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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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TRASTUZUMAB THERAPY: A 2-YEAR FOLLOW-UP STUDY
Tea Chitadze*, Nino Sharashidze, Tamar Rukhadze, Nino Lomia, Giorgi Saatashvili.

Ivane Javakhishvili Tbilisi State University( TSU), Tbilisi, Georgia.

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 

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 Tbilisi 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)), treatment regimen (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 T0) Subsequent assessments were performed following 
the commencement of anthracycline therapy at various time 
points: the first (T1), second (T2), third (T3), sixth (T4), ninth 
(T5), 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 

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 e’ 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 (A5C) 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 baseline 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 
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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 (GLS0),  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/m² (n-44), and Dox2, characterized by those 
receiving dosages exceeding 250 mg/m² (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. 

Figure 1. Kaplan-Meier curve for CTRCD Survival (Total Group; n=74).
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(HR=2.37, p=0.026)
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).

(HR=4.45, p<0.001)
Figure 3. Kaplan-Meier curves for CTRCD Survival for the groups divided by the presence of anti-HER2 therapy: the group 1 (anti-HER2 therapy 
- Yes; n=15) vs. the group 2 (anti-HER2 therapy - No; n=59).
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(HR=2.42, p<0.020)
Figure 4. Kaplan-Meier curves  for CTRCD Survival for the groups divided by the dose of Doxorubicin: the group 1 (Dox 1 - Doxorubicin ≤250 
mg/m2; n=44) vs. the group 2 (Dox2 -Doxorubicin >250 mg/m2; n=30).

(HR=9.24, p<0.001)
Figure 5. Kaplan-Meier curves for Cardiotoxicity  onset  for the groups divided by risk: the group 1 ( low risk; n=33) vs. the group 2 (high 
+moderate risk; n=41).
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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. 

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. 

Figure 6. Kaplan-Meier curves for the dynamics of the development of cardiotoxicity detected according to LVEF or LVGLS values.

GLS, % Baseline 1month 2months 3months 6months 9months 12months 24months
Mean -21.4 -20.2 -19.6 -19.0 -18.5 -18.4 -18.4 -18.0
SD 2.7 3.0 3.3 3.5 3.8 3.3 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 25.9 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 1. Changes in GLS from the baseline at all stages of the study.

EF, % Baseline 1month 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 45.3
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 2.41 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

Table 2. Values in EF at all stages of the study.
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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 ∆EF ≥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, 
a total 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 

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 LVEF, 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 
López-Sendón 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 

Stage Cardiotoxicity - Yes Cardiotoxicity - No Levene’s test 
for equality of 
variances F-test

p Independent t-test p

Mean (SD) Mean (SD)

Stage 1 (after 1 month) 10.35 (1.93) 12.63 (2.63) 10.53 .002 2.63 .011n=10 n=64

Stage 2 (after 2 months) 9.91 (1.29) 12.63 (2.55) 29.95 .000 3.70 .000n=15 n=59

Stage 3 (after 3 months) 8.69 (1.79) 12.21 (2.51) 12.78 .001 5.39 .000n=17 n=57

Stage 4 (after 6 months) 7.67 (1.69) 11.96 (2.39) 8.49 .005 6.89 .000n=17 n=57

Stage 5 (after 9 months) 8.38 (2.17) 11.89 (2.42) 4.11 .046 5.79 .000n=21 n=53

Stage 6 (after 12 months) 8.61 (1.69) 11.86 (2.34) 10.58 .002 6.08 .003n=24 n=50

Stage 7 (after 24 months) 9.14 (1.74) 11.71 (2.33) 9.20 .003 4.98 .000n=27 n=47

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)).
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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 ∆GLS≥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 

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 
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between initial LVEF percentage and the subsequent 
development of CTRCD after a 24-month period. This finding 
aligns with the research conducted by Belén Díaz-Antón 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 

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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