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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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3. Submitted material must include a coverage of a topical subject, research methods, results,
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Anti-cancer therapy with anthracyclines and trastuzumab
has raised concerns regarding cancer therapy-related cardiac
dysfunction (CTRCD) in breast cancer (BC) patients.

This study aimed to assess left ventricular (LV) ultrasound
parameters in BC postmenopausal women during a 2-year
follow-up period after starting anti-cancer therapy.

Methods: We studied 74 women with early-stage BC
with, a mean age of 62.3 (SD-8.6), who underwent adjuvant
doxorubicin or doxorubicin + trastuzumab therapy. Parameters
such as LV ejection fraction (LVEF), global longitudinal
strain (LVGLS), and mitral annulus systolic velocity(S’) were
evaluated. Serial evaluations were conducted at baseline(T0)
and the first (T1), second (T2), third (T3), sixth (T4), ninth
(T5), twelfth (T6), and twenty-fourth month (T7) following
the initiation of the chemotherapy. Cardioprotective therapy
(CPT) was administered to high-risk patients and those with
worsening LV systolic parameters. A multiple regression
model was employed to assess the combined effects of various
factors and co-factors on the outcome variables. Cardiotoxicity
was evaluated using the survival analysis tools (Kaplan-Meier
curves and Cox proportional model).

Results: A total of 27 (36.5%) patients developed CTRCD,
although no patients were presented with symptomatic heart
failure. LVGLS started to decline one month after the first
anthracycline dose (T1) in 13.5% of the cohort and 34.5% of
patients with CTRCD (p<0.000). From the third month, 10.8
% of the patients showed a decrease in EF%, including 27.6%
of patients with CTRCD in (P<0.000).Throughout the study, S’
remained within the normal range in patients without CTRCD,
Only patients with CTRCD showed a decline in S'.

Conclusions: This prospective study revealed that:1) The
dynamic assessment of GLS should be prioritized for the
early detection of systolic dysfunction .2) S’ possesses a high
diagnostic value for identifying cardiotoxicity. 3) Implementing
the optimal medical cardioprotective strategies and closely
monitoring LV systolic function can prevent serious cardiac
complications in patients undergoing highly cardiotoxic anti-
cancer treatment.

Key words. Cardiotoxicity, breast cancer, global longitudinal
strain, CTRCD, GLS, chemotherapy, EF, mitral annulus systolic
velocity.

Introduction.

Globally, women are diagnosed with BC more often than
any other cancer [1-3]. More than 60% of new cases occur
in the 50-70 age group (postmenopausal women), where the
incidence rises correspondingly with age [1,2]. The number
of cancer survivors has increased recently due to significant
advancements in treatment plans and early cancer detection
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programs [1,3]. However, concurrent with these encouraging
trends, a pressing issue has surfaced: cardiotoxicity or
CTRCD, which significantly worsens prognosis [4,5]. Because
of the increased risk of cardiovascular disease as well as the
development of cancer, the frequency of short- and long-term
side effects of cancer therapy increases proportionately with
age [1,2,6]. It has been shown that the decrease in LVGLS
is highly informative of CTRCD diagnostic [7-10]. GLS is
analysis of myocardial deformation that preferentially reflects
subendocardial longitudinally oriented fiber’s function, which
are most prone to subtle damage and wall stress. Compared
to LVEF and other traditional echo parameters, LVGLS has
a better predictive capacity [11]. A change in LVGLS occurs
in asymptomatic patients when LVEF is still preserved,
especially in intermediate- and high-risk individuals. Therefore,
LVGLS is a more reliable marker of cardiotoxicity than LVEF
[11,12]. According to several studies, LVGLS-guided CPT
may be useful for preventing advanced forms of heart failure
by potentially reducing the decline in LVEF that follows
[13]. This could be achieved through optimizing the use of
cardioprotective strategies. The prognostic value of LVGLS for
CTRCD is supported by several meta-analyses [14-16]. Even
with suboptimal visualization of the LV endocardium, mitral
annular systolic velocity (S') can be measured and is informative
in assessing left ventricular systolic function (LVSF). Although
there are few studies on the usefulness of S' in cancer patients,
currently available evidence points to S' advantages.

Materials and Methods.

A prospective single-center study within a 24-month follow-
up was conducted at the ultrasound laboratory of Ivane
Javakhishvili Thbilisi State University (TSU) Medical Center.
The study included 100 consecutive female patients based on
referral with newly diagnosed BC. The research data were
collected from December 2019 to March 2024. The study was
approved by the Ethical Committee of the Faculty of Medicine
of TSU, all patients provided written informed consent.
Inclusion criteria were primary BC, postmenopausal status,
and an indication of anticancer therapy with anthracycline-
trastuzumab-containing regimens. Furthermore, in addition
to high CTRCD potential anticancer therapy patients had at
least one risk factor for CTRCD development (Hypertension,
Diabetes M. Obesity, Dyslipidemia, Smoking, and documented
CVDs: CAD, Hypertensive heart disease). Exclusion criteria
included: pregnancy, inability to provide informed consent,
history of prior chemotherapy or radiotherapy, reduced
LVEF<50%, suboptimal ultrasound views, severe valvular
disease, patients with primary cardiomyopathy, medical history
affecting LV function, atrial fibrillation, or implantation of
permanent pacemakers. The two-year study's outcomes were
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further examined in 74 women out of the 79 patients who were
enrolled based on the aforementioned criteria. Five patients
were dropped from the study due to personal reasons.

Cardiotoxicity was defined as a reduction in LVEF from
the baseline of 10% and/or LVEF<50% and/or a decrease in
LVGLS of 15% from baseline and/or a decrease in LVGLS
below -16%.

The mean initial age of the study patients was 62.3 years
(Standard Deviation (SD)-8.6), with a range of 46-76 years, and
a median age of 64 years. At baseline a comprehensive medical
history was obtained from each patient, including demographic
information and CTRCD risk factors, the latter of which were
selected by the 2022 ESC Guidelines on cardio-oncology
developed in collaboration with the European Hematology
Association (EHA), the European Society for Therapeutic
Radiology and Oncology (ESTRO) and the International
Cardio-Oncology Society (IC-OS): Developed by the task force
on cardio-oncology of the European Society of Cardiology
(ESC) [17]. Doxorubicin was administered to all patients (n-
74), and human epidermal growth factor receptor 2 positive
(HER2-positive) (n-15) patients received doxorubicin followed
by trastuzumab. Data were analyzed in two age groups: <
65 years, 51.4% (n-38), and > 65 years, 48.6% (n-36). The
research parameters and their dynamics were assessed based
on CTRCD risk groups (high + medium (n-41) and low risk (n-
33)), treatmentregimen (anthracycline (n-59) and anthracycline +
trastuzumab (n-15)), and doxorubicin doses (Dox1<250 mg/
m2 (n-44) and Dox2>250 mg/m2 (n-30)) as well. If systolic
parameters (GLS or EF) worsened or in any patient with a high
risk of CTRCD, the attending cardiologist-initiated CPT (Beta
blockers and angiotensin converting enzyme inhibitors (ACEI)
or angiotensin receptor blockers (ARB)). High-risk patients
constituted 13 % (n—10) of the study population, medium-
risk patients made up 41 % (n—31), and low-risk patients
made up 44 % (n—33). A prospective serial evaluation was
conducted at specified intervals, with all assessments performed
before the commencement of anticancer therapy (denoted
as TO) Subsequent assessments were performed following
the commencement of anthracycline therapy at various time
points: the first (T1), second (T2), third (T3), sixth (T4), ninth
(TS), twelfth (T6), and twenty-fourth month (T7). Notably, for
patients diagnosed with HER2-positive BC, the T4 evaluation
coincided with the third month following the administration of
the initial dose of trastuzumab.

All ultrasound examination were conducted under conditions
of normal blood pressure (BP) and heart rate (HR). Echo
images were acquired using PHILIPS EPIQ 7G with X5-1
transducer, with optimal ECG signal control and minimal
heart rate variability over four equal cardiac cycles.Two-
dimensional Conventional (TTE) and speckle tracking
echocardiography(STE) were performed in full compliance
with the recommendations of the American Society of
Echocardiography and the practical guidelines for performing
of the British Society of Echocardiography minimum dataset
[18-20]. All standard views were consistently selected correctly,
including 3 apical views (A4C; A2C; A3C). A complete
echocardiographic examination of LV structural and functional
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systolic/diastolic parameters (including LVEF, GLS and S') was
performed in the research groups.

To maximize reliability and reproducibility in STE, imaging
was optimized by focusing directly on the region of interest
(ROI), patients were excluded from the study when two or
more segments could not be adequately visualized/ tracked. In
order to avoid artifacts, the signal was obtained with optimal
gain settings at the moment of breath holding at the end of
exhalation. The frequency of frames between 60-90 seconds
was considered valid. A semi-automatic tracing mechanism
was used for speckle tracking. The endocardium was accurately
traced. in the A4C, A3C and A2C views the ROI was defined
in full compliance with the recommendations of the practical
guideline of the British Society of Echocardiography and the
American Society of Echocardiography for the minimum
dataset [18-20]. GLS was calculated as the average of the peak
systolic longitudinal strain values were from all LV segments in
A4C, A3C, and A2C views. The bull's eye was finally obtained
by integration; LV was divided into 18 segments, The bull's
eye displays inferior, anterior, infero-septal, antero-septal,
infero-lateral, antero-lateral segments of LV, each of which
has apical, mid and basal regions. Longitudinal strain values
was calculated for each segment (segmental strain) and as the
average value of all segmental strains (global strain). LVEF
was calculated using the modified Simpson biplane method. S'
as well as ¢’ were obtained in the A4C view by Pulsed Wave
Tissue Doppler (PW TDI) by placing a sample volume in the
septal and lateral annular sites during end-systole, after which
S' mean and e' mean were calculated (average mean of septal
and lateral). Age ranges were taken into account. The view was
oriented parallel to the interposition of the annular motion and
the ultrasound beam. It was obtained during breath holding at
the end of exhalation. Mean E/e' was calculated by dividing the
early (E) trans-mitral velocity wave by early annular diastolic
velocity (mean e') using TDI imaging to compute the E/e’ ratio.
Mitral valve (MV) peak E- and A-wave velocities (cm/s) as well
as DT were assessed using pulse wave (PW) doppler in A4C by
the placement of the sample volume directly between the tips of
the mitral valve leaflets, 1 to 3 mm from their ends. IVRT was
measured from the apical five-chamber views (A5SC) using PW
doppler. The sample volume was placed between the aortic and
the mitral valves.

Statistics: The SPSSv  program was used to
analyze the obtained results statistically. IBM SPSS, Chicago,
IL, USA; 23.0. Quantitative variables as Mean + Standard
Deviation (SD) are presented. Independent t-tests and Fisher's
exact tests were used to compare the groups. One-way
ANOVA was applied in certain instances. Paired t-tests were
used to analyze basecline and follow-up data. Percentages
are used to represent categorical variables. We used the
Chi2-test and Fisher's exact test to compare the groups.
A multiple regression model was used to examine the
joint impact of various factors and co-factors (independent
variables) on the outcome variables (dependent variables).
The dependent variable, Y (outcome), is the presence
of CTRCD at Stages 4 (six months after chemotherapy initiation)
and 7 (24 months after chemotherapy initiation). Independent



variables: a) Baseline variables: including age,
cardiotoxicity risk (score), hypertension (HT), diabetes
mellitus type 2 (DM2), coronary artery disease (CAD),
smoking (SM), obesity (OB), chemotherapy regimen, anti-
HER2-therapy, radiotherapy, ejection fraction (EF0), global
longitudinal strain (GLSO0), and mitral annular systolic
velocity (S'0). b) Change of following parameters from
baseline value after one month: including EF(Delta EF1),
GLS (Delta  GLS1), S' (Delta_ S'1). CTRCD was evaluated
using the survival analysis tools (Kaplan-Meier curves and Cox
proportional model). The Hazard Ratio (HR) was calculated
alongside 95% confidence intervals (95% CI) to quantify the
strength of the association between the variables of interest
and the risk of cardiotoxicity. To determine the significance
of the observed associations, a p-value threshold of <0.05 was
established to reject the null hypothesis.

Results.

In our study, we conducted a comprehensive analysis of
LV systolic parameters within our cohort over a two-year
follow-up period. Study findings reveal that 36.5% (n-27)
of participants developed CTRCD during this timeframe.
Consequently, the survival rate free from CTRCD within the
entire study population was determined to be 63.5%. We closely
monitored the temporal dynamics associated with the onset of
CTRCD throughout the 24-month follow-up. Notably, CTRCD
manifested in the first month (T1) following the initiation of
chemotherapy in 13.5% (n-10) of the cohort. The incidence
reached its peak at the 24-month mark (T7), with a cumulative
rate of 36.5% (n-27) (see Figure 1).

In our study, we stratified participants into two distinct age
subgroups to assess the rates of survival from CTRCD. Group 1
included individuals aged 65 years or older (n-36), while Group
2 comprised those younger than 65 years (n-38). The survival
rate for Group 1 was found to be 52.8%, in contrast to a notably
higher survival rate of 73.7% in Group 2. Utilizing the Cox
proportional hazards model for analysis, we calculated a hazard

ratio indicating that the risk of developing CTRCD in individuals
aged 65 years and older was statistically significantly elevated,
with an HR of 2.37 (95% confidence interval [CI]: 1.10-5.08,
p=0.026), compared to their younger counterparts (see Figure
2). Furthermore, we examined the incidence of CTRCD based
on treatment regimens, specifically differentiating between
patients receiving anti-HER2 therapy (n-15) and those not
receiving this specific treatment (n-59). The survival rate among
patients undergoing anti-HER2 therapy was 26.7%, starkly
lower than the 72.9% survival rate observed in the cohort not
receiving anti-HER2 therapy. The hazard ratio derived from
the Cox proportional hazards model revealed that the risk of
CTRCD was significantly higher for patients on anti-HER2
therapy, with an HR of 4.45 (95% CI: 1.47-13.46, p<0.001)
compared to those not on this therapy (see Figure 3).

Figure 4 presents the Kaplan-Meier survival curves stratified
by doxorubicin dosage, delineating two distinct subgroups:
Dox1, which includes patients administered doxorubicin at a
dosage of <250 mg/m? (n-44), and Dox2, characterized by those
receiving dosages exceeding 250 mg/m? (n-30). The application
of the Cox proportional hazards model yielded a significant
hazard ratio indicating that patients undergoing high-dose
anthracycline therapy face a 2.42-fold increase in the risk of
cardiotoxicity related to CTRCD compared to those receiving
low-dose treatment (HR=2.42, 95% Confidence Interval [CI] =
1.11-5.28, p=0.020).

Furthermore, the incidence rates of CTRCD were analyzed
across the study's temporal framework, differentiating between
low risk (n-33) and high plus moderate risk groups (n-41). The
analysis revealed that the hazard ratio for cardiotoxicity in the
high plus moderate risk group is statistically significant, being
9.24 times greater than that of the low-risk group (HR = 9.24,
95% CI = 6.55-13.06, p=0.001), as illustrated in Figure 5.

Additionally, Figure 6 delineates the progression of CTRCD as
assessed by echocardiographic parameters, specifically ejection
fraction (EF) and global longitudinal strain (GLS), throughout
the study period.
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Figure 1. Kaplan-Meier curve for CTRCD Survival (Total Group; n=74).
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Figure 2. Kaplan-Meier curves for CTRCD Survival for the groups divided by age: the group 1 (Age > 65; n=36) vs. the group 2 (Age < 65, n=38).
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Figure 3. Kaplan-Meier curves for CTRCD Survival for the groups divided by the presence of anti-HER?2 therapy: the group 1 (anti-HER? therapy
- Yes; n=15) vs. the group 2 (anti-HER?2 therapy - No; n=59).
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Figure 4. Kaplan-Meier curves for CTRCD Survival for the groups divided by the dose of Doxorubicin: the group 1 (Dox I - Doxorubicin <250
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+moderate risk; n=41).
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Figure 6. Kaplan-Meier curves for the dynamics of the development of cardiotoxicity detected according to LVEF or LVGLS values.

Table 1. Changes in GLS from the baseline at all stages of the study.

GLS, % Baseline Imonth 2months 3months 6months 9months 12months 24months
Mean -214 -20.2 -19.6 -19.0 -18.5 -18.4 -18.4 -18.0
SD 2.7 3.0 33 3.5 3.8 33 2.9 2.6
Median 21.3 19.9 19.7 19.1 18.8 18.4 18.4 17.6
Min 15.2 10.2 8.9 9.5 7.8 8.0 10.6 11.9
Max 259 24.9 24.5 24.0 23.8 23.9 23.8 22.7
Comparison with Baseline Value

Difference 1.21 1.76 2.40 2.92 2.93 2.95 3.34
95%CI Lower 0.94 1.39 1.94 2.33 2.48 2.60 2.98
95%CI Upper 1.48 2.14 2.85 3.50 3.39 3.30 3.70
Paired t-test 8.99 9.38 10.53 9.91 12.76 16.87 18.54
df 73 73 73 73 73 73 73

Sig (2-tailed) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Table 2. Values in EF at all stages of the study.

EF, % Baseline Imonth 2months 3months 6months 9months 12months 24months
Mean 61.9 61.5 61.0 60.0 58.7 58.1 57.8 56.8
SD 3.8 3.8 3.7 4.1 5.1 4.9 4.6 4.2
Median 61.6 61.0 60.3 59.7 59.0 58.2 57.3 56.1
Min 55.7 55.4 55.0 49.2 41.8 44.8 47.3 453
Max 68.9 68.8 68.3 67.9 67.6 67.1 67.0 66.5
Comparison with Baseline Value

Difference 0.4 0.83 1.91 3.13 3.77 4.05 5.05
95%CI Lower 0.27 0.65 1.41 2.25 2.85 3.22 4.14
95%CI Upper 0.44 1.01 241 4.01 4.69 4.89 5.96
Paired t-test 8.13 9.06 7.60 7.08 8.19 9.70 11.10
df 73 73 73 73 73 73 73

Sig (2-tailed) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Our investigation scrutinized the longitudinal dynamics of
systolic function indicators—namely LVGLS, LVEF, and S' —
across the comprehensive cohort over a two-year observational
timeframe. Our findings indicate a progressive decline in GLS
throughout the study duration, as illustrated in Table 1.
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Notably, LVGLS began to decrease one month following the
administration of the first dose of anthracycline (T1), with a
decline observed in 34.5% of CTRCD patients (p<0.000). In
comparison, this decline was noted in only 13.5% of the entire
cohort, as depicted in Figure 6.



Table 3. Values in S’ at all stages of the study in groups divided by CTRCD (CTRCD group (n=10) vs. without CTRCD group (n=64)).

Cardiotoxicity - Yes Cardiotoxicity - No

Stage

Mean (SD) Mean (SD)
Stage 1 (after 1 month) 1112135 (1.93) 111166‘3 (2.63)
Stage 2 (after 2 months) iflls(l.”) Illigj (2.55)
Stage 3 (after 3 months) if;97(1.79) 111i5271 (2.51)
Stage 4 (after 6 months) Zlf177(1'69) 1111=5976 (2.39)
Stage 5 (after 9 months) ijzgl(z.w) 1111=§;? (2.42)
Stage 6 (after 12 months) ile“(l'@) 1111=58§ (2.34)
Stage 7 (after 24 months) ii;7(1'74) ,1,1::71 (2.33)

After the 24-month follow-up period, the overall study
population exhibited a significant reduction in LVEF from
baseline, with an average decrease of 5.05%, resulting in
a mean EF of 56.8% (SD-4.2), as shown in Table 2. When
assessing changes in EF, defined as EF <50% and AEF >10%,
the emergence of CTRCD was first documented at three months
(T3), affecting 27.6% of the CTRCD cohort (P < 0.000) and
10.8% of the total population. The highest incidence of CTRCD
was recorded at T7, as illustrated in Figure 6.

Additionally, we monitored the dynamics of S' indicators
across both CTRCD and non-CTRCD groups throughout the
24-month follow-up period. The data presented in Table 3
demonstrates that at each study stage, the S' indicators exhibited
statistically significant differences between the two groups
(p<0.05).

Discussion.

In a two-year prospective follow-up study, we investigated the
dynamics of left ventricular systolic function (LVSF) parameters
and the incidence of CTRCD at various stages following the
initiation of anticancer therapy in postmenopausal women
diagnosed with primary BC who were receiving anthracycline-
trastuzumab-containing regimens. Throughout the study period,
atotal of 27 (36,5%) patients developed CTRCD. This incidence
is relatively higher than that reported in similar studies, which
documented lower rates [21,22]. The higher incidence may
be attributed to the relatively high-risk profile of our cohort,
including postmenopausal status, advanced age, and increased
cardiovascular risk. Detection of CTRCD commenced within
one month following the first administration of doxorubicin,
with an initial incidence of 13.5% (n-10), and subsequently
peaked at the 24-month mark with an incidence of 36.5% (n-
27). Consequently, the survival rate from CTRCD in our cohort
was 63.5%. In HER2-positive patients (n-15), the initiation of
targeted therapy was associated with a subsequent increase in
CTRCD rate (73.3% vs 27.1%). Patients in our study underwent
targeted therapy. All participants received anthracyclines,
followed by trastuzumab in certain patients. We assume that
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Levene’s test

for equality of p Independent t-test p
variances F-test

10.53 .002 2.63 011
29.95 .000 3.70 .000
12.78 .001 5.39 .000
8.49 .005 6.89 .000
4.11 .046 5.79 .000
10.58 .002 6.08 003
9.20 .003 4.98 .000

the greater incidence of CTRCD associated within trastuzumab
subgroup is due to both trastuzumab and the cumulative effects
of anthracycline. The combination of these therapies may lead to
cardiotoxicity with a higher frequency than anthracycline alone.
Early CTRCD (within 1 year) associated with anthracyclines is
reported to range from 1-25% in various studies [8,16,21,23,24].
At the end of a 12-week prospective study, Hager Allam et al.
found CTRCD in 12.5%, though their cohort was relatively
young and only 68.8% were female [23]. Na Kim et al. And
Wanzhu Zhang et al. reported CTRCD rates of 19% and 23.5%,
respectively, at 6 months after anthracycline use, which is close
to our finding of 22% at the same time point [8,25]. By the
end of 1 year, the frequency of CTRCD in our study was 32%,
increased by only 4.1% over the subsequent year, likely due to
optimal CPT. Numerous studies have documented the incidence
of cardiotoxicity associated with anthracycline-containing
regimens, revealing a significant variability in outcomes by
the end of a 12-month treatment period. A 1-year prospective
cohort study by Maryam Esmaeilzadeh et al. found CTRCD
rates of 42% by GLS, 23% by 2D LVEEF, 22% by 3D LVEF,
and 27% by cardiac magnetic resonance (CMR) respectively
[26]. Our study showed a higher CTRCD rate detected by GLS
(32%) as compared to EF% (20%). Naoko Ichikawa et al. (n-
279) identified a prevalence of CTRCD at 22% (n-55), which is
notably lower than the findings presented in our current study
[21]. This discrepancy may be attributed to the older age of our
study population, in our investigation, the hazard ratios derived
from the Cox proportional hazards model indicated that patients
aged over 65 years exhibit a statistically significant increased
risk of developing CTRCD, quantified at 2.37 times higher than
their younger counterparts under 65 years of age. Furthermore,
the incidence of CTRCD reported by Florian Posch et al. was
even lower at 10%, noting that cardiotoxicity was assessed
solely based on LVEF [22]. In the study of late CTRCD José
Loépez-Sendon et al in a 24-month prospective multicenter
study, the “CARDIOTOX Registry”, similar to our study
CTRCD was detected in 37.5%, although they obtained 31.6%
mild, 2.8% moderate, and 3.1% severe CTRCD [27]. In contrast



in our study, symptomatic heart failure was not detected, which
is probably due to optimal CPT. In a prospective 4.5-year study
by Rebeca Mata Caballero et al. [24], CTRCD peaked at the end
of the study, similar to our study, but in contrast to our results,
the CTRCD incidence at 1 year was only 1%, and at the end
of follow-up was 16.5%. Notably, they had a different CTRCD
criterion (GLS was not considered) and the mean age was
younger compared to our study group. In addition, the rigorous
follow-up protocols implemented in our study facilitated early
detection and management of CTRCD through the application
of optimal CPT, which may explain the differences between
studies.

The findings presented in our study reveal significant insights
into the relationship between anthracycline dosage and the
incidence of cardiotoxicity, as well as differences in CTRCD
rate among various patient risk groups. Utilizing the Cox
proportional hazards model, we observed that higher doses
of anthracycline are associated with a statistically significant
increase in the risk of developing cardiotoxicity. Specifically,
patients receiving high doses exhibited a hazard ratio of 2.42
(HR=2.42, p=0.020), exhibiting more than double the risk
compared to lower dosages. Furthermore, within the high and
moderate risk patient cohort, this risk escalated dramatically
to 9.24 times that of their low-risk counterparts (HR=9.24,
p<0.001).

Throughout the two-year duration of the study, the mean
LVGLS showed a gradual decline, culminating in a peak
decrease at the end of the observation period; however, it
remained within the normal range. The most significant
pathological reduction in the minimum LVGLS value was
recorded at T4, reaching -7.8%. Following this nadir, a positive
trend was observed, potentially linked to the administration
of CPT, although the minimum LVGLS value still fell short
of the normative threshold, registering at -11.9%. In contrast
to previous research, we specifically examined the incidence
of chemotherapy-induced LV dysfunction utilizing both the
criteria of AGLS>15% and GLS<16% at each time point in
the study. Our results indicated that alterations in GLS were
detectable following the initial dose of chemotherapy (T1), with
measurements falling into the CTRCD category at 13.5% (n-
10). This observation aligns with prior studies, including that
of Astri Astuti et al. [12], which identified a notable decline
in LVGLS earlier than in LVEF. Specifically, their research
demonstrated a significant reduction in LVGLS as early as three
weeks post-chemotherapy, while LVEF remained unchanged
after the first chemotherapy cycle, reinforcing our findings of
the sensitivity of LVGLS as an early marker for CTRCD in
patients receiving anthracycline treatment.

D. van der Linde et al. [9] and Maryam Esmaeilzadeh et al. [26]
and Christian P. Houbois et al. [28] with long-term observation
(1-1.5 years), and Laila Sulaiman et al. with a 6-week study
[29] showed that LV GLS is a more reliable early prognostic
indicator of LV subclinical dysfunction as compared with 2D
and 3D LVEF.

In the study by Wei Liu et al. [30], in the anthracycline group,
LVGLS showed a decrease at the second cycle of chemotherapy
(P <0.05) and in the trastuzumab group at T4 (P <0.05). Ahmed
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A Fawzy et al. [31], Mi-Na Kim et al. [8] and Italian Society of
Cardiology multicenter [32] studies showed that LVGLS change
at 3 months was the strongest, most sensitive parameter to detect
CTRCD. The period given for all four studies corresponded to
the first echocardiographic control after the initial examination.
In our investigation, multiple regression analyses revealed that
the change in LVGLS after one month serves as a significant
prognostic indicator for both early (p=0.001) and late (two
years) CTRCD (p=0.002).

By Raquel Araujo-Gutierrez et al. After adjusting for
cardiovascular and cancer therapy-related risk factors, similar to
our study, baseline LVGLS or decreased baseline LVGLS were
predictive of CTRCD development [10]. In the SUCCOUR
multicenter prospective randomized controlled trial, in the
first year of patients with CTRCD, the LVEF-managed arm
had a greater reduction in LVEF at follow-up than in the GLS-
managed arm [13]. Patients underwent CPT, however, 3-year
SUCCOUR data showed no difference in EF% change between
GLS- and EF-guided cardioprotection in patients on potentially
cardiotoxic chemotherapy [33]. Notably, the SUCCOUR cohort
is younger, 95% female, only 93% had BC, 84% were treated
with anthracycline-trastuzumab-containing regimens, and a
more lenient criterion of LVGLS > 12% was used.

In our study, we observed a significant discrepancy between
the detection rates of CTRCD using different echocardiographic
modalities. Specifically, the number of cases identified by
LVGLS following the completion of chemotherapy (T3) was
23.0% (n-17), which is nearly twice as high as the 10.8% (n-
8) detected by EF% at the same time point. This trend was
consistent throughout all stages of the study, demonstrating
that the frequency of CTRCD identified by GLS exceeded
that of EF%. At the baseline, all participants exhibited normal
LVEF. Interestingly, after the administration of the initial
dose of doxorubicin (T1), we noted no significant alterations
in the mean EF% compared to the baseline measurements.
However, throughout the course of the study, there was a
progressive decline in EF%, reaching its nadir at T7, although
the mean EF% continued to fall within the normal limits. When
assessing the minimum ejection fraction (EF% min), initial
measurements indicated a normal range (EF% min =55.7%).
By T3, at the conclusion of chemotherapy, we observed a
pathological reduction in EF min, dropping to 49.2%. The
most pronounced decline occurred at T4, approximately six
months post-therapy, following the first dose of trastuzumab,
where EF% min reached a critical low of 41.8%. Despite
subsequent treatment interventions, a slight trend towards
recovery was noted; however, the EF% min at T7 remained in
the pathological range at 45.3% (P=0.001). Notably, CTRCD,
as indicated by EF%, emerged only after chemotherapy (T3)
with a prevalence of 10.8% (n-8), and subsequently progressed,
peaking at two years post-treatment (T7) with an incidence of
25.7% (n-27). Our findings highlight the importance of utilizing
LVGLS for the early detection of CTRCD, as it may provide a
more sensitive measure than traditional EF assessment during
and after chemotherapy.

In our investigation, we conducted a multiple regression
analysis that identified a significant predictive relationship



between initial LVEF percentage and the subsequent
development of CTRCD after a 24-month period. This finding
aligns with the research conducted by Belén Diaz-Antén et
al. and Florian Posch et al., which also indicated that baseline
LVEF serves as a predictive marker for CTRCD [22,34].
However, in the study of the Italian Society of Cardiology, none
of the patients developed cardiotoxicity according to the LVEF
criterion, regardless of the type of chemotherapy [32].

To assess LVSF change, we analyzed S' during the 2-year
follow-up. In the entire study group, there was a progressive
decrease in mean S' from the basal value with a peak at 1 year.
However, S' remained within the normal range at all stages of
the study. However, when we compared the dynamics of S'
values in the 2 subgroups divided by CTRCD (the groups were
divided both by CTRCD at each visit and by CTRCD obtained
at the final stage of the study), the dynamics of S' in the CTRCD
and non-CTRCD groups differed. In non-cardiotoxic patients,
S' showed a slight downward trend with a peak after 2 years
but remained within the normal range. After the first course
of chemotherapy (T1) in both groups, S' remained within the
normal range, although it was lower in CTRCT patients, while
at the end of chemotherapy only in the CTRCT group there was
a pathological reduction of S'. The peak was noted at T4, with
further small positive dynamics (which is probably related to
the optimal CPT started on time), however, until the end of the
study, S' remained below the normal range.

Multiple regression analysis showed that the change in S' after
1 month was an independent predictor for the development of
CTRCD at the end of 6 months (p=0.003).

The measurement of S' is significant even in instances of
suboptimal visualization of LV endocardium. Notably, while
there is a limited number of studies investigating the predictive
value of S' in cancer patients, existing literature, including our
study, supports the utility of S' in forecasting CTRCD [21,25,35].
Additionally, research conducted by Naoko Ichikawa et al.
highlights that S' demonstrates a superior diagnostic capability
in identifying CTRCD when compared to LVGLS [21]. In the
context of our findings, S' was found to be less effective than
LVGLS; however, it proved to be more advantageous than LVEF
in the assessment of cardiac function. This suggests that while S'
may not be the most sensitive measure in this cohort, it retains
clinical relevance in detecting changes associated with CTRCD.

Limitations of the study.

The primary limitation of the present study is the relatively
small number of enrolled participants. Additionally, we did
not separately analyze the various chemotherapy regimens
separately, particularly those that consist of different
combinations of chemotherapeutic agents, including those
containing doxorubicin. Furthermore, the patients undergoing
concurrent radiotherapy were not evaluated as a distinct group.
These factors may impact the generalizability of our findings
and warrant further investigation in future research.

Conclusion.

The prospective study of cardiotoxicity in postmenopausal
women with early BC who underwent adjuvant therapy with
anthracycline and trastuzumab revealed that:1) The dynamic
assessment of GLS should be prioritized for the early detection
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of cardiac systolic dysfunction .2) S’ possesses high diagnostic
value for identifying cardiotoxicity. 3) Close monitoring of LVSF
and implementation of optimal medical cardioprotection strategies
may mitigate the risks associated with highly cardiotoxic anti-
cancer therapy and help prevent severe cardiac complications.
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