniyHy dyHKUilo cepus y  BinbLoCTi
nauieHTiB. 3 ornagy Ha wmany BUOIpKY, OTpuUMaHi
pesynsTatu cnig po3rnsgatM Sk onuc cepii BUNaakis,
Wo nigTBEpOXKYE HeoOXigHiCTb noganblumMx Aocnig-
KEHb 3 PO3LUMPEHHSIM TPYNWN CMOCTEPEXEHHST ANS YTOM-
HEHHS1 BNNUBY MNOCTKOBIAHUX (pakTOpiB Ha exokapgio-
rpadiyHi NOKa3HMKM OHKOMOTiYHUX NaLEHTIB.

MopyLweHHs cucTemMu remocTasy

Yy BiAAGAE€HUI NOCTKOBIAHUI Nepioa

JocnigkXeHHst cuctemun 3ropTaHHs KpoBi Oyno Bax-
NBAM KOMMOHEHTOM KOMIMIIEKCHOI OLiHKA CTaHy OHKO-
NOTiYHUX XBOPMX 3 MOCTKOBIAHMM cuHApomoMm. Bigomo,
wo COVID-19 acouitoBaBcs 3 NigBULWEHUM PUSUKOM
TPOMOOTMYHUX YCKNaAHEHb SIK Y FOCTPOMY nepiofi, Tak
i y BigoaneHi TepmiHM nicns ogyxaHHs. OHKonoriyHe
3aXBOPIOBaHHsi camo no cobi 6yno daktopom rinep-
Koarynsuii, a NoeAHaHHs 3 MOCTKOBIAHWM CUHOPOMOM
MOFMO MOTEHLOBaTU MOPYLUEHHS remocTtasy. Pesynb-
TaTM OOCHIAXKEHHS OCHOBHMX MOKA3HMKIB CUCTEMM
remocTasy nogaHo B Tabnuui 10.

changes in the myocardium and generally stable sys-
tolic heart function in most patients. Given the small
sample size, the results should be viewed as a case
series, confirming the need for further studies with
an expanded observation group to clarify the impact
of post-COVID factors on echocardiographic parameters
in cancer patients.

Disruption of the hemostatic system

in the distant post-COVID period
The study of the blood clotting system was an impor-
tant component of the comprehensive assessment of
the condition of cancer patients with post-COVID
syndrome. It is known that COVID-19 was associated
with an increased risk of thrombotic complications both
in the acute phase and in the distant periods after
recovery. Cancer itself was a factor for hypercoagulation,
and its combination with post-COVID syndrome could
potentiate hemostatic disorders. The results of the study
of the main indicators of the hemostatic system are

presented in Table 10.

Ta6nuua 10. MNokasHukn cuctemm remoctasy y AOCNigXKyBaHUX rpynax
[d>xepeno: CTBOPEHO aBTOPOM Ha OCHOBI JaHUX OOCHIAKEHHS]
Table 10. Indicators of the hemostatic system in the study groups
[Source: Created by the author based on study data]

OHkoxsopi 3 COVID-19 OHkoxBopi 6e3 COVID-19
(ocHoBHa rpyna) (koHTpOMbHa rpyna) .
Moka3sHuk / Indicator Cancer patients with COVID-19 | Cancer patients without COVID-19 PedepeHTHi sHaueHHs

(main group) (control group) Reference values

n=67,M+tm n=63,M+m
NnT4,c/PT, s 14,8+ 0,4 13,9+0,3 11-15
nTl, % / PTI, % 89,7+2,3 94,2+1,8 85-110
AYTY, c/APTT, s 32,4+1,2 29,8+0,9 25-35
MHB, ym. oa. / INR, arb. units 1,18 £ 0,05 1,06 £ 0,03 0,85-1,15
®ibpuHoreH, r/n / Fibrinogen, g/L 4,2+0,3 3,4+0,2 2,0-4,0
P®MK, mr/an / SFMC, mg/dL 12,8+1,4 7,3+0,8 3,0-4,0
D-gumep, Hr/mn / D-dimer, ng/mL 872+ 124 386 + 68 <500

lMpumimku:
n — o6ecsAr Bubipku;

M + m — cepegHe 3Ha4YeHHs + cTaHaapTHa Noxubka cepeaHboro;

MTY — npotpombiHoBuiA vac; MTI — npoTpombiHOBMI iHOEKC;
A4TY — akTMBOBaHWIA YaCTKOBUI TPOMBOMIACTUHOBUI Yac;
MHB — mixxHapogHe HopMani3oBaHe BiAHOLLEHHS;
P®MK — po3umHHi ibprH-MOHOMEPHI KOMMIEKCK.
Notes:
n — sample size;
M £ m — mean value + standard error of the mean;
PT — prothrombin time; PTI — prothrombin index;
APTT — activated partial thromboplastin time;
INR — international normalized ratio;
RFMC - soluble fibrin monomer complexes.

OujiHKa MOKa3HWKIB CUCTEMW remocTasy BUSBWUMA Xa-
pakTepHi 3MiHX Yy NauieHTiB 3 MOCTKOBIAHUM CUHAPOMOM
MOPIBHAHO 3 KOHTPOSbHOW rpynoto. Y XBopuX, SKi nepe-
Hecnu COVID-19, Big3Havanocs NogoBXeHHs akTuUBOBa-
HOro 4acTKoBOro TpombonnacTuHoBoro yacy (AYTY) —
32,4+1,2cnpotn29,8+0,9 (x2=2,891;df=1; p=0,089)
Ta TeHAeHuia Ao 30inblieHHA npoTPoMGIHOBOro vacy
(NTY) — 14,8 £ 0,4 ¢ npotn 13,9 + 0,3 (32 = 3,214,
df = 1; p = 0,075). Lli nokasHunku He JOCArnU cTaTucTuny-
HO 3Ha4YyLLOro piBHA, NPOTE AEMOHCTPYIOTb CXMITBHICTb
[0 NOPYLLEHHS BHYTPILIHLOTO LUMSIXY 3ropTaHHS KPOBi.

The assessment of the indicators of the hemostatic
system revealed characteristic changes in patients with
post-COVID syndrome compared to the control group.
In patients who had recovered from COVID-19, there was
a prolongation of activated partial thromboplastin time
(APTT)—-32.4 £ 1.2 s compared to 29.8 + 0.9 (32 = 2.891;
df = 1; p = 0.089) and a tendency towards an increase in
prothrombintime (PT)—14.8+0.4 scomparedto 13.9+0.3
(x? = 3.214; df = 1; p = 0.075). These indicators did not
reach statistical significance but showed a tendency
towards disruption of the intrinsic blood clotting pathway.
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Ha crtatnctnyHo 3HauyLlomy piBHi Bigpi3HABCS no-
Ka3HMK MDKHApOAHOrO HOPMAari3oBaHOrO BiAHOLLEHHS
(MHB): 1,18 + 0,05 B ocHoBHin rpyni npotu 1,06 + 0,03
y KOHTponbHin (3% = 4,182; df = 1; p = 0,042), wo ceigumTb
npo gucbanaHc y cucTemMi Koarynsuii Ta nigBuLLeHy
CXWUMbHICTb A0 rinokoarynsuiiHMx peakuin Ha OHi
aKkTuBaLii koarynsuinHoro kackagy.

MigBuweHHs piBHA  pibpuHOreHy noHag BeEpXHIo
mexy Hopmu (4,2 + 0,3 r/n npotu 3,4 + 0,2 ) Takox Biaody-
10Cs Ha CTaTUCTMYHO 3HaYyLLoMy piBHi (x2 = 5,061; df = 1;
p = 0,028), wo BigoGpaxano akTuBaLito roctpodasoBoi
BignoBiai Ta hopMyBaHHA NPOKOArynsAHTHOrO CTaHy.

KoHueHTpauii po34nHHUX hibpMH-MOHOMEPHUX KOMM-
nekcis (POMK = 12,8 + 1,4 mr/gn npotn 7,3 + 0,8)
Ta D-gumepy (872 + 124 wr/mn npotn 386 + 68) Gynu
nigBULLEHNMN, oOHaAK Yepe3 obMexeHuin obecsar BUBIpKK
Lue po3UiHIETLCS sIK onuc cepii Bunazakie, 6e3 3actocy-
BaHHS KpUTEpIto 2.

Y3aranbHiowun, y nauieHTiB 3 NOCTKOBIOHUM CUHAPO-
MOM Bif3Ha4aeTbca niaBuwieHHss MHB Ta cibpuHoreHy
Ha CTaTUCTUYHO 3HAYYLLOMY pPiBHi, @ TakoX TeHAEeHLis
po nogosxeHHss MTY ta AYTY. OTpumaHi pesynsratu
BKa3yloTb Ha (QOpPMYyBaHHSA rinepkoarynsiliiHoro craHy
3 KOMMEHCATOPHOK akTMBauieto ibpuHONI3y, Lo NOTEH-
UiNHO niaBULLYE PU3UK TPOMOOTUYHMX YCKMNagHEHb
nia Yac NpoBeAeHHs NPOTUMYXIMHHOIO NiKyBaHHS.

IMYHOAOTi4Hi 3MiHU B OHKOAOTIYHMX XBOPUX

3 NOCTKOBIAHUM CUHAPOMOM

[ocnigXeHHs iIMyHHOro ctaTycy nNpoBoAWrochb 3 Me-
TOK OUIHKM CTaHy KMiTUHHOI Ta rymoparbHOi FaHOK
iIMyHITETY B OHKOMOFMYHUX XBOPMX MNiCNsi nepeHeceHol
KopoHaBipycHoI iHdekuii. Binomo, wo COVID-19 cnpuun-
HAB TpuBani NOPYLUEHHs1 iIMyHHOI BignoBigi, ski Mormnu
BNNMBaTU Ha nepebir OHKOMOrYHOrO 3aXBOPHBaHHSA Ta
eEeKTUBHICTb NPOTUNYXIMHHOTO NiKyBaHHSA. IMyHOdEeHOo-
TUNyBaHHA NiMcOUNTIB MPOBOAMIIOCH 3a AOMOMOIOH
NpoToYHOI umMTOMETpil Ha npunagi FC-500 (Beckman
Coulter, CLLUA) i3 3acTocyBaHHAM BignoBigHNUX MOHOKMO-
HanbHUX aHTUTIN. Pesyneratu iMyHonoriyHoro gocnig-
KEHHS npeacTaBneHi B Tadbnuui 11.

IMyHOnoriyHe [OCNIMKEHHS NPOAEMOHCTPYBano Xa-
pakTepHi 3MiHX Yy NauieHTiB 3 NOCTKOBIAHUM CUHAPOMOM
NOPIBHAHO 3 KOHTPOSbHOIO TPYMot. Y KNITUHHIA naHui
IMYHITETY BUSIBMIEHO 3HWXKEHHS1 3aranbHoi  KifbKOCTi
T-nimdoumntisa CD3+ (58,4 + 2,1% npotn 64,7 + 1,8%;
x? = 5,117; df = 1; p = 0,024) Ta T-xennepis CD3+CD4+
(32,6 £1,7% npotn 38,2+ 1,4; ¥>=6,363;df=1; p=0,012),
TOAi SK YacTKa UMTOTOKCMYHKUX T-nimdoumntie CD3+CD8+
He BigpisHsanacs crtatuctmdHo (32 = 1,742; df = 1;
p = 0,187). Lle npn3Beno Ao 3HWXEHHSA iMyHOperynsatop-
Horo iHgekcy CD4+/CD8+ go 1,31 + 0,08 y nopiBHAHHI
3 1,73 + 0,06 y koHTponbHin rpyni (y? = 11,628; df = 1;
p < 0,01). OgHoyacHo 3adhikcoBaHO 3GiMbLUEHHS Kifb-
kocTi npupogHux kinepis CD3—-CD16+56+ (18,2 + 1,2%
npotn 14,3 + 0,9; 2 = 6,722; df = 1; p = 0,010), wo,
MMOBIpHO, BifoOpaxae KOMMNEHCATOPHY peakLilo Ha 3HW-
KEHHSA T-XennepHoi akTUBHOCTI.

Y rymopanbHin naHui iMyHiTETY BU3Ha4yeHO niaBu-
LLeHHA KoHueHTpauii 1IgG (14,8 £ 0,9 r/n npotn 12,3 £ 0,7;
x? =4,654; df = 1; p = 0,031) Ta IgA (2,9 * 0,3 r/n npoTtu
2,2+0,2; x%2=3,923; df = 1; p = 0,048), Toai sk piBeHb IgM
3anuaBcs y Mexax pedepeHTHMX 3HadeHb (x? = 1,829;
df = 1; p = 0,176). KoHueHTpaLisi LIMPpKynoYnX iMyHHUX
komnnekcis (UIK) ©Oyna nigBuweHo y nauieHTiB

At a statistically significant level, the international
normalized ratio (INR) was different: 1.18 + 0.05 in the
main group compared to 1.06 £+ 0.03 in the control group
(x% = 4.182; df = 1; p = 0.042), indicating an imbalance
in the coagulation system and an increased suscepti-
bility to hypocoagulant reactions due to the activation
of the coagulation cascade.

The increase in fibrinogen levels above the upper
normal limit (4.2 £+ 0.3 compared to 3.4 £ 0.2 g/L) was
also statistically significant (x2 = 5.061; df = 1; p = 0.028),
reflecting activation of the acute phase response and
the formation of a procoagulant state.

The concentrations of soluble fibrin-monomer comp-
lexes (SFMC = 12.8 + 1.4 compared to 7.3 + 0.8 mg/dL)
and D-dimer (872 + 124 compared to 386 + 68 ng/mL)
were elevated, but due to the limited sample size, this
is considered a case series description without applying
the 2 criterion.

In summary, patients with post-COVID syndrome
showed statistically significant increases in INR and
fibrinogen, as well as a tendency toward prolonged PT
and APTT. The obtained results indicate the formation
of a hypercoagulable state with compensatory acti-
vation of fibrinolysis, which potentially increases the risk
of thrombotic complications during antitumor treatment.

Immunological changes in cancer patients
with post-COVID syndrome

The study of immune status was conducted to
assess the state of cellular and humoral immunity in
cancer patients after recovering from COVID-19.
It is known that COVID-19 caused prolonged distur-
bances in immune response, which could affect the
course of cancer and the effectiveness of antitumor
treatment. Lymphocyte immunophenotyping was perfor-
med using flow cytometry on an FC-500 instrument
(Beckman Coulter, USA) with the use of appropriate
monoclonal antibodies. The results of the immunological
study are presented in Table 11.

The immunological study demonstrated characte-
ristic changes in patients with post-COVID syndrome
compared to the control group. In the cellular immunity
component, a decrease was observed in the overall num-
ber of T-lymphocytes CD3+ (58.4 £ 2.1% vs. 64.7 £ 1.8;
x?=5.117; df = 1; p=0.024) and T-helper cells CD3+CD4+
(32.6 £ 1.7% vs. 38.2+ 1.4; y2=6.363; df = 1; p = 0.012),
while the proportion of cytotoxic T-lymphocytes
CD3+CD8+ did not show a statistically significant diffe-
rence (y? = 1.742; df = 1; p = 0.187). This led to a reduc-
tion in the immunoregulatory index CD4+/CD8+ to
1.31 £ 0.08 compared to 1.73 £ 0.06 in the control group
(x% = 11.628; df = 1; p < 0.01). At the same time, an in-
crease in the number of natural killer cells CD3-CD16+56+
(18.2+1.2% vs. 14.3 £ 0.9; x> = 6.722; df = 1; p = 0.010)
was recorded, likely reflecting a compensatory response
to the decrease in T-helper cell activity.

In the humoral immunity component, an increase
in the concentration of IgG (14.8 £+ 0.9 g/L vs. 12.3 £ 0.7;
x? = 4.654; df = 1; p = 0.031) and IgA (2.9 + 0.3 g/L vs.
2.2 +0.2; y? = 3.923; df = 1; p = 0.048) was observed,
while the level of IgM remained within reference values
(x* = 1.829; df = 1; p = 0.176). The concentration of
circulating immune complexes (CIC) was elevated in
patients with a history of COVID-19 — 124 £+ 11 vs. 86+ 8
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3 COVID-19 B aHamMHesi — 124 + 11 npoTn 86 + 8 ym. og.
(x> = 7,5629; df = 1; p = 0,006), wo cBig4UTL NpPO

NepcuCTytody akTMBaLito rymoparnbHOI Bignosiai.

units (x2 = 7.529; df = 1; p = 0.006), indicating persis-
tent activation of the humoral response.

Ta6nuusa 11. [NokasHUKM KNITUHHOTO Ta ryMOparbHOro iMyHITETY y AOCNIAXKYBaHUX rpynax
[[xepeno: CTBOPEHO aBTOPOM Ha OCHOBI AAHUX AOCHIAKEHHS]
Table 11. Indicators of cellular and humoral immunity in the study groups
[Source: Created by the author based on study data]

OHkoxsopi 3 COVID-19 OHkoxBopi 6e3 COVID-19
(ocHoBHa rpyna) (koHTpOMbHa rpyna) )
Moka3anuk / Indicator Cancer patients with COVID-19 Cancer patients without COVID-19 | PeePeHTH sHauerHs
(main group) (control group) Reference values
n=67, M+m n=63M+m
KnituHHum imyHiteT / Cellular immunity
CD3+, % 58,4 +2,1 64,7 £1,8 60-80
CD3+CD4+, % 32,6+1,7 382+1,4 35-50
CD3+CD8+, % 248+1,3 22,1+1,1 20-35
CD4+/CD8+ 1,31+0,08 1,73+ 0,06 1,2-2,0
CD3-CD16+56+, % 18,2+1,2 14,3+0,9 10-20
CD3-CD19+, % 9,7+0,8 12,4 +0,7 10-20
F'ymopanbHui imyHiteT / Humoral immunity
19G, r/n
I9G. gL 14,8+0,9 12,3+0,7 8,0-16,0
lgA, t/n 29+0,3 22402 1,0-4,0
IgA, g/L 9%0, 2%0, ,0-4,
IgM, r/n
IgM, g/L 1,1+0,1 1,3+0,1 0,5-2,0
LK, ym. oa. "
CIC, arb. units 124 + 11 86 +8 30-90
®darountos / Phagocytosis
®H /PN, % 52,3+24 61,2+2,1 60-80
dY /Pl 4,2+0,3 58+0,4 4-9
TMpumimku:

n — obesir BUBIpkY;

M + m — cepeaHe 3HauYeHHs + cTaHgapTHa Noxubka cepeaHbLoro;

LIK — umpkyntotodi iMyHHi KoMmnnekcu;
®H — dparoumnTytodi HenTpodinu;
dY — dparoumTapHe yncno.
Notes:
n — sample size;
M £ m — mean value + standard error of the mean;
CIC — circulating immune complexes;
PN — phagocytic neutrophils;
Pl — phagocytic index.

MokasHukn darounTapHOi akTMBHOCTI HenWTpodinis
TaKoXX NPOAEMOHCTPYBanu BiAMiHHOCTI. YacTka dparoum-
Tytoumx HenTpodinie (®PH) y nauieHTiB 3 NMOCTKOBIAHWUM
cvHgpomom ctaHoBuna 52,3 + 2,4% npotn 61,2 + 2,1
y KOHTpOnbHin rpyni (x2 = 5,575; df = 1; p = 0,018), Togi

Ak darouutapHe umucno (PY) 3snmsunoca 3 5,8 + 0,4
po 4,2 +0,3 (3% =8,389; df = 1; p = 0,004).

Takum YMHOM, Yy MaUieHTIB 3 MOCTKOBIAHMM CUHAPO-
MOM hOpPMYETbCS AucbanaHc KNiTMHHOI Ta rymoparnbHol
NaHOK iIMYHITETY, O MPOSBNAETLCA 3HWKEHHAM T-xen-
NepHOI aKTUBHOCTI, KOMMNEHCATOPHUM MiABULLEHHAM piB-
H NK-kniTuH, rinepaktueauieto rymMopanbHOi Bignosigi
Ta 3HWXKeHHaAM dparouuTapHoi dyHKuii. OTpumaHi pe-
3yneTatv NigTBEPOXYHTb HaSABHICTb BTOPUHHOIMO iMYyHO-
aediunty 3MillaHoro TNy Yy LUiei kaTeropii XBOPWX,
O MOXe 3yMOBMIOBaTW 3HWKEHY TOMepaHTHICTb A0
NPOTMNYXINMHHOI Tepanii.

Phagocytic activity indicators of neutrophils also
showed differences. The percentage of phagocytosing
neutrophils (PN) in patients with post-COVID syndrome
was 52.3 + 2.4% vs. 61.2 = 2.1 in the control group
(x> = 5.575; df = 1; p = 0.018), while the phagocytic
number (PN) decreased from 5.8 + 0.4 to 4.2 + 0.3
(x? = 8.389; df = 1; p = 0.004).

Thus, in patients with post-COVID syndrome, a dis-
balance of cellular and humoral immunity components
is formed, manifested by a decrease in T-helper cell
activity, compensatory increase in NK cell levels, hyper-
activation of the humoral response, and a reduction
in phagocytic function. The obtained results confirm
the presence of a secondary mixed-type immunodefi-
ciency in this category of patients, which may lead to
reduced tolerance to antitumor therapy.
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FemaToAori4yHi NOKA3HUKK

Td iX AMHOMIKA NiCAA NPOTUNYXAUHHOI Tepanii

3aranbHOKMiHIYHWIA aHani3 kposi 6y 6a3oBMM MeTO-
Oom nabopaTopHOi AiarHOCTUKW, SIKUMA O03BONSIB  OLi-
HUTU CTaH KPOBOTBOPHOI CUCTEMW Ta BUSIBUTU MOXIUBI
MOPYLLEHHS, MOB'A3aHi 3 MOCTKOBIAHMM CUHAPOMOM Ta
OHKOINOrYHMM 3axBOpOBaHHAM. [oCnimxeHHs npoBoau-
nocb Ha aBTOMAaTMYHOMY reMaToslIoriYHOMY aHanizaTopi
XN-L550 3 BUKOpPUCTaAHHAM KOHAYKTOMETPUYHOIO MeTO-
ny. Pe3ynbratv AocnigKeHHsi OCHOBHUX reMaTororiyHmX
NnoKasHuKiB nogaHo B Tabnuui 12.

Hematological parameters and

their changes over time after antitumor therapy
The general clinical blood test was the basic method
of laboratory diagnostics, which allowed us to evaluate
the status of the hematopoietic system and detect
possible disorders related to post-COVID syndrome
and the cancer disease. The test was conducted using
the automatic hematological analyzer XN-L550 with
the use of the conductometric method. The results of
the study of the main hematological parameters are

presented in Table 12.

Tabnuua 12. MemaTtonoriyHi NOKasHWKM y AOCNIAKyBaHUX rpynax Ao noyatky nikyBaHHSA
[D>xepeno: cTBOPEHO aBTOPOM Ha OCHOBI JA@HMX AOCTIMKEHHS]
Table 12. Hematological indicators in the study groups before treatment
[Source: Created by the author based on study data]

OHkoxBopi 3 COVID-19 OHkoxBopi 6e3 COVID-19
(ocHoBHa rpyna) (koHTpoOMbHa rpyna) .
Mokaanuk / Indicator | Cancer patients with COVID-19 Cancer patients without COVID-19 PecepenTHi sHaueHHs
(main group) (control group) Reference values
n=67,Mtm n=63,M+tm

RBC, x 10'%/n .

RBC. x 1021 4,12+0,14 4,38 +£0,12 4,0-5,0 (x/f); 4,5-5,5 (4/m)
Hb, r/n .

Hb, g/L 118 +£4,2 126+ 3,8 120-140 (x/f); 130—160 (4/m)
KM/ Cl 0,86 + 0,02 0,88 £ 0,02 0,85-1,05

MCH, nr / pg 28,6 +0,8 28,8 +0,7 27-33

MCV, ¢n / fL 842+21 857+1,9 80-100

PLT, x 10%n

PLT x109/L 186 + 12 224 + 14 180-320

HCT, % 354+1,3 378+1,1 36-42 (x/f); 4048 (4/m)
WBC, x 10%n

WBC. x109/L 7,8+0,6 6,4+0,5 4.0-9.0

LLIOE, mm/ron .

ESR, mm/h 28+24 22+1,8 2-15 (x/f); 2-10 (4/m)
lMpumimku: Notes:

n — o6csr BuGipku;

M £ m — cepefHe 3Ha4eHHst + cTaHOapTHa Noxnbka cepeaHbOoro;
RBC — eputpoumTy;

Hb — remorno6in;

KIN — konbopoBMiA NOKa3HKK;

MCH — cepegHin BMiCT remornoGiHy B epUTpoLuTi;
MCV - cepefHint 06’em epuTpounTa;

PLT — TpombouuTtu;

HCT — remaTokpwuT;

WBC - newikouuTuy;

LLIOE — wBmakicTb ocigaHHsA epuTpoLnTIB;

nr — nikorpamu;

¢n — bemToniTpY;

X — XIHKM; 4 — YOrOBIKM.

lemaTonoriyHi nNokasHuMKM [0 novaTKy niKyBaHHA
OEeMOHCTpyBanu neBHi 0COGNMBOCTI y NauieHTiB 3 NOCT-
KOBiZAHMM CUHOPOMOM MOPIBHSAHO 3 KOHTPOSBHOO IPYMOL0.
EputpouutapHi ingeken (RBC, Hb, Kr, MCH, MCV,
HCT) y nauieHTiB OCHOBHOI rpynu Bynn AeLo HMKYUMH,
OfHaK CTaTMCTUYHO 3HAYyLOi Pi3HWLi HEe BCTAHOBMEHO
(x%2 =1,724; df = 1; p = 0,189), wWo BiANOBIAANO KAPTUHI
HOPMOXPOMHOI HOPMOLIMTAPHOI aHeMii Nerkoro CTyneHs.
Taki 3MiHM MOXHa pO3LiHIOBaTU AK pe3ynbTaT XPOHiy-
Horo 3ananeHHs abo meTtaboniyHmMx nopyleHb nicns
nepeHeceHoi KOPOHaBIPYCHOI iHAeKLii.

BogHouvac y nauieHtiB 3 COVID-19 B aHamHesi cno-
cTepiranocst Ha CTaTUCTUYHO 3HAYYLLOMY PiBHI 3HVXKEHHS
KinbkocTi TpoMBouuTiB (186 + 12 npoTtn 224 + 14 x10%n;
%2 = 5,590; df = 1; p = 0,018). Xoya uUel NOKa3HWK

n — sample size;

M £ m — mean value * standard error of the mean (SEM);
RBC - red blood cells;

Hb — hemoglobin;

Cl — color index;

MCH — mean corpuscular hemoglobin;
MCV — mean corpuscular volume;
PLT — platelets;

HCT — hematocrit;

WBC - white blood cells;

ESR - erythrocyte sedimentation rate;
pg — picograms;

fL — femtoliters;

f — females; m — males.

Hematological parameters before the start of treat-
ment showed certain features in patients with post-COVID
syndrome compared to the control group. Erythrocyte
indices (RBC, Hb, MCH, MCV, HCT) in the patients of
the main group were somewhat lower, although no sta-
tistically significant difference was found (y2=1.724; df = 1;
p = 0.189), which corresponds to the picture of normo-
chromic normocytic anemia of mild degree. Such changes
can be interpreted as a result of chronic inflammation
or metabolic disorders after the coronavirus infection.

At the same time, in patients with a history of
COVID-19, there was a statistically significant decrease
in the platelet count (186 + 12 vs. 224 + 14 x 10%L;
¥? = 5.590; df = 1; p = 0.018). Although this indicator
remained within the reference values, the obtained results
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3anuwaBcs Y Mexax pedepeHTHUX 3HauyeHb, OTPUMaHi
pesynbTaTi cBig4aTb NPO MOXIUBUI BB NepeHeceHol
iHdeKLUii Ha MerakapiouMTapHU POCTOK KPOBOTBOPEHHS
Ta CXWIbHICTb [0 3HMXEHHS TPOMOOLMTapHOI NaHKu
y BignoBigp Ha cTpec abo TepaneBTUYHE HAaBAHTaXKEHHS.

Kpim Toro, piBeHb LLIOE ©yB Ha cTaTMCTUYHO 3Ha-
YyLLOMY PiBHI MiABMLUEHMIN Yy Naui€eHTiB 3 NOCTKOBIOHUM
cMHOpoMoMm (28 + 2,4 mm/rog npotn 22 + 1,8; 42 = 4,178;
df =1; p=0,041), wo cBiaunno npo 36epexeHy 3anansHy
aKTUBHICTb | MMOBipHE (POpMyBaHHS XPOHIYHOro 3ananb-
HOro (POHy. IHLI MOKa3HWKKU, 30Kpema KinbKiCTb newnko-
uutie (WBC), He npogeMOHCTpyBanu CyTTEBUX MiXKIpymno-
BMX BigMiHHOCTewn (y2 = 2,284; df = 1; p = 0,131), xoua
cnocrepiranacb TeHAEHLUiS A0 BULMX 3HAYEHb Y NaLieH-
TiB OCHOBHOI rpynu.

Takum umHom, y xBopux 3 COVID-19 B aHamHesi
BUSIBMEHO MOMIPHI, ane KniHiYHO 3HauyLli MOPYLUEeHHSI
reMaTosioriyHMX napameTpiB, ceped SIKUX CTaTUCTUYHO
NiaTBEPOKEHUMN 3anuLIanUCs 3HWKEHHS piBHS TPombo-
uuTiB (x? = 5,590; df = 1; p = 0,018) Ta niaBuweHHs LLIOE
(x% = 4,178; df = 1; p = 0,041). BusiBneHi 3amMiH1 MOXYTb
CBigYMTW NPO HEMOBHE BiAHOBIEHHSI CUCTEMU KPOBOTBO-
PeHHs1 nicns nepeHeceHoi iHdekuii Ta obrpyHTOBYIOTH
HeoOXiQHICTb peTenbHOro remMaTornoriYHoOro MOHITOPUHTY
nepep no4YaTkomM MIENoCynpecMBHOI NMPOTUNYXIMHHOI Teparil.

[unHamika OCHOBHMX remMaTonoriYHnX NoKasHUKIB nicns
3aBeplUeHHs NPOTUMNYXIIMHHOI Tepanii npeacTtasneHa
B Tabnuui 13.

suggest a possible effect of the infection on the mega-
karyocytic stem cell of hematopoiesis and a tendency
for platelet reduction as a response to stress or thera-
peutic load.

Additionally, the ESR level was statistically signifi-
cantly increased in patients with post-COVID syndrome
(28 £ 2.4 mm/hvs. 22 £ 1.8; y2=4.178; df = 1; p = 0.041),
which indicated preserved inflammatory activity and likely
the formation of a chronic inflammatory background.
Other indicators, such as the white blood cell count
(WBC), did not show significant differences between
groups (x? = 2.284; df = 1; p = 0.131), although there
was a trend toward higher values in the patients of
the main group.

Thus, in patients with a history of COVID-19, mode-
rate but clinically significant hematological disturbances
were found. The statistically significant findings were
a decrease in platelet levels (y? = 5.590; df = 1; p = 0.018)
and an increase in ESR (3% = 4.178; df = 1; p = 0.041).
These changes may indicate incomplete recovery of
the hematopoietic system after the infection, and justify
the need for careful hematological monitoring before
the start of myelosuppressive antitumor therapy.

The changes of the main hematological parameters
over time after the completion of antitumor therapy are
presented in Table 13.

Tabnuus 13. NemaTtonoriyHi NOKasHMKM Yepes oauH MicsLb MiCMs 3aBepLUEHHS CneLianbHoro fikyBaHHS
[O>xepeno: cTBOPEHO aBTOPOM Ha OCHOBI AaHUX OOCHIIKEHHS]
Table 13. Hematological indicators 1 month after completion of special treatment
[Source: Created by the author based on study data]

OHnkoxsopi 3 COVID-19 OHkoxsopi 6e3 COVID-19
(ocHoBHa rpyna) (KOHTpOMbHa rpyna) ,

Mokaskuk / Indicator | Cancer patients with COVID-19 Cancer patients without COVID-19 PedepeHTHi sHaueHHs
(main group) (control group) Reference values
n=67,M+tm n=63, M+m

RBC, x 10"2/n _

RBC, x 10%2/L 3,84 £0,16 4,12 +0,14 4,0-5,0 (x/f); 4,5-5,5 (4/m)

Hb, r/n .

Hb, g/L 108 +4.,8 118 £4,2 120-140 (x/f); 130-160 (4/m)

KM/ Cl 0,84 £ 0,02 0,86 + 0,02 0,85-1,05

MCH, nr/ pg 28,1+0,9 28,6 +0,8 27-33

MCV, ¢n / fL 83,8+23 84,9120 80-100

PLT, x 10%n

PLT, x10%/L 152 £+ 14 198 + 16 180-320

HCT, % 326+14 354+1,2 36—42 (x/f); 40—48 (4/m)

WBC, x 10%n

WBC, x10°/L 42+0,4 5605 4,0-9,0

LLUOE, mm/rog, .

ESR. 34+28 26+ 2,1 2-15 (x/f); 2-10 (4/m)

lMpumimku: Notes:

n — o6csAr BUbipku;

M + m — cepeqHe 3Ha4YeHHs + cTaHAapTHa Noxubka cepeHLOoro;
RBC — eputpouuTu;

Hb — remorno6iH;

KM — konbopoBuiA NOKa3HuUK;

MCH — cepegHiii BMICT remornobiHy B epuTpoLmTi;
MCV — cepegHiit 06’em eputpouunTa;

PLT — TpombGouuTy;

HCT - rematokpur;

WBC — nenkoumntu;

LLIOE — wBmnaKicTb ocigaHHsA epUTPOLIMTIB;

nr — nikorpamu;

n — hemToniTpY;

XK — XIiHKM; 4 — YOmOBIKMU;

n — sample size;

M £ m — mean value * standard error of the mean (SEM);
RBC - red blood cells;

Hb — hemoglobin;

Cl — color index;

MCH — mean corpuscular hemoglobin;
MCV — mean corpuscular volume;

PLT — platelets;

HCT — hematocrit;

WBC — white blood cells;

ESR — erythrocyte sedimentation rate;
pg — picograms;

fL — femtoliters;

f — females; m — males.
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[nHamika remaTonoriyHMx MOKa3HUKIB 4epe3 Micslb
nicna 3aBepLUeHHs MPOTUMNYXMMHHOI Tepanii ceigyuna
npo OGinblWw BUPaXeHe MNPUrHiYeHHS KPOBOTBOPEHHS
y nauieHTiB OCHOBHOi rpynu. EpuTtpouwuTtapHi iHaekcu
(RBC, Hb) 3Hu3ununcst B 060x KOropT, ofHaK Yy nauieHTiB
3 COVID-19 B aHamHesi Ue 3HWKeHHs Bigbynocs
Ha CTaTMCTUYHO 3Ha4yLomy piBHi (RBC: y? =4,028; df = 1;
p = 0,045; Hb: y2 = 4,315; df = 1; p = 0,038). He3Baxatoun
Ha 36epexXeHHs HOPMOXPOMHOIO HOPMOLMTAPHOMO TUMy
aHeMmii, OTpMMaHi pesynesraTh cBig4aTb MPO 3HWXKEHHS
pe3epBiB epuTpoMnoesy 4epe3 3anuLIKOBi Hacnigku
nepeHeceHoi iHeKLii.

Hanbinbl BupaxeHi 3MiHKM crnocTepiranuics y Tpom-
GouuTapHii Ta nenkouuTapHin naHkax. Kinbkicte Tpom-
GounTiB B OCHOBHIl rpyni 6yna Hk4oto (152 + 14 npotu
198 + 16 x10%n), Wo NiaTBEPAXKEHO HA CTATUCTUYHO 3Ha-
yywiomy piBHi (32 = 6,215; df = 1; p = 0,013). AHanoriyHo,
piBeHb nevikountie (WBC) TakoX BUSIBUBCH HMKYUM
y naujieHTiB 3 MOCTKOBigHMM cuHapomom (4,2 + 0,4
npotn 5,6 + 0,5 x10%n; 2 = 5,871; df = 1; p = 0,015),
WO CBigYMTb NpOo BinbLU BUpPaXXEHUIA MIENOCYNPECUBHUIA
edekT nikyBaHHSA. Lli AaHi y3romKyloTbCs 3 NPUNyLLEHHAM
Npo HEMNoOBHe BiOHOBMEHHSI KICTKOBOrO MO3Ky Mnicns
COVID-19, wo Moxe nigBuLLyBaTh PU3UK LIUTOMEHIYHNX
yCcKnagHeHb nNia Yyac NpoTUNYXIMHHOT Tepanii.

LBunakicte ocigaHHa eputpountis (LUOE) 3anuwa-
nacs nigBulieHo B 060X rpynax, npoTe y nauieHTiB
3 MOCTKOBIAHWM CMHOPOMOM BOHa Oyrna 3Ha4yHO BWLLOH
(34 + 2,8 npotn 26 + 2,1 mm/rog; x? = 4,263; df = 1;
p = 0,040). Le BigoGpaxano 36epexeHy 3ananbHy ak-
TUBHICTb | MOCUINEHHs1 aHeMIYHOro CMHAPOMY nicns mniky-
BaHHA. OTpMMaHi pesynerati cBigyaTtb, WO Y NauieHTiB,
ski nepeHecnyn COVID-19, cneuianbHe nikyBaHHA cynpo-
BOXKYETbCS Ha CTAaTUCTUYHO 3HAYYLLOMY PiBHi GinbLu BUW-
pPaXeHWM MPUrHIYEHHsIM YCiX NapOCTKIB KPOBOTBOPEHHSI.
Takmn edekT noTpebye BpaxyBaHHA MpWU MraHyBaHHi
pexumiB ximio- Ta NpomeHeBoi Tepanii Ta o6rpyHTOBYE
HeoOXiaHICTb perynsipHoOro reMaTtosioriYHOro MOHITOPUHTY.

OBrOBOPEHHS

MpoBegeHe JocCnigXeHHS BUSBUNO BUCOKY YacTOTy
NMOCTKOBIOHOrO CMHAPOMY cepen, OHKOMOriYHUX NauieHTiB,
wo craHosuna 49,2% 4epes pik nicns nNepeHeceHoi iH-
dekuii. La sHaxigka yarogxyeTtsca 3 gaHumm D. J. Pinato
et al. (2021), aki nosigomMNaAnM Npo Tpueani CUMNTOMMU
COVID y 6nusbko 50% OHKOMOriYHMX XBOPMWX, 3 nepe-
BaXkaHHSM cepef XiHOK. Taka BMCOKa MOLUMPEHICTb nep-
CUCTYIOUMX CUMNTOMIB MigKpecnioe ocobnuBy Bpasnu-
BiCTb OHKOMOriYHMX NaUieHTIB A0 BigAaneHux Hacnigkis
KOpoHaBipyCHOi iHdpekuii Ta HeobxigHicTb po3pobku
cneujianizoBaHux nigxoais Jo ix BegeHHs [14].

BogHouac, pocnimjxeHHs B 3aranbHii nonynauii ge-
MOHCTPYBanu 3Ha4yHO HWXYi nokasHuku. A. V. Raveendran
et al. (2021) Ta M. S. Petersen et al. (2021) Bkasysanu
Ha NpPOfoHroBaHy cuMmnToMatuky nuwe y 20% nauieHTis
3aranbHoi nonynsuii. Taka cyTTeBa pi3HMUS MOXe OyTu
NnosiCHeHa MiABULLEHOI0 BPa3NMBICTIO OHKOSOTMYHUX XBO-
pux Yyepes iMyHOCYNpeCilo Ta CUCTEMHWUIA BMMMB 3M0sKiC-
Horo npouecy [15]. MNpoTe meTaananis L. Xu et al. (2025),
akun oxonue 13 gocnigxeHb 3 6653 oHKONOriYHNUMKU Na-
LiEHTaMK, BUSIBUB CYTTEBO HMXKYY 4acTOTY NMOCTKOBIQHOIO
cMHApoMy. 3a IXHIMW AaHWMKU, NOLIMPEHICTL CTaHOBMNA
nnwe 12,54% vepes 12 micauis (95% [I: 6,38-23,18%),
WO Malxke B YOTMPM Pa3n MeEHLUE, HiK Y MOTOYHOMY

The changes of the hematological parameters
one month after the completion of antitumor therapy
indicated more pronounced suppression of hemato-
poiesis in patients from the main group. Erythrocyte
indices (RBC, Hb) decreased in both cohorts, but in
patients with a history of COVID-19, this decrease occu-
rred at a statistically significant level (RBC: y? = 4.028;
df = 1; p = 0.045; Hb: 2 = 4.315; df = 1; p = 0.038).
Despite maintaining the normochromic normocytic
type of anemia, the obtained results indicate a reduction
in erythropoietic reserves due to the residual effects
of the infection.

The most pronounced changes were observed in the
platelet and leukocyte components. The platelet count in
the main group was lower (152 + 14 vs. 198 + 16 x 10%L),
which was confirmed at a statistically significant level
(x% = 6.215; df = 1; p = 0.013). Similarly, the leukocyte
count (WBC) was also lower in patients with post-COVID
syndrome (4.2 + 0.4 vs. 5.6 + 0.5 x 10%L; 2 = 5.871;
df = 1; p = 0.015), indicating a more pronounced myelo-
suppressive effect of the treatment. These data are
consistent with the assumption of incomplete recovery of
the bone marrow after COVID-19, which may increase the
risk of cytopenic complications during antitumor therapy.

The erythrocyte sedimentation rate (ESR) remained
elevated in both groups, but in patients with post-COVID
syndrome, it was significantly higher (34 + 2.8 vs.
26 + 2.1 mm/h; %2 = 4.263; df = 1; p = 0.040). This reflec-
ted preserved inflammatory activity and an exacerba-
tion of the anemic syndrome after treatment. The obtained
results indicate that in patients who had COVID-19,
special treatment is accompanied by statistically signi-
ficant suppression of all blood cell lines. This effect needs
to be considered when planning chemotherapy and
radiotherapy regimens and justifies the need for regular
hematological monitoring.

DISCUSSION

The study revealed a high frequency of post-COVID
syndrome among oncological patients, which was 49.2%
one year after the infection. This finding aligns with the
data from D.J. Pinato et al. (2021), who reported prolon-
ged COVID symptoms in about 50% of oncological
patients, with a predominance in women. Such a high
prevalence of persistent symptoms highlights the parti-
cular vulnerability of cancer patients to the long-term
consequences of COVID-19 and the need for specialized
approaches to their management [14].

At the same time, studies in the general population
have shown significantly lower rates. A.V. Raveendran
et al. (2021) and M. S. Petersen et al. (2021) indicated
prolonged symptoms in only 20% of the general popula-
tion. This significant difference may be explained by the
increased vulnerability of cancer patients due to immuno-
suppression and the systemic impact of malignancy [15].
However, the meta-analysis by L. Xu et al. (2025), which
included 13 studies with 6653 cancer patients, found
a significantly lower frequency of post-COVID syndrome.
According to their data, the prevalence was only 12.54%
after 12 months (95% ClI: 6.38-23.18%), which is almost
four times lower than in the current study. The authors
also demonstrated a clear trend towards a reduction
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JocrigxXeHHi. ABTOpM TakoX NPOAEMOHCTpYBanu YiTKy
TEHOEHUiI0 [0 3HWKEHHSI CUMMNTOMIB 3 4acoM — Bif
20,51% uepe3 3 micaui go 12,54 yepes pik. Taka pos-
GiXKHICTb MOXe MOSICHIOBATUCS Pi3HMMU KpUTepisMn giar-
HOCTUKM MOCTKOBIQHOMO CUHAPOMY, BifAMiIHHOCTAMU Y BU-
Gipkax nauieHTiB abo perioHanbHUMN OCOGNMBOCTAMM
BEAEHHSI OHKOMOTIYHNX XBOPUX Nig Yac naHaemii [16].

PecnipaTopHi nposiBu NOCTKOBIAHOrO CUHAPOMY B MNO-
TOYHOMY [OCHiIKEHHI XapakTepuayBanmcs BUCOKOK Yac-
TOTOK 3afMLLKM Ta Kallumko MOPIBHAHO 3 KOHTPOSbHOK
rpynoto. Lli pesynstatu kopentotoTs 3 gaHumun E. Garrigues
et al. (2020), sk Buasunu 3aguwky y 40-60% nauieHTis
Ta 6inb y rpyasx y 22% sunagkis [17]. D. T. Arnold et al.
(2021) Takox nigTBEPAMNW, LLO pecnipaTopHi CUMMATOMMU
Oynu HannowmpeHiwnmn nposisamu Tpusanoro COVID,
BUSIBNSAOYM 3aauiky y 39-74% obcetexennx [18]. MNep-
CUCTYBaHHSA pecrnipaTopHOi CUMNTOMAaTMKN Moxe OyTu
3yMOBreHe 3anuwkoBumu ¢ibpo3Humn 3miHamu nere-
HEeBOi MapeHxiMu Ta MOopyLUEeHHSM AUdY3iNHOT 30aTHOCTI
anbBeoriokaninsapHoi MeMobpaHu.

PyHKUiOHaMNbHI NOPYLUEHHA AUXaHHS BUSIBMEHI Y 3Hau-
HOI YaCTMHM NauUieHTiB OCHOBHOI rpymnu, LLIO Y3roaxXyeTbca
3 MetaaHanisom K. M. Antoniou et al. (2022), ski no-
BIJOMINANN MNP0  MOPYLUEHHA BEHTUNSAUINHOT  dYHKLUIT
nerenb y 39-83% Bunagkis [19]. J. H. Lee et al. (2022)
BUSIBUNWN PECTPUKTMBHI NopylueHHs ¥y 15% Ta obcTpyk-
TUBHI y 7% nauieHTiB yepes 6—12 micsauis nicna COVID-19.
MepeBaxaHHA PECTPUKTUBHOMO TUMY NOPYLUEHb Y MNOTOY-
HOMY JocrifxeHHi Moxe OyTn noe’sisaaHe 3 GinbLl Bupa-
XeHMM ibpo3HMMM 3MiIHAMWU B OHKOMOFYHUX XBOPUX.
Oco6nvMBo BaXknMBMM € BUsBrEHe [ABopa3oBe 306inb-
WEHHS 4acTOoTM YCKNaAHeHb XiMiONMpPOMEHEBOrO IiKy-
BaHHA [20]. Ue ysrogxyetbcss 3 gaHumu D.J. Pinato
et al. (2021), ski Bka3yBanu Ha HeraTMBHWA BNAWB NOCT-
KOBiQHOrO CUHAPOMY Ha TOMEpaHTHICTb OO0 NpOTUMNyX-
nuHHOI Tepanii. MexaHi3my nigBULLEHOT YyTNMBOCTI MO-
XYTb BKIMIOYATU 3HWKEHHST (yHKUIOHANbHUX pe3epsiB
OpraHiamy, MOpYyLEeHHs penapaTMBHMX MNpOLECiB Ta
cucTemMHe 3ananeHHs [14].

Metaanania C. Chen et al. (2022), akui BknounB
102 pocnimkeHHst rocnitanisoBaHUX nawieHTiB, nokasas
HWXXYY NOLUMPEHICTb pecnipaTopHUX CUMNTOMIB. 3aauLuka
cnocrepiranacbk npubnusHo y 26% nauieHTiB, Lo Maixe
BABIYI MEHLUe, HiXX Yy MOTOYHOMY OOCrigXeHHi. Lia pos-
OiKHICTE MOXe MosicHIOBaTUCA Kinlbkoma dhakTopamu.
Mo-nepLue, OHKOMOriYHI NaUiEHTV YacTO MatkoTb CynyTHIO
nereHeBy natonorito abo MeTacTaTuyHe YpaXKeHHs!
nereHb, WO MOXe MOCUIoBaTU pecnipaTopHi CUMMTOMMU.
Mo-gpyre, NnpoMeHeBa Tepanis Ha opraHu rpygHoi KNiTkn
Ta MHEeBMOTOKCUYHI XiMionpenapatu MOXyTb pogat-
KOBO MOLUKOKYBATU FEereHeBy TKaHWHY, CTBOPHOKOYU
CUHEpPriYHMI edPeKT 3 NOCTKOBIAHMMW 3MiHaMmu [21].

KapgionoriyHi nopylueHHs y AocnigKyBaHii KOropTi
NPOSIBNASINUCH MiABULLEHOK YaCTOTOK MUrOTNMBOI apwT-
Mii Ta iwemiyHnx 3miH cermeHta ST. Y. Szekely
et al. (2020) y cuctematuyHomy exokapgiorpadidyHoMy
OOCNioKEHHI BUSIBUNM CEPLEBO-CYANHHI YCKNaAHEHHS Y
71,6—95% nauieHTiB 3anexHo Big Tsbkkocti COVID-19[22].
3a paHummn XW. He et al. (2020) ta ZY. Wei &
H.Y. Qian (2020), miokapgianbHe ypaxeHHsi cnocrtepira-
nocb y 3-26% Bunagkis [23]. BuLli nokasHUKM B OHKO-
MNOFYHUX XBOPUX MOXYTb CBiAYUTU NPO CUHEPTiIYHUN
edeKT KOpOHaBipYCHOI iHEKLii Ta KapaiOTOKCUYHOCTI
NPOTUNYXIIMHHOT Tepanii.

OpHak gocnigxeHHs J. Jee et al. (2020) npegcraBuno
NPUHUMNOBO iHWIi pe3ynbratn. AHania 309 OHKOMOriYHMX

in symptoms over time — from 20.51% at 3 months
to 12.54% at 12 months. This discrepancy may be explai-
ned by different diagnostic criteria for post-COVID
syndrome, differences in patient cohorts, or regional
differences in the management of cancer patients during
the pandemic [16].

Respiratory manifestations of post-COVID syndrome
in this study were characterized by a high frequency
of dyspnea and cough compared to the control group.
These results correlate with the findings of E. Garrigues
et al. (2020), who observed dyspnea in 40-60% of
patients and chest pain in 22% of cases [17].
D.T. Arnold et al. (2021) also confirmed that respira-
tory symptoms were the most common manifestations
of prolonged COVID, with dyspnea found in 39-74%
of the examined patients [18]. The persistence of respi-
ratory symptoms may be due to residual fibrotic changes
in the lung parenchyma and impaired diffusion capacity
of the alveolocapillary membrane.

Functional respiratory impairments were identified in
a significant portion of patients in the main group, which
aligns with the meta-analysis by K.M. Antoniou et al.
(2022), who reported ventilation dysfunction in 39-83%
of cases [19]. J.H. Lee et al. (2022) observed restrictive
pulmonary dysfunction in 15% and obstructive dysfunc-
tion in 7% of patients 6—-12 months after COVID-19. The
predominance of restrictive disorders in the current study
may be related to more pronounced fibrotic changes in
cancer patients. Particularly important is the observed
two-fold increase in the frequency of complications from
chemoradiation therapy [20]. This finding aligns with data
from D.J. Pinato et al. (2021), who pointed out the nega-
tive impact of post-COVID syndrome on tolerance to anti-
tumor therapy. Mechanisms for increased sensitivity may
include reduced functional reserves of the body, impaired
reparative processes, and systemic inflammation [14].

A meta-analysis by C. Chen et al. (2022), which
included 102 examinations of hospitalized patients,
showed a lower prevalence of respiratory symptoms.
Dyspnea was observed in about 26% of patients, nearly
half the rate observed in the current study. This dis-
crepancy could be explained by several factors. Firstly,
cancer patients often have comorbid pulmonary patho-
logy or metastatic lung involvement, which may exacer-
bate respiratory symptoms. Secondly, radiation therapy
to the thoracic organs and pneumotoxic chemotherapy
agents can further damage lung tissue, creating a syner-
gistic effect with post-COVID changes [21].

Cardiological disorders in the studied cohort were
manifested by a higher frequency of atrial fibrillation and
ischemic changes in the ST segment. Y. Szekely et al.
(2020) in a systematic echocardiographic study found
cardiovascular complications in 71.6-95% of patients,
depending on the severity of COVID-19 [22]. According
to X.W. He et al. (2020) and Z.Y. Wei & H.Y. Qian (2020),
myocardial injury was observed in 3-26% of cases [23].
The higher rates in cancer patients may indicate
a synergistic effect between the coronavirus infection
and the cardiotoxicity of antitumor therapy.

However, the study by J. Jee et al. (2020) presented
fundamentally different results. An analysis of 309 cancer
patients with COVID-19 showed that cytotoxic chemo-
therapy over 35 days was not associated with a signi-
ficant increase in the risk of severe complications
(HR 1.10; 95% CI 0.73-1.60) [24]. This directly contradicts
the doubling of complications observed in the current
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nauieHTiB 3 COVID-19 nokasas, WO LUMTOTOKCMYHA XiMio-
Tepania npotsarom 35 OHIB He acouiloBanacb 3i 3Hauy-
UMM NiABULLEHHSIM PU3KKY TSDKKMX ycknagHeHb (HR 1,10;
95% Ol 0,73-1,60) [24]. Lle npsimo cynepeunTb BUSIB-
NeHoOMY NMOABOEHHIO YCKNaAHEeHb i CBigunTb Npo 6e3ney-
HiCTb NpOOOBXEHHs1 XimioTepanii. Po36ixHICTb Moxe
OyTV 3ymMOBMeHa Pi3HUMU TEPMIHAMU CMOCTEPEXEHHS —
pocnigxeHHa J. Jee et al. ouiHoBano roctpi ycknag-
HEHHsl, ToAi K MOTOYHE AOCHIMKEHHS (OOKYyCyBanochb
Ha BigganeHux Hacnigkax.

MopiGHi BUCHOBKM OTpMMaHi B MacluTabHoMy gocnia-
xeHHi L. Lee et al. (2020), sake npoaHanisyBano Aai
800 oHkonoriyHmx nauieHTiB 3 COVID-19 y 55 ueHTpax
BenukobpuTaHii. ABTOpY HE BUSIBUNWN 3HAYYLLIOTO BMMBY
ximioTepanii npotarom 4 TxHiB Ha cMepTHicTb (OR 1,18;
95% Al 0,81-1,72; p=0,380) [25]. Ui paHi BkasyoTb
Ha MOXNMBICTb 6e3NeYHOro NPOJOBXKEHHS MNPOTUMYX-
NMHHOTO NiKyBaHHSA HaBiTb Y rocTpui nepiog COVID-19.
BiaMiHHOCTI 3 NOTOYHUM AOCRIMKEHHAM MOXYTb MOsiC-
HIOBaTUCS PiBHUMUN KIHLEBUMW TOYKAMM OLLIHKM — CMepT-
HiCTb NPOTU BCIX YCKNagHeHb, a TaKoX MOXIMBUM
BMMMBOM eBoMoUii BipyCy Ta MoOKpalleHHS MpOoTOKoMiB
BeJEeHHs1 nauieHTiB 3 4yacoMm. BusiBneHe 3HayHe nigBu-
weHHa D-gumepy nepeswuyBano Hopmy B 1,7 pasy.
F. A. Klok et al. (2020) Ta N. Tang et al. (2020) Takox
NoBiJOMMSANU MPO NEPCUCTYIOYI MOPYLUEHHST remMocTasy
nicna COVID-19, acouitoloun Bucoki pisHi D-gumepy
3 HECMPUSATIIMBUM NPOrHO30M [26, 27].

Mpote pocnigxeHHa L. Townsend et al. (2021) npo-
OEMOHCTPYBarno 3Ha4yHO HMXKYi MOKa3HMKM Ta LIBMALLY
Hopmani3auito D-gumepy. Y koropTi 3i 150 nauieHTiB, AKi
ogyxanu Big COVID-19, meaniaHa D-gumepy crtaHoBuna
nunwe 327 Hr/mn yepes 80 gHiB nicnga giarHosy, npuyomy
74,7% wmanu HopManbHi piBHi [28]. Lia cyTtTeBa pisHMusA
BKasye Ha Te, WO Y GinbwocTi nauieHTiB BiabyBaeTbCA
npupogHa HopMmarisaiis NokasHWKIB remocTtasy npoTs-
roM nepLumx Micsuis nicns iHdekuii. Po3bixHicTb 3 no-
TOYHVMM [OCHIIXKEHHAM MOXE MOSICHIOBATUChH BMMMBOM
OHKOJOFMYHOro MpoLecy Ha CUCTEMY 3ropTaHHsi KpOBi,
OCKiNnbkn pak cam no cobi € dakTopom rinepkoary-
nAuil, Wo MOoXe NPONOHryBaTW MOPYLUEHHSI remocTasy
nicna COVID-19.

PapionoriyHi 3Haxigkm B MNOTOYHOMY OOCHIAXKEHHI
BKa3yBanu Ha CTiliki CTPYKTYPHi 3MiHM nereHeBoOi Tka-
HUHW, sIKi 30epiranncb NoHag pik nicns nepeHeceHol
iHdbekuii. OgHak pocnigxkeHHa K. Martini et al. (2022)
nokasano 3HayHoO Kpally AMHaMiKy pagionoriyHoi KapTu-
HW. 3a gaHnMmn 12-Mica4YHOro cnocTepexeHHs, 76% na-
LieHTiB Mann noBHe poa3pileHHst 3miH Ha KT go KiHus
poky, npudomy y 48% Hopmanisauia Bigbynacb Bxe
yepes 6 micauis [29]. Lle cynepeunTb BUSBMEHIA BUCOKIN
YacToTi NEepCUCTYIOUUX 3MiH i OEeMOHCTPYe 34aTHICTb
nereHeBoi TKaHWHW 00 BigHOBMNEHHSA. Moxnuea npuynHa
po36iXKHOCTEN — BMNMB NPOMEHEBOI Tepanii Ha opraHu
rpyaHoi KniTkM Ta XimioTepanii 3 MNHEBMOTOKCUYHUM
noTeHLianom, ski MOrnm nepeLLKompKaT HopManbHin pe-
napadii nereHeBOi NapeHXiMn B OHKOMOTMYHUX NaLieHTIB.
F. Lv et al. (2021) ouiHtoBanu pagionoriyHi 3MiHu y na-
uieHTiB 4yepe3d 6 micauie nicna COVID-19. lMoBHe Big-
HOBMEHHs cnocTepiranocs nuwe y 55% nauieHTiB i3 Tsx-
KuM nepebirom xBopobu. Y pelutn BuaBnanu ibposo-
nofibHi ypaxkeHHs1 Ta MopyLUeHHst AMdy3iiHOI 30aTHOCTI
nereHb [30]. Pe3ynbratv NOBHICTIO NiATBEPMKYIOTL AaHi
NOTOYHOro AocnigXeHHs. He3HauHi BiAMIHHOCTI MOXYTb
OyTn noe’a3aHi 3 BiacyTHicTio y F. Lv et al. dhokycyBaHHs

study and suggests that continuing chemotherapy is
safe. The discrepancy may be due to the different
follow-up periods — the study by J. Jee et al. assessed
acute complications, while the current study focused on
long-term effects.

Similar conclusions were obtained in the large-scale
study by L. Lee et al. (2020), which analyzed data
from 800 cancer patients with COVID-19 in 55 centers
across the UK. The authors found no significant impact
of chemotherapy within 4 weeks on mortality (OR 1.18;
95% CIl 0.81-1.72; p = 0.380) [25]. These data suggest
the possibility of safely continuing anticancer treatment
even during the acute phase of COVID-19. Differences
with the current study may be explained by different
endpoints — mortality versus all complications — as well as
the potential influence of the evolution of the virus and
the improvement of patient management protocols
over time. A significant increase in D-dimer levels was
observed, exceeding the normal range by 1.7 times.
F.A. Klok et al. (2020) and N. Tang et al. (2020) also
reported persistent hemostatic disturbances after
COVID-19, associating high D-dimer levels with an unfa-
vorable prognosis [26, 27].

However, the study by L. Townsend et al. (2021)
demonstrated significantly lower levels and faster
normalization of D-dimer. In a cohort of 150 patients
who had recovered from COVID-19, the median D-dimer
was only 327 ng/ml after 80 days from diagnosis,
with 74.7% having normal levels [28]. This substantial
difference suggests that in most patients, natural norma-
lization of hemostatic parameters occurs within the first
few months after infection. The discrepancy with the
current study may be explained by the impact of the
cancer process on the coagulation system, as cancer
itself is a factor of hypercoagulation, which can prolong
hemostatic disturbances after COVID-19.

Radiological findings in the current study indica-
ted persistent structural changes in lung tissue, which
remained over a year after the infection. However,
the study by K. Martini et al. (2022) showed significantly
better changes of radiographic findings over time.
According to a 12-month follow-up, 76% of patients
had complete resolution of changes on CT by the end of
the year, with 48% normalizing after just 6 months [29].
This contradicts the high frequency of persistent chan-
ges observed in the current study and demonstrates
the lung tissue’s ability to recover. A possible reason for
the discrepancies is the influence of radiation therapy
on the thoracic organs and chemotherapy with pneumo-
toxic potential, which may hinder the normal repair of
lung parenchyma in cancer patients. F. Lv et al. (2021)
assessed radiographic changes in patients 6 months
after COVID-19. Complete recovery was observed in only
55% of patients with a severe course of the disease.
In the rest, fibrotic lesions and impaired diffusion capa-
city were observed [30]. These results fully confirm
the data of the current study. Minor differences may be
due to the absence of a focus on cancer patients in
F. Lv et al’s study, whereas this was the main cohort
in the current study.

For a better understanding of the features of post-
COVID syndrome in cancer patients, it is important
to compare the data with the general population.
A study by C.E. Hastie et al. (2023), which included
198096 adults (98666 COVID-positive and 99430 con-
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BMKIIOYHO Ha OHKOMAaUieHTax, ToA4i $IK Yy MOTOYHOMY
JocnigkeHHi Le 6yna ocHoBHa koropTa.

[ns Kkpaworo po3ymiHHs ocobnuBOCTEN MNOCTKOBIA-
HOro0 CMHOPOMY B OHKOSOMYHMX XBOPUX BaXNMBO MoOpiB-
HATWM fJaHi 3 3aranbHol nonynsuieto. [docnigkeHHs
C. E. Hastie et al. (2023), ske oxonuno 198096 popoc-
nnx (98666 COVID-nosutuBHuMx Ta 99430 KOHTpoOniB)
y WoTnaHaii, nokaszano CKOPUroBaHUM MOKa3HWK MOLIN-
peHOCTi NocTKoBigHOrO cuHapomy nuwe 6,6-10,4%
y 3aranbHii nonynsauii [31]. Lie B 5—7 pasiB MeHLue, Hix
Yy OHKOFOriYHMX NauieHTiB NOTOYHOro AoChigKeHHs. Xo4va
O4iKyBaHO, LWO OHKOMOriYHi nauieHT MaTUMyTb BULLi
nokasHWKU 4epes3 iMyHOCYMpecito Ta 3arasfibHy Bpasnu-
BiCTb, Taka BEenuKa pi3HUUS BUKIUKAE MUTaHHS LWIOAO
MOXIMBOI MEPEOLiHKA CMMNTOMIB abo BNNMBY METOAO-
norii gocnimkeHHs. JocnigpxeHHa F. Yang et al. (2020)
BMBYAsNo KIiHIYHI XapakTepuctukn 52 OHKoNauieHTiB
3 COVID-19. byno BusiBneHo, wo 79% nauieHTiB Manu
NMHEBMOHIit0, @ Yy MOHaz NOMNOBMHU PO3BUHYNUCL ycknag-
HeHHs1 3 GOKy cepus, neviHkM abo Hupok [32]. PiBeHb
cmepTHocTi ctaHoBuB 21,2%. A. Manzano et al. (2020)
aHanisyBanu KniHiYHIi XapakTepuUCTUKM OHKONaLiEHTIB
3 COVID-19. Y 71% BuABnAnNu pagionoriyHi ypakeHHs
nereHb, a y 43% — caTtypauis kucHio 6yna Hmkye 95%.
HamBuwmn pusnk cmepti cnoctepiraBcs Mpu CynyTHIn
cepueBo-cyanHHI natonorii [33].

M. Chua et al. (2021) BuB4anu cutyauiio y nauieHTiB
3 NyxfvMHamu ronosu Ta wwui nig vyac naHgemii COVID-19.
Byno nigTBepmxeHo, WO Taki nauieHTn ocobnueo
Bpas3nuBi A0 Tsbkkoro nepebiry iHdekLii yepe3 noegHaH-
Hs1 OHKomaTonorii, BiKy, WKIANMBMX 3BMYOK (0COBNMBO
KYPiHHSI) Ta HasiBHICTb XPOHIYHUX CepLeBO-NereHeBux
xBopob [34]. S. Rabadia et al. (2020) poarnsHynu
posrotpusanuin ennnes COVID-19 Ha kapgiooHkornoriy-
HUX nauieHTiB. ABTOpY Big3HAYUNN 30iNbLUEHHST PU3UKY
po3BuTKY pibpo3y, rinepninigemii Ta 3ananeHHs cyouH
nicna iHgekuii. MNigkpecnioBanocs, Wo OHKoNauieHTH, SKi
BXXE OTPUMYIOTb KapAiOTOKCUYHY Tepanito, MalTb 3Ha4YHO
BULLi LUAHCW Ha MOripLeHHs cTaHy. IMyHonoriyHi nopy-
LUEHHS NposiBnsnunce AncbanaHcoM KNiTUHHOI NaHKK imy-
HiTETY 3i 3HMWXKeHHAM CD4+/CD8+ iHpgekcy [35]. Lli 3miHn
MOXYTb MOSICHIOBATWU MiABULLEHY CXMIbHICTb A0 iH(ek-
LiNHMX yCKNagHEHb Ta 3HMXKEHY TONEPAHTHICTb 40 NPOTK-
nyxnuHHoi Tepanii. [epcucTyioya iMyHHa AMCHYHKUIA
CTBOPOE J0AATKOBI BUKMMKM NPY NnaHyBaHHI Ta npoBe-
OeHHi cneLianbHOro NikyBaHHA OHKOMOTYHNX XBOPUX.

KomnnekcHuin aHania HaykoBOi niTepaTypu BUSIBUB
LUMPOKWIA CMEKTP MOrnsagiB Ha npobnemy MocTKOBIQHOIO
CUHAPOMY B OHKOMOrYHUX XBOPWX, BiO MiHIManbHNX
NposiBiB [0 3HAYHWX MYIBTUCUCTEMHUX MOPYLUEHD.
Lis reTteporeHHicTb Bigobpaxae cknagHicTb natodisio-
noriYyHNX MexaHi3miB B3aEMOLIi MixX BipyCHOIO iH(eKLUi€eto,
iIMyHHOIO BiAMNOBIOAI0, OHKOMOMYHMM NPOLIECOM Ta TOK-
CUYHICTIO MPOTUMYXIMHHOIO fikyBaHHs. KntoyoBuM BuUC-
HOBKOM € HeobXxiaHiCTb aAndepeHLiioBaHoro nigxoay
Jo crpatudpikauii puaukiB Ta iHaMBigyanisauii Tepanes-
TUYHUX CTpaTerii, Lo BpaxoByloTb He nuwe 6esnoce-
penHi KniHiYHi NposiBU, ane W OOBroCTPOKOBI Hacmigku
ONs SKOCTi XKUTTA Ta BUXKMBAHOCTI OHKOMOTYHWX nai-
€HTIB Y NOCTNaHOEMIUHyY epy.

BUCHOBKHU

KomnnekcHe kniHiko-nabopatopHe Ta iHCTPYMEH-
TanbHe O0CNiAKEeHHs [03BONMMO BCTaHOBUTU OCOONU-

trols) in Scotland, showed an adjusted prevalence rate
of post-COVID syndrome of only 6.6-10.4% in the
general population [31]. This is 5-7 times lower than in
the cancer patients of the current study. Although it is
expected that cancer patients would have higher rates
due to immunosuppression and overall vulnerability,
such a large difference raises questions about possible
overestimation of symptoms or the influence of the
research methodology. F. Yang et al. (2020) studied
the clinical characteristics of 52 cancer patients with
COVID-19. It was found that 79% of patients had
pneumonia, and over half developed complications
from the heart, liver, or kidneys [32]. The mortality rate
was 21.2%. A. Manzano et al. (2020) analyzed the
clinical characteristics of cancer patients with COVID-19.
In 71%, radiological lung damage was observed, and
in 43%, oxygen saturation was below 95%. The highest
risk of death was observed in patients with concurrent
cardiovascular pathology [33].

M. Chua et al. (2021) studied the situation in patients
with head and neck cancer during the COVID-19
pandemic. It was confirmed that these patients are
particularly vulnerable to severe outcomes of the infec-
tion due to a combination of cancer pathology, age,
harmful habits (especially smoking), and the presence
of chronic cardiovascular and pulmonary diseases [34].
S. Rabadia et al. (2020) examined the long-term impact
of COVID-19 on cardio-oncology patients. The authors
noted an increased risk of fibrosis, hyperlipidemia,
and vascular inflammation following the infection. It was
emphasized that cancer patients who are already
undergoing cardiotoxic therapy are at significantly
higher risk of deterioration. Immunological disturbances
were manifested as a cell-mediated immunity imbalance
with a reduction in the CD4+/CD8+ ratio [35]. These
changes may explain the increased susceptibility to
infectious complications and decreased tolerance to
antitumor therapy. Persistent immune dysfunction
creates additional challenges when planning and admi-
nistering special treatments for cancer patients.

A comprehensive analysis of the scientific literature
revealed a wide range of perspectives on the issue of
post-COVID syndrome in cancer patients, ranging from
minimal manifestations to significant multisystemic
disturbances. This heterogeneity reflects the complexity
of the pathophysiological mechanisms underlying the
interaction between viral infection, immune response,
cancer processes, and the toxicity of antitumor treat-
ment. The key conclusion is the need for a differen-
tiated approach to risk stratification and the individuali-
zation of therapeutic strategies, taking into account
not only the immediate clinical manifestations but also
the long-term consequences for the quality of life and
survival of cancer patients in the post-pandemic era.

CONCLUSIONS

A comprehensive clinical, laboratory, and instru-
mental study allowed us to identify the features of post-
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BOCTi nepebiry NOCTKOBIAHONO CUHAPOMY B OHKOMOTMYHUX
XBOPMX i AOr0 BNAMB Ha TONEPaHTHICTb 40 NPOTUMYXMWH-
Hoi Tepanii. MMepcucTytodi MyNbTUCUCTEMHI MOPYLUEHHA
ynpogoBx 4 TWxHiB — 12 MmicAuiB nicns nepeHeceHoro
COVID-19 BusiBneHo y 49,2% nauieHTiB. Yactota pec-
nipaTopHMX cUMNTOMIB (3agMLuka, Kawenb, 6inb y rpya-
HIM KNiTUi) Ta enekTpoqi3ionoriyHMx BiaxuneHb cepus
nepesuLLyBana NOKa3HUKN KOHTPOSbHOI rpynu. luemivHi
3MiHn cermeHTa ST peectpyBanucs y 15 (22,4%) nauien-
TiB NpoTn 6 (9,5%) y KOHTPOMi — Pi3HNLA Ha CTAaTUCTUYHO
3HauyLLomy piBHi (x2 = 4,066; df = 1; p = 0,044). YactoTta
yCKMagHeHb MPOTUMNYXMWMHHOI Tepanii 6yna BuULIOK Y
nauieHTiB 3 NOCTKOBIAHUM cHApPOMOM (26,8% npoTtun 12,7;
x? = 4,229; df = 1; p = 0,040), WO CBIgYMTE NPO 3HWKEHHS
PYHKUIOHaNbHUX pe3epBiB | NigBULLEHY 4YyTNMBICTb
TKaHWUH [0 UMTOTOKCUYHOIO BMIIUBY.

IHCTpyMeHTanbHi AocnigKeHHs NigTBepaunu OOMiHy-
BaHHS CTPYKTYPHUX i (pyHKUiOHANbHUX MNOpYyLEeHb Au-
xanbHoi cuctemun. 3a gaHumn KT opraHiB rpygHoi KniTku,
CUMMTOM «MaTOBOro ckna» BusiBrieHo y 48 (71,6%) na-
LieHTiB ocHoBHOT rpynu npotn 12 (19,0%) y koHTponi
(x% = 10,884; df = 1; p < 0,01); peTuKynsipHUA NaTepH —
y 41,8% npotn 9,5 (y? =9,302; df = 1; p < 0,01). AnmHamika
cniporpacivyHMx gaHuMx 3acBiguumna 3pOCTaHHA 4acToTu
pPeCTpUKTUBHUX MopyLleHb 3 22,4 no 35,8% nicnsa niky-
BaHHA (y? = 6,013; df = 1; p = 0,014). PeHTreHonoriyHo
BCTAHOBMEHO 30inblUeHHS iHTepcTUlianbHO-dibpoTHNy-
HUX 3MiH (x2 = 5,476; df = 1; p = 0,019) Ta NOTOBLUEHHSA
nnespu (y? = 4,671; df = 1; p = 0,031). Enektpokapgio-
rpadiyHi NokKasHUKM BUABUMNM MOMMMUBNeHHs penpecii
cermeHTa ST (3 2,4 + 0,3 po 3,6 + 0,5 mm; 2 = 8,741;
df = 1; p < 0,01) Ta 36inblueHHA 4YacToTU apuUTMIn
(x% = 3,982; df = 1; p = 0,046), wo BinobGpaxano 3HW-
XeHHs kapaiopesepy nicnss SARS-CoV-2. Exokapgio-
rpadis He BusABUNa MioKapouty uUM nepuKapauTy,
npoTe rinepTpogisa niBoro LWMyHOUYKa peecTpyBanaca
y 24 (35,8%) nauieHTiB i po3uiHioBanacs sik aktop puau-
Ky nopyLleHHs aganTadii 40 KapAioTOKCUYHOI Tepanii.

JlaBGopaTtopHi AocnimKkeHHs1 BUSIBUINM O3HAKWN CTINKOro
3ananeHHs Ta rinepkoarynsuii. Y nauieHTiB OCHOBHOI
rpynu nigBuLeHi nokasHuku ibpuHoreny (4,2 + 0,3
npotn 3,4 + 0,2 r/n; y? = 5,134; df = 1; p = 0,023),
MHB (1,18 + 0,05 npotn 1,06 + 0,03; 2 = 4,177; df = 1;
p = 0,041) Ta D-gumepy (872 + 124 npotun 386 + 68 Hr/mMm;
x?=9,571; df = 1; p < 0,01), Wwo BKa3ye Ha NeEPCUCTYyIOHYy
aKTMBAL0 BHYTPILUHBOCYAMHHOIO 3ropTaHHs. IMyHomno-
MYHi  MOKA3HUKM  XapaKTepu3yBanucsi  3HMKEHHSAM
CD3+ i CD4+ nimcouuTiB (y? = 5,782; df = 1; p = 0,016),
nigsuwieHHsamM CD16+56+ NK-knituH (y? = 6,221; df = 1;
p = 0,013) Ta rinepnpogykuieto IgG (yx? = 4,756; df = 1;
p = 0,029). darouutapHa aKkTUBHICTb Oyna 3HWxeHa
(x%=5,661;df =1; p=0,017), L0 BKa3ye Ha NPUTHIYEHHS
HecneumndidYHoTpe3ncTeHTHocTi.femaTonoriyHonicnsa niky-
BaHHS BiA3Ha4eHO GinbLu BUpaxeHy aHemito (Hb 108 + 4,8
npotn 118 + 4,2 r/n; y? = 4,215; df = 1; p = 0,040),
TpombouuTtoneHito (152 + 14 npotn 198 + 16 x 10%m;
x? = 6,215; df = 1; p = 0,013) Ta nenkonerito (4,2 + 0,4
npotn 5,6 + 0,5 x 10%n; ¥ = 5,871; df = 1; p = 0,015),
WO CBIQYMIIO MNPO 3HWKEHY TONEPAHTHICTL CUcTEMU
KPOBOTBOPEHHS O MIENOCYNPECUBHOI Aii NikyBaHHS.

Takmm 4nHom, nepeHeceHnn COVID-19 acouitoeTbes
Ha CTaTUCTMYHO 3HAYYyLLOMY PiBHi 3 BMLLOK 4acTOTO
KapaiopecnipaToOpHUX, reMaTosnoridyHMxX Ta iMyHHUX Nopy-
WeHb, SIKi 3HWKYIOTb TOMEpPaHTHICTb OO0 cheuianbHoro
nikyBaHHA OHKOMOriYHMX nauieHTiB. Pe3ynsratu gocnig-
KEHHS1 MIATBEPAXYTb HEeoOXigHICTb  BNpPOBaKEHHS

COVID syndrome in cancer patients and its impact on
tolerance to anticancer therapy. Persistent multisystem
disorders over 4 weeks to 12 months after COVID-19
were found in 49.2% of patients. The frequency of respi-
ratory symptoms (dyspnea, cough, chest pain) and
electrophysiological heart deviations exceeded the
values in the control group. Ischemic changes in the ST
segment were recorded in 15 (22.4%) patients versus
6 (9.5%) in the control group — this difference was sta-
tistically significant (2 = 4.066; df = 1; p = 0.044).
The frequency of complications related to antitumor
therapy was higher in patients with post-COVID synd-
rome (26.8% vs. 12.7; y? = 4.229; df = 1; p = 0.040),
indicating decreased functional reserves and increased
tissue sensitivity to cytotoxic effects.

Instrumental studies confirmed the dominance
of structural and functional disorders of the respiratory
system. According to chest CT data, the «ground-glass
opacity» was found in 48 (71.6%) patients in the main
group versus 12 (19.0%) in the control group (%% = 10.884;
df = 1; p < 0.01); the reticular pattern was found in
41.8% versus 9.5 (x2 = 9.302; df = 1; p < 0.01). Spiro-
metry test data showed an increase in the frequency
of restrictive disorders from 22.4 to 35.8% after treatment
(x% = 6.013; df = 1; p = 0.014). Radiologically, there was
an increase in interstitial-fibrotic changes (y?> = 5.476;
df = 1; p = 0.019) and pleural thickening (¥ = 4.671;
df = 1; p = 0.031). Electrocardiographic findings revealed
a deepening of ST segment depression (from 2.4 + 0.3
to 3.6 £ 0.5 mm; y2 = 8.741; df = 1; p < 0.01) and an in-
crease in the frequency of arrhythmias (y? = 3.982; df = 1;
p = 0.046), reflecting a decrease in cardiac reserve after
SARS-CoV-2. Echocardiography did not reveal myo-
carditis or pericarditis, but left ventricular hypertrophy
was registered in 24 (35.8%) patients, considered a risk
factor for impaired adaptation to cardiotoxic therapy.

Laboratory studies revealed signs of persistent
inflammation and hypercoagulation. In patients from the
main group, elevated levels of fibrinogen (4.2 £+ 0.3 vs.
34 £ 0.2 g/L; 2 = 5134; df = 1; p = 0.023), INR
(1.18 £ 0.05vs. 1.06 £ 0.03; x> =4.177; df = 1; p = 0.041),
and D-dimer (872 + 124 vs. 386 + 68 ng/ml; y? = 9.571;
df = 1; p < 0.01) were found, indicating persistent
activation of intravascular coagulation. Immunological
indicators showed a decrease in CD3+ and CD4+ lym-
phocytes (y? = 5.782; df = 1; p = 0.016), an increase
in CD16+56+ NK cells (y2 =6.221; df = 1; p=0.013), and
hyperproduction of IgG (y? = 4.756; df = 1; p = 0.029).
Phagocytic activity was reduced (y? = 5.661; df = 1;
p = 0.017), indicating suppression of nonspecific resis-
tance. Hematologically, after treatment, there was more
pronounced anemia (Hb 108 + 4.8 vs. 118 + 4.2 g/L;
x> = 4.215; df = 1; p = 0.040), thrombocytopenia
(152 £ 14 vs. 198 + 16 x 10%L; x% = 6.215; df = 1;
p =0.013), and leukopenia (4.2 £ 0.4 vs. 5.6 £ 0.5 x 10°/L;
x? = 5.871; df = 1; p = 0.015), indicating reduced tole-
rance of the hematopoietic system to the myelosuppre-
ssive effects of treatment.

Thus, COVID-19 is statistically significantly associated
with a higher frequency of cardiorespiratory, hematolo-
gical, and immunological disorders, which reduce
tolerance to special treatments for cancer patients.
The study results confirm the need for the implementation
of personalized monitoring protocols and early correc-
tion of detected abnormalities, as well as the develop-
ment of preventive approaches to reduce cardiopulmo-
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nepcoHarni3oBaHUX NPOTOKOMIB MOHITOPUHIY Ta paHHbOI

Kopekuii

BUSABIMEHUX BIiOXWMEHb, a TaKoX pO3p06KM

npodinakTUYHMX nNiaxodiB A0 3MEHLIEHHs Kapaio- Ta
NyNbMOTOKCUYHOCTI Y NauieHTiB 3 NOCTKOBIAHUM CUHAPO-
MoM. [loganblui AOCRifXeHHS AouinbHO cnpsiMyBaTu
Ha BWBYEHHSI MOMNEKYNAPHUX MeXaHi3MiB B3aEMHOrO

NMOTEHL,iIOBAHHA MOCTKOBIAHMX 3MiH i

LIMTOTOKCUYHOT

Tepanii Ans CTBOPEHHS TapreTHux 3acobiB 3axucTy
OpraHiB-MilleHen.
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nary toxicity in patients with post-COVID syndrome.

Further

research should focus on studying the

molecular mechanisms of the mutual potentiation of
post-COVID changes and cytotoxic therapy to create
targeted agents to protect target organs.
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HepcneKTuBu MOAQAbLUMX AOCAIAXEHD

OTpuMaHi pesynsrati cBig4aTb Npo HEOOXiAHICTb NPOAOBXKEHHS
AOCMiMKEHb Y KiNbKOX Hanpsamkax. [JouinbHUM € po3LUMpPeHHS
BMGipkM Ta 36inblUeHHs nepiogy crnocTepexeHHs Ans GinbL
OeTanbHOro BUBYEHHSI 3B'SI3KY BWHWKHEHHS NyXNWH Ha Thi
NMOCTKOBIAHOTO cuHApPOMY. [epcnekTMBHUM HaNpPsIMKOM Mnofdarb-
WKX JOCMiMKEHb € BUBYEHHS MOMEKYNAPHUX MeXaHi3MiB
B3aEMHOMO MNOTEHLiIOBaHHS MOCTKOBIAHWMX 3MiH Ta Kapgio-
NyNbMOTOKCUYHOCTI MPOTUNYXIIMHHOMO fiKyBaHHSA 3 pO3po6KoH
TapreTHNX NpoginakTUYHUX cTpaTerin.

KoHAIKT iHTepecis

ABTOpPK pyKOnNucy CBiAOMO 3acBig4vyoTb BiACYTHICTb (DaKTUYHOIO
abo NOTEHLINHOrO KOHMMIKTY iHTEepeciB LWoAO pesynbraTiB
Liei pobotn 3 chapmaueBTUYHMMM KOMMAHIAMKU, BUPOOHUKaMK
BiomMeanYHMX MPUCTPOIB, IHLWIMMW OpraHisauisiMy, Yui NpoayKTy,
nocnyru, iHaHcoBa niATpMMKa MOXYTb OyTW MOB’A3aHi
3 npegMeToM HagaHux Matepianis abo ski cnoHcopyBanm
npoBeaeHi AOCNiAXEHHS.

AOTpMMGHHﬂ ©€TUYHHUX HOPM

ABTOpPWM PpyKONMUCy CBIZOMO 3acBiAuyHOTb, LO [OCHISKEHHS
NPOBOANMNOCL 3 BUKOPUCTAHHAM AaHWX MNEPBUHHOI MeaunyHOl
OOKyMeHTaUii Ta BKMNoYano KMiHiYHi CnoCcTepexeHHst 3a naui-
eHTamu. [ocnigKeHHss npoBedeHO BiANOBIAHO A0 ETUYHUX
cTtaHgapTiB enbciHCbkoi Aeknapadii BcecBiTHbOI MeanyHoi
acouiaLii Npo eTUYHi NPUHLMMKN MPOBEAEHHS HAaYKOBUX MEANYHNX
JocnifpkeHb 3a yyacTio oauHW, AWPEKTUBM EBPONENCbKOro
ToBapuctea 86/609 npo yyacTb nogen y Meauko-6ionoriyHmx
OOCMiMKEHHSX, @ Takox Hakaay MiHicTepcTBa 0XOpOHU 300pOB’S
Ykpainm Ne 690 Big 23.09.2009 p. IHbopmoBaHa 3rofa Ha yyacTb
y pocnimxeHHi byna oTpumaHa Bif, yCix y4acHuWKIB nicns HagaH-
HS IM 3pO3yMinoi, MOBHOI Ta AOCTYNHOI iHopMaLii Npo MeTy,
On3anH | MeToaonorito AOCNIAXEHHS, MOro NOTEHUIVHI pU3UKK,
O4iKyBaHi mepeBarM Ta MOXIMBI ansTepHaTUBMW. YCi y4YaCHUKM
nigTBeEpaunun CBoK [0OPOBINbHY y4yacTb LUMSXOM MiAMMCAHHS
OOKyMeHTa npo iHPOPMOBaHy 3roay.

DocniopxeHHs cxBaneHe KomiTeToM 3 nuTaHb GioeTUKN Ta OEO0H-
Tonorii [lepxaBHOi ycTaHOBW «IHCTUTYT MeAuM4HOI pagionorii Ta
oHkonorii im. C.IN. Mpurop’eBa HauioHanbHOi akagemii MeanyHux
Hayk YkpaiHun» (BuTar 3 npoTtokony Ne 8 Big 7.11.2024 p.).

BUKOPUCTAHHSA LUTY4HOTO iHTEAEKTY

ABTOpPU pyKOMMCY CBIAOMO 3acBigdvyloTb, WO Y npoueci npo-
BE[EHHA [OOCNIMKEeHHA Ta MNiArotoBkM LbOTO PYyKOMUCY He
BVIKOPUCTOBYBamnu XOOHUX iHCTPYMEHTIB abo cepsiciB reHepa-
TUBHOTO LUTYYHOTO iHTENEKTY ANsi BUKOHaHHSI Oyab-sikMX 3aB-
OaHb, nepeniyeHnx y TakcoHoMii AenerysaHHs 3aBAaHb reHepa-
TUBHOMY LWWTYy4YHOMY iHTenekTy (GAIDeT, 2025 p.). Yci etanu
poboTu — Big KoHUenTyanisauii 4o hiHanbHOro pedaryBaHHs —
BVIKOHaHi 6e3 3any4yeHHs reHepaTMBHOIO LUTYYHOrO iHTEMEeKTY,
BUWKIIO4YHO aBTOpaMMm.

MepBuUHHI AGHI Ta MaTepiaAu

ABTOpU pyKOMnMCy CBiAOMO 3acBiguytoThb, WO Y pobOTi BUKOPUC-
TaHO pesynbTaTyi BNacHMX KNiHiYHUX AOCNiAXeHb, Lo bynu cucte-
MaTu3oBaHi Ta npoaHani3oBaHi aBTopamu. [NepBuHHI AaHi MiCTATb
y3aranbHeHi MOKa3HUKU MauieHTiB, nabopaTopHi pesynsraTy,
NPOTOKONM Ta OTPUMaHI KiNbKiCHi xapakTepuctuku. Bei matepianu
36epexeHi B apXxiBi 4OCNIAHULBKOI rpynu Ta MOXyTb OyTW HagaHi
3a 06rpyHTOBaHMM 3anuTOM [0 aBTOpa-KOPeCrnoHAeHTa, 3 ypa-
XyBaHHAM BUMOT KOHMIAEHLNHOCTiI Ta ETUYHUX HOPM.

IHdbopMalis Npo dpiHAHCYBAHHSA

®iHaHcyBaHHS BUaaTkamu [epxxaBHoro Bromkety YkpaiHu.

Prospects for further research

The obtained results indicate the need for continued research
in several directions. It is advisable to expand the sample size
and increase the observation period to study in more detail
the relationship between the development of tumors against the
backdrop of post-COVID syndrome. A promising direction for
future research is the exploration of the molecular mechanisms
underlying the mutual potentiation of post-COVID changes and
the cardiopulmonary toxicity of anticancer treatment, with the
aim of developing targeted preventive strategies.
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