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PE3IOME

AxTyanbHicTb. CUCTEMHUIA paK i MO3KOBUW iHCYNbT € Hawbinbll PO3NOBCHOMHKEHNMMN
3aXBOPIOBAHHAMM i HAWYacCTILLOK MPUYMHOIO CMEPTi Y NIOAEN CTapLIoro BiKy B YCbOMY
CBIiTi. B3aemMO3B’A30Kk MiXX pakom Ta iHCYNbTOM CKMagHWIA, OCKINIbKM pak npu3BoAMTb
A0 30iNbLUEHHSA PU3UKY iHCYNbTY BHACMIAOK CneundivyHnX naTodisionoriyHMx MexaHi3mis.
Meta pob6otu. [poaHanizyBatm MOXNIMBI MeXaHi3MuW PO3BUTKY pak-acoLifioBaHOro
iHCYnbTY, Nigxoau 4O OiarHOCTUKK Ta NiKyBaHHS.

Marepiann Tta Metomam. [Migbip nybnmikauii BukoHaHo 3a 6asamm paHux PubMed
(https://pubmed.ncbi.nim.nih.gov/),  ClinicalKeyElsevier (https://www.clinicalkey.com),
Cochrane Library (https://www.cochranelibrary.com/) Ta Google Scholar
(https://scholar.google.com/) ony6nikoBaHux y 2012-2022 pp., y SKMX BMCBITMOBaN1ChL
BiJOMOCTi NPO pak-acoLifiOBaHWNI iHCYbT.

Pesynbratm Ta iXx OOroBopeHHs. Bigomi pfekinmbka OCHOBHMX NaToqi3ioNnoriYHmnx
MEXaHi3MiB pakK-acoLiioBaHOTO iHCYMbTY, WO MOXyTb OyTn 6esnocepedHbO NOB’A3aHi
3 pakom, abo BUWKMMKaHi YyCKNagHeHHAMW paky. Hawbinbli yYacTumm € BHYTPILLUHBO-
CyAVHHa pakoBa koarynonaris, HebakTepianbHUiA TPOMOOTUYHWUI €HAOKapAuT, NpsAMun
BMAMB MyXMMHU Ha CyAMHHY cucTeMmy abo TepaneBTMYHI Ta AiarHOCTUYHI BTPYYaHHS
Ans niKkyBaHHA paKy — YCKNagHeHHs xXimioTepanii, npomMeHeBa Tepanisi, @ TakoX akTmBauist
3BMYAMHNX MEXaHi3MiB iHCynbTy, Hacamnepen artepockneposy. Pusmk iHCyneTy Takox
NOB’A3aHNI 3 arpecuBHICTIO paKy. XapakTepHUMM O3HaKaMmn pPak-acoLinoBaHOro iHCynbTY,
NMOB’A3aHOrO 3 PaKOBOK KOAryromnarielo, € MHOXMWHHI ypaXXeHHS B Pi3HUX apTepianbHuX
AiNsHKax, a Takox nabopaTtopHi AaHi, Wo BKa3yroTb Ha Koarynonarito y BUrMsAAi NiABULLEHHS
piBHS D-ammepy, nigsuieHoro C-peakTBHOMO NPOTEiHY, HU3bKOrO reMaToKpuUTY.
BucHoBku. Pak npu3soanTb A0 30iMbLUEHHA PU3UKY iHCYNMbTy BHAcMiAoK cneuudivdHmnx
naTodisionoriyHnx MexaHiamis. Lli mexaHi3aMM € MHOXVMHHMMMK i CKragHMMKM, OfHaK
Hambinbl BiAOMMM Ta MOWMPEHUM € pakoBa BHYTPILUHLOCYAMHHA Koarynonaris, ska
Mae creumndiyHi nabopatopHi 6Giomapkepu. YucneHHi OOCHIMKEHHS MPOOOBXYIOTb
CMpsIMOBYBaTMCb Ha BMBYEHHS (PaKTOpiB, MOB’A3aHMX 3 Koaryrnonatieto y nmauieHTiB, sk
nepeHecnn iHCynbT, 0COBMMBOCTI paKy Ta OUiHKM GiOMNOriYHMX MapkepiB BHYTPILUHLO-
CYAMHHOI  Koaryrnomarii, WO BWKNMWKAE IHCYMbT, @ TakoX MOHITOPUHT edeKTiB
aHTUKOArynsiHTHOI Tepanii y nauieHTiB i3 pak-acoLifioBaHNM iHCYTETOM.

Iy6eHko O.€. Pak-acouiioBaHui iHCYyNbT. YkpaiHcekull padionoeidHull ma oHkomoeidHul xypHan. 2022. T. 30. Ne 4.
C. 52-61. DOI: https://doi.org/10.46879/ukroj.4.2022.52-61
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ABSTRACT

Background. Systemic cancer and stroke are the most common diseases and the
frequent death factors in older people worldwide. The relationship between cancer and
stroke is complex, since cancer leads to an increased risk of stroke through specific
pathophysiological mechanisms.

Purpose. Analyzing possible mechanisms of development of cancer-associated stroke,
strategies of diagnosis and treatment.

Materials and methods. The contributions were selected based on PubMed
(https://pubmed.ncbi.nim.nih.gov/), Clinical Key Elsevier (https://www.clinicalkey.com),
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Cochrane Library (https://www.cochranelibrary.com/) and GoogleScholar
(https://scholar.google.com/) databases published from 2012 to 2022, dealing with
cancer-associated stroke.

Results and discussion. There are several underlying pathophysiological mechanisms
of cancer-associated stroke, which may be directly related to cancer or caused by
cancer complications. The most common ones are intravascular cancer coagulopathy,
non-bacterial thrombotic endocarditis, a direct impact of the tumor on the vascular
system or therapeutic and diagnostic interventions for the treatment of cancer that is
chemotherapy, radiation therapy complications, as well as activation of the usual
mechanisms of stroke, atherosclerosis in particular. The risk of stroke is also related
to cancer aggressiveness. The characteristic features of cancer-associated stroke which
is related to cancer coagulopathy are multiple lesions in various arterial areas, as well as
laboratory data indicating coagulopathy in the form of increased level of D-dimer,
elevated C-reactive protein, low hematocrit.

Conclusions. Cancer leads to an increased risk of stroke due to specific patho-
physiological mechanisms. These mechanisms are multiple and complex, but the most
well-known and widespread is cancer intravascular coagulopathy, which has specific
laboratory biomarkers. Numerous studies continue investigating the factors associated
with coagulopathy in stroke patients, cancer characteristics, and evaluation of biological
markers of stroke-causing intravascular coagulopathy, as well as monitoring the effects
of anticoagulation therapy in patients with cancer-associated stroke.
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38’30k pO60TH 3 HOYKOBMMMU NPOrPAMAMM,
NAGHAMU | TeMamu

Cratta € (hparMeHTOM NNaHOBOi HayKOBO-AOCMIAHOI
po6oTu [lepxaBHOT yCTaHOBMU «IHCTUTYT MeanyHOI pagiono-
riit Ta oHkonorii im. C.IM. Mpurop’eBa HauioHanbHOi akage-
Mii MeouyHux Hayk YkpaiHuy», «Po3pobneHHst iHauBigy-
anbHUX MiaxodiB A0 NpoBedeHHs1 aHTMGNnacToMHol Tepanii
y nauieHTiB, siki nepeHecnn COVID-19» HAMH.04.22.,
HomMep pgepxaBHoi peecTtpauil 0121U112052, TepmiH
BUKOHaHHA 2022—-2024 pp., kepiBHUKN: anpektop [depxas-
HOI yCTaHOBU «IHCTUTYT MeAWYHOI paaionorii Ta OHKonorii
im. C.IM. Mpurop’eBa HauioHanbHOi akageMii MeanyHux
Hayk YKpaiHu», [OKTOp MEAWYHUX Hayk, npodecop
M.B. KpacHocenbcbkuin, 3asigyBad Bigainy pagionorit,
OOKTOp MeAMYHUX Hayk, npodecop B.IM. CtapeHbkuii.

BCTYN

HaiGinblw 3Ha4YHUMKU NPUYUHAMU TSDKKOCTI 3axBOPHO-
BaHb y nogei cTaploro BiKy 3anualTbCA CepLeBo-
CYOMHHI 3aXBOPIOBAHHA Ta 3MOSAKICHI HOBOYTBOPEHHS [1].
MoegHaHHA paKy Ta iHCYnbTy NMPU3BOAUTL OO0 MOTiPLUEHHS
fiesgatHocTi Ta 306inblUeHHsA iHBanigusauii. Ane, noeg-
HaHHs1 paky Ta iHCynbTy MoXe OyTVM He MpocTo BuUMagKo-
BOO KOMOiHauielo ABOX Hanbinbw  pOo3NOBCIOOKEHUX
3axBoptoBaHb. Pak npu3BoanTb [0 36iNblUeHHS PU3NKY
iHCYNbTY  BHacnigok cneuundiyHnx  naTodisionoriyHmnx
MexaHi3miB. Ha TenepiwHin 4Yac HaKoONU4YEeHO 4mMmarno
HayKOBWX 3HaHb MpPO acoujauild MK pakoM Ta iHCYynb-
TOM, i MOXNMBI MexaHi3Mu pak-acoLinoBaHOro iHCYMbTY.
B3aemM03B’s130K Mi>k pakoM Ta iHCYNbLTOM BiJOMUIA B YCbOMY
CBIiTi, | BUWKNWKAE 3HAYHUA HAYKOBMW Ta MNPaKTUYHUN
iHTepec. Llen B3aeM0O3B’s130K CkragHui Ta 6aratoGivHniA.

Y Hu3Ui gocnigjkeHb HaykoBLi Hamaranucs 3’sicyBati,
AKi came BMAM paKy MaloTb CUMbHIWWA 3B’A30K i3 BU-
HUKHEHHSAM iHCYNbTY. Y XBOpUX 3 AiarHOCTOBAHUM PakoMm
nereHiB, NigLMNYyHKOBOI 3amno3u, KONopeKTanbHUM pPakoM,
MOMOYHOI 3ano3uM Ta npocTatu icHye Oinblw BMcoKa
yacTota iHCynbTy. PU3MK iHCYNbTy TakoX MOB’si3aHUM
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INTRODUCTION

The most substantial causes of disease severity in
older people are still cardiovascular disorders and
malignancies [1]. The combination of cancer and stroke
leads to impaired functional capacity and increased
disability. However, the combination of cancer and stroke
may not just be a random one of the two most common
diseases. Cancer causes an increased risk of stroke
due to specific pathophysiological mechanisms. At pre-
sent, there is a comprehensive scientific expertise in
the relation between cancer and stroke, and possible
mechanisms of cancer-associated stroke. The relation-
ship between cancer and stroke is known worldwide and
is of a considerable scientific and practical interest.
It is complex and diverse.

In a number of studies, scientists were trying to
figure out what kinds of cancer were mostly associated
with stroke. The patients diagnosed with lung, pancreas,
colon and rectum, breast and prostate cancer have
a higher incidence of stroke. The risk of stroke is also
related to cancer aggressiveness. Lung, pancreas, colon
and rectum cancer, representing a highest stroke risk,
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i3 arpecuBHicTiO paky. Pak nereHis, nigLWwnyHKOBOI 3ano3n
Ta KonopekTanbHWM pak, SKi NpeacTaBnsioTb HaWBULLUA
pW3UK iHCYNbBTY, SIK MpaBwuMo, AiarHOCTyeTbCA Ha OinbL
ni3Hin cTagii, HiX pak rpyaen i npoctatn [2, 3]. Kpim ToOro,
XBOPi Ha pak Ta iHCYnbT MaKTb CNifbHIi hakTopu cepueBo-
CYOMHHOrO pU3UKY, Taki $K apTepianbHa rinepToHis,
KYPiHHS, LyKpoBUI diabeT Ta MeTaboniyHun CMHOPOM.

XapakTep iHCynbTy Yy XBOpUMX Ha pak Moxe OyTu
ieMiyHMM abo remopariyHuM, Npyu LbOMY iLLEMIYHUIA
IHCYNbT crnocTepiraeTbCsa YacTille, HdX remopariyHui i pu-
31K OyB BMWMM B nepui 6 MicsuiB nicrns BCTaHOBEHHSI
AiarHosy paky [4]. Tunn paky npu remopariyHoMy iHCYnbTi
Jewo iHwi. MoBigoMnanocsa npo BUCOKAM PU3UK paky
TOHKOT KMWLLKW, MEYiHKA, HMPOK, HEPBOBOI CUCTEMM, LLUTO-
nodibHoi 3ano3n, eHOOKPUHHOI CUCTEMU, HEXOOKKIHCBKOT
nimcpomn, mienomm i nenkemii. MexaHiam remoparii
€ GaraToakTopHMM i BKMYaE MOCUMEHE YTBOPEHHS
PO3LUMPEHNX TOHKOCTIHHWUX BHYTPILUHBOMYXIMHHWUX CYAMWH,
pO3pVB LMX HOBOYTBOPEHUX CyAWH, iHBa3ilo MyXMnuHK
y BXe iCHYIoui CyOUHW Ta HEKpO3 NyxnuHu [5, 6].

IHCYnbT MOXe PO3BUHYTUCH Y NaUiEHTIB 3 AiarHOCTOBa-
HUM pakom, abo nepegysaTtu giarHosy paky [7]. Y Cnony-
yeHux WtaTtax y koxHoro 3 10 nauieHTiB, rocnitTanisaoBaHux
3 iHcynbTOM, OyB BUsiBNEHWI pak [8].

Meta po6otu. lMpoaHanidyBatn MOXNMBI MeEXaHi3amu
PO3BUTKY pak-acouUioBaHOro iHCynbTy, nigxoan Ao
0iarHOCTUKM Ta NiKyBaHHS.

MATEPIAAU TA METOAU AOCAIAXEHHA

Mig6ip ny6nikauin BMKOHaHO 3a Gaszamu gaHux Pub
Med (https://pubmed.ncbi.nim.nih.gov/), Clinical Key
Elsevier (https://www.clinicalkey.com), Cochrane Library
(https://www.cochranelibrary.com/) ta  GoogleScholar
(https://scholar.google.com/), ony6nikoBaHnx y 2012—
2022 pp., Yy SKUX BMUCBITAOBaNMCb BIOOMOCTI npo
pak-acouinoBaHui iHCYMbT.

PE3YABTATU TA IX OBFTOBOPEHHS

MNaTtodbisioAoris pak-acoLitoBaHOro iHCYAbTy

ICHYIOTb Kiflbka OCHOBHMX NaToi3ionoriYyHnX mexaHis-
MIB iHCYNbTY Y XBOpPUX Ha pak, siki MOXyTb O6yTn 6esnoce-
penHbO MOB’A3aHUMK 3 pakoM, abo BUKIMUKaHI yCKNagHeH-
HAMW paky, Taki Sk Koarynonarisi, iHdekLii, NpsM1Un BMnnB
NyXNMHU Ha CYOUHHY cucTeMy, abo TepaneBTMYHI Ta diar-
HOCTUYHI BTPYYaHHsi Ansi NiKyBaHHSA paky — YCKNaAHEHHs
XimioTepanii, npomeHeBa Tepanid, TpaHCNMaHTauisa remo-
NOeTUYHUX CTOBOYPOBUX KNITWH, SIKi MOXYTb BigbyBaTucs
nig Yac nikyBaHHs abo HaBiTb Yepe3 poku nicrns Hboro [9].

Mpamuin BNNMB nNyxnuHuM, abo Ge3nocepenHbO MOB's-
3aHUI 3 NYXIMHOIO IHCYNbT, Y KNiHIYHIN NpakTuui 3ycTpiva-
€TbCA PIAKO i MOro BaXKO BU3HAYUTU. [paAMi NyXMWHHI
edeKkT 3HaYHO BIAPI3HATLCA | BKMOYaTb iHBA3ilO
NyXNMHHOK Macok abo nenTomMeHiHreanbHUMK iHiNsTpa-
TamMnM B apTepianbHUA | BEHO3HWA CUHYC, NYyXMUHHI
embonii, 34aBNeHHs1 KPOBOHOCHOI CYOUHW MYyXIUHHUM
pocToM, Habpsik noxa MyXNMHU Ta BHYTPILIHbONYXINH-
Hun kpososunus [10].

HebGakTepianbHuii TPOMBOTUYHUI €HOO0KapAWUT, TaKoX
BiJOMUA SK MapaHTUYHWA EeHOOKapAWT, € BU3HaHOK
NPUYMHOIO KapaioemMOoniYHOro iHCYNbTY Y XBOpPUX Ha pak.
Mpu HebakTepianbHOMYy TPOMOGOTUYHOMY eHAoKapauTi
Ha KknanaHax cepusi pO3BMBalOTbLCH CTEPWUIbHI HeiHdek-
UinHi  TpombBoumTapHo-TpomOGiHOBI  BereTauii  (maixe

is usually diagnosed at a later stage, compared to
breast and prostate cancer [2, 3]. In addition, cancer and
stroke patients have the common cardiovascular risk
factors, such as arterial hypertension, smoking, diabetes
mellitus and metabolic syndrome.

The nature of stroke in cancer patients can be ischemic
or hemorrhagic, while ischemic stroke is observed more
often than hemorrhagic and the risk is higher within the
first 6 months after cancer was diagnosed [4]. The types
of cancer in hemorrhagic stroke are somewhat different.
A high risk of cancer of the small intestine, liver, kidney,
nervous system, thyroid gland, endocrine system, Non-
Hodgkin lymphoma, myeloma and leukemia was reported.
The mechanism of hemorrhage is multifactorial including
enhanced formation of dilated thin-walled intratumoral
vessels, rupture of these newly formed vessels, tumor
invasion into existing vessels, and tumor necrosis [5, 6].

Stroke can develop in patients diagnosed with cancer,
or precede cancer [7]. In the United States, one out
of 10 patients hospitalized with stroke has been diag-
nosed with cancer [8].

Purpose. Analyzing possible mechanisms of deve-
lopment of cancer-associated stroke, strategies of
diagnosis and treatment.

MATERIALS AND METHODS

The contributions were selected based on Pub
Med (https://pubmed.ncbi.nim.nih.gov/), Clinical Key
Elsevier (https://www.clinicalkey.com), Cochrane Library
(https://www.cochranelibrary.com/) and GoogleScholar
(https://scholar.google.com/) databases published from
2012 to 2022, dealing with cancer-associated stroke.

RESULTS AND DISCUSSION

Pathophysiology of cancer-associated stroke

There are several essential pathophysiological
mechanisms of stroke in cancer patients, which may
directly be related to cancer, or caused by cancer compli-
cations like coagulopathy, infections, a direct impact of
the tumor on the vascular system, or therapeutic and diag-
nostic interventions for the treatment of cancer that is
chemotherapy complications, radiation therapy, hemato-
poietic stem cell transplantation occuring during treatment
or even years after [9].

A direct influence of the tumor, or stroke directly
related to the tumor, is rare in clinical practice and it is
difficult for identifying. Direct tumor effects vary consi-
derably and include invasion by the tumor mass or
leptomeningeal infiltrates into the arterial and venous
sinuses, tumor emboli, compression of a blood vessel
by tumor growth, tumor bed edema and intratumoral
hemorrhage [10].

Non-bacterial thrombotic endocarditis, also known as
marantic endocarditis, is a recognized cause of cardio-
embolic stroke in cancer patients. In non-bacterial
thrombotic endocarditis, sterile non-infectious platelet-
thrombin vegetations develop on the heart valves (almost
exclusively in the left heart valves, mitral and aortic)
associated with widespread systemic and cerebral
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BMKIIOYHO B MNiBMX KNanaHax cepus, MiTpanbHOro
Ta aopTanbHOro) B acoujauii 3 NOWWPEHWM CUCTEMHUM
Ta uepebpanbHUM TPOMOO30M, i Lie HanlyacTile cnpuyun-
HEHO OCHOBHOK 3MOSIKICHOK MyXnuHOK. 3a3Buyan BiH
NPOSABMSIETECA CUCTEMHUM | nereHeBuMm emboniamom,
NpMYOMY  HaMMOLWIMPEHIWMM  HEBPOMOriYHUM  ycKnag-
HEHHAM € ilWeMiYHUA iHCYnbT. TOYHOI MoWMpeHoCTi He-
HakTepianbHOro TPOMOOTWMYHOIO €HOOKAPAUTY Y XBOPUX
Ha paK He BCTaAHOBMEHO, ANS MOro CKPUHIHIY BMKOPUCTO-
BYIOTbCS  exokapaiorpadpiyHi - gocnigpkeHHsa. [lMatoreHes
Moro He OOCUTb BIOMUW, ane MPUNYCKaeTbCs HAasABHICTb
rinepkoarynsuinHoro ctaHy. Pak y Takux Bunagkax vacriwe
noLMpeHn, a iHapKT MO3KY € Mi3HIM YCKIagHEHHAM,
OfHaK y pigkicHMX Bunagkax HebakTepianbHWiA Tpombo-
TUYHWUIA  eHAoKapauT npu  uepebpanbHoMy iHGapKTi €
O3HaKolo paky. B ogHomy opwuriHanbHOMY OOCHigXEHHI
NoBIAOMMSIETbCA NPO  HebakTepianbHUA  TPOMOOTUYHWIA
eHpokapouTt y 9,3% XxBOpuX Ha pak, i pak y 59% nauieHTiB
3 HebakTepianbHUM  TPOMOOTUYHMM  €HAOKapOUTOM
(BocnigxeHHs npoBoaMnucs npy po3TuHi) [11].

MeXxaHi3sMK pakoBoi kodaryAonarTii Ta iX poAb

Y PO3BUTKY PAK-ACOLLIHOBAHOrO iHCYABTY

OpHiero 3 OCHOBHMX MPUYUH iHCYMBTY Y XBOPUX Ha pak
€ Kkoarynonatia. MopylweHHa 3ropTaHHa KpoBi — AuceMi-
HOBaHa BHYTPIWHBLOCYAMHHA KoarynonaTia — ue Hau-
MOLUMPEHILLa MNpUYMHa CepLEBO-CYOUHHUX 3aXBOPHOBaHb
B OHKOMOri4yHMX XBOpuX. lNepLli noCMepTHI XapaKTepuCcTUKn
uepebpanbHOro BHYTPILHBLOCYAUHHOTO 3ropTaHHS  KPOBI
6ynn onucaHi we B 1975 p. y XBOpUX Ha pak MOSOYHOI
3ano3n, nenkemito Ta niMoMy, Ha TRNi NOLMPEHMUX
MeTacTasiB i cencucy. Y xBopux Ha pak HanmnoLUpPEHiLLOo
npuymHolo LepebpoBackynsipHoro Tpombo3dy € rinep-
KoarynsuivHuMim cTaH, SIKMA CynpoOBOLKYE pak, BHACMiZOK
YOro PO3BMUBAKOTLCA CUCTEMHI | LiepebpanbHi apTepianbHi
abo BeHO3Hi Tpombo3u [12, 13].

BHyTpilwHbOCYaNHHA Koarynonatia Moxe OyTu BUKMU-
KaHa MNpOKOarynsHTHOK akTWMBHICTIO NMyXNWHW Ta npo3a-
nanbHoK BiANOBIAAK. [lyXMWHHI KAITUHW  eKCnpecyoTb
NPOKoarynsHTh, TKaHWHHWIA akTop (SKMA 3B’A3yeTbCA
i3 daktopom VII) Ta npokoarynsHT paky, i BMBINbHSOTb
3ananbHi UMTOKIHM Ta (akTop POCTY eHAOoTenilo CyauH,
meaiaTtopu, siKi MOCUMIOITb MPOKOArynsAHTHY aKTUMBHICTb
i aHrioreHe3. BoHM TakoX HaAJIULLKOBO €KCMpeCcyoTb LMTO-
KiHW, AKi NpMBabnIoTb NEVKOLMTH, MOXITNBO, BUKITUKAKUN
3ananbHy peakuito i3 NpoTpoMOOTUYHUM edekToM. Han-
OiNbll MOLIMPEHI TUNW paky, WO BUWKMMKaKTb Koaryno-
naTito — uUe pak nereHis i nigwnyHkosoi 3anosu [14].
HewopaBHo Oyno nokasaHo, L0 Yy BUHUKHEHHI Tpombo3iB
npwv pakoBii KoaryronaTii MawTb 3Ha4YeHHs TakK 3BaHi
HENTPOMINbHI ekcTpaLentonsapHi NacTkun, ski PopMyrTbCS
BHACMiQOK TOro, WO akTMBOBaHI HEWTpOinu BUAINAKTb
OEKOHOEHCOBaHUI  XpOMaTUH, SKUA CTBOPIOE KapKac
ans agresii TpoMOoOUMTIB, epUTPOLIMTIB | TPOMBOLMTAPHNX
mMornekyn aaresii [15].

IHCyNnbT BHacnigok koaryrnonarii, NOB'sA3aHOi 3 pakom,
€ BW3HaA4YeHOW xBOpobOow. B gocnigpkeHHAX pisHUX
nonynsauin noBiAOMNSANOCHA MNPO  YHiKanbHi  Xapakrepuc-
TUKM LbOro cTaHy. Tak, Npu HenpoBsidyanisauii Ha gudy-
3iiHO-3BaXkeHNx 3o00paxeHHsx (DWI) cnoctepiratotbes
MHOXMHHI  YPa)KEHHS, LWO OXONSIOKTb YUCIIEHHI  Pi3Hi
apTepianbHi AinsgHkW. JlabopaTopHi gaHi TakoX BKasyTb
Ha koaryrnonaTilo y BUmMA4i niaBuWweHHa piBHA D-gaumepy,
nigsuwieHoro C-peakTMBHOIO MPOTEIHY, HU3bKOrO remaro-
KpuTy. BuBueHHs dakTopiB, NMOB’A3aHMX i3 koarynonarieto
y nauieHTiB, siKi nepeHecnu iHCynbT, 0COGMMBOCTI paky

thrombosis, and this is most often caused by an underlying
malignancy. It is usually manifested by systemic and
pulmonary embolism, while the most common neuro-
logical complication is ischemic stroke. The exact preva-
lence of non-bacterial thrombotic endocarditis in cancer
patients has not been established, echocardiographic
studies are used for its screening. lts pathogenesis is not
well known, but the presence of a hypercoagulable state
is assumed. Cancer is more common in such cases, and
cerebral infarction is a late complication, however, in rare
cases, non-bacterial thrombotic endocarditis in cerebral
infarction is a cancer sign. One original study reported
non-bacterial thrombotic endocarditis in 9.3% of cancer
patients, and cancer in 59% of patients with non-bacterial
thrombotic endocarditis detected at autopsy [11].

Mechanisms of cancer coagulopathy and
their role in cancer-associated stroke development

One of the main causes of stroke in cancer patients
is coagulopathy. Disrupted blood coagulation, that is
disseminated intravascular coagulopathy, is the most
common cause of cardiovascular diseases in cancer
patients. The first postmortem characteristics of cerebral
intravascular coagulation were described in 1975 in pati-
ents with breast cancer, leukemia, and lymphoma in the
setting of widespread metastases and sepsis. In cancer
patients, the most common cause of cerebrovascular
thrombosis is a hypercoagulable state that accompa-
nies cancer resulting in systemic and cerebral arterial
or venous thrombosis [12, 13].

Intravascular coagulopathy can be caused by the
procoagulant activity of the tumor and the proinflamma-
tory response. Tumor cells express procoagulants, tissue
factor (which binds to factor VII) and cancer procoagulant,
and release inflammatory cytokines and vascular endo-
thelial growth factor, mediators that enhance procoagulant
activity and angiogenesis. They also overexpress cytokines
that attract leukocytes, possibly causing an inflammatory
response with a prothrombotic effect. The most common
types of cancer causing coagulopathy are lung and
pancreatic cancer [14]. It has been recently shown
that the so-called neutrophil extracellular traps are
important in occurring thrombosis in cancer coagulopathy,
which are formed due to the fact that activated neutro-
phils secrete decondensed chromatin, which creates
a framework for the adhesion of platelets, erythrocytes
and platelet adhesion molecules [15].

Stroke, due to cancer-related coagulopathy, is a defi-
ned disease. Studies of different populations have repor-
ted unique characteristics of this condition. Thus, neuro-
imaging on diffusion-weighted images (DWI) shows
multiple lesions involving numerous different arterial
sites. Laboratory data also indicate coagulopathy in the
form of increased D-dimer levels, elevated C-reactive
protein, and low hematocrit. The factors associated
with coagulopathy in stroke patients, cancer characteristics
and assessment of biological markers of stroke-causing
intravascular coagulopathy, as well as monitoring the
effects of anticoagulant therapy in patients with active
cancer and stroke were studied in the OASIS-Cancer
trial [16, 17]. Cancer-associated stroke patients had
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Ta OUiHKM GionoriyHMx MapkepiB BHYTPILULHbOCYAMHHOT
Koarynonarii, WO BWKMNWKAE IHCYNbT, a TaKoX MOHITOPUHI
edeKTiB aHTUKoarynsaHTHOI Tepanii y nauieHTiB 3 akTUBHUM
pakoM Ta iHCynNbTOM BMBYanNuWCb Yy  AOCHIOKEHHI
OASIS-Cancer [16, 17]. Y nauieHTiB 3 iHCynbTOM, NOB’A3a-
HMM 3 pakoM, Oynu nigBuULLEHI PiBHI eKCTpaLentonspHUX
BE3MKys, OTPUMaHMX Big PaKkoBMX KNiTWH, SKi KoperntoBanm
3 piBHAMKU D-gumepy. MNokasaHo, WO PiBHI LMPKYMOOYMX
eKCTpauentonsapHUX Be3ukyn Oynu BULLMMMK Y MNaLiEHTIB
3 ajeHOKapuuMHOMOW rereHiB, fka € pobpe BigoMUM
TUNOM paky 3 pPO3BUTKOM pPakoBOI Koaryronarii, Hix
npu iHWKX TUNax paky (TakMM $K MIOCKOKMITUHHUN).
Mpu nopiBHAHHI ABOX rpyn MauieHTIB 3 ileMiYHUM iHCYrb-
TOM, B OOHMX 3 KX OyB pak, a B iHWMX paky He 6yno,
BUSBMEHO, WO B rpyni MNauieHTiB, SKi XBOPINM Ha pak,
OyB [OOCTOBIpHO BWWWIA piBEHb Mapkepa 3ananeHHs
C-peakTMBHOrO  npoTeiHy, a TakoX ibpuHorery,
D-oumepy, Tpomb03iB rMMOOKMX BEH Ta NeEreHeBoi apTe-
pii. lWweMiyHuin iHCYNbT B OHKOMOrYHMX XBOPUX CYnpo-
BOKYBaBCA 3HA4YHO BWLMM PiBHEM CMEpPTHOCTI Ta
OinbLUIOKO iHBaMigHICTIO, BM3HA4YeHOK 3a MoaudikoBaHOH
wkanoto PeHkiH. Omxe, nartodisionoria Ta MexaHiam
iLleMiYHOro iHCYNbTY Y MauieHTIB 3 OHKOMOriYHUMU 3a-
XBOpIOBaHHAMW Oynu  3ymMOBReEHi pisHuMn  haktopamm
pu3uKy, Giomapkepamu iHCynbTy Ta MiATMNAMU MOPIBHSAHO
3 HepakoBumu Bunagkamu. Byno 3pobneHo BWMCHOBOK,
WO naToreHe3 iHCYnMbTy B TakMx BuMagkax LwBuille
3a BCe 3YMOBJIEHMI CTaHOM rinepkoarynsuii abo nobiy-
HUMW edpeKTamm NikyBaHHA paky [18].

Kpalwie po3yMiHHS MOMEKYynspHUX MilleHen, Lo
nexaTtb B OCHOBI Koarynonartii, MoB’si3aHoi 3 iHCYynbLTOM,
[OMOMOXe BW3HAYUTUM PU3MK IHCYNBTY | MOHITOpyBaTh
edeKTUBHICTb Tepanil nNpu pak-acouinoBaHOMY iHCYIbTI.
MauieHT 3 NPUXOBAHUM PaKOM MOXYTb MaTW XapaKTepHi
CUMMTOMW Ta HenposisyanisauinHuin natTepH iHdapKTy
MO3Ky, LU0 BKa3ylTb Ha iHCYnbT, MOB'A3aHWA 3 Pakom,
i AEMOHCTpYBaTK niaBuLLeHi piBHi D-aumepy. Takum YMHOM,
y nauieHTiB, AKi Manu XapakTepHi KapTWHU iHdapKTy,
niasuweHnn piseHb D-gumepy Ta BiACYTHICTb OYEBUMAHOI
eTionorii Ta naToreHeTU4HOro niaTUNY IHCynbeTy, Cnig
PO3rMAHYTM MOXIMBICTb CKPWHIHTY Ha MpUXoBaHe 3mMo-
SIKiCHe HOBOYTBOPEHHSI (3a [OMOMOrOK CEepOMNoriYyHUX
abo papgionoriyHMx gocnigxeHb). TopakoaboomiHanbHO-
Ta3oBy KOMM'IOTEPHY ToMorpadito abo Mno3nTPOHHY
eMicinHy Tomorpacpito cnig npoBOAUTW Yy NepLly 4epry,
OCKifTbKM pak nereHis, MiglWwmnyHKOBOI 3anosn, ceyocrarte-
BMX LWMAXiB (MpocTaTh, SE€YHWKIB abo HMPOK), LLITYHKOBO-
KMLLKOBOIO TPaKTY (KOMOPEKTanbHWA i WyHoK) abo Monoy-
HOi 3ano3u, € Hambinbw 4Yactumyn Tunamm (y nopsaky
4acToTh) SIK BiAOMMX, TaK i MPUXOBAHUX PaKOBUX 3aXBO-
plOBaHb Yy MAaLE€HTIB 3 iHCYNbTOM, MOB’A3aHUM 3 PaKOM.
JlabopaTtopHumMKn npeguKkTopamu  3rO0SKICHOIO HOBOYTBO-
PEHHs1 Yy nauieHTiB 3 KPWMNTOrEHHWM iHCYNLTOM TaKoX
MOXyYTb ByTuW nigBuLleHui piBeHb ibpuHoreHy Ta C-peak-
TUBHOro npoteiny [19, 20].

Pusnk iHCynbTy Moxe 30inbLUMTMCA TakoX BHaCMigoK
aKkTuMBauil 3BUYANHWX MexaHi3MiB iHCynbTy, Hacamnepep
atepocknepody. CepueBO-CyAMHHI  3aXBOpIOBaHHA €,
nepegycivM, pesynsTaToM YCKNaAHeHb aTepocKreposy,
SAKUA BU3HAYAETBLCS K XPOHIYHUI | NMpOrpecyroynin 3anarb-
HUA CTaH, CAPUYMHEHUN HEKOHTPONbOBaHOK nponide-
pauielo rmaakom’s30BMX KNiTUH CyauH, eHpoTenianbHuX
KNiTMH i MakpodoariB insitu, nNoB’si3aHMX 3 iIMYHHO
Bignosigat. [MporpecyBaHHs 3axBOPKOBAHHA Ha Pi3HUX
CTafiax 3a3Bu4all 3aKiH4yeTbCA TPOMOOTUYHMM MpoLie-
COM, SIKMM MOXe Mpu3BecTn Ao iHdapkTy Miokapga abo

increased levels of extracellular vesicles obtained from
the cancer cells, correlating with D-dimer levels.
The levels of circulating extracellular vesicles were
shown to be higher in patients with lung adenocarcinoma,
a well-known type of cancer with cancer coagulopathy,
than in other types of cancer (such as squamous cell).
When comparing two groups of patients with ischemic
stroke, one of which had cancer and the other did not,
it was found that in the group of patients who had cancer,
there was a significantly higher level of the inflammatory
marker C-reactive protein, as well as fibrinogen, D-dimer,
deep vein and pulmonary artery thrombosis. Ischemic
stroke in cancer patients was accompanied by a signi-
ficantly higher mortality rate and greater disability,
determined by the modified Rankin scale. Therefore,
the pathophysiology and mechanism of ischemic stroke
in cancer patients were determined by different risk factors,
stroke biomarkers and subtypes compared to non-cancer
cases. It was concluded that the stroke pathogenesis
in such cases was most likely due to the state of hyper-
coagulation or side effects of cancer treatment [18].

A better understanding of the molecular targets
underlying stroke-related coagulopathy will help determine
stroke risk and monitor the effectiveness of cancer-asso-
ciated stroke therapy. Patients with occult cancer may have
the characteristic symptoms and neuroimaging pattern
of cerebral infarction suggesting cancer-related stroke and
demonstrating elevated D-dimer levels. Thus, screening
for occult malignancy (using serologic or radiologic studies)
should be considered for patients who have had charac-
teristic patterns of infarction, elevated D-dimer levels,
and unobvious etiology or pathogenetic subtype of stroke.
Thoracoabdominal-pelvic  computed tomography or
positron emission tomography should be performed
first, since lung, pancreas, genitourinary tract (prostate,
ovary, or kidney), gastrointestinal tract (colorectal and
stomach) or breast cancer are the most common types
(in order of frequency) of known as well as occult
cancers in patients with cancer-related stroke. Labora-
tory predictors of malignant neoplasm in patients with
cryptogenic stroke can also be increased levels of
fibrinogen and C-reactive protein [19, 20].

The stroke risk can also increase due to activation
of normal stroke mechanisms, primarily atherosclerosis.
Cardiovascular diseases primarily result from athero-
sclerosis complications, which is defined as a chronic
and progressive inflammatory condition caused by
uncontrolled proliferation of vascular smooth muscle cells,
endothelial cells, and macrophages in situ associated
with the immune response. The progression of the disease
at different stages usually ends with a thrombotic process
that can lead to myocardial infarction or stroke. There are
lots of similarities with the progression of neoplastic
processes in cancer and atherogenesis. Deregulation
of cell proliferation and, therefore, cell cycle progression,
changes in the synthesis of important transcription
factors as well as adhesion molecules, changes in the
control of angiogenesis, and molecular similarities that
occur after chronic inflammation are just some of the
processes that become a part of the phenomena that
atherosclerosis and cancer are closely related. Thus, de-
spite the fact that these two pathologies were previously
considered to be unrelated, a careful analysis of the
molecular manifestations of both diseases has revealed
important similarities, suggesting that they are closely
related. One of the most important peculiarities of both
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iHcynbTy. Bigomo 6arato nogibHocTen 3 nporpecyBaHHAM
HeoNnacTUYHMX MpOLECIB MpPU paky Ta aTteporeHesi.
Oeperynauia nponidepauii KNiTWH i, 0TXe, NporpecyBaHHA
KNITUHHOIO UMKIY, 3MiHM B CUHTE3I BaXnumBuX daktopis
TpaHCKpUNUii, a TakoXX Monekyn aaresii, 3MiHa B KOHTPONi
aHrioreHe3y Ta MOMEKynspHi noAibHOCTI, Aki BMHUKAOTb
nicnga XPOHIYHOro 3ananeHHs, — ue nuue geski 3 npouecis,
WO CTalTb YacTMHOK SBWL, $Ki TICHO MOB’A3YHOTb
aTepockrnepos i pak. TakmMm YMHOM, He3BaXawun Ha Te,
WO paHiwe ui ABi natonorii BBaXanucs HEMoB’si3aHUMM,
3aBOSKN peTenibHOMY aHamidy MOJeKynsapHUX nposiBiB
060x 3axBoptoBaHb Oyno BUSIBMEHO BaXNUBY MOAiIOHICTD,
WO CBigunTb Npo iX TicHMA 3B’'A30K. OpHielo 3 HamBax-
NUMBILLUX XapaKTEPUCTUK O0DOX 3axBOPIOBaHb € HEKOHTPO-
nboBaHa npornicepauia KNiTUH, WO CNpUSe BUHUKHEHHIO
Ta TSHKKOCTI ypaKeHb Ha Mi3HiX cTagiax obox 3axBo-
ptoBaHb. [leperynsuia nponidepadii KMiTUH, cnpuyvHeHa
CTaHOM OKWCHOrO CTpecy, y baraTbox Bunagkax crnpusie
PO3BMTKY aTepOCKNEepPOTUYHOI ONALKA, a TaKoX Pi3HMX
BMAIB paky. 3ananbHui npouec nig 4ac areporeHesy
OMOCEPEAKOBYETbCSA  Mirpauieldo  MOHOUMTIB 40  CTiHKK
CyOWHMW, IO € KIOYOBOK MOAJE Y 3pOCTaHHi atepo-
CKMEPOTMYHOIO  ypaxkeHHsi. 3aBaskm  gudbepeHuiauii
MOHOLUMTK YTBEPOXKYIOTbCA $IK Makpodarn Ta, 3peLuTolo,
K 30araveHi ninigamyM  nNiHUCTI  KNiTMHK.  Makpodaruy,
OoTpUMaHi 3 MOHOUMWTIB, PO3Mi3HalOTb Ta iHTepHanisylTb
OKMUCHEHI ninonpoTeiHn 4epe3 peLenTopu-nepenmadi,
ne 30aradeHi ninigamu MiHUCTI KMITUHW CNpUsOTE PO3-
BUTKY HEKPOTWYHOIO sipa, KI4YOBOrO ernemeHTa Bpas-
NVBOI aTepoCKNepoTUYHOI Ondawku. Ha monekynspHomy
PiBHI NPUCYTHICTb KpUCTarniB XONeCcTeEPUHY TaKoX akTuBye
3anarneHHs, BUBINbHAYN UMTOKIHM IL-1B, siki BBaXalOTbCs
BaXXNMBUMW MefiaTopamun 3ananeHHsa [21, 22]. 3 iHworo
60Ky, MOHOUMTapHI Makpodaru, Lo YacTo 3yCTpivakTbCs
AK KNITUHWU-rocnogapi B NyxnmHax, MyHKLIOHYIOTb SIK KOM-
MOHEHTW 3ananbHOl BiANOBIAi, WO CTBOPKE NIATPUMYOHY
cTpomy, sika Bepe yyacTb y 3pocTaHHi nyxnuHu. OpHak
farato XBOpMX Ha pak i cepLeBO-CYAUHHI 3aXBOPIOBaHHS
MaloTb 3aranbHuUi cybeTpart, Skuii NMoB’s3ye L ABa 3axBO-
ptoBaHHs. Hanpuknag, y XBOpux Ha pak 4yacTo BUSABMSOTb
meTaboniyHi Ta cyauHHI po3nagu, cepep Skux aboomi-
HarnbHEe OXMPIHHA, 3MiHeHUn MeTaborniam KO3,
aHomanii ninonpoTeigis i rinepToHia [23, 24].

AiKyBAHHSI pAKy TA pU3UK IHCYABTY

Xo4ya pak MoXe BWKNIMKATM aTepocKepo3 uyepes
Pi3Hi MexaHi3mMy, Hanbinbll NOWMPEHUMU € Hacnigkn
BMKOPWUCTaHHA MPOTUNYXIMHHUX Npenaparis i MpoOMeHeBOT
Tepanii. XimioTepania i npomeHeBa Tepania paky
acoLUiloTbCs 3 MNIABULLIEHHSAM PU3MKY PO3BUTKY arepo-
CKIepo3y Ta CepLeBO-CyANHHNX 3aXBOPHOBaHb.

IoHi3ytoMe  BUMPOMIHIOBAHHS  BMAMBaEe He nuvwe
Ha pakoBi, @ W Ha HepakoBi KNiTUHW, OcobnvMBO Ha Ti,
o wBmnAKo nponicepytoTb, Hanpuknag, KiiTUHW eHao-
Tenito Ta KICTKOBOro MO3KY, @ TaKOX JlOKarnbHi Mnapex-
XiMaTo3Hi KNITMHN B MeXax ONPOMIHEHOI AinAHKN. 3ynuHKa
KNITUHHOTO UMKIY, CTapiHHSA Ta anonTo3 iHAYKYTbCH
Ak Hacnigok nowkomkeHHs [OHK. Y Bucokux pgosax
iOHi3yto4e BMMNPOMIHIOBAHHS MOXeE NPU3BECTU OO BWCHa-
KEHHSA NapeHXiMaTo3HWX | CyAMHHUX eHJoTenianbHUX
KNITUH 9K 3 Makpo-, TaK i MIKpOCYAUHHUMWU edbekTamum.
Papiotepania Hagae npsMuii BNAWB Ha KNiTUHM B naTo-
reHesi MOLUKOMKEHHs CyAWH i3 3anyyeHHsaM eHgoTeni-
anbHUX KMiTWUH, WO € paHHbOK O3HaKoKW pagiauinHo-
iHOYKOBaHOro ypakeHHs cyauH. Lle Buknukae nowwikoa-
XEHHS1 eHOoTenito 3 MOCUNEHHAM EeKCMpecCii iHTepnenkiHis

diseases is uncontrolled cell proliferation, which contribu-
tes to the appearance and severity of lesions at the
late stages of both diseases. Deregulation of cell prolife-
ration caused by a state of oxidative stress facilitates
in many cases the development of atherosclerotic plaque,
as well as various types of cancer.

The inflammatory process during atherogenesis is
mediated by monocyte migration to the vessel wall, which
is a key event in the growth of atherosclerotic lesions.
Due to differentiation, monocytes become established
as macrophages and eventually as lipid-enriched foam
cells. Monocyte-derived macrophages recognize and
internalize oxidized lipoproteins via receptors that receive
signals, where lipid-enriched foam cells promote the
development of the necrotic core, a key element of
a vulnerable atherosclerotic plaque. At the molecular
level, cholesterol crystals also activate inflammation
by releasing cytokines IL-13, which are considered to be
important inflammation mediators [21, 22]. On the other
hand, monocytic macrophages, often found as host cells
in tumors, function as inflammatory response components
creating a supportive stroma that participates in tumor
growth. However, a lot of cancer and cardiovascular
disease patients share a common substrate that links
these two diseases. For example, cancer patients often
have metabolic and vascular disorders, including
abdominal obesity, altered glucose metabolism, lipo-
protein abnormalities, and hypertension [23, 24].

Cancer treatment and stroke risk

Although cancer can cause atherosclerosis through
various mechanisms, the most common are the effects
of anticancer drugs and radiation therapy. Cancer chemo-
therapy and radiation therapy are associated with
an increased risk of developing atherosclerosis and
cardiovascular disease.

lonizing radiation affects not only cancerous, but
also non-cancerous cells, especially those that proli-
ferate rapidly, such as endothelial and bone marrow cells,
as well as local parenchymal cells within the irradiated
area. Cell cycle arrest, senescence, and apoptosis are
induced as a consequence of DNA damage. At high
doses, ionizing radiation can lead to depletion of paren-
chymal and vascular endothelial cells with both macro-
and microvascular effects. Radiotherapy has a direct
effect on cells in the pathogenesis of vascular damage
involving endothelial cells, which is an early sign of
radiation-induced vascular damage. This causes endo-
thelial damage with increased expression of interleukins
(eg, IL-6 and IL-8), intercellular adhesion molecules
(eg, ICAM-1), fibroblast growth factor, and stimulates
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(Hanpuknag, IL-6 Ta IL-8), MiKKMITUHHUX Monekyn agresii
(Hanpuknag, ICAM-1), daktopa pocty dibpobnacTis
i CTUMYNIOE peakuito HenTpodinis i3 BTOPUHHUM BUBIfb-
HEeHHAM UMTOKIHIB. Kpim Toro, pagiauis moxe iHOyKyBaTu
anonTto3 4yepe3 p53 Bignosigb Ha nowkomkeHHa [OHK
abo anonTo3, akTMBOBaHW MITOXOHAPIAMK. [lowwkoa-
XEHHs1 eHgoTenito 3i 3MiHamMM NOro MPOHUKHOCTI, NPU3BO-
OnTb Jo popaTtkoBoro ¢ibposy Ta HeoBackynsipuaauii
B CTiHKax CyguH Yy naLieHTiB 3 HagBHMMW paHille aTepo-
CKMEPOTMYHMMM Onswkamn, Wo we Oinblwe cnpusie
HecTabinbHocTi onawok. MauieHTn 3 HasABHO iLLeMiYHO
xBopoboto cepus 0cobnmeo Bpasnuei.

IHOykoBaHa  XiMmioTepanield  CyguMHHA  TOKCMYHICTb
noB’A3aHa 3 NoYaTKOM i MPOrpecyBaHHsAM aTepoCKIepoay.
MowkKomKeHHs1 CyauH, MOB’A3aHi 3 XiMioTepanieto, 4acTo
NPOSABAITLCA eHAoTeNianbHOK AMCYHKUIELD i3 BTpaToo
edekTy Basogunatauii Ta npuUrHiYveHHaM npoTusananb-
HOi Ta cyauHHopenapaTtuBHOI  yHKUii. TpomGouuTn
€ 3B'A3YI0YOK JTAHKOK MK aTepoCKepo30oM i pakom.
AKTMBOBaHi TpPOMOOUMTW CNpPUsOTb 3anarnbHi TSXKKOCTI
npy aTepockreposi, BUBINbHAOUYN MeaiaTopy 3ananeHHs.
TpomMboUUTM 3OaTHI OKMCHIOBATU MINONPOTEIHN HU3bKOT
LLiNBHOCTI, AKi € ronoBHUM (PakTOPOM YTBOPEHHS aTepo-
CKINEPOTMYHMX OMnsALWOK, a TakoX B3AEMOAiTb 3 HENTPO-
dinamu i eosnHodiInaMmm Ta CnpuaioTb YTBOPEHHIO, PO3-
LUIMPEHHIO Ta TpoMOO3y aTrepoCKNEepPOTUYHUX OnsLIOK.
TpombounuTn 3anyyalTb 3ananbHi KMITUHW OO0 NyXIUH,
Lo crnpusie 3pocTaHHo NyxnuHu. Kpim Toro, npokoarynsHr-
HUA edekT paky cam no cobi nigBuLLyE aKTUBHICTb
TPOMOOUMUTIB i 3HWXKYE BMPOONEHHS OKCMAY a3oTy B eHOO-
Tenil, WO nocunoe OpPMyBaHHS aTepOCKNepPOTUYHOT
6nswKn Ta NpM3BOANTbL OO MiABULLEHHS PU3NKY CEpLiEBO-
CYAVHHUX NoAin [25-27].

AIarHoCTUYHI Ta TepaneBTH4HI NiAXOAM

npu pak-acoLiHOBAHOMY iHCYAbTI

IHTepBan 4acy Bif [iarHOCTUKW paky [0 PO3BUTKY
iHCYNbTY 3Ha4HO BIAPI3HAETLCHA | 3anexuTb TakoX Bif
TMNy paky. 3a3Bu4an nNpu ConigHWX MyXnMHax NpOXoAsTb
GinblWw TpuBani nepiogM 4acy, HXK MpU remMaTtornoriyHnx
3MOSKICHMX MyxNuHax. AKWO y XBOPOro Ha pak CTaBcs
IHCYNbT, KMiHILMCT MOBMHEH TOYHO BU3HAYUTM MPUYMHY,
YyBa)XHO BWBYMBLUKM KMiHIYHY OOCTAHOBKY, BpaxOBYH4M
TWN paky Ta MOoro nikyBaHHS.

Y pasi KpUATOreHHOro iHCynbTy Y XBOpPUX Ha pak
BaXNMBE 3HAYeHHA MOXyTb MaTu nabopaTopHi nokas-
HWUKW, BaXNUBILLMMKN 3 SIKUX € BUCOKUIN piBeHb D-gumepy,
HWU3bKUIA piBEHb TpoMOOLMTIB, MOpYLUEHi TecTu Koaryns-
LiMHOT pyHKUIi, BUCOKMIA piBeHb ibpuHOreHy Ta 306inb-
LLIEHHS1 YaCTKOBOro TpoM6onnacTMHOBOro yacy [28].

PekaHnanizauinHa Tepanisi, Taka sik Tpomb0oni3nc pekom-
GiHaHTHMM TKQHWHHUM aKTMBATOpPOM nna3miHoreHy (rTPA)
Ta MexaHiyHa TpoMOEKTOMisi, € MeToAamMu 3 [OBELEHO
edEeKTUBHICTI0O B JiKyBaHHi ilUeMiYHOro iHCyneTy, ane
iX epekTMBHICTb Ta 6e3neka XBOpMX Ha pak 3anuiaTbCs
cynepeunuBumn. 3’BNAETbCA Bce Oinblue AOCHiaXeHb,
SIKi JOBOAATH, LLIO FOCTPUIA IHCYNBT Y XBOPUX Ha pak MOXHa
nikysatm rTPA, i akTuBHWA pak He cnig posrmsagatu
sIK abcontoTHe MPOTUMOKa3aHHA ANs BUKOpUCTaHHA rTPA.
B Husui pocnigkeHb Oyno NpogeMOHCTPOBaHO,  LWO
BHYTPILUHBOBEHHUI TPOMOONI3NC He NOB’A3aHWMIA 3 BULLUM
PVM3UKOM KpPOBOTEYI Yy XBOPUX Ha pak, a HEeBPOMOriYHWUNA
CTaH TakuMX nauieHTiB nokpaiwlyetbca weuawe [29, 30].
CyuacHi pekomeHpauii LWoao Tepanii rocTporo iHCynbTy
cBigYaTh, WO 3acTOCyBaHHA pekaHanisauiiHuMx nigxoais,
TakMx sK Tpomboniauc Ta eHgoBacKynsipHa Tepanis,

a neutrophil response with secondary cytokine release.
Besides, radiation can induce apoptosis through the
pS53 DNA damage response or mitochondria-activated
apoptosis. Damage to the endothelium with changes in
its permeability leads to additional fibrosis and neovas-
cularization in the walls of vessels in patients with
previously existing atherosclerotic plaques, which further
contributes to plaque instability. Patients with existing
coronary heart disease are particularly vulnerable.

Chemotherapy-induced vascular toxicity is associated
with the onset and progression of atherosclerosis. Vascular
damage associated with chemotherapy is often mani-
fested by endothelial dysfunction with loss of vasodilation
effect and inhibition of anti-inflammatory and vascular
reparative function. Platelets are the connecting link
between atherosclerosis and cancer. Activated platelets
contribute to the severity of inflammation in atherosclerosis
by releasing inflammatory mediators. Platelets are able
to oxidize low-density lipoproteins, which are the main
factor in the formation of atherosclerotic plaques, and
also interact with neutrophils and eosinophils and contri-
bute to the formation, expansion and thrombosis of
atherosclerotic plaques. Platelets attract inflammatory cells
to tumors, which promotes tumor growth. In addition,
the procoagulant effect of cancer itself increases the
activity of platelets and reduces the production of nitric
oxide in the endothelium, which increases the formation
of atherosclerotic plaque and leads to an increased risk
of cardiovascular events [25-27].

Diagnostic and therapeutic strategies
in cancer-associated stroke

The time interval from the diagnosis of cancer to the
development of a stroke varies considerably and also
depends on cancer type. Usually, in cases of solid tumors,
longer periods of time pass in comparison with hemato-
logical malignant tumors. If a cancer patient has had
stroke, the clinician must determine the exact cause
by carefully examining the clinical setting, taking into
account the type of cancer and its treatment.

In the case of cryptogenic stroke in cancer patients,
laboratory indicators can be important, the most important
of which are a high level of D-dimer, a low level of platelets,
impaired coagulation function tests, a high level of fibrino-
gen, and an increase in partial thromboplastin time [28].

Recanalization therapy, such as thrombolysis with
recombinant tissue plasminogen activator (rtPA) and
mechanical thrombectomy, are methods with proven
efficacy in treatment of ischemic stroke, however their
efficacy and safety in cancer patients remain controversial.
Still there is a growing number of research showing
that acute stroke in cancer patients can be treated
with rtPA, and active cancer should not be considered
as an absolute contraindication for rtPA use. In a number
of studies, it has been shown that intravenous thrombo-
lysis is not associated with a higher risk of bleeding in
cancer patients, and the neurological condition of such
patients improves faster [29, 30]. Current guidelines
for the treatment of acute stroke indicate that the use
of recanalization approaches, such as thrombolysis
and endovascular therapy, are not contraindicated to
cancer patients, but the response to recanalization
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He NpoTWMNOKa3aHi Ans nauieHTiB 3 pakom, OAHaK Bigno-
Bidb Ha peKaHanisauinHy Tepanito MoXe Bigpi3HATUCA
y XBOpUX Ha pak, Ta y xBopux 6e3 paky [31]. Y cuctem-
HOMy oOrnsagi Ta MeTa-aHanisi Takox Oyno niaTBepaXeHo,
O CUCTEMHUI paKk He € abCOoMTHUM MPOTUMNOKa3aHHAM
ONS BHYTPILUHBOBEHHOTO TPOMOONITUYHOIO  MiKyBaHHS,
a eeKTMBHICTb Ta Oe3neka He BiApPi3HATLCSA MOPIBHSAHO
3 naudieHtammn 6e3 paky [32]. EdekTuBHiCTE MexaHiyHOi
TPOMOEKTOMIT NpW pak-acouiioBaHOMY iHCYNbTi  3anu-
WwaeTbCa He pocutb Bigomow. OpHak [OoCnimKeHHS
NPOOEMOHCTPYBano, WO  MexaHiyHa  TpomOeKTomis
€ NpuaaTHUM METOAOM MOro NiKyBaHHSA, OgHaK MiaBULLEH-
Hs D-gumepy i rpybuii HEBpONOriYHWMI AediunT MOXYTb
6yTv npegukTopamun HecnpuaTnmneoro suxoay [33].

Kpim peBackynspusauinHoi Tepanii Ans nikyBaHHS
iLleMI4YHOro iHCYNbTY Y XBOPUX Ha pak 3a3Buyan 3acToCo-
BYIOTbCSl HU3bKOMOMEKYNAPHi renapuHu. Mpu NOpIiBHAHHI
HU3bKOMOIEKYNAPHUX TenapuvHiB 3 HOBUMW nepoparb-
HAMMW a@HTMKOarynsHTaMu OTpUMaHi CXOXi pesynbraTtu
BIJHOCHO KMiHIYHOrO BMXO4Y, CMEPTHOCTI Ta pPU3NKY
remopariyHnx ycknagHeHo [34].

BUCHOBKMU

MoegHaHHSA paky i MO3KOBOTO iHCYNbTY € aKTyarnbHO
nNpobnemoto  KMiHiYHOi MeauuMHu B ycbOMy CBITi. Pak
npu3BoanTb 00 36iNbLIEHHS PU3WKY HCYNBTY BHACMiAOK
cneundivyHmMx natoduisionoriyHnx mexaxiamis. Lli mexa-
HiI3MW € MHOXWHHUMMW | CKNagHUMKW, OAHaK HanbinbL
BiJOMVMM Ta MOLMPEHVMM € pakoBa BHYTPILUHbOCYAUHHA
Koaryronarisi, gka Mae cneumdiyHi nabopatopHi 6Gio-
Mapkepu. YvcneHHi JoCniaXeHHS MPOAOBXYKTb CNpAMO-
BYBaTUCb Ha BUBYEHHS (DaKTOPIB, MOB’A3aHUX 3 Koaryno-
naTieto y nauieHTiB, AKi MepeHecnn iHCynbT, 0CoBnMBOCTI
paky Ta OuiHKkM 6ioNnoriYyHMX MapKepiB BHYTPILUHLOCY-
OWHHOI Koarynonarii, WO BWKIMKAE iHCYNbT, a TaKoX
MOHITOPVHT epeKTiB aHTMKOArynsaHTHOI Tepanii y nauieHTiB
i3 pak-acouiioBaHNM iHCYNLTOM.
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therapy may differ between cancer patients and non-
cancer patients [31]. A systematic review and meta-
analysis also confirmed that systemic cancer is not
an absolute contraindication to intravenous thrombolytic
treatment, and efficacy and safety are not different
compared to non-cancer patients [32]. The effectiveness
of mechanical thrombectomy in cancer-associated
stroke remains poorly known. However, the study has
demonstrated that mechanical thrombectomy is a suitable
method of its treatment, however the elevated D-dimer
and gross neurological deficit may be predictors of
adverse outcome [33].

In addition to revascularization therapy, low molecular
weight heparins are usually used to treat ischemic stroke
in cancer patients. When comparing low-molecular-
weight heparins with new oral anticoagulants, similar
results were obtained in terms of clinical outcome,
mortality, and the risk of hemorrhagic complications [34].

CONCLUSIONS

The combination of cancer and cerebral stroke is
an urgent problem of clinical medicine all over the world.
Cancer leads to an increased risk of stroke due to specific
pathophysiological mechanisms. These mechanisms are
multiple and complex, but the most well-known and
widespread is cancer intravascular coagulopathy, which
has specific laboratory biomarkers. Numerous studies
continue investigating the factors associated with coagulo-
pathy in stroke patients, cancer characteristics, and
evaluation of biological markers of stroke-causing
intravascular coagulopathy, as well as monitoring the
effects of anticoagulation therapy in patients with
cancer-associated stroke.
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Prospects for further research

Further studying the multiple mechanisms that associate
cancer and stroke will make it possible to intentionally develop
the strategies of the treatment and prevention of cancer-
associated stroke.
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