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ABSTRACT

Aim. To evaluate the role of polymorphisms in adrenoceptor beta 1 (ADRBI) (Arg389Gly, rs1801253) and angio-
tensin-converting enzyme (ACE) (I/D, rs4343) genes in assessing the effectiveness of -blocker (carvedilol) and
ACE inhibitor (enalapril) therapy in women with anthracycline-induced cardiotoxicity (AIC) without prior cardio-
vascular diseases (CVD) during 12-month follow-up.

Materials and methods. A total of 82 women (average age 45.0 (42.0; 50.0) years) with AIC and without prior CVD
were included in the study. Echocardiography was performed and serum levels of NT-proBNP were determined at
baseline and at 12 months after the enrollment. Gene polymorphisms in ADRBI and ACE genes were evaluated by
polymerase chain reaction at baseline.

Results. Carriers of the G/G genotype in the ADRB1 gene and G/G genotype in the ACE (I/D, rs4343) gene showed
a significant increase in left ventricular ejection fraction (LVEF), a decrease in the size of the left ventricle (LV)
and left atrium (LA), and a fall in the NT-proBNP level. Carriers of other genotypes had further progression of AIC
which was manifested through a decrease in LVEF and an increase in the size of LV and LA.

Conclusion. Evaluation of gene polymorphisms in ADRBI (Arg389Gly, rs1801253) and ACE (I/D, rs4343) genes
may be recommended before treatment initiation for AIC in women without prior CVD to determine who will
benefit from carvedilol and enalapril therapy, as well as to identify a priority group of patients for personalized
intensification and optimization of treatment for decreasing development of adverse cardiovascular events.
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QapmakoreHeTuKa B Ie4EHVN aHTPaALMKANH-UHAYLNPOBaHHON
KapAVNOTOKCUYHOCTM Y XKeHLMH 6e3 conyTCTBYIOLWNX CepAEeUYHO-

cocyauncTbix 3aboneBaHuin

FpakoBa E.B.', KonbeBa K.B.", LLinnos C.H.?, bepe3ukoBa E.H.2, MonoBa A.A.%,
HeynokoeBa M.H.?, PatywHsak E.T.%, KanioxxuH B.B.?, Tennakos A.T."
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PE3IOME

Heas. Onpenenuts pons monmumopduzMoB renoB Bl-agpenopenentopa (ADRBI) (Arg389Gly, rs1801253) u an-
ruoTeH3uHNpeBpamaromero Gepmenta (AIID) (I/D, rs4343) B ouenke 3h(eKTHBHOCTH Tepanuu P-OJ10KaTOpoM
(xapBeaminonom) u HHrHONTOpoM AIID (3HaNManpUIIOM) y KEHIIMH C aHTPAIUKIHMH-HHAYIHPOBAHHON KapJHOTOK-
cuaHOCThIO (AWK) 1 6e3 comyTCTBYIOMHNX ceplIedHO-COCYAUCThIX 3a0oeBanuii (CC3) B TeueHue 12-MecsigHOTO

nepuoaa HaOmoJeHuS.

Marepuaibl 1 MeTO/IbI. B ricciieoBanme BKIIOYEHBI 82 jKeHIITUHBI B Bo3pacte 45,0 (42,0; 50,0) et ¢ AUK u 6e3
CC3 B anamHe3se. Oxokapauorpaduio u onpenenenue yposHs NT-proBNP B cbIBOpOTKe KPOBH BBIIOIHSITH HCXO/I-
HO ¥ uepe3 12 Mec mociie BKIIoYeHus B uccieaoBanue. OueHky nonumopdusmos reHoB ADRBI n ACE npoBoauin

C IMMOMOIIBIO nonnmepam—toﬁ LIETTHOM pCaKuu UCXOAHO.

PesyabTartel. Y Hocureneit renotuna G/G rena ADRBI u renoruna G/G rena ACE (I/D, rs4343) nuarHoctupo-
BaHO 3HAYMTENILHOE yBeIM4YeHHe (Gpakuuu BeIOpoca jeBoro xenaynouka (OB JIXK), ymensmenue pazmepos JIK
u sieBoro npexacepaus (JIIT), a Takxe camkenne ypoBHeid NT-proBNP. V Hocurene apyrux reHOTHIOB HaOIIro-
Janock ganbHeiee nporpeccuposanue AWK, uto nposiBisuiocs cHuxkerueM @B JDK u yBenuueHneM pazmepos

JDK u JIIT.

3akmouenne. Ouenka momumopduzmos reHoB ADRBI (Arg389Gly, rs1801253) u ACE (I/D, rs4343) moxeT ObITh
pexoMeHoBaHa 0 Hadana jedeHust AWK y sxennma 6e3 CC3 B aHaMHe3e, 9TOOBI ONPEeNUTh, Kakue OOIbHBIE
OyIyT MMeTh NMPEHMYILECTBA OT TEParuy KapBEAMWIOIOM M DHAJAIPHIOM, & TaKKe BBIACIUTH MPUOPUTETHYIO
rpyniy GOJIbHBIX JUIS HEPCOHUPUIMPOBAHHON HHTEHCH(HKAIINK i ONTUMH3ALIMH JICUCHUS C LENIbI0 YMEHBIICHUS

Pa3BUTHS HEOIATONPUATHBIX CEPJICIHO-COCYAUCTBIX COOBITHIA.

KuroueBrbie ciioBa: AHTPAUKIMH-UHAYIHUPOBaHHAsA KapAUOTOKCUIHOCTDb, CE€pACHYHAas HEAOCTAaTOYHOCTb, IOJIN-

MOpP(}HU3MEI T€HOB, B-aJpeH00IOKAaTOpP, HHIHONTOP aHTHOTEH3WHITPEBPAIAIONIero (hepMeHTa

Konpaukt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH()JINKTOB HHTEPECOB,

CBSI3aHHBIX C MyOJUKAIMEH HACTOSIIICH CTAThH.

HUcTounuk (lJI/IHaHCI/IPOBaHPIﬂ. d)sz[aMeHTanLHoe Hay4YHOC HCCJIICN0BaHUE ((I/I3y‘leHI/I€ MEXaHU3MOB CTPYKTYp-
HOIro nu q)yHKIII/IOHaJ'IBHOFO peMoaCInpOBaHrs MHUOKap/Jia Ipru pasHbIX q)eHOTI/IHaX XpOHH‘lCCKOfI cepuequﬁ HEI0-

CTaTOYHOCTH MIIEMUYCCKON M HeumeMuaeckoi stuonorumy Ne 122020300045-5.

CooTBeTcTBHE NPHHIIUNIAM 3THKHU. Bee manuenTs! moanucany HHGOPMUPOBAHHOE COTIIACHE HA yJacTHE B HCCIIe-
noBanun. VccnenoBanne 0100peHo oKanbHbIM dTHYeckuM komutetoM HUU xapanonorun Tomckoro HUMLI,

Jia nuruposanus: I'pakoBa E.B., Konsesa K.B., Illunos C.H., bepe3uxosa E.H., [Tlonosa A.A., Heynokoe-
Ba M.H., Parymmnsax E.T., Kamoxun B.B., TerusikoB A.T. @apmakoreHeTuka B JICUCHUN aHTPALUKIMH-UHIY PO~
BAaHHON KapJHOTOKCHYHOCTH Y >KSHIINH 03 COIYTCTBYIOIINX Cep/IedHO-COCYANCTHIX 3aboieBanuil. boinemens

cubupcroil meouyunol. 2022;21(4):44-53. https://doi.org/10.20538/1682-0363-2022-4-44-53.
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INTRODUCTION

Anthracyclines are an important component
of many chemotherapy regimens, but their use is
associated with an increased risk of developing
cardiotoxicity and heart failure (HF) [1]. As a result of
the growing number of cancer survivors, the incidence
of anthracycline-induced cardiotoxicity (AIC) is
also increasing. However, neither optimal primary
preventive strategies nor AIC-specific therapies have
been developed for these patients [2]. Subclinical
myocardial cell injury induced by anthracyclines is
followed by asymptomatic left-sided heart failure
and symptomatic HF, which can lead to irreversible
cardiomyopathy. Although early AIC that develops
in the first 12 months is often reversible, the late one
involves a number of injuries that result in irreversible
changes [3].

Treatment for patients with AIC currently includes
standard therapies for congestive heart failure (HF)
with ACE inhibitors, beta-blockers, and loop diuretics
[4]. Enalapril and carvedilol are some of the main drugs
for AIC treatment that appear effective in reducing
the rates of left ventricular systolic dysfunction and
preventing left ventricular ejection fraction (LVEF)
decline in patients with AIC [2, 5, 6]. However, not
all patients respond to therapy with these drugs. There
are responders that have an increase in LVEF after
the onset of congestive HF and non-responders that
have no increase or even a decrease in LVEF despite
receiving optimal drug therapy [7]. Genetic factors
may be crucial in a patient’s response to treatment and
may help identify a subset of HP patients with AIC
who might benefit from personalized intensification
and optimization of treatment in order to reduce the
development of adverse cardiovascular events [8].

Therefore, the aim of the study was to evaluate
the role of polymorphisms in betal-adrenoceptor
(ADRBI) (Arg389Gly, rs1801253) and angiotensin-
converting enzyme (ACE) (I/D, rs4343) genes in
assessing the effectiveness of B-blocker (carvedilol)
and ACE inhibitor (enalapril) therapy in women
with anthracycline-induced cardiotoxicity (AIC) and
without concomitant cardiovascular diseases (CVD)
during a 12-month follow-up period.

MATERIALS AND METHODS

The study was conducted in accordance with the
Declaration of Helsinki and was approved by the local
Ethics Committee at Cardiology Research Institute,
Tomsk National Research Medical Center. All

patients signed an informed consent to participate in
the study.

The study was prospective, observational, and
single-center. A total of 82 women with AIC which
developed 12 months after chemotherapy were enrolled
in the study from February 2019 to February 2020.

Inclusion criteria were the following: 1) women
with breast cancer who did not have a history of
cardiovascular diseases and who developed AIC;
2) cancer treatment they received was either a
combination of doxorubicin and cyclophosphamide
(AC regimen), or a combination of doxorubicin,
cyclophosphamide, and docetaxel (TAC regimen);
3) NT-proBNP levels > 125 pg / ml; 4) breast cancer
remission.

Criteria for the development of AIC included
reduction of LVEF by > 10 points from the baseline
value or LVEF value of less than 55% with symptoms
of HF and NT-proBNP levels > 125 pg / ml 12 months
after chemotherapy.

Exclusion criteria were the following: 1) type
1 and 2 diabetes mellitus; 2) coronary heart
disease; 3) hypertension; 4) valve defects and prior
cardiomyopathies of any etiology; 5) HF with an
alternative cause of manifestation (severe lung
diseases, primary pulmonary hypertension, anemia,
body mass index > 50 kg / m?); 6) previous treatment
with any cardiovascular drugs, including ACE
inhibitors and B-blockers; 7) concomitant severe
renal or hepatic failure, or multiple organ dysfunction
syndrome; 8) indications of poor drug tolerance; 9)
chronic alcoholism or mental disorders; 10) ovarian
pathology or hormonal imbalance.

Blood samples were obtained by venipuncture and
adequate serum samples after centrifugation were
stored at —24 °C with one freeze — thaw cycle. The
serum levels of NT-proBNP were determined using
an enzyme-linked immunosorbent assay (Biomedica
Immunoassays, Austria).

Buccal epithelium was taken to determine gene
polymorphisms. DNA was isolated from buccal
epithelial cells using phenol - chloroform extraction.
Genotyping of the ADRBI gene (polymorphism
Arg389Gly, rs1801253) and I/D of the ACE gene (I/D,
rs4343) was carried out by the real-time polymerase
chain reaction.

The Hardy — Weinberg equilibrium was used to
monitor genotyping results, testing was conducted
using an online program on the website of the Institute
of Human Genetics (http://ihg2.helmholtz-muenchen.
de/cgi-bin/hw/hwal.pl).
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All patients received B-blocker (carvedilol) and
ACE inhibitor (enalapril) therapies as AIC treatment.
Drugs were titrated to the maximum tolerated dose.
Given the fact that study participants were women
without a history of cardiovascular diseases, the
average up-titrated dose of carvedilol was 50 (25; 50)
mg / day and that of enalapril was 10 (10; 20) mg / day.

An unfavorable course of AIC was defined
as new or aggravating symptoms / signs of HF,
reduction of LVEF by more than 5% 12 months after
treatment initiation, or an increase in New York Heart
Association (NYHA) class by 1 or more functional
classes. Patients who did not meet these criteria had a
favorable course of AIC.

Statistical processing of the results was carried out
using Statistica 10.0 R software package version 2.
Data were presented as the median and the interquartile
range Me (Q,,; O.,). To test statistical hypotheses, the
Mann — Whitney test was used to analyze quantitative
variables when comparing two groups. In the analysis
of qualitative characteristics, the contingency tables
were analyzed using the Pearson’s y2 test. If there
were cells with an expected frequency of less than 5,
then the two-sided Fisher’s exact test or the Yates’s
correction was applied (for 2 x 2 tables). Odds ratios
(OR) for gene polymorphisms were determined using
logistic regression models. All p values were two-
tailed. The differences were considered statistically
significant at p value of 0.05 or less. Power calculation
for the gene polymorphism test was 72.6%.

RESULTS

Initially, we examined a total of 303 women
aged 45.0 (42.0; 50.0) years with breast cancer and
without cardiovascular diseases and cardiovascular
risk factors (LVEF of 67.0 (62; 70) %), who received
chemotherapy. The cumulative dose of doxorubicin
was 300-360 mg / m*. 12 months after chemotherapy,
82 patients developed symptoms of HF (NYHA FC
I0III) and had reduction of LVEF by 25.2%: from
65.5 (61; 70) to 49 (47; 52) %. These patients were
included in the study, and for the treatment of AIC,
they were prescribed carvedilol and enalapril at the
maximum tolerated doses.

All patients were examined after 12 months of
treatment and were divided into two groups: group 1
(n =31) included patients with an unfavorable course
of AIC, group 2 (n = 51) consisted of patients with a
favorable course of the disease. Baseline demographic
and clinical characteristics did not differ between
the groups (Table 1). Baseline echocardiography

parameters were also the same in both groups.
However, 12 months after treatment initiation, in
group 1, LVEF significantly (p < 0.001) decreased by
10.0% from 50 (47; 53) to 45 (44; 49) %; end-systolic
diameter (ESD) increased by 3.0% (p = 0.037), end-
diastolic diameter (EDD) rose by 4.0% (p = 0.001),
left atrial (LA) size increased by 3.2% (p = 0.001),
and 6-minute walk test (6 MWT) distance decreased
(p = 0.046) by 5.4%. In group 2, LVEF significantly
(» = 0.005) increased by 6% from 49 (46; 51) to
52 (47; 55) %,; the levels of NT-proBNP decreased
by 22.5% (p < 0.001), and 6MWT distance increased
(p=0.011) by 11.6% (Table 2).

The presence of the C/G genotype in ADRBI
rs1801253 (odds ratio (OR) =2.01; p = 0.004) and the
A/A genotype in ACE 1s4343 (OR =4.21; p = 0.003)
was associated with further reduction of LVEF and
progression of HF symptoms despite the therapy. The
G/G genotype in the ADRBI rs1801253 gene (OR =
0.55; p < 0.001) and the G/G genotype in the ACE
rs4343 gene (OR = 0.65; p = 0.001) were significantly
associated with the improvement in HF symptoms and
an increase in LVEF by 6%. Thus, patients with these
genotypes may benefit from B-blocker (carvedilol) and
ACE inhibitor (enalapril) therapy for AIC (Table 3).

No differences in echocardiography parameters and
NT-proBNP levels were found at baseline and after 12
months of follow-up depending on NYHA functional
class. The dynamics of the echocardiography
parameters, NT-proBNP levels, and 6MWT distance
during the follow-up were analyzed depending on
polymorphisms in ADRBI (Arg389Gly, rs1801253)
and ACE (I/D, rs4343) genes (Table 4). Women with
the G/G genotype in the ADRBI gene (Arg389Gly,
rs1801253) had the absolute benefit from carvedilol
and enalapril therapies. In these patients, LVEF
significantly (p < 0.001) increased by 10.7% from
50 (48; 51) to 56 (53; 57) %, ESD and EDD
decreased by 5.8 (»p < 0.001) and 6.0% (p < 0.001),
respectively; LA size decreased by 9.7% (p < 0.001),
6MWT distance increased (p = 0.008) by 4.7%, and
NT-proBNP decreased by 34.8% (p < 0.001). In
carriers of the C/C and C/G genotypes, HF progressed
further, which was manifested through a decrease in
LVEF and an increase in LV and LA dimensions.

Women with the G/G genotype in the ACE (I/D,
rs4343) gene benefited from carvedilol and enalapril
therapies as well. In these patients, LVEF significantly
(» = 0.002) increased by 7% from 50.5 (47; 51) to 54
(50;57) %, ESD and EDD decreased by 5.3 (p=0.007)
and 3.0% (p = 0.038), respectively; LA size decreased
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by 3.3% (p = 0.012), and NT-proBNP decreased by to decrease by 20% (p = 0.052). Echocardiography
20.4% (p = 0.007). In carriers of the A/A genotype, parameters in patients with the A/G genotype in the
HF progressed further, which was manifested ACE (1/D, rs4343) gene did not change, but NT-
through a decrease in LVEF and an increase in LV proBNP levels significantly decreased by 19.6%
dimensions, however, NT-proBNP levels tended (» <0.001).

Table 1
Clinical and demographic characteristics of patients at the time of inclusion in the study
Parameters Group 1, n =31 Group 2, n =51 p

Age, years, Me (O ,5; O,) 50 (47; 52) 48 (45; 50) 0.066
Body mass index, kg / m?*, Me (Q,; 0..) 23.7(21.3;26.2) 24.3 (21; 26.3) 0.601
Heart rate, bpm, Me (O ,; O ) 75 (68; 83) 75 (69; 81) 0.825
Systolic blood pressure, mm Hg, Me (Q,; O.) 115 (1105 120) 115 (1105 120) 0.744
Diastolic blood pressure, mm Hg, Me (Q,; O..) 70 (70; 80) 75 (70; 80) 0.012
NYHA Class

Class I, n (%) 16 (51.6) 26 (50.9) 0.987
Class IL, n (%) 13 (41.9) 20 (39.1) 0.675
Class 111, n (%) 2(6.5) 5(9.8) 0.423
Smoking, n (%) 5(16.1) 8 (15.7) 0.143
COPD, n (%) 4(12.9) 7 (13.7) 0.981
Childbearing potential, n (%) 10 (32.2) 18 (35.3) 0.877
Menopause, 1 (%) 21 (67.8) 33 (64.7) 0.191
GFR, ml/ min / m* Me (0 .; Q..) 89 (78; 96) 88 (76; 98) 0.876
Six-minute walk test distance, m, Me (O,; O.) 426 (349, 482) 426 (359; 472) 0.601
Total cholesterol, mg / dl, Me (O,; O ,) 93.6 (83.7; 102.6) 94.5 (84.6; 102.6) 0.882
LDL, mg/dl, Me (Q,5; Q) 43.2 (39.6; 50.4) 43.2 (39.6; 50.5) 0.475
HDL, mg/dl, Me (Q,.; Q) 41.44 (36.0;42.2) 39.6 (36.0; 43.2) 0.323
Glucose, mmol /1, Me (Q,; O ) 5.3(4.2;6.1) 5.4 (4.1;6.0) 0.541
Hemoglobin, g /1, Me (Q,; O,) 109.5 (100; 117) 109.5 (99; 117,5) 0.798
NT-proBNP, pmol / ml, Me (Q,.; O..) 353.9(265.4;412.5) 317 (253; 372.9) 0.163
Note: GFR — glomerular filtration rate (CKD-EPI); HDL — high density lipoproteins; LDL — low density lipoproteins.

Table 2
Dynamics of echocardiography parameters, NT-proBNP levels, and 6-minute walk test distance
during the follow-up period Me (Q,; O..)
12 months aft@r chemotherapy 12 months after carvedilol and
Before chemotherapy (before carvedilol and enalapril . S
e enalapril treatment initiation
Parameters p treatment initiation ) P p
Group 1, Group 2, Group 1, Group 2, Group 1, Group 2,
n=31 n=>51 n=31 n=>51 n=31 n=>51

LVEF, % 67 (63; 70) 65 (60; 69) | 0.119 50 (47; 53) 49 (46;51) | 0.117 | 45 (44; 49) 52 (47; 55)* <0.001
LA, mm 28 (26; 31) 28 (25.5;31) 31(29; 33) 31(28;32) | 0.064 | 32(30; 34)" 29 (27; 30)" <0.001

EDD, mm | 41(39;44) | 42(40;44) |0396| 48(45;51) 50 (46;51) | 0.252 | 50 (48; 52)" 48 (47;50) | 0.005
ESD, mm 30(27;32) | 29(27;30) |0.336| 37(34;39) 36(32;38) | 0.191 | 38(37;39) 35(32;37) | <0.001

NT-proBNP, 527 51.1 3539 317 3145 245.6
pg/ml (45.9; 60.8) 45:61.9) | %770 | (265.4:4125) | (253;372.9) | ¥16% | (250.3:357.8) | (211.9: 2768y | <0001
gli\fa‘t’:’czm 576 (552; 592) | 575 (560; 589) | 0.924 | 426 (349; 482) | 426 (359; 472) | 0.149 | 403 (341; 436)" | 482 (375; 476) | 0.008

Note: here and in Table 4: 6-MWT — 6-minute walk test; LVEF — left ventricular ejection fraction; LA — left atrium; EDD — end-diastolic diameter;
ESD — end-systolic diameter; NT-proBNP — N-terminal pro-B-type natriuretic peptide; # — statistically significant differences in comparison with
the baseline levels.
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Table 3
The frequency of genotypes, n, %, and odds ratio
Gene Genotype | Group 1, n=31 Group 2, n =151 OR | 95% confidence interval (CI) %2 p

y 1 (Are389Gl C/C 10 (32.3) 11 (21.6) 0.98 0.87-1.12 1.16 0.282
rs?g(ﬁ 2§3)rg 9Gly, /G 21 (67.7) 18 (35.3) 201 191227 813 | 0.004
G/G 0(0.0) 22 (43.1) 0.55 0.18-1.11 18.27 <0.001
CE A/A 16 (51.5) 10 (19.6) 421 2.89-11.54 9.12 0.003
(D, rs4343) A/G 14 (45.3) 24 (47.1) 0.98 0.9-1.13 0.04 0.867
G/G 1(3.2) 17 (33.3) 0.65 0.38-1.43 10.20 0.001

Table 4

Dynamics of echocardiography parameters, NT-proBNP levels, and 6-minute walk test distance during the follow-up period
depending on gene polymorphisms in ADRBI (Arg389Gly, rs1801253) and ACE (I/D, rs4343) genes, Me (0Q,.; 0..)

12 months after chemotherapy 12 months after carvedilol and enalapril treatment
Parameters (before carvedilol and enalapril treatment initiation) » initiation »
ADRBI (Arg389Gly, rs1801253) ADRBI (Arg389Gly, rs1801253)
C/C,n=21 C/G,n=39 G/G, n=22 C/C,n=21 C/G,n =39 G/G,n=22
LVEF, % 49 (47, 51) 49 (46; 53) 50 (48; 51) 0.859 48 (45; 49)* 46 (44; 49)* 56 (53;57)* | <0.001
LA, mm 30 (29; 33) 31(28;33) 31(29;32) 0.431 31 (30; 33) 31 (29; 33) 28 (27;30)* | <0.001
EDD, mm 49 (45; 50) 48 (46; 52) 50 (48; 51) 0.377 49 (48; 51)" 48 (46; 52)" 47 (46; 48)" <0.001
ESD, mm 35(33;38) 37(33; 39) 34 (32;37) 0.335 37 (35; 38)" 37 (36; 39)" 32(31;34)* | <0.001
NT-proBNP, 324.8 318.9 327.5 0.976 311.7 276.8 213.55 <0001
pg/ml (285.7;394.7) | (259.7;381.8) | (260.1; 387.5) (248.9;350.9) | (242.8; 337.8)" | (195.3; 256.7)"
g;i\t?lz, m 426 (359; 445) | 433 (348;488) | 423 (364;467) | 0.667 (35(;‘;0:18)‘* 430 (345;476) | 444 (402; 476)" | 0.038
ACE (I/D, rs4343) ACE (1D, rs4343)
A/A, n=26 A/G,n=38 | G/G,n=18 P ["A/An=26 | A/G,n=38 | G/G.n=18 r

LVEF, % 52 (47; 53) 48.5(46;51) | 50.5(47;51) | 0.052 | 48 (45; 50" 47 (45; 51) 54 (50;57)" | 0.002
LA, mm 29 (27; 32) 31(29; 33) 30(29;32) | 0.125 | 32(29;33) 32(29; 33) 29 (27;30)" | 0.031
EDD, mm 49.5 (45; 50) 48 (46; 50) 50 (49; 52) 0.192 50 (48; 52)* 48 (47, 50) 48.5 (47;50)* | 0.116
ESD, mm 35.5(33;37) 36 (33; 39) 38(34;40) | 0237 | 37(35;38) 36 (33; 38) 36(32;37) | 0341
NT-proBNP, 359.5 3211 314.1 0,678 287.6 258 249.9 0.035
pg/ml (265.4;421.5) | (259.7;,387.5) | (279.6;372.9) (245.6;350.9) | (214.7;314.5)* | (195.3;267.8)*
6-MWT 433.5 413.5
distance, m 397(335450) | (35g.agy) | 426(G78:473) | 0252 |397(335:432) | 0", | 449 (421:487) | 0.015
DISCUSSION Oxidative stress as the main mechanism for

AIC largely develops due to doxorubicin-induced
free radical formation through mitochondrial redox
cycling of doxorubicin in cardiomyocytes, which
ultimately leads to LV dysfunction and in the most
severe cases — to irreversible congestive HF [4]. The
clinical implications of this cardiotoxicity become
more important with the increasing use of cardiotoxic
drugs [9] and the growing number of cancer survivors,
which leads to an increase in the incidence of AIC
[3]. However, the optimal strategy for preventing
and managing AIC requires further research. Various
groups of drugs for AIC treatment and prevention
are currently being investigated. ACE inhibitors
and B-blockers slow down the progression of LV
dysfunction in HF, but their effectiveness in AIC
treatment is still controversial.
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the development and progression of AIC may also
contribute to contractile LV dysfunction, cardiac
remodeling, lethal arrhythmias, and sudden cardiac
death. Several medications are known to have
antioxidant effects, including some ACE inhibitors
and [-blockers. Carvedilol is a non-selective
B-blocker with antioxidant properties [10]. The results
obtained in several studies indicate that carvedilol has
a protective effect for primary prevention of AIC [2]
and may inhibit its development even at low doses
[11]. However, the CECCY (Carvedilol Effect in
Preventing Chemotherapy Induced Cardiotoxicity)
trial randomized 200 patients with breast cancer, who
were to receive anthracyclines (doxorubicin 240 mg
/ m?), to receive either carvedilol therapy or placebo
for primary prevention. At 6 months, no difference
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was found (carvedilol cohort = 14.5% vs. placebo =
13.5%; p = 1.0) in the frequency of AIC between the
groups [12].

M. Guglin et al. studied 468 women with HER2-
positive breast cancer receiving trastuzumab. The
women were randomized to receive treatment with
lisinopril, carvedilol, or placebo. No significant
difference was found in the primary endpoint of AIC
development (32% in the placebo group, 29% in the
carvedilol group, and 30% in the lisinopril group)
[13].

ACE inhibitors, such as enalapril, are another
group of drugs with an antioxidant effect considered
for AIC treatment and prevention. It was found that in
patients with increased risk of AIC, defined by elevated
troponin [ values, early treatment with enalapril could
prevent the development and progression of late
cardiotoxicity [14]. In another study that investigated
enalapril and candesartan against placebo, enalapril
appeared to decrease the LV end-systolic wall stress,
although it did not improve the maximum cardiac
index according to exercise echocardiography [15].

D. Cardinale et al. showed that patients who
were randomized to receive enalapril for primary
prevention had lower incidence of cardiac events
compared with the control group (p < 0.001) [16].
The randomized OVERCOME (Prevention of Left
Ventricular Dysfunction with Enalapril and Carvedilol
in Patients Submitted to Intensive Chemotherapy
for the Treatment of Malignant Hemopathies) trial
showed that combination therapy prevented LVEF
reduction compared with the control group at 6 months
(» = 0.035), but there was no difference in serious
adverse events between the groups [17].

Based on all of the above, enalapril and carvedilol
are among the main drugs for AIC treatment that
appear effective in reducing the incidence rates of
left ventricular systolic dysfunction and preventing
reduction of LVEF in patients with AIC [2, 5].
However, not all patients respond to therapy with
these drugs. There are responders that have an
increase in LVEF after therapy initiation and non-
responders in whom LVEF does not increase, but
sometimes even decreases, despite optimal drug
therapy [6]. Authors point out several reasons why
some patients may not respond to therapy. Firstly, it
may depend on the irreversibility of damage in AIC.
Early type I toxicity is often reversible, late type II
toxicity involves an injury cascade that leads to almost
irreversible changes [3]. Since most studies include
patients with early AIC, the benefits of carvedilol and

enalapril for patients with type II AIC have not been
established yet [12—14, 17]. Secondly, genetic factors
may be crucial in a patient’s response to treatment
and may help identify a subset of HP patients
with AIC who might benefit from personalized
intensification and optimization of treatment in order
to reduce the development of adverse cardiovascular
events [7, 18].

This study assessed the impact of genetic factors
(polymorphisms in the ADRBI gene (Arg389Gly,
rs1801253) and ACE gene (I/D, rs4343)) on the
effectiveness of B-blocker (carvedilol) and ACE
inhibitor (enalapril) therapy in women with AIC
and without prior cardiovascular diseases during
a 12-month follow-up period. Beta-1 adrenergic
receptors (AR) play a pivotal role in the regulation
of the cardiovascular system. Changes in expression
or properties of the beta-1 adrenoceptors may
have phenotypic consequences affecting their
cardiovascular or metabolic function or may contribute
to the pathophysiology of disorders like hypertension,
congestive HF, asthma or obesity [19]. Thus, assessing
the beta-1 adrenoceptor genotype, may help predict
responsiveness to f-blocker treatment in patients with
ischemic HF: patients homozygous for the Arg389
beta-1-AR polymorphism should be good responders
while patients homozygous for the Gly389 beta-1-AR
polymorphism should be poor responders or non-
responders [20, 21].

L.M. Baudhuin et al. showed that carriers of the
G/G genotype should receive an increased dose of the
drug to achieve a therapeutic effect in HF treatment
[22]. Another study found no relationship between
the genotypes of the Arg389Gly polymorphism in
the ADRBI gene and the effectiveness of carvedilol
therapy in 183 HF patients with ischemic or non-
ischemic cardiomyopathy, and LVEF <35% [23]. The
C/C genotype is associated with a significantly greater
increase in LVEF during carvedilol therapy in patients
with HF of non-ischemic etiology compared with
the C/G or G/G genotypes in the ADRBI gene [24].
These differences in the pharmacogenetic efficacy of
carvedilol in assessing the Arg389Gly polymorphism
in the ADRBI gene in different studies indicate the
need for further research. A combined assessment
with the CYP2D6 polymorphism, which affects the
pharmacokinetic effects of the drug [25] and the
dosage regimen of the drug, is also promising, even
though R. Shihmanter et al. revealed that variations
in the CYP2D6 genotype were not associated with a
change in the carvedilol dose in HF patients [26].
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In this study, we evaluated the impact of the
Arg389Gly polymorphism in the ADRBI gene on
the pharmacodynamic effects of carvedilol. Thus,
women with the G/G genotype in the ADRBI gene
(Arg389Gly, rs1801253) had the absolute benefit from
carvedilol and enalapril therapies. In these patients,
LVEF significantly (p < 0.001) increased by 10.7%;
ESD and EDD decreased by 5.8 (p < 0.001) and
6.0% (p < 0.001), respectively; LA size decreased by
9.7% (p < 0.001), 6BMWT distance increased by 4.7%
(»p = 0.008), and NT-proBNP levels decreased by
34.8% (p < 0.001). In patients with the C/C and
C/G genotypes, HF progressed further, which was
manifested through a decrease in LVEF and an
increase in LV and LA dimensions. However, we
found that patients with a further decrease in LVEF
and progression of HF were rarely carriers of the G/G
genotype, which does not contradict the literature
data, according to which the G/G genotype is rare and
may even be absent in the general population [27].
Therefore, there is a need for further observations
regarding this genotype in patients with AIC.

In the general population, the ACE gene was
found to be associated with cardiovascular diseases
and multiple cardiovascular risk factors, although
some studies did not reveal such associations [28].
Polymorphisms in the ACE gene are associated with
a response to ACE inhibitor therapy, but researchers
have not reached consensus as to which allele has a
more pronounced effect. In this study, we established
for the first time that women with the G/G genotype
in the ACE gene (I/D, rs4343) benefited from
carvedilol and enalapril therapies. In these patients,
LVEF significantly (p = 0.002) increased by 7%,
ESD and EDD decreased by 5.3 (p = 0.007) and 3.0%
(p» = 0.038), respectively; LA size decreased by 3.3%
(» = 0.012), and NT-proBNP levels decreased by
20.4% (p = 0.007). Carriers of the A/A genotype had
further progression of HF which manifested through a
decrease in LVEF and an increase in LV dimensions,
but NT-proBNP levels tended to decrease by 20%
(p = 0.052). Echocardiography parameters in carriers
of the A/G genotype in the ACE gene (I/D, rs4343)
did not change, but NT-proBNP levels significantly
decreased by 19.6% (p < 0.001), which was probably
due to concomitant B-blocker therapy.

It should be noted that our data do not suggest
that B -blocker and ACE inhibitor therapy should be
withheld only when genetic analysis is not favorable.
However, evaluating these genes may help identify a
subset of HP patients with AIC and LV dysfunction

who might benefit from personalized intensification
and optimization of treatment in order to reduce the
development of adverse cardiovascular events.

CONCLUSION

Our data suggest that evaluation of ADRBI
(Arg389Gly, rs1801253) and ACE gene (I/D, rs4343)
polymorphisms may be recommended prior to the
initiation of AIC treatment in women without known
history of CVDs to determine patients with AIC and
left ventricular dysfunction who will benefit from
intensification and optimization of treatment to reduce
the development of adverse cardiovascular events.
Carriers of the G/G genotypes in the ADRBI and ACE
genes (I/D, rs4343) benefited from carvedilol and
enalapril therapy.

RESEARCH LIMITATIONS

The main limitations of the study included the
small sample of patients, short-term follow-up, and
the absence of hard endpoints. Further studies are
required to clarify the role of the ADRB1 (Arg389Gly,
rs1801253) and ACE genes (I/D, rs4343) in assessing
the effectiveness of beta-adrenoceptor (carvedilol) and
ACE inhibitor (enalapril) therapy in women with AIC.
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