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KAPIIOTOKCUYHICTDb Y XBOPUX HA PAK I'PYJTHOI 3AJIO3U:
B3AEMO3BA30K 3MIH TPOIIOHIHY T TA ®YHKIIII CEPII HA
@®OHI KOMILITEKCHOI ITPOTUITYXJIMHHOI TEPAIIII

XBopi Ha pak rpyaHoi 3ano3u (Pr3), 3 omsagy Ha komGiHoBaHy npoTunyxauHHy Tepanito (MMNT), MalOTb BUCOKUI pU3nK
kapaioTokcuyHocti (KT). YcknagHeHHs npu3BoaAaTb 40 BiaTepMiHyBaHHA yn 3ynuHkm MMMT. Lle noripwye BUXMBaHHSA
xBopux 3 PI3. Tomy Baxnueo BuaBnatv KT Ha paHHix CTaAisx, KOK Lie HeMa€e nopyleHb ByHKLiT cepus Ta 03HaK cep-
uesoi HepgocTatHocTi (CH).
MeTa: BBYMTU 3MiHU BUCOKOUYYTAMBOTO (BY) TponoHiHy (TH) T (BYTHT) y xBopux Ha PI3 npu nposegeHi MMNT 3 BuKo-
puctaHHam ximiotepanii (XT) Ta npomeHeBoi Tepanii ([1T) 3 MeTOl0 NPOrHO3yBaHHA Ta NPOdiNaKTUKM cepLeBo-CyaNH-
Hux (CC) ycknapHeHb B npoueci iHAMBiAYyani30BaHOTO BeAeHHsA XBOpux Ha PI3.
Marepian i meToau. B ninotHe focnigKeHHs BkNoYeHO 40 xBopux Ha PI3, B sKMX NpoBefeHO aHani3 auHamiku BYTHT
Ta dpakuii Bukuay (PB) nisoro wnyHouka (JILU) go noyarky MMT Ta B TepmiH 6 mic. Ha ocHOBi aHaniy aaHux byno
po3po6/IeHO Ta 3aNPONOHOBAHO BU3HAYEHHSA 3HAUYLOTO NifBULLEHHSA BYTHT, KA BpaxoByeE pi3HuLio (Y BiACOTKAX) Mix
ioro 6a3oBuM piBHeM Ta B nepiof 6 mic. MauieHTn Gynn po3nofineHi Ha rpynu 3a CTyneHeM NiaBULLEHHA BY THT:
1-wa rpyna — HU3bKKUN piBeHb nigsuileHHs (0-50 %), 2-ra rpyna — nomipHuit piseHs (> 50-100 %), 3-Ts rpyna — Bu-
COKMI1 piBeHb nigsuLieHHs (> 100%).
Pesynbratu. [lo noyatky nposefeHHs MMT ®B JILU gocToBipHO He Bigpi3HANach MiX rpynamu i B cepeaHboMy CKna-
pana (62,6 + 1,0) %. PiseHb THT TakoX 3HAXOAMBCA B MeXax HOPManbHWUX BennyuH, i cknagas (0.008 + 0,001) Hr/mA.
Mpu AMHAMIYHOMY CMOCTEPEXEHHT B TepMiH 6 Mic. Big noyatky MNMT y xBopux 1-i rpynu ®B JIL 6yna B Mexax HOpMu
Ta JOCTOBIPHO He Bifpi3HANack, y XBOpux 2-i rpynu BennynHa sumxerHs (A) ®B cknagana (5,7 + 0,9) % (p< 0,01),
a 'y xopux 3-i rpynu — 10,8 % (p < 0,01). 3a faHMMK KopensauiitHoro aHanisy, BigcoTok (A) 36inbweHHs BYTHT OyB
AocToBipHO nos'a3anHuit 3 A®B JIL (r = 0,39, p< 0,05), Ta BUKOPUCTAHHAM aHTPALMKIIHOBUX aHTUGiOTHKIB (r = 0,37,
p<0,05). BukopuctoBytoum norictuyHy perpecito Ta ROC aHanis, 6yno Bu3HayeHo noporose 3Ha4yeHHs BYTHT > 165 %,
L0 MOXe po3rAAaTUCs AK MapKep paHHboi 6ioximiyHoi KT, 3 uytiueicTio 99 % Ta cneuudiyHicTio 56 %.
BucHoBKK. Po3po6neHo METOANKY BU3HAYEHHSA CTYNEHA NiABULLEHHS PiBHA TH, y BiANOBIAHOCTI 3 AKOK MOXHA Npo-
rHo3yeatn po3sutok KT y xBopux Ha PI3. 3rigHo i3 3anponoHoBaHol (opmynoto xBopi, AKi MaloTb MiABULLEHHS
BYTHT > 165 %, MaloTb 03HAKM paHHbOT GioximiuHoi KT i € nauieHTamu Bucokoro pusuky KT ycknagHeHb.
Knio4oBi cnoBa: pak rpyaHoi 3an103u, KapLioTOKCUYHICTb, TPOMOHIH T, hyHKLiA cepus, cepLeBa HeAOCTaTHICTb.
Tpobremu pagiauiviHoi MeauumHm 1a pagiobionorii. 2022. Bun. 27. C. 440—454. doi: 10.33145/2304-8336-2022-27-440-454
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CARDIOTOXICITY IN BREAST CANCER PATIENTS: RELATIONSHIP
OF HS-TROPONIN T CHANGES AND HEART FUNCTION
IN CANCER TREATMENT

Breast cancer patients (BC) have a high risk of cardiotoxicity (CT) due to a combination of cancer treatments.
Cardiovascular (CV) complications lead to delay or withdrawal of BC therapy and worsen the survival. Therefore, it is
important to detect CT at the early stages before the occurrence of cardiac dysfunction and heart failure (HF) signs.
Objective: to study the dynamic changes of high-sensitivity (hs) troponin (Tn) T (hs-TnT) level in BC patients dur-
ing cancer treatment with the use of chemotherapy and radiation therapy (RT) to predict and prevent CV complica-
tions during individualized management.
Material and methods. 40 BC patients were included in the pilot study. The analysis of the dynamic changes of hs-
TnT and ejection fraction (EF) of the left ventricle (LV) was performed before and within 6 months of cancer treat-
ment. Based on the data analysis, a definition of a significant increase in hs-TnT was developed and proposed. The
rise of hs-TnT was calculated by the difference (%) between its baseline level and in the 6 months of cancer treat-
ment. BC patients are grouped into tertiles according to the hs-TnT increase: group 1 - low level (0-50 %), group 2 —
moderate level (> 50-100 %), and group 3 - high level (= 100 %).
Results. Before the start of cancer treatment, LVEF did not differ significantly between groups (mean EF (62.6 + 1.0) %)
and the hs-TnT level was also within normal values (0.008+0.001 ng/ml). In 6 months of cancer treatment, LVEF was
within the normal ranges and did not differ significantly in patients of group 1. However, in patients of groups 2
and 3 — LVEF drop (ALV EF) was 5.7 % (p < 0.01) and 10.8 % (p < 0.01), consequently. According to the correlation
analysis, the percentage of increase in hs-TnT (Ahs-TnT) was associated with AEF LV (r =0.39, p< 0.05) and the use
of anthracyclines (AC) (r=10.37, p<0.05). Using logistic regression and ROC analysis, the diagnostic threshold value
of the hs-TnT increase > 165 % was defined, which can be considered as a reliable marker of early biochemical CT,
with a sensitivity of 99 % and a specificity of 56 %.
Conclusions. In BC patients, based on the level of hs-TnT increase, proposed a new early biochemical CT detection
method. Under the new approach, BC patients with hsTnT increase of > 165 % from baseline can be considered as a
reliable marker of early biochemical CT, with a sensitivity of 99 % and a specificity of 56 %.
Key words: breast cancer, cardiotoxicity, troponin T, heart function, heart failure.
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OpOKY B YKpaiHi peecTpyeTbcsl 0IM3BbKO 15 THC. Every year, about 15,000 new cases of breast
HOBMX BUITIaJKiB 3aXBOPIOBAHHS paK T'PyIHOI 3a- cancer (BC) in women are registered in
no3u (PI'3) y xiHoK, 3 TeHAeHLi€lo 30inblieHHs Kiib-  Ukraine, with a tendency to increase the number of
KOCTI MalieHTOK y BiKoBiit rpyni 30—45 pokis [1]. those patients in the age group of 30—45 years [1].
INepeBaxna 6inbiricTs xBopux Ha PI'3 oTrpumMmye koMmrl- The vast majority of patients with BC receive
JekcHy nporunyxiauHHy Teparito (ITI1T) 3 mpusHayeH-  complex anticancer treatment: surgery, chemo-
HSIM XipypriuHoro JikyBaHHs, XiMioteparii (XT) ta mpo-  therapy, and radiation therapy (RT) according to
meHeBoi Teparii (I17T) 3rimHo 3 pekomenpamisimu. Ha cb-  the recommendations. Nowadays, the use of
OrofHi, 3acTtocyBaHHsA aHTpaumkiiHoBux (ALl) an-  anthracycline (AC) antibiotics remains the stan-
TUOIOTHKIB 3aJIMIIAETHCS CTaHAApTOM y cxeMax JikyBaH-  dard in BC chemotherapy. Depending on the
Hga PI'3. 3anexHo Bim cragii 3axBoproBaHHsI, iMy-  stage of the disease, immunohistochemical status
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HOTiCTOXiMIYHOTO CTaTycy MyXJIWHU, (DaKTOPIiB PUUKY
(®P) 1i cxeMu MOXKYTb JOTIOBHIOBATUCH 3aCTOCYBaHHSIM
IHIIWX TPOTUNTYXJIMHHUX areHTiB (TaKCaHiB, TapreTHUX
npemnapatiB), a Takox I1T [2, 3].

HoBenena xapaiotokcuuHa (KT) miss mpoTumyxivH-
HUX IpenapatiB y XxBopux Ha PI'3, sgka Moxe mposiBisi-
TUChH Yy BUTJISII CUCTOIYHOI IUC(YHKIIIT MioKapaa, cep-
neBoi HemocratHocti (CH), imemii Miokapma, mopy-
IIeHb PUTMY, apTepiaibHoi rinepTeHsii (Al') Tomro [4, 5].
KT nig nmpoTunyxJIMHHUX MpenapariB IiJCUTIOEThCS
npu ix KoM6iHauii 3 I1T, 1110 37aTHa NPpUCKOPIOBATU PO3-
BUTOK ceplieBO-cyInHHUX 3axBopioBaHb (CC3), ocob-
J1BO y xBopux 3 PP [4, 5].

IIT € BaxJIMBOIO CKJIAIOBOIO KOMILJIEKCHOTO JIiKyBaH-
Hs xBopux Ha PI'3. I1T 3MeHIITye pU3UK JIOKAJTBHOTO pe-
uuauBy Ha 50 % i pu3uK po3BUTKY cMepTHOCTI Big PI'3
Ha 16 % [6]. [1poTe ii HeraTUBHUI BIUITMB Ha CeplIEBO-
cynuHHY (CC) cucteMy MOXe BUHUKATH BiITepMiHOBA-
HO, yepe3 Micsli ado poKu ITicjisl 3aKiHYeHHS JiKyBaH-
Ha |7, 8].

Cnin 3a3Hauutu, o IIT, oco6anBo B KoMOiHallil 3
XT, o mictutb ALL, CyTTEBO 301JbIIYE YACTOTY YCKIAI-
HeHb, 30kpeMa CH. KpiM Toro, moBemeHUIT HeraTuB-
Huii BruB [1T Ha knanmaHHMI anapatT ceplis, a TaKOX
KOpPOHapHi CYIWHU i3 PO3BUTKOM illIEMiYHOI XBOpPOOU
cepud [7, 9]. OcnoBuumu ®P KT, acomiitoBanoi 3 I1T €
3arajibHa mo3a ornpoMiHeHHs > 30 Ip abo > 2 Ip/meHs,
OMNPOMIHEHHSI CEPEIOCTIHHS Ta 30HU Ceplis, JiKyBaHHS
AL, CC ®P [4, 10].

XBopi Ha PI'3 maroTh noteHuiitHO BUucokuii pusuk CC
YCKJIaJJHeHb, OCKIJIbKM BOHU OTPUMYIOTbH KOMOIHOBaHY
IIIIT 3i BctanoBnenuM KT BrmuBom (XT, TaprerHa Te-
pamist, IIT) [11]. BinmoBinHo, 1iif rpymi Nali€eHTiB He-
00xigHO mpoBoauTu cTpatudikauio pusuky KT, 3 ypa-
XYBaHHSIM CKJIAJOBHUX 3aIUIAHOBAHOTO UM IIPOBEIECHOIO
paHiue iikyBaHHsI, a Takoxx CC ®P [12].

BusiBnennst paHHix o3Hak KT y mali€eHTiB 3 BUCOKAM
PU3UKOM YCKJIaAHEHb € HEOOXimHMM 3 MeTO Tpodi-
JIaKTUKU MaiOyTHix yckiaagHeHb IIIIT 3 BukopucraH-
HSM MeIMKaMEeHTO3HUX (KapAiompOTeKTUBHUX), TaK i He-
MeIVMKaMEHTO3HUX (BUOIp MperapaTy, MOHITOPUHT (hyHK-
1ii ceplisd) CTpaTeriid.

J11s1 BUSIBAEHHS CYOKJIIHIYHMX TTOIIKO/IXKEeHb MioKapaa
HEOOXimHUIT MOHITOPMHT (YHKLII cepus ITiI Yac Ta
nicns XT. [Tpote GinbIIicTh METOIB, SIKi 4aCTO 3aCTOCO-
BYIOTbCSl B KJIiHiUHill MpakTULli, HapUKJIaA eXOoKapaio-
rpadis (ExoKI') 3 ouinkoto ¢pakiii Bukuny (PB) niBo-
ro nutyHouka (JIII), mokaszana HU3BKY HAiaTHOCTUYHY
YYTJIUBICTb i HU3BKY IMPOTHOCTUYHY ITOTYXHICTb IPU
BUSIBJICHHI CYOKJIiHIYHOTO ypaxKeHHsI MioKapaa BHACIIi-
mok mii momiximiorepamnii (ITXT), a BUKOpUCTaHHS

of the tumor, and risk factors (RF), AC che-
motherapy can be added with the use of other anti-
tumor agents (taxanes, targeted drugs), as well as
RT [2, 3].

Cardiotoxicity (CT) of antitumor drugs in
patients with BC can manifest as left ventricle (LV)
systolic dysfunction, heart failure (HF), myocar-
dial ischemia, rhythm disturbances, arterial hyper-
tension (AH), etc. [4, 5]. Moreover, CT is
enhanced in the combination of cancer agents
with RT, which may accelerate the development of
cardiovascular diseases (CVD), especially in
patients with (CV) RF [4, 5].

Radiation therapy (RT) is an important part of
complex cancer treatment in BC patients. RT redu-
ces the risk of local recurrence by 50 % and the risk
of BC mortality by 16 % [6]. However, its negative
impact on the CV system may be delayed, months
or even years after the end of treatment [7, 8].

It should be noted that RT, especially in combi-
nation with AC, significantly increases the rate of
CV complications, in particular HE In addition,
the negative impact of RT on the heart valves as
well as on the coronary arteries with the develop-
ment of coronary heart disease (CHD), has been
proven [7, 9]. The main RFs of CT associated with
RT include a total radiation dose of > 30 Gy or
> 2 Gy/day, irradiation of the mediastinum and
heart area, AC, and CV RF [4, 10].

Patients with BC have a potentially high risk of
CV complications because they receive combined
anticancer treatment with potential CT effects
(chemotherapy, target therapy, RT) [11]. Ac-
cordingly, this group of patients needs to be strati-
fied for CT risk, taking into account the compo-
nents of planned or previously provided treatment,
as well as CV RF [12].

Detection of early signs of CT in patients with a
high risk of CV events is necessary to prevent
future complications of cancer treatment using
drug (cardioprotective) and non-drug (drug selec-
tion, heart function monitoring) strategies.

Cardiac function monitoring during and after
cancer therapy is necessary to detect subclinical
myocardial damage. However, most of the meth-
ods that are often used in clinical practice, for
example, transthoracic echocardiography (TTE)
with the assessment of LVEF showed low diagnos-
tic sensitivity and low prognostic power when
detecting subclinical myocardial damage of cancer
treatment, and the use of radionuclide scintigra-
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panionykitigHoi ciimHTUTrpadii Ta MPT cepud € moporo-
BapTicCHUMU MeToaamu [4, 13, 14].

AJIbTepHATUBHUM IiAXOJ0OM A0 PaHHbOI AiarHOCTUKU
KT e BuxkopucranHsi 6iomapkepiB, SIKi MOXYThb JIOIO-
MOITU BUSIBUTU TTOLUIKOJXXKEHHSI MioKapaa, Mepll HixX
BUHUKHYTH cumiitomu CH Ta/ab0 nuchyHKIIis MioKap-
Jla Oyne BusiBiaeHa 3a pornomororw ExoKIT.

CepueBi TpornoHinu (TH) € BcTaHOBIEHUMU OioMapKe-
paMu ypaxkeHHs cepls Ipu iHgapkTi Miokapaa (IM).
Kpim Toro, minBuieHuit pieHb TH MOXe CBiIUUTU PO
noikomkeHHs cepug npu CH [15, 16], rineprpodii
JIL [17, 18], miokapauTi. [TpoTarom ocraHHix necsi-
TUIiTh cepleni TH, 3okpema THT BBaxkaroTbCsl MapKepa-
mu KT ypaxeHHs cepus BHacaimok mii ALl Ta iHIIMx
MPOTUNYXJIMHHUX areHTiB [19].

3rinHo 3 JiTepaTypHUMM JaHUMU, 3aJUIIAETHCS J0-
CUTh OaraTo HEBM3HAUYEHOCTEU 100 TEPMiHiB MpPOBE-
JNIeHHsI 1a00paTOpHUX OOCTeXXeHb, BM3HAYECHHSI BEpX-
HboI MexXi HopMu (BMH) m1st KoHKpeTHOTO TOKa3HUKa,
BUKOPUCTAHHS Pi3HUX J1a0OpaTOPHUX aHali3aTopiB.
HajirosoBHillIMM MUTaHHSM € BiICYTHICTh CTpaTeTiYHUX
pillieHb i MEPEeKOHJMBUX AOKa3iB IIOA0 IepepuBaHHS
abo npunuHeHHs XT, SKux HeoOXiZHO NPUTPUMYBATUCh
B pa3i OTpUMaHHS pe3yJbTaTy, 110 BUXOOUTb 3a MeXi
HopMu. KpiMm Toro, He 3a3HayeHO, SIK iHTepIIpeTyBaTH
30ibIlIEHHS MOKa3HUKaA TH BiJ MoIepeaHbOro piBHS He
pume BMH 3a BigcyrHocTi (axTopiB, mo Morau 0
CIIPOBOKYBATH MOTO IMiIBUIIIEHHS.

META

BuBunTi 3minu BucokouytimBoro (B4) THT y xBopux Ha
PI'3 npu nposenenHi INI1T 3 Bukopucranusam XT ta I1T
3 METOI0 MpOorHo3yBaHHs Ta npodinakTuku CC yckian-
HEHb B IpOLIECi iHAMBiNAyaai30BaHOTO BEACHHS XBOPUX
Ha PI'3.

MATEPIAJI I METOAN
B ocHOBY nocaimkeHHsI MOKJIaAeHO JaHi MPOCIEeKTUBHO-
ro aHai3zy xBopux Ha PI'3, a caMe iXHiX KJIiHIYHUX TaHUX,
Buay JikyBaHHs PI'3, nmHamiynux 3min BuTHT, ExoKI Ta
MPOBEAEHO IX MOPIBHSUIbHUI aHaJTi3. Bu3HaueHo rpaHuy-
HUlt BigcoTok migsuiieHHs BUTHT, sikuii HamacTh MOX-
JINBICTh ifeHTUDIKyBaTN XBOPUX BHCOKOTO pn3nky KT.
Ilepconanizanist Ta cTpaTudikallisi pu3aMKy Ha OCHOBI
JUHAMIYHUX 3MiHU BUTH Oyne cipusITU BUSIBJIEHHIO Ha
paHHiX eTarax Mali€HTiB, SIKi MalTb BUCOKWUI PU3UK
po3BuTKy KT 3 MeTOI0 po3po0ieHHSI iHAMBiAyani30BaHO-
O IJIaHy MOHITOpUHTY DYHKIIiT ceplisi Ta, 3a MOTpeoUu —
MpU3HAYEHHS KapJioNMpOTEKTUBHOI Teparii. B misoTHe
nocrmimkeHHs BkiaoueHo 40 xBopux Ha PI3 II-III
CcTajii, pi3HOro TiCTOJIOTIYHOTO THUILY, SIKi TPOXOAUIU

phy and cardiac MRI are expensive methods and
not routine for these patients [4, 13, 14].

The use of biomarkers is an alternative approach
to early diagnosis of CT that may help to identify
myocardial damage before the occurrence of HF
signs and/or myocardial dysfunction detected by
TTE.

Cardiac Tns have been established as biomarkers
of cardiomyocyte damage in myocardial infarction
(MI). In addition, an elevated level of Tn may
indicate heart damage in HF patients [15, 16], LV
hypertrophy [17, 18], and myocarditis. During the
last decades, cardiac Tns, are considered to be the
markers of CT of AC and other antitumor agents
[19].

According to the references, there are still many
uncertainties regarding the timing of laboratory
examinations, the determination of the upper limit
value for a specific indicator, and the use of various
laboratory methods. The most important issue is
the lack of strategic decisions and convincing evi-
dence for the interruption or termination of
chemotherapy, which must be followed in case of
obtaining results that are outside the normal
ranges. In addition, it is not specified how to inter-
pret the Tn rise from its previous level that is with-
in normal reference values in the absence of fac-
tors that could provoke its increase.

OBJECTIVE

The objective of the research was to study the
dynamic changes of high-sensitivity (hs) troponin
(Tn) T (hs-TnT) during 6 months of cancer treat-
ment with chemotherapy and RT to predict and
prevent CV complications in BC patients.

MATERIAL AND METHODS

The research is based on the data of a prospective
analysis of clinical data, BC treatment, dynamic
changes of hs-TnT, TTE, and their comparative
analysis in BC patients. A significant percentage of
hs-TnT elevation was calculated to identify
patients at high risk for CT.

Personalization and risk stratification based on
dynamic changes in hsTn will contribute to the
early detection of patients who are at high risk of
CT in order to develop an individualized plan for
cardiac function monitoring and, if necessary, to
use cardioprotective strategies. The pilot study
included 40 BC patientswith 1I-111 satage and var-
ious histological types who were managed at the
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JikyBaHHS Ha 0a3i HauioHalbHOTO iHCTUTYTY paky
MO3 Vkpainu (2017—2021 pp.) i orpumysBanu IITIT
3TiAHO 3 MPOTOKOJAaMM B HeOaa I0BaHTHOMY/al IOBaHT-
HOMY peXuMax y CKJadi KOMIUIEKCHOTO MPOTUITYXJIMH-
Horo JiikyBaHHs. ITallieHTiB cKepoByBaJIM Ha OOCTEXEH-
Hs i MoHiTopuHT ¢yHKLii CCC B LEeHTp KapAio-OHKO-
qorii Y «HHLI «IHcTuTyT Kapaionorii iM. akag. M. 1.
Crpaxecka» HAMH VYkpainn».

KputepisiMi BUKITIOUEHHST 3 MOCTIIKEHHS OylIM Ha-
sHicTb CH ta mucdynxkuii JIL (PB < 50%) 6ymnb-sKoi
eTioJiorii B aHamMHe3i, IM, iHCy/IbT/TpaH3uTOpHA illleMiuHa
araka, (pioOpuiIsLis/TPinoTiHHS TIepeAcepab B aHaMHe3i.

V nauienTiB oniHoBanu HagBHicTh CC OP (rimigHuii
npodinab, iHAEKC Macu Tija, MaJliHHSI) Ta KOMOpPOimHOL
narosorii [imemiunaa xBopob6a cepus (IXC), rimep-
ToHiuHa xBopoba (I'X), uykposuii giadet (L) Tomo].

3arajibHO-KJIiHiYHE OOCTEXXEHHS CKJIagaJoCch 3 BUB-
yeHHs1 aHamHe3y (CC3, nmpotokoiay JikKyBaHHs PI'3 —
no3u npenapartis Ta cxema I[1XT, goza I1T), OP, ouinku
KJiHiyHoro crany nanieHta, EKI, ExoKIT.

Bcim xBopuM Oysio TpOBEIEHO TpaHCTOPaKaJIbHY
ExoKI' Ta monmnepExoKI Ha amapati «TOSHIBA
APLIO 500» («Toshiba», flmonist) B nBoMipHOMY (B) pe-
KUMi, pexXumax MOCTiMHO-XBUJIbOBOI, iMITYJbCHO-
XBUJIbOBOI, KOJIBOPOBOI Ta TKAaHWHHOI aoruieporpadii.
BumMipioBanu KiHLIEBO-IiaCTOMIYHMI Ta KiHLEBO-CUC-
ToJIiuHUM po3mipu JIII, TOBIIMHY MIXIILTYHOUKOBOI Me-
peropoaku, 3agHboi crinku JII, BU3Havanu KiHIEBO-
IacTONYHUI, KiHIIeBO-cUCcTONIYHN 00’ emu JILI, OB
JIIII 3a nornomoroto MmoaudikoBaHoro meroay CiMIicoHa
[20]. Kputepiem KT mmncdyHKIii cepist BBaXKann 3HU-
xxeHHs @B JII > 10% (BiacOTKOBUX ITyHKTIiB) a00 HIX-
ye ii rpaHnuHOTO 3HaUYeHHs (< 50 %), 3TrigHO 3 pEKOMEH-
nauigmu [4, 13].

VY xBopux Ha PI'3 mepen mpoBeneHHSIM, B Tiepion Big 3
no 6 MicsauiB IIIT KiIbKiCHUM TeCTOM BU3HAYaIu
BUTHT. UyTnuBicTh TecTy MO3BOJsIE BUSBAATH BYTHT
npu KoHueHTtpamii Bix 0,003 Hr/miI Ta Buile, pepepeHT-
Huii intepBan 0—0,03 Hr/MII.

CratucTuyHy 00pOOKY pe3y/IbTaTiB IMIPOBOIMIIN 3a JOTO-
Morolo nporpamHoro 3abe3nedyeHHs1 Excel XP (Microsoft
Office, USA) i cratuctrunoi mporpamu SPSS 13,0 (IBM,
USA). Bci pesynsraty HaBeaeHo y Bursai (M £ m).

Ha ocHoBi aHamizy gaHux 0yn10 po3po0seHO Ta 3ampo-
MOHOBAHO BU3HAYEHHS 3HAYYILOro MmiaBuileHHs BYTHT y
xBopux Ha PI'3, sike BpaxoBye pi3HULIIO (Y BiICOTKAX) MixX
iioro 6a30BMM piBHEM Ta Oro 3HaYeHHSIM B Tiepion 3—6
micauiB. [amieHTn Oynu po3roAisieHi Ha TPyIX 3a CTyIIe-
HeM migBuiieHHs: BYTHT. 1-11a rpyma — HU3bKUI piBeHb
migsuineHHs (0—50%), 2-ra rpyna — NOMipHUIA piBeHb
(> 50—100 %), 3-14 rpyma — BUCOKMIi piBeHb (> 100 %).

National Cancer Institute (2017—2021) and
received chemotherapy in neoadjuvant/adjuvant
regimens as a part of a complex cancer treatment
according to the guidelines. Patients were referred
for examination and monitoring of CV function to
the Cardio-Oncology Center of the SI «<NSC «The
M.D.Strazhesko Institute of Cardiology» National
Academy of Medical Sciences of Ukraine».

The history and presence of HF and LV dysfunc-
tion (LV EF < 50 %) of any etiology, MI,
stroke/transient ischemic attack, and history of
atrial fibrillation/flutter were the exclusion criteria
from the study.

Patients were assessed for the presence of CVD,
RFs (lipid profile, body mass index, smoking), and
comorbidity (coronary heart disease (CHD), arteri-
al hypertension (AH), diabetes mellitus (DM), etc.).

The clinical examination consisted of medical
history (CHD, BC treatment protocol — cumula-
tive AC drug doses, the total dose of RT), RE
assessment of the patient’s clinical condition,
ECG, and TTE.

All patients underwent TTE (Toshiba Aplio 500,
Japan) in two-dimensional (B) mode, continuous-
wave, pulse-wave, color, and tissue doppler modes.
LV end-diastolic and end-systolic dimensions, the
thickness of LV interventricular septum and poste-
rior wall were measured; LV end-diastolic, end-
systolic volumes, and LVEF were calculated using
the modified Simpson method [20]. LVEF decline
> 10 % from baseline or below 50%, according to
recommendations [4, 13], was considered asa CT
criterion for cardiac dysfunction.

Hs-TnT with the quantitative test was performed
before, in 3 to 6 months of cancer treatment. The
normal reference ranges for the hsTnT test are
0—0.03 ng/ml, and the detectable levels — start
from 0.003 ng/ml.

Statistical analysis was performed by using the
Excel XP software (Microsoft Office, USA) and
the statistical program SPSS 13.0 (IBM, USA). All
results are presented as (M * m).

Based on data analysis, a definition of a signifi-
cant increase in hsTnT in BC patients was devel-
oped and proposed by calculating the difference
(in %) between its baseline level and any its rise in
the period of 3—6 months. Patients were divided
into groups according to the degree of hsTnT
increase (A hsTnT): group 1 — low level (0—50 %),
group 2 — moderate (> 50—100 %), group 3 — high
level (> 100 %).
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ITopiBHSIHHS BiIMiIHHOCTEN MixX TrpylamMu 31iliCHIOBa-
JIn 3a gornoMoroio t-kputepito Ct’rogeHTta. Kopensiiiii-
Huii aHani3 IlipcoHa OyB BUKOHAHUI 3 BUKOPUCTAHHSIM
napamMeTpUUHUX i HermapaMeTpUIHUX METOMIB I BU3-
HayeHHSsI acoLliaTUBHUX 3B’SI3KiB MixK MOKa3HUKAMU.

BigMiHHOCTI BBaXkajiud JOCTOBIpHUMU MPU 3HAYEHHSIX
KoediuienTa nocrosipHocTi (p) mexmie 0,05. Ha ocHoBi
JaHUX HayKoBOi poOOTM Oyya 3alpOoroHOBaHA MOJIEIb
BU3HAYEHHST paHHbOI OI0XiMiYHOI TOKCUYHOCTI TIpY BU-
KOPUCTaHHI MPOTUITYXJIMHHMX IIpeIaparTiB y XBOPUX Ha
PI'3. I BcTaHOBIIEHHS 3HAYYIIOCTI 3aIIPOTTOHOBAHOTO
METOJly BU3HaUeHHs paHHbOI O6ioximiuHoi KT OyB BUKO-
pucTaHuit MeTof JiorictuuHoi perpecii Ta ROC aHani3 i3
BU3HAYEHHSIM YYTJIMBOCTI Ta CrieUPivyHOCTI MOAEi.

PE3VJIBTATU TA OBTTOBOPEHHA
VY Bcix XBOpUX MNpOBeAcHO aHali3 aeMorpadiuHux,
KJIiHIKO-aHAMHECTUYHUX, aHTPOIIOMETPUYHMX IAHUX,
MOKAa3HUKIB reMOAMHAMIKM, YaCTOTU CYMNYTHIX 3aXBO-
ploBaHb, a TakoxX npoBeaeHo aHani3 I1I1T. Pesynsratu
MpeacTaBieHo B Tao. 1.

binbuicte xBopux orpumyBaiu IIXT 3 BUkopucraH-
Hsam ALl (emipyOinuH, gokcopyoiuuH) y cxemax [1XT —
FAC, AC, FEC, EC (mokcopybiuuH/enipyoiuuH -+
nukiodocdamin Ta/ado S-dayopypaluia), a TaKOX B
KoMOiHallii 3 iHIIMMU TIpenapaTtaMu (TaKCaHU, TPaCTy-
3yma0, miatuHoBMicHI npernaparu). IIT Oyna 3actoco-
BaHa y 20 xBopux, cepen HuX — y 50 % 3 1iBOOIYHOIO JIO-

Ta6nuusa 1

Differences between groups were compared
using Student’s #-test. Pearson’s correlation analy-
sis was performed using parametric and non-para-
metric methods to determine associative relation-
ships between indicators.

Pvalue < 0.05 was considered statistically signif-
icant. Based on the data of the study, a model was
proposed for determining early biochemical toxic-
ity when using antitumor drugs in patients with
BC. The method of logistic regression and ROC
analysis with establishing the sensitivity and speci-
ficity of the model was proposed to define the sig-
nificancy of the proposed method for determining
early biochemical CT.

RESULTS AND DISCUSSION

Demographic, history, clinical, and anthropomet-
ric data, hemodynamic indicators, and comorbidi-
ties were analyzed in all patients, and cancer treat-
ment analysis was also performed. The results are
presented in Table. 1.

Most patients received anticancer treatment
using AC (epirubicin, doxorubicin) in che-
motherapy regimens — FAC, AC, FEC, EC (dox-
orubicin/epirubicin + cyclophosphamide and/or
5-fluorouracil), as well as in combination with
other drugs (taxanes, trastuzumab). RT was used
in 20 patients, among them — 50 % with left-

XapakTepuctuka nauienTis i3 PI3, BknoyeHux B gocnipxenHa (M + m)

Table 1
Characteristics of BC patients (M + m)

Moka3uuk / Variable

Bennumnna nokasHuka / Value (n=40)

AHnamHe3 T1a gemorpagiyni nokasnukm / History and Demography

Cepeppiit Bik, poku / Age, yrs 47,018
Yacrka mauiienTok > 65 pokis, % / Patients of Age > 65 yrs, % 3(7,9)
Maninns, (abc./%) / Smoking, n (%) 1(2,9)
IMT, kr/m?/ BMI, kg/m? 26,8+0,6
Yacrka ocib 3 oxupiHHsIM, (abc./%) / Obesity, n (%) 3(7,9)
Dvcninigemis, (abc./%) / Dyslipidemia, n (%) 10 (25)
Mokasnuku remogmHamiku / Baseline hemodynamics

CAT od., mm pT. cT. / SBP, mm Hg 129,2+ 3,8
AT 0., mm pr. cT. / DBP, mm Hg 824+16
YCC, yan/x8 / HR, bts/min 83,125
®B W, % / LV EF, % 62,6 + 0,6
Komopoignicts / Comorbidities

IXC, (a6c./%) / CAD, n (%) 3(7,5)
LA, (a6e./ %) / DM, n (%) 0(0)
Ar, (abc./ %) / AH, n (%) 11 (27,5)
Mporunyxnunne nikyBanHs / Cancer treatment

ALl B cxemi, (a6c./%) / Anthracyclines, n (%) 30 (75)
Tpacty3ymab, (abc./%) / Trastuzumab, n (%) 24 (60)
MpomeHesa Tepanisi, (a6c./%) / Radiation therapy, n (%) 20 (50)

445 &



K/TIHIYHA

MPAKTUKA

ISSN 2304-8336. [Npobnemu pagiaviiiHol meauunHn Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2022. Bun. 27.

Kanizauielo PI'3, cepeaHst no3a onpoMiHeHHs cKJiaaa-
na (47,6 £0,9) Ip.

AHaJi3 MokasHUKiB y xBopux Ha PI'3 mpoBomgmBcs
3TiIHO 3 PO3MOAiJIOM Ha TPYMNHU 3a PiBHEM ITiIBUIIICHHS
BYTHT (A BYTHT) B mepiom 3—6 MicsIiB JIiKyBaHHS
(Tabum. 2).

CporomHi € 3araJbHOIPUIHATAM, IO ITiIBUIICHHS
TH y xBopux Ha pak Buime BMH € o3Hakoio
oioxiMiuHO1 KT, 1110 MOXe CyTTpOBOIKYBAaTUCH 3MiHAMU
ckopoTauBoi PyHKIii cepus i CH, a Takox 0e3 Takux
[21]. OmHak, He3BaXKalouM Ha Te, o TH OyB OlLliHeHMH
gk Hanpinauit Mapkep KT y nmekinbkox KIiHIYHHX
JOCJIIXXKEHHSIX, MEHIIe yBaru TNPpUAUISIOCS KHOTo
HiABUILIEHHIO B MexXax BennuuHu BMH.

Ha ocHoBi aHani3y BJlacCHUX JaHUX BHepiile OyJia 3am-
pPOITIOHOBAaHa TiNoTe3a, Y Ma€ 3HAYEHHS IMiIBUILEHHS
BUTHT B Mexax pedepentHoi BMH nisg panHboi miar-
HocTtuku OioximiyHoi KT. B mocTynHiit nitepaTypi He
3HalIEHO HAyKOBUX POOIT, B IKUX OYB ITPOBEIECHUM Ta-
KMt aHai3. binble Toro, cborogHi He icHY€e 3HaYeHHS
piBHS BYTH, sKuii OU CJIyTyBaB KPUTEPIEM PaHHBOI
6ioximiyHoi KT. 3rinHo 3 1iTepaTypHUMH i KJITiHIYHUMU
JAHMMHU B OKPEMUX TOCIiIKEHHSIX BUKOPUCTOBYBaBCS
piBeHb 3aranbHoro THI a6o THT, a He BYTH, TTpu LbOMY
MeXKelo iX MaToJIOTiYHOIO 3HAYeHHS BBaXKaBCSl PiBEHb
Tu Bin 0,03 mo 0,08 oguHMUILIE.

TonoBHolo nepeBaroro BYTHT B TOMy, 110 ioro pi-
BEHb Y CUPOBATIIi € Ay>Ke HU3bKUM i HE BU3HAYAETHCS
3a BiICYTHOCTI MioKapmiaJJbHOTO ypaxeHHs [22, 23].
Hopmanbhuii piBens THT B mia3mi KpoBi Moxe OyTu

Ta6nauusa 2

sided BC localization, the average radiation dose
was (47.6 = 0.9) Gy.

The analysis of BC patients’ data was performed
according to the groups with different levels of
A hsTnT within 6 month of cancer treatment
(Table 2).

It is generally accepted that a Tn increase above the
upper normal level is a sign of biochemical CT in
cancer patients, which can be accompanied by
changes in cardiac function and HEF, as well as with-
out them [21]. However, even though Tn has been
accepted as a reliable marker of CT in several clini-
cal studies, less attention has been given to its rise
within the upper limit of normal (ULN).

Based on the analysis of the obtained data, it is
hypothesized for the first time whether any hsTnT
elevation within the referent value of ULN is relevant
for early diagnosis of biochemical CT. In the available
literature, no scientific research with such type of
analysis had been was found. Moreover, today there is
no value of the level of hsTn, which would serve as a
clear criterion for early biochemical CT. According to
the literature and clinical data reports in some studies,
the levels of Tnl or TnT were used, but not hsTn, while
the level of Tn from 0.03 to 0.08 units was considered
to be the limit of pathological value.

The main advantage of hsTnT is that its serum
level is very low and cannot be determined in the
absence of myocardial damage [22, 23]. The nor-
mal level of TnT in blood plasma can be the same in

XapaKkrepuctuka xsopux Ha PI3 3anexHo Bia piBHA nigBuweHHs THT

Table 2
BC patients’ characteristics depending on hsTnT rise

1-warpyna/Group1 2-rarpyna/Group2 3-tarpyna/Group 3
PieeHb nigsuwieHHs A BYTHT / Level of A hsTnT rise
HU3bKuii / low nomipHuii / moderate Bucokwmii / high
(0-50 %) (50—-100 %) (> 100%)

Kinekictb xBopux, n / Number of patients, n 8 15 17

MokasHuk / Characteristic

Bik, poku / Age, years 45,8 3,2 48,035 45,727
JliBo6iuHa nokanizauiisi Pr3, (a6e./%) / Left-sided BC, n (%) 2 (25) 8 (53) 10 (25)
ALl B cxemi, (abc./%) / Anthracyclines, (n/%) 5(62) 12 (80) 15 (88)
Tpacty3ayma0, (a6¢./%) / Trastuzumab, n (%) 5(62) 7 (46) 10 (59)
MNT, (abc./%) / Radiation therapy, n (%) 4(50) 5(33) 10 (59)
AT, (a6c./%) / AH, n (%) 1(12) 5(33) 5(29)

IXC, (a6c./%) / CAD, n (%) 0(0) 0(0) 1(6)

OB JILL o nikyBaHHs, (%) / LV EF baseline, % 61,0+0,9 63,0+ 0,8 63,5+ 1,1
®B 1L yepes 6 mic. nikysaxHs, (%) / LV EF in 6 month FU, % 61,7+0,8' 57,0 £ 1,3"2 53,2 + 2,67
A OB JILL, (%) / A LV EF, % 21+05' 57+0,9' 10,8 + 2,6
Yacrka xBopux i3 B < 50%, (abc./%) / Patients with EF<50%, n (%) 0(0) 1(6) 5(29)

MpvMiTky. 'PisHULIS NOKa3HVKa JOCTOBIPHA MOPIBHSHO 3 TakinM B 3-it rpyni (p < 0,01); 2pi3HiLA MOKa3HMKA OCTOBIPHA NOPIBHSIHO 3 TakvM 0 NiikyBaHHs (p < 0,01).
Notes. 'Significant in compare with those in Group 3 (p < 0.01); %significant in compare with baseline (p < 0.01).
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OJHAKOBUM Y JIiTeli Ta JOPOCIUX He3aJeKHO BiJ BiKy Ha
Binminy Bim THI. OgHak, *XiHKM 3a3BMYail MalOTh HUX-
yuit piBeHb LUpKyIsaii THI i THT, Hi>K 4OJIOBIKM TaKOTO
XK Biky [24]. BuBinbHennsa THT, cipuunnene XT, 3a3Bu-
yaii € TpUBAJIUM i 6e3MepepBHUM, 1110 MOXeE BioOpaka-
TM XpOHIYHi 3aMajbHi 3MiHM MiOKapaa Ta OKCUAATUBHUM
cTpec MionuTiB. 3 Hi€i mo3utii, BuKoprucranHsg BUTHT €
BaXXJIMBUM [IJI1 BUSIBJIEHHsI HaBiTh HE3HAYHOrO MOTro
nigBuieHHs [25].

YV Bcix rpynax xBopux piBeHb BUTHT 10 mpoBeneHHs
IIIIT 3HaxomuBcsl B MeXax HOPMaJIbHUX BEJIUYUH i
ckianaB y cepeaHbomy (0,008 = 0,001) Hr/mi.

3a JaHWMU MPOBEACHOIO aHaJli3y BUSBIEHO, IO BiK Y
rpyIiax XBOPUX JOCTOBIpHO HE BiIpi3HSIBCS, IIPOTE MaB
TEeHACHIIIO A0 30iJIbIIIEHHS Y XBOPUX B 2-1 TPYITi.

Amnani3 nokanizanii PI'3 BUSIBUB HaliOiIbIITY KidbKiCThb
Mali€HTOK 3 JIIBOOIYHUM PO3TAllyBaHHAM ITyXJIUHU Y 2-i1
rpymi (53 %).

All B cxeMax JliKyBaHHSI BAKOPHMCTOBYBAJIUCh YacTille
B 2-ii Ta 3-1 rpynax (y 80 ta 88 % maiieHTOK BiaIo-
BiIHO), MOpPiBHSAHO 3 1-10 rpymoo (62 %).

IlepeBaxkHa OiNBIIICTh MALIEHTOK 3 Ipyny OTpUMAIU
1T B cxeMi KOMILIEKCHOTO JTiKyBaHH: (59 %), 3 sixux 80 %
XBOPUX MaJIu J1iBOOiIUHE pO3TalllyBaHHS MTyXJIMHU.

3rifHo 3 OKpeMMMM HOCHiIKEHHSIMU BCTaHOBJIEHO,
1o JiBo6iuHe posramryBaHHs PI'3 € ®P KT. ¥V mocnin-
>keHHi 4456 xiHok 3 PI'3, Bouillon 3i criiBaBT. [9] BUsiBU-
JIM 3HAYHO TTiABUILEHUI BiggaJeHU pU3UK CMEPTHOCTI
Bim CC3 cepen mailieHTOK, SIKi OTPUMYBaJIU TOPAKaJbHY
IIT npu n1iBOGIYHOMY ypaXkeHHi IPYyAHOI 3a7103H1 IOpPiB-
HSIHO 3 TIPaBOOIYHUM.

Haii6inp1 yacTUMU CynyTHIMU 3aXBOPIOBaAaHHSIMU OY-
mu AT, sika peectpyBanacs y 33 % mailieHTok 2-i rpynu
ta 29 % xBopux 3-1 rpymnu.

Hoseneno, mo AI' € mpegukTopom po3BuTtky CH y
JIITHIX XiHOK 3 PI'3, s1ki orpumyBaim Tepamnito ALl [26].

AHaJti3 CKOpOTIMBOI (hYyHKIIii CeplIs 1O MOYaTKy Ipo-
BenenHs I1I1T mokaszas, mo ®B JIII mocroBipHO He
Bimpi3Hsutack Mix rpymamu (tadu. 2). [Ipn ntuHamivyHO-
My CITOCTepeKeHHi B TepMiH 6 Mmic. Big mouatky ITT1T
@B JII y xBopux 1-i rpynu Oyna B Mexkax HOpMaJIbHUX
BEJMYMH i JOCTOBIPHO HE BiApi3HSIACh, Y XBOPUX 2-1
rpynu @B ckmamama (57,0 £ 1,3) %, ta Oyma moc-
TOBIpHO MEHIIIOIO TTOPiBHSIHO 3 TaKOIO 1O MPOBEICHHS
IIIT (p < 0,01).

Yepes 6 micaniB y xBopux 3-1 rpyrnu @B JILI cknana-
na (53,2 £ 2,6) %, Ta Oyyia DOCTOBipHO MEHIIIOIO IOPiB-
HSIHO 3 TakKoro B 1-i1 Ta 2-i1 rpynax (p < 0,01 ta p < 0,01
BiIMOBIAHO), Ta MOPiBHSHO 3 BUXiTHUM il 3HAYEHHSIM (p
<0,01) (puc. 1).

children and adults regardless of age, unlike Tnl.
However, women usually have lower levels of cir-
culating Tnl and TnT than men of the same age
[24]. CT-induced TnT release is usually long-last-
ing and continuous, which may reflect chronic
myocardial inflammatory changes and myocyte
oxidative stress. From this point of view, the use of
hsTnT is important for detecting even its slight
increase [25].

In all groups of patients, the hsTnT level before
cancer treatment was within normal values
(0.008 £ 0.001) ng/ml.

According to the data analysis, it was found that
the patients of all groups did not differ significant-
ly in age, except for its tendency to increase in the
patients of the group 2.

The analysis of BC localization revealed highest
number of patients with a left-sided location of the
tumor in group 2 (53 %).

The use of AC in treatment regimens was higher
in groups 2 and 3 (in 80 and 88 % of patients,
respectively), in comparison to group 1 (62 %).

59 % of patients in group 3 received RT as a part
of cancer treatment, and 80 % of those patients
had a left-sided location of the tumor.

According to several studies, it was established that
the left-sided location of the BC is the RF of CT. In
a study of 4,456 women with BC, Bouillon et al. [9]
found a significantly increased long-term risk of
CVD mortality among patients who received tho-
racic RT for left-sided versus right-sided BC.

AH was the most common comorbidity — in 33 %
of patients in group 2 and in 29 % of patients in
group 3.

It has been proven that AH is a predictor of HF
development in elderly women with BC, who
received AC therapy [26].

Analysis of the cardiac contractile function
before the start of cancer treatment showed that
LVEF was within normal ranges and did not differ
significantly between groups (Table 2). In 6
months of cancer treatment, LVEF was within
normal values and did not change from baseline in
patients of group 1; in patients of group 2, LVEF
was significantly lower (57.0 £ 1.3%) compared to
its baseline level (p < 0.01).

In 6 months of cancer treatment, LVEF in
patients of group 3 decreased significantly (53.2 +
2.6%) compared to its baseline value (p < 0.01)
and comparatively to that in 6 months in groups 1
and 2 (p <0.01 and p < 0.01, respectively) (Fig. 1).
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PucyHoK 1. lunamika nokasHukie B4THT Ta ®B JILI y xBopux Ha PI3

Figure 1. Dynamics of hsTnT and LVEF in BC patients

[Ipu ubomy, y 29 % xBopux 3-i rpynu BUSBIEHO 3HU-
xeHHs @B < 50 % Ta o3naku CH. ¥V tprox xBopux @B
oyna Hizkyoto 3a 40 %. Takoxx, B 3-ii Tpymi BeJU4YMHA
sHmkeHHst @B JILI (A @B JIII) cknanana (10,8 +2,6) %
Ta OyJia TOCTOBIpHO OiJILILIOIO MOPiBHSIHO 3 TaKOIO B 1-i1
rpymi (p < 0,01), mo cBimuuth npo KT Brumms ITI1T.

3rigHo 3 JaHUMU MPOBEICHOr0 KOPEJSLiifHOro aHa-
Ji3y, moka3HUK ABYTHT OyB JOCTOBIpHO MOB’SI3aHUI 3
BesmmurHoio A®B JII (r = 0,39, p < 0,05) Ta BUKOpucC-
tanHsaMm ALl (r = 0,37, p < 0,05), 1m0 cBigUUTH IIPO TeE,
IO Mali€HTH 3 MigBuIeHHIM piBHs BYTHT > 100 % €
nalieHTaMu BUCOKOro pusuky po3Butky KT, a came
nucdynkuii JIL/CH.

JlomaTKOBUM TiATBEPIXKEHHSIM TOTO, 110 ITiABUILIEHHS
piBus BYTHT HaBiTh B Mexkax BMH kopentoe 3 morip-
meHHsIM (GyHKuUir Miokapaa JIII, cBiguuTh BUSBIEHE
sHrkeHHss @B JII na > 5 %y 37,5 % xBopux.

O1xe, 3a pe3yJbTaTaMU JOCTiIKEHHSI MOXHA IIPUITYC-
titH, o IT1T, 3okpema ALl, mpuU3BOASTH IO TMOIIKO/I-
JKeHHSI YacCTKU KapIioMiOLIMTIB, 110 MiATBEPIKYETHCS
3pocTaHHsAM piBHS BYTHT, i SIK HACigOK LIbOTO IOpY-
IIYETHCS HacOCHA (PYHKIIiS ceplist — 3HMXKyeThcsd DB, a
B YaCTMHM XBOpUX BUHUKAIOTh o3HakKu CH.

3a MaHWMW HaUIOro JOCHIIKeHHS, IpU MOMAii
nauieHTiB 3 PI'3 Ha Teptuii, OyJ0 BCTAaHOBJIEHO, IO
xBopi Ha PI'3 3a HagBHOCTI MigBuIeHH piBHA BYTHT Ha
> 100 % B npoueci INI1T, € manieHTaMu BUCOKOTO pU3HU-
Ky CC ycKagHeHb.

3rigHo 3 pedyabratamu, BukopuctaHHs ALl Ta ITT Oy-
JIn Hauouibm BaromuMu PP, 110 BIUIMBaIW Ha MHigBU-
meHHs BUTHT ta cripusnu auchynkuii JIL.

Jl1st BCTaHOBJIEHHST 3HAYYILOCTi MPOMOHOBAHOIO Me-
TOJy BUBHAUEHHSsI paHHbO1 OioxiMiuHoi KT, a came BcTa-
HOBJICHHSI KOHKPETHOTO IIOPOTOBOTO 3HA4YeHHS, OYyB

At the same time, 29 % of patients in group 3
demonstrated LVEF decrease of < 50 % and signs
of HE In 3 patients, EF was lower than 40 %. Also,
in group 3, the LVEF drop (A LVEF) was (10.8 =
2.6) % and was significantly larger compared to
that in group 1 (p < 0.01), which indicates the neg-
ative impact of cancer therapy.

According to the correlation analysis, AhsTnT was
reliably associated with ALV EF (r = 0.39, p < 0.05)
and the use of AC (r =0.37, p <0.05), which indi-
cates patients with Ahs-TnT increase more than
100 % from baseline to be the high-risk patients for
CT, namely for LV dysfunction/HF.

Additional confirmation of the fact that the
hsTnT increase even within ULN correlates with
the LV function decrease is confirmed by LVEF
drop > 5 % in 37.5 % patients.

Therefore, according to the results of the study;, it
can be assumed that the part of cardiomyocytes is
damaged during 6 month of cancer treatment, in
particular with AC use, that can be confirmed by
hsTnT rise, and the decrease of the heart function,
presented by LVEF drop and HE

Data from our study defined BC patients with
hsTnT increase > 100% from the baseline value
during cancer treatment to be the patients at high
risk of CV complications.

Thus, the use of AC chemotherapy and RT was
the most significant RFs that affected the hsTnT
increase and contributed to LV dysfunction.

Logistic regression analysis was used to establish
the significance of the proposed method for deter-
mining early biochemical CT, namely the calcula-
tion of a threshold value of hsTnT. Receiver operat-
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BUKOPUCTAaHUI MeToj JorictuyHoi perpecii i ROC
aHaJli3 3 BUBHAYEHHSIM YYTJIMBOCTI Ta CrieM(PiyHOCTi
Mozesi. 3a JOIIOMOTOI0 MaTeMaTUIHOI'O MOACIIOBAH-
HS 3HAWJIEHO BU3HAYEHHS ONTHUMAJbHOIO 3HAYEHHS
JiarHOCTUYHOI'O0 MOKAa3HMKAa, MPU SIKOMY UYTIUBICTh
TeCTy JOPiBHIOE Kioro cnenudiyHocTi. Takox mpoBe-
JIEHO aJanTallilo MOJeJli 10 BUPILLIEHHS CUTYyallil KoJu
YYTJUBICTh TECTY OiJibIlIa 3a MOT0 CIeUn(iUyHICTb.

3a kputepiiin BudHaueHHs KT OyB BUKOpHCTaHUI
peKoMeHIoBaHM piBeHb 3HIKeHHs @B JILI > 10 mmpo-
LIEHTHUX IIYHKTIB BiJ 0a30BOro piBHSI 3TiIHO PEKOMEH-
Jauiii. Pe3yasraTi mpeacTaBieHo Ha puc. 2.

ITnoma nin xpusoio (AUC) ckiana 0,76 (p=0,028),
95% 1 (0,57—0,88). TakuM YHOM, 36iIbILIEHHSI KOH-
neHTpauii BUTHT B guHaMili ciocTepeskeHHs € 10C-
TOBipHUM IIPEAMKTOPOM IIOLIKOIKEHHs MioKapaa i3
HACTYIMHUM 3HUKEHHSIM HACOCHOI (PYHKIII cepus.
Yytnusicte Metomy ckiaina 89%, crienudiuHicTh —
56%. Ilpu 1bOMY BU3HAYEHO ONTUMAJIbHE ITOPOTOBE
3HaueHHs migBuieHHs BYTHT — 165%.

BaxuBo BuzHavatu KT Ha paHHiX 11 cTafmisix, a came
npu 3HKeHHi @B JII <10 BincoTKOBMX MYyHKTIB. 3
OISOy Ha lie, HaMU OYyJI0 MepeBipeHOo rinoTe3y LI0A0
e(eKTUBHOCTI TaHOrO METOIY BU3HAUYEHHS MPUPOCTY
BuTHT npu 3Hmxenni @B JILI Ha > 5 < 10 mipoueHT-
HUX MyHKTIB. Lle 3HM>KeHHST 3HaXOAUThCSI B TPAHUYHIN
30Hi, 1 Cy4acHi raiijyilailHu He peKOMEHIYIOThb 3aCTOCY-
BaHHS TPOMIiTaKTUUHUX UM JIIKyBaJbHUX CTpaTeTiii B
TaKWX BUMaaKax. Pe3ynsraTu NpeacTaBieHo Ha puc.3.

ITnoma min xkpusoro (AUC) cknana 0,73 (p = 0,017),
95 % A1: 0,56—0,89. BinmoBinHO pe3y/IbTaTi aHaJIi3y 1o~
Kazajau, 1o 30iablIeHHS KoHuUeHTpalii BYTHT B au-
HaMilli CITOCTePeKEHHST HaBiTh TPY MEHIIIOMY 3HUXKEHHi
®B JII € cuibHUM IIPEIUKTOPOM MOPYIISHHST HACOC-
Hol dyHKUil cepusd. Yyrumsicte MeTony ckiaia 99 %,
crietudivHicTb — 56 %. [1pu IboMy ONTUMAJIbHE TTOPO-
roBse 3HayeHHs migBuieHHs BYTHT cknagae > 165 %.

TakuM 4YMHOM, 3 OIJIsIIy Ha BUILEHABENCHUIA aHAi3,
Ha Hally IyMKY, Oi1bII OPUAHSITUM METOAOM ITPOTHO-
syBaHHsI KT € 3acTocyBaHHsI KpuTepito 3HKeHHs1 DB
JIII Ha > 5 npouieHTHUX IMyHKTIB B riporieci [TITT. Me-
TOJ € iHAUBinyadi30BaHUM, OCKIJIbKA MOXKE BUKOPHUC-
TOBYBaTHUCSI Y OKPEMOI'O MalliEHTa, i B OCHOBY ITOKJIa-
JeHo 3MiHy piBHS BYTHT B iuHaMILli CITOCTEpesKeHHS.
BinnosinHo 36inbiieHHs pisHg BYTHT Ha > 165 % Bin
BUCXiAHOTO 3HAYEHHS € 03HAKOIO PaHHbOI Oi0XiMiYHOL
KT. ITauieHTiB i3 TakuM MiABUIIEHHSIM piBHSI TH He-
00XiZHO BiTIHOCUTH OO Tpynu BUcOKoro pusuky CC
YCKJIAIHEHb 3 TOCIAYIOUMM IUTaHyBaHHSM I1€pPCo-
HaJ1i30BaHOIO MOHITOPUHTY Ta 3aCTOCYBaHHSI IEPBUH-
Hoi podinakTukm KT,

ing characteristic (ROC) curves were used to assess
the diagnostic accuracy for the detection of CT
according to the changes in hsTnT and LV EF values
during 6 months of cancer treatment. Optimal cutoff
values were derived from ROC curves and sensitivity,
and specificity values were calculated. The model was
also adapted to solve the situation when the sensitiv-
ity of the test is greater than its specificity.

An LVEF drop > 10 percentage points from its
baseline level was used as the criterion for CT
according to the recommendations. The results are
presented in Fig. 2.

The area under the curve (AUC) was 0.76 (p =0.028),
95 % CI: 0.57—0.88. Thus, an increase in the hsTnT
concentration during 6 months of cancer therapy is
a reliable predictor of myocardial damage, followed
by a decline in heart function. The method’s sensi-
tivity was 89 %, and specificity was 56 %. At the
same time, the increase of hsTHT > 165 % was deter-
mined as the optimal threshold value for the detec-
tion of early biochemical CT

It is important to determine CT in its early stages,
namely when the LVEF decreases less than < 10 per-
centage points. The hypothesis was tested regarding
the effectiveness of this method of determining the
hs-TnT when reducing LVEF by > 5 < 10 percentage
points. This LVEF reduction level is in the grey
zone, and current guidelines do not recommend the
use of preventive or therapeutic strategies in such
cases. The results are presented in Fig. 3.

The area under the curve (AUC) was 0.73 (p =0.017),
95 % CI: 0.56—0.89. The analysis showed that an
increase in the concentration of hsTnT in the moni-
toring period, even with a drop in LVEF > 5 %, was
a strong predictor of a decreased heart function. The
sensitivity of the method was 99 %, and the specifici-
ty — was 56 %. The optimal threshold value for the
increase of hsTnT > 165 % was established.

Thus, based on the above analysis, the reduction
of LVEF by > 5 percentage points within cancer
treatment is the more accepted method for predict-
ing the LVEF decrease. The method is more indi-
vidualized as may be applied in the specific patient,
and is based on changes in every patient’s hsTnT
level. Accordingly, AhsTnT increase of > 165 %
from the baseline value is considered to be a marker
of early biochemical CT in cancer treatment. Those
patients can be classified as patients at high risk of
CV complications with subsequent planning of per-
sonalized monitoring and the use of CT primary
prevention.
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BusznauenHst BUTH 10 mpoBeAeHHS JiKyBaHHS Ta IOTO
MOBTOPHA OLiHKA B TMHAMIUHOMY CITOCTEpEKEHHI Mpo-
tsairoM IITIT y xBopux Ha PI'3 € Baxk/InMBo1O 3 OMISIAY Ha
BU3HAYEHHSI TEPMiHiB MOHITOPUHIY (DYHKILil cepLs Ta
BYACHOTO TIpU3HAYCHHS KapHiolpOTeKTUBHOTO (OeTa-
070KaTOpHU, iHTIOITOPU aHTIOTEH3UMHITEPETBOPIOBAIHLHO-
ro ¢epmeHTa) JaikyBaHHs. OIlliHKAa CTPYKTYpHO-(YHK-
LiOHAJPHUX TOKa3HUKIB cepust, a came @B JIII € He-
OOXiTHMMU 10 TOYaTKYy, Ta 3iCTaBJIEHHS il 3 TPUPOCTOM
BuTH B nipoueci ITITT.

3rigHo 3 OTpUMMaHUMU JAHUMMU, IPU HASIBHOCTI Y XBO-
puUX migBuieHHS BYTH Ha 165 % — KapaionpOTEeKTUBHY
Teparlito I0LiIbLHO ITPU3HAYATH HABITh 32 BiICYyTHOCTI 3HU-
keHHs1 @B a6o 3a ymoBu 3meHeHHss @B JIL < 10 %, He
yekaroun o3Hak KT ta cumnromiB CH.

BUCHOBKU

BusnauenHs ta kopekuis KT Ha paHHiIX TepMiHax €
BaXKJIMBOIO cKJanoBolo epekTuBHOCTI TTIIT Ta mporHo-
3y y xBopux Ha PI'3. BusBieHHs nauieHTiB i3 migBuILe-
HuM piBHeM BUTH B nipoueci ITI1T € BaxknuBuMm 3 orisiny

(1) 450

PucyHok 2. ROC kpuBa ana nporHo3yBaHHA KT Ha oCcHOBi Bu3-
HauyeHHA nigBuweHHA BYTHT B AMHaAMIiLi cnocTepeXeHHsA

Figure 2. ROC curve for predicting CT based on hsTnT rise dur-
ing cancer treatment

PucyHok 3. ROC kpuBa gns nporHo3zyBaHHa KT Ha ocHOBi BuU3-
HauyeHHA nigBuweHHs BYTHT B AMHaMIiLi cnocTepeXeHHsA

Figure 3. ROC curve for predicting CT based on hsTnT rise dur-
ing cancer treatment

Detection of hsTnT before treatment and its re-
evaluation in dynamic observation during cancer
treatment in BC patients is important in determin-
ing of timely heart function monitoring and start
of cardioprotective (BB, ACE inhibitors) treat-
ment. Assessment of heart function, in particular
LVEE is obvious before the start of cancer treat-
ment and in follow-up.

In accordance with obtained data, if the patient
has > 165 % hsTnT increase, it is necessary to
consider the administration of cardioprotective
therapy even in the absence of a LVEF drop or if
the LVEF decreases by less than 10%, and before
the signs and symptoms of HF as CT manifesta-
tion.

CONCLUSIONS

Detection and management of CT at the early
stages is a significant point of cancer treatment
effectiveness and prognosis in BC patients.
Identification of the patients with an increased
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Ha 3anobiranHs MaioyTHiM CC ycKIagHEeHHSIM, a caMme
samkeHHo @B JII Ta cumntomuoi CH, i cipusitume
MOKpAaIlleHHIO BIKMBAaHHS XBopux Ha PI'3.

Ha ocHOBi BUBYEHHS TaHUX MPOCIEKTUBHOTO aHaJIi3y
®P KT, zicraBnenns ix 3 manumu B4 THT ta ExoKI B qu-
HaMiYHOMY CITOCTEPEXEHHi pO3p00JIeHO Ta 3allPOIOHO-
BaHO METOIMKY BU3HAUEHHSI paHHbOI OioxiMiuHOi KT, B
OCHOBY $IKOI TOKJIaJleHO BM3HAUYE€HHSI CTYII€Hs MiIBU-
meHHs TH. [Toain XxBoprx Ha TEPTUITI, 3aJIEXKHO BiJl piBHS
migsumieHHs BUTHT (0—50—100 %) mokaszaB, 10 XBOpi
Ha PI'3, gaki MaroTh migBuineHHs piBHI BYTHT Oimblie
100 % nipotsirom 6 micsuis I1I1T, MmaloTh 03HAKK paHHBOT
oioximiyHoi KT i € mamieHtamu BHUcokKoro pusuky KT
YCKJIaIHEHb. 3a JOIMOMOIOK METOAY JOTICTUYHOI per-
pecii Ta ROC anamizy Oyno BCTaHOBJIEHO OINTUMAJIbHE
noporose 3HadyeHHs miaBuineHHs BYTHT — 165 %, 1o €
4iTKOIO 03HaKow OioxiMiuHoi KT, 3 uyriusicTio 99 % Ta
crienudivHicTio 56 %.

BukopucraHHs 3alIpOnOHOBAHOI OLIIHKUA AUHAMIYHUX
3MmiH BUTHT B nipouieci II1T € Baxk1uBUM, OCKiTBKU J10-
3BOJISIE iMeHTU(iIKyBaTU XBOPUX BUCOKOIO PU3UKY, Bill-
MOBiIHO PO3POOJIATH iHAMBiIAyadAbHUI TILJIAH MOHITO-
pUHTY 0iOXiMiYHMX MapKepiB Ta (PYHKILIiT cepls 3 METOIO
BYACHOTO MPU3HAYCHHS IM KapaioNmpOTeKTUBHUX CTpa-
Teril.
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level of hsTnT during BC therapies is important to
prevent future CV complications, mostly, LVEF
reduction and symptomatic HF, and that appro-
ach will result in better survivorship for those
patients.

Based on the results of the prospective pilot
study, a method for the detection of early bio-
chemical CT was developed and proposed, which
is based on the hsTnT increase during cancer
treatment. Tertiles analysis, depending on the
level of hsTnT (0—50—100 %) rise demonstrated
that BC patients with hsTnT increase of more
than 100 % in 6 month of cancer treatment, have
the signs of early biochemical CT and high risk of
CV complications. Using logistic regression and
ROC analysis, the diagnostic threshold hsTnT
value was > 165 % for the prediction of early bio-
chemical CT, with a sensitivity of 99 % and a
specificity of 56 %.

The use of the proposed assessment of dynamic
hsTnT changes is important, as it allows identify-
ing high-risk patients, gives background to devel-
oping individual monitoring of biomarkers and
heart function and considers cardioprotective stra-
tegies.
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