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Abstract

Background: Anthracyclines (ATs) are the most frequent used anti-cancer drugs in
breast cancer (BC) patients. Certain demographic parameters and risk factors are closely
linked to anthracycline-induced cardiotoxicity manifestation as the most feared adverse
effect. Echocardiography is pivotal in evaluation of left-ventricular (LV) cardiac dysfunction
as a serious complication.

Aims: The study aimed to assess the differences in selected echocardiographic
parameters related to LV systolic function including longitudinal strain (LS%) according to
cardiovascular (CV) risk factors and demographic characteristics and their relations in BC
patients treated with ATs.

Methods: Thirty patients with newly diagnosed BC scheduled to receive ATs were
examined. The following demographic parameters and risk factors were evaluated: age, body
mass index, obesity, hypertension, diabetes, physical activity and total AT dose. The
echocardiographic evaluation consisted of parameters for LV systolic function estimation,
including LV ejection fraction (LVEF%) and LS%. Statistical analysis was done with the
SPSS, v.25.0.

Results: LVEF%, GLS%, and LS% in two/four chamber view (A4c/A2c) statistically
significantly decreased at the control evaluation (p=0.036, p=0,002, p=0,031, p=0,019).
Correlation between the differences in LVEF% between two visits showed a significant
relation with the absence of physical activity (p=0,029), while a significant correlation of the
LS% decrease was also found in Adc view with diabetes (p=0.024).

Conclusion: ATs initiate frequent echocardiography changes in BC patients. Close
monitoring and regular surveillance ensure early diagnosis of serious cardiotoxic complications.
Cancer therapy-related cardiac dysfunction (CTRCD) is a broad spectrum of possible
presentations, and serial LVEF% and LS% measurement are ideal tools to identify the disease
in early, asymptomatic stage and guide further therapeutic strategies.

Keywords: anthracyclines, breast cancer, echocardiography, ejection fraction,
longitudinal strain

Introduction
Breast cancer (BC) is the most common malignant disease in the female population.
Around 13% of women, or one in eight women, will develop invasive BC in their lifetimell,
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Meanwhile, BC accounts for about 30% of all newly diagnosed malignancies in women each
yearl?l, Unfortunately, about one in 39 women has the chance to die from this disease.

Anthracyclines (ATs) are among the most effective and widely used anti-cancer
chemotherapeutics (HT). ATs consist of first-line treatment protocols and regimens in almost
all forms of BC; either as a non-adjuvant or adjuvant setting; in localized, early stages or
advanced forms; HER2-neu negative and triple negative BC, as well as adjunctive to targeted
therapy in HER2-neu positive patients*l. Anthracyclines-induced cardiotoxicity (ATIC) is the
most serious complication, and heart failure (HF), cardiac injury and cardiomyopathy are the
most common presentations comprising cancer therapy-relat

ed cardiac dysfunction (CTRCD).

Despite studies of delayed presentation and chronic toxicity, it has been largely
accepted that ATIC is most likely a progressive phenomenon, presenting like non-convincing
and unrecognized cardiomyopathy and that strategies for early detection are cornerstone for
adverse cardiac events reductionl’l. The ability to predict ATIC is of great importance for a
rapid therapeutic strategy and an overall good outcome. The world literature reviews
numerous risk factors, significant for possible facilitating the occurrence of AT cardiotoxicity,
which results in obtaining mandatory primary and secondary prevention strategies for close
monitoring of targeted high and very high risk patients®. In addition to the well known risk
factors like prior history of cardiovascular disease (CVD) and previous cardiotoxic treatment,
demographic characteristics and lifestyle habits present inconsistent findings of mutual
association. As older age is widely reported as the main demographic characteristic that
advances the risk of developing cardiotoxicity%, smoking for example in many publications
does not confirm dependence with associated ATIC,

Aim

The aim of this study was to determine possible changes in selected
echocardiographic parameters reflecting left ventricular (LV) systolic function, including
global longitudinal deformation (GLS%) according to certain demographic characteristics
and cardiovascular (CV) risk factors, as well as their relation in patients with BC receiving
AT therapy.

Materials and methods

This was a clinical prospective study conducted in the period 2022-2023 in the
echocardiographic laboratory of the City General Hospital 8 September in Skopje. Thirty
patients with newly diagnosed BC receiving AT-consisting therapeutical protocol in the
University Clinic for Radiotherapy and Oncology were evaluated with conventional 2D
transthoracic echocardiography (TTE). The pre-set inclusion and exclusion criteria selected
patients aged 18 and over, LV ejection fraction (LVEF%) >40%, non-preexisting significant
valvular disease, atrial fibrillation, unstable cardiac conditions and significant wall motion
abnormalities. All patients involved, should have had good image quality, life expectancy
more than 1 year, and mandatory confirmed informed consent for voluntary participation in
the study. Patients scheduled for baseline risk stratification for AT cardiotoxicity according to
the referent European Society of Cardiology (ESC) recommendations®, followed baseline
2D TTE with standard assessments of LV systolic function and evaluation of longitudinal
strain (LS%). The evaluation was performed according to the professional association
recommendations®%, and following pre-existing standard protocol for control follow-ups
relying on patient’s individual overall cardiotoxic risk®l. The recommended protocol included
two visits for patients with mild and moderate risk (baseline and after the 4™ cycle), and
additional visit for high-risk patients after the 2" cycle.
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The evaluated demographic parameters and risk factors were: age, body mass index
(BMI), obesity, hypertension (HTA), diabetes (DM), physical activity and total AT dose. The
echocardiographic evaluation included parameters to assess LV systolic function, such as
LVEF%, as well as LS% determination.

Echocardiographic measurements were performed on commercially available
equipment (GE-Vivid 7, USA) using a multifrequency transducer, and GLS% assessment
followed the same standard protocol using a special computer analysis software.

Statistical analyses were processed using the statistical program SPSS, version 25.0
(IBM SPSS, Inc, Chicago, Illinois). Comparison between groups was performed with the
nonparametric Wilcoxon Sign Rank test for related pairs (same variable at first versus second
visit). Correlation between parameters was examined by Pearson and/or Spearman
correlation. Multiple stepwise linear regression analysis was performed to determine
independent predictors. For all data, significance was set for a value of p<0.05.

Results

A total of 30 patients were evaluated in this study, all with newly diagnosed BC, with
an average age of 52.5+10.9 and a range of 34-76 years (Table 1). Twenty-nine patients
(96.7%) had previous surgical treatment, and in terms of disease stage, two were in stage |
(6.7%), 13 in stage Il (43.3%) and 15 in stage Il (50%) (Table 2). The mean BMI was
27.32+5.07, out of which 8 patients (26.7%) were obese (Table 1). Sixteen patients (53.3%)
had HTA, 3 patients (10%) had DM, and 24 (80%) did not practice physical activity at all.
Only one patient had heart failure with preserved LVEF% (3.3%) and she was in NYHA
group Il (Table 1).

All patients received 4 cycles of AT HT protocol. The mean range of the total AT dose
was 403.13+£35.47 or in the range of 320-480 mg, and the mean value indexed for the body
surface area was 220.53 + 12.64 (191.6 — 247.0) (Table 2). Fourteen patients were at low and
medium risk (46.7%) and two were at high risk (6.7%) for ATIC development according to
baseline risk stratification.

Table 1. Baseline characteristics of patients

Age (years) 52.5+10.9
Min.-max. 34-76
BMI (kg/m?) 27.3245.07
Min.-max. 19.20-38.60
obesity* (%) 8/26.7
hypertension (n/%) 16/53.3
Diabetes (n/%) 3/10
Physical activity (n/%)

none 24/80
occasional 4/13.3
regular 2/6.7
Heart failure (n/%) 1/3.3
NYHA (n/%) class | 29/96.7
class 1l 1/3.33

BMI body mass index, NYHA New York Heart
Association, *Obesity= BMI >30 kg/m2
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Table 2. Staging, AT dose and risk stratification

Prev. operative treatment (n/%) 29/96.7
Staging (n/%) | 2/6.7

lla 3/10.0

b 10/33.3
Ila 5/16.7
Ib 1/3.3

Iic 9/30.0
Total AT dose (mg) 403.13+35.47
Min.-max. 320-480
Total indexed AT dose (mg/m?) 220.53+12.64
Min.-max. 191.6-247.0
AT risk stratification (n/%)

mild 14/46.7
moderate 14/46.7
high 2/6.7

AT — anthracyclines

The echocardiographic parameters evaluating LV systolic function showed preserved
LV systolic performances both at the baseline examination and at the control visit (Table 3).
LVEF% was within the reference range at both examinations, yet at the second visit, its

statistically significant decrease occurred (p=0.036) (Table 3, Figure 1).

Table 3. Comparison of echocardiographic parameters representing left ventricular systolic function

between the first and second examination in 30 subjects

I examination Il examination
Parameter p
(n=30) (n=30)

LVEF% 66.3315.22 64.23+503 0.036
LV APLAX (%) -18.10+10.72 -19.36+2.64 0.330
LV Adc (%) -20.84+3.13 -19.96+2.60 0.019
LV A2c (%) -20.28+2.81 -19.42+2.88 0.031
LV GLS (%) -20.52+2.33 -19.58+2.38 0.002
Segments with LV LS < 13% (n/%) 16/53.3 16/53.3 -
Number of segments with LV S<13% 2.57+1.55 1.78+1.89 0.888

LV left ventricle, LVEF left ventricular ejection fraction, APLAX apical long-axis view; A4c apical 4
chamber view; A2c apical 2chamber view; GLS global longitudinal strain; LS longitudinal strain;

*p<0.05 for comparison between groups

66,5 9
©0 66,33% :

64 64,23%

63,5

=

Fig. 1. Graphical presentation of LVEF decline from the first to the second visit
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Longitudinal deformation (LS%) of the three different echocardiographic views, yet
taken as a global one, presented within the reference ranges. At the control visit, except in the
longitudinal parasternal view (aPLAX) which indicated a statistically insignificant
improvement, in the other two views (A4c, A2c), as well as GLS%, there was a significant
reduction of LS% (p=0.019, p=0.031, p=0.002, respectively) (Table 3, Figure 2). The number
of segments with LV LS of < 13% indicated no change at the control examination, and the
number of segments with LV LS of < 13% indicated a statistically insignificant decrease at
the same visit (Table 3).

16,5

-17
-17,5
-18
-18,5
-19
=195

-20
-20,5
=21

-21,5

APLAX% Adch A2c% GKS%
First visit -18,1 -20,8 -20,2 20,5
Second visit -19,3 -19,9 -19,4 -19,5

m First visit m Second visit

Fig. 2. Graphical presentation of the change in LV
deformation from the first to the second visit

An analysis of the correlation of certain demographic parameters, risk factors and/or
associated diseases and parameters related to AT dose with the echocardiographic markers of
LV systolic function, as well as LS%, was performed and the results are listed in tables 4 and 5.

We found a significant association of LVEF% decline with older age at both visits,
and higher BMI, presence of HTA and lack of physical activity at the second visit. The
correlation of lower LVEF% with obesity was found with borderline significance at the
second visit. Decline of LS% in aPLAX view according to our study had a significant
association only with obesity and higher BMI at the first visit. LS% decline in A4c view was
significantly associated with older age and total AT dose at the second visit, and presence of
DM at the first visit. With a borderline significance we found lower LSA4C associated with
higher BMI, obesity and lack of physical activity at the first visit (Table 4).

According to GLS% decline, we found a significant association with older age at
second visit and total AT dose at the first visit. With a borderline significance, GLS% decline
was associated with obesity at the first visit and presence of HTA at both visits (Table 5). A
significant association of LS% decline in A2c view was found with older age, presence of
HTA and lack of physical activity at both visits, and presence of DM, obesity and total AT
dose at the first visit. We also found a borderline significant correlation of LS% A2c decline
with obesity at the second visit.

In many studies, presence of segments with LV LS<13% was found significant to
predict overall potential HF worsening!®. In our study, we found a significant association of
presence of segments with LV LS<13% with higher BMI, obesity, HTA, lack of physical
activity and total AT dose at the first visit, and presence of DM at both visits (Table 5).
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Table 4. Presentation of significant and borderline significant correlations of LV functional
parameters at the first and second visit

LV LV LV
LVEF1 LVEF2 APLAXI  APLAX2 Adcl LV A4c2
(%) (%) (%)
(%) (%) (%)
age r=-0.409. r=-0.510. r=-0.438.
g p=0.025 p=0.004 p=0.015
BMI r=-0.398. r=-0.374. r=-0.344.
p=0.029 p=0.042 p=0.062
HTA ) r=-0.496. ) ) ) )
p=0.005
DM ) ) ) ) r=-0.379. )
p=0.039
. r=-0.344. r=-0.423. r=-0.318.
obesity - - -
p=0.055 p=0.020 p=0.087
Physical r=0.366. r=-0.340.
act. p=0.047 p=0.066
Tot. AT
r=0.396.
dose - - - - - ~0.030
(mg/m2) p=>-

AT anthracyclines, APLAX apical long-axis view, A4c apical 4ch view; BMI body mass index;
HTA hypertension, DM diabetes mellitus, LV left ventricle, LVEF left ventricular ejection
fraction

Table 5. Presentation of significant and borderline significant correlations of LV functional
parameters at the first and second visit

Segments Segments

LV A2l LVA22  GLS1 GLS?2 with LV with LV
(%) (%) (%) (%) LS<13% LS<13%
1(n/%) 2(n/%)
e r=-0.476.  r=-0.432. r=-0.429 r=0.328.
g p=0.008  p=0.017 p=0.018  p=0.076
r=-0.438. r=0.510.
BMI - - - -
p=0.015 p=0.004
HTA =-0506. r=-0.371. r=-0.336. r=-0.310.  r=0.607.
p=0.004  p=0.044  p=0.070  p=0.095  p=0.0001
oM r=-0.379. r=0.356. r=0.356.
p=0.039 p=0.053 p=0.053
, r=-0.440.  r=-0.309.  r=-0.322. r=0.494.
obesity - -
p=0.015  p=0.096  p=0.082 p=0.006
Physical ~ r=0.455. r=-0.419. r=-0.465
act. p=0.012 p=0.021 p=0.010
Tot. AT
r=0.388. r=0.432. r=-0.471.
dose =0.034 ] =0.017 ] =0.009 ]
(mg/m2) p=> p=2 =

AT anthracyclines, A2c apical 2ch view, BMI body mass index; GLS global longitudinal
strain, HTA hypertension, DM diabetes mellitus, LS longitudinal strain, LV left ventricle
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After we noticed a significant decrease of LVEF% at the second visit (Table 3), a
correlation analysis of the differences of LVEF% between the two visits (2.10+4.85) with all
demographic characteristics, risk factors and total cumulative AT dose followed, and a
significant association of the LVEF% reduction was found obtained only with the absence of
physical activity (r=-0.399, p=0.029) (Figure 3).

r=-0.399, p=0,029

Def %

None Irregular Regular
Physical activity

Fig. 3. Graphical presentation of the correlation of the difference in the LVEF% at the
first and second visit with the intensity of physical activity

On the other hand, due to a significant decrease of LSA4c (0.87+£2.82), A2c
(0.86+1.99), as well as GLS% (0.94+1.48) (Table 3), we also analyzed the correlation of the
differences between the two visits for all three parameters with all the above-mentioned
variables and a significant correlation of the LS% decrease was found in A4c view with the
presence of diabetes mellitus
(r=-0.410, p=0.024), and the decrease of LSA2c was borderline significant (r=-0.351,
p=0.057) associated with a higher indexed total AT dose (mg/m2) (Figure 4).

r=-0,351, p=0,057

DCh2

- .mqln:\Z
Fig. 4. Graphical presentation of the correlation of the difference in the LV deformation
in 2ch view at the first and second visit with the total cytostatic dose in mg/m2

Discussion

ATs are the basic standard of anti-cancer therapy in patients with BC. In a meta-
analysis of 123 randomized studies in 100,000 women, comparing multiple HT regimens in
early-stage BC patients, a collaborative group of researchers found a 36% reduced mortality
with application of standard, more effective AT regimens vs. without HT™'?l, A recent meta-
analysis with the same number of subjects has indicated that patients who include AT
protocols in their treatment of early stage, operable BC have up to 14% lower risk of disease
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recurrence compared to monotaxane regimens without ATl At the same time, ATIC is a
feared side effect, and main reason for cancer therapy limitation, which affects the patient’s
overall survival. According to a meta analysis from 2013, ATIC clinical presentation was
registered in 6% of patients in a follow-up period of 9 years, and subclinical toxic
manifestations were described in 18% of the treated patients with ATsl,

Changes in echocardiographic parameters for systolic function assessment during AT
therapy are frequent. Serial LVEF% assessment is the most widely used technique for
monitoring systolic changes during and after AT therapy and CTRCD diagnosis™. Yet, a
significant LVEF% decline is already late echocardiographic change, and normal LVEF%
does not exclude systolic dysfunction®®. With the application of modern AT regimens,
LVEF% reduction was observed in even smaller portion than previously found, thus
emphasizing the need for more sensitive parameters for monitoring the systolic disfunction,
such as myocardial deformation6l, The most significant relative decrease was monitored in
GLS% with as much as 13% relative reduction, distinguishing it as the most sensitive tool for
monitoring early systolic disturbances in AT therapyll. In a single-center study of 140
patients with BC and evaluation of systolic function before AT therapy and early after 7 days,
none of the patients had a decline in LVEF%, while 22% of patients had early subclinical
systolic dysfunction as determined by GLS% reduction!*"].

In our study, LVEF%, although within the reference ranges at the baseline and control
assessment, indicated a statistically significant decrease at the second visit (p=0.036).
Regarding changes in longitudinal deformation at the control visit, except for aPLAX which
showed a statistically insignificant improvement, in A4c and A2c view and GLS% as
average, there was a significant reduction of LS% also (p=0.019, p=0.031, p=0.002,
consecutively).

The association of certain demographic characteristics and multiple comorbidities
with an increased ATIC risk is already well known. The American Heart Association (AHA)
published the first scientific report in which CVD and BC share common risk factors,
frequent comorbidity, challenging therapy of both, and negative effects of cancer therapy on
CV health8. Advanced age, over 65 years, is probably the most significant risk factor for
side effects even at lower cumulative doses, and is the main reason for abstinence from ATSs
in the treatment of BC[*1,

The increased BMI and obesity increase the overall CV risk, but at the same time this
population has an increased risk of developing BC, especially the hormone positive forms[?%,
A population with an increased BMI has an increased susceptibility to AT-induced
CTRCD™ and a negative impact of overall survival and period of stable remission[??,
According to another study, an increased amount of intraperitoneal fat tissue before the
cancer treatment was associated with a decrease in LVEF% in patients treated with ATs, but
not with BMI®31. One of the few studies that separated increased body surface area (indexes
above 2m2) with an increased risk of ATIC, mainly emphasized an association with increased
weight in BC patients. The study was conducted in 12 centers in young patients, without
previous CV anamnesis, and at the same time showed an increased risk of ATIC in patients
with elevated blood pressure (BP) before cancer therapy as an independent predictorf?41,

In a meta-analysis of 12 studies with 74,886 patients included, elevated BP in 8
studies was associated with a significantly higher risk of developing ATIC; in 4 studies it was
significantly associated with a decrease in LVEF%, and a significant relationship was also
observed between baseline elevated systolic and diastolic BP and ATIC?l. A nine-year
retrospective study of gene mutations predisposing to ATIC singled out DM associated with
an increased risk of ATICI?6l. A meta-analysis of 18 studies comprising over 7,400 patients
treated with ATs, summarized similar notifications: DM, elevated BP and obesity were
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associated with an increased risk of ATIC, and it was significantly earlier detected by GLS%
vs. LVEF% declinel?”. We found the physical activity frequently mentioned in recent cardio-
oncology studies, manifesting a promising strategy for reducing the risk of potential
cardiotoxicity, before, during and after completion of AT therapy. Physical activity increases
CV reserve, improves cardiac perfusion and significantly prevents decline in LVEF% in
patients treated with ATs[28:29],

In our study, the correlation of the differences of the first and second visits of LVEF%
(2.10+4.85) indicated a significant association with the absence of physical activity (r=-
0.399, p=0.029) (Figure 3), and reduction of LS% in A4c view with the presence of diabetes
(r=-0.410, p=0.024). The decrease of LS% in A2c view was with a borderline significance
associated with a higher indexed AT dose (r=-0.351, p=0.057).

In conclusion, the results obtained in our study are affirmative in findings that
frequent changes in echocardiographic parameters assesing the LV systolic function in BC
patients are present. Both LVEF% and LS% are sensitive tools for LV function follow-ups as
they all showed significant decrease during AT therapy in our study. Lack of physical activity,
cumulative, total AT dose and presence of diabetes mellitus are presented risk factors that
showed a significant correlation asssociation with the decline of the parameters evaluating the
LV systolic function from the begining to the end of the AT cardiotoxic therapy.

Conflict of interest statement. None declared.
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