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Chemoradiotherapy-Induced Cardiotoxicity in Patients With
Breast Cancer

Amin Talebi', PhD; Ahmad Bitarafan Rajabi’*", PhD; Azin Alizadeh-AsI®, MD;
Robab Anbiaee*, MD; Benyamin Khajetash', PhD; Parisa Seilani®>, MD;
Ardeshir Ghavamzadeh®, MD

ABSTRACT

Objective: Using echocardiographic parameters, we sought to predict cardiotoxicity in patients
with breast cancer before treatment.

Methods: The study recruited 53 left-sided breast cancer patients with no previous history of
heart failure or cancer treatment. The patients underwent 2D and 3D echocardiography
before and 6 months after the end of treatment. The main criterion for cardiotoxicity was
a reduction in posttreatment LVEF exceeding 10% compared with pretreatment. Systolic
and diastolic parameters were compared between 2 groups: complicated and
noncomplicated. Binary logistic regression was used to predict cardiotoxicity.

Results: The patients’ mean age was 49 + 11.2 years. No statistical differences existed between
the groups in demographics and cardiac risk factors at study commencement.
Posttreatment, 4 echocardiographic parameters (E/A ratio, sSPAP, LVEF, and LVGLYS)
were significantly changed compared with pretreatment echocardiography. The
regression analysis showed that E/A ratio was effective in predicting cardiotoxicity
(sensitivity = 68%, specificity = 76%, AUC =77%; and P <0.001).

Conclusions: Echocardiography, aside from its usefulness in diagnosing cardiotoxicity, can be
valuable in predicting complications, especially in patients with breast cancer at higher

risk of cardiotoxicity due to chemotherapy and radiotherapy in the chest wall area.
(Iranian Heart Journal 2023; 24(3): 62-69)
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reast cancer is the most common

cancer in females. It includes about

24.5% of new cancer cases and 15.5%
of new deaths in women worldwide. !
Adjuvant treatments like radiotherapy and
systemic therapy (refer to endocrine therapy,
chemotherapy, and biological therapy) are
additional treatments given after surgery to
reduce the chance of local or distant
recurrence. 2 On the other hand,
cardiovascular diseases are the leading causes
of death globally ** and constitute a group of
disorders of the heart and blood vessels, such
as congenital heart diseases, ® coronary heart
disease,  cerebrovascular  disease, and
peripheral  arterial disease. "®  Recent
developments in medical imaging and theragy
have enhanced treatment and diagnosis. **°
Although current cancer therapies enable
long-term survival, many therapies have short-
and long-term  cardiotoxic  effects. !
Cardiotoxic reactions can be irreversible
(Type 1 reaction), which is dose-related, or
they can produce the temporary loss of cardiac
contractility or result in cardiac stunning
(Type I reaction), which is not dose-related. **
The early detection of chemoradiotherapy-
induced cardiotoxicity is of great interest as
cancer therapy and drug combinations may be
modified to reduce cardiotoxicity. * The
evaluation of left ventricular ejection fraction
(LVEF) is the detection method for
cardiotoxicity. According to the guidelines of
the European Society of Cardiology, a
reduction of more than 10% in LVEF from the
original value is defined as cardiotoxicity.
Diagnostic tools for detecting cardiotoxicity
are different imaging modalities, such as
echocardiography, nuclear cardiac imaging,
cardiac computed tomography, and cardiac
magnetic resonance imaging. Among these
modalities, echocardiography is a widely
available, noninvasive, and nonradioactive
technique and, thus, the method of choice for
detecting myocardial dysfunction before,
during, and after cancer therapy. ** Three-
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dimensional echocardiography is the best
method for the sequential evaluation of LVEF
and LV volume measurements. ** Determining
patients with an increased risk of
cardiotoxicity is useful for deciding the
treatment strategy and completely avoiding or
minimally using cardiotoxic chemotherapeutic
substances. *°

In the present study, we aimed to evaluate
the  efficacy of  echocardiographic
parameters in predicting chemoradiotherapy-
induced cardiotoxicity.

METHODS

The current investigation enrolled 53 patients
with left-sided breast cancer (Grade Il or IlI)
at the Cardio-Oncology Department of Rajaie
Cardiovascular Medical and Research Center,
Tehran, Iran. The exclusion criteria were the
metastatic phase, a history of heart failure, a
history of cancer, or the use of
chemotherapeutic  agents.  Demographic
information, medical history, and medications
taken by the patients were recorded before the
start of the study. All the patients received 6
cycles of chemotherapy and adjuvant
radiotherapy. The prescribed dose was
between 50 and 60 Gy, with 2 Gy per fraction
regime in the 3D conformal radiation therapy
technique. In the case of conservative breast
surgery, an additional booster dose was
delivered to the treatment site.

Imaging

Transthoracic echocardiography in M-mode
and the Doppler technique was performed on
each patient before and 6 months after the
completion of treatment. Imaging was done by
echocardiographic specialists using the Philips
EPIQ 7 Ultrasound System according to the
standard protocol and the recommendations of
the American Society of Echocardiography.
Cross-sectional images were obtained in the
LV parasternal long- and short-axis views and
the apical 4- and 2-chamber long-axis views.
The analysis of the 3D images was performed
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using offline TOMTEC-ARENA TTA2 and
QLab, version 13.0.

The following echocardiographic parameters
were acquired in both (pre and post) imaging
phases: LV end-diastolic volume,
interventricular septum, right ventricular
end-diastolic volume, early diastole peak
velocity, peak velocity flow in late diastole,
right ventricular systolic excursion velocity,
tricuspid annular plane systolic excursion,
left atrial area, systolic pulmonary pressure
(sPAP), LV volume, LVEF with the 3D
HeartModel software, LV end-systolic
volume, LV end-diastolic volume, peak
velocity of systolic pulmonary vein, septal
mitral annulus velocity, left ventricular
global longitudinal strain (LVGLS), and LV
posterior wall thickness.

A reduction of more than 10% in
posttreatment LVEF compared  with
pretreatment LVEF was  considered
cardiotoxicity.

Statistical Analysis

Statistical analysis was performed using SPSS,
version 22. Continuous variables are presented
as mean + SD. Between-group comparisons
were analyzed using the unpaired t test. The
paired t test was utilized to compare the mean
of the variables observed in the 2 imaging
phases. The Kolmogorov-Smirnov test was
applied to analyze normality. A univariate
binary logistic regression model was
employed to evaluate the efficacy of the
variables in predicting cardiotoxicity. The
receiver operating characteristic (ROC) curve
was obtained, and the area under the curve
(AUC) was calculated to investigate the
predictive value of the regression model.
Differences were considered significant at a P
value of less than 0.05.

RESULTS

Patient Characteristics
Fifty-three patients with left-sided breast
cancer at a mean age of 49 £+ 11.2 years were
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assessed in 2 groups of complicated and
noncomplicated. The mean body mass index
and the mean body surface area were 2.3
4.3 and 1.8 = 0.18, respectively. Based on
changes in LVEF in posttreatment
echocardiography, 31 patients (60%) had
cardiotoxicity. The study population’s
demographic characteristics are presented in
Table 1, which shows no significant
differences between the 2 groups concerning
cardiac risk factors (P >0.05).

Comparisons  of  Echocardiographic
Parameters

Table 2  shows  comparisons  of
echocardiographic parameters between the
complicated and noncomplicated groups
before and after treatment. E/A ratio, SPAP,
LVEF, and LVGLS were significantly
decreased in the complicated group
posttreatment. This reduction was observed
in the noncomplicated group as well, but it
failed to constitute statistical significance.
Figure 1 depicts the posttreatment
longitudinal strain bull’s eye plot and the 3D
LV volume quantification with the 3D
HeartModel software in a patient with left-
sided breast cancer. The reduction in the
strain was obvious in the basal inferior,
basal inferolateral, basal anteroseptal, mid-
ventricular  inferoseptal, mid-ventricular
inferior, and mid-ventricular inferoseptal
segments. The measurements also indicated
a decrease in the patient’s LVEF.

Cardiotoxicity Prediction

As shown in the previous section, 4
echocardiographic parameters (E/A ratio,
sPAP, LVEF. and LVGLS) can be used as
potential prediction indicators. Table 3
demonstrates the univariate logistic regression
of these parameters. Only E/A ratio was
associated with subsequent cardiotoxicity (P
=0.01), whereas LVEF, LVGLS, and sPAP
were not statistically significant potential
predictors of cardiotoxicity.
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Figure 1 illustrates the ROC curve of the were 68% and 76%, respectively, with the
prediction of cardiotoxicity by E/A ratio. The model having an AUC of 77% (P <0.001).

sensitivity and specificity of the prediction

Table 1: Pretreatment comparisons of demographics and clinical characteristics between the 2 study groups

Complicated (N = 31) Noncomplicated (N = 22)

Characteristic mean + SD mean + SD P value
Age, y 49.4+£125 48.4 £ 8.4 0.7
Body mass index 27.9+47 28.5+3.7 0.6
BSA \ 1.7+0.2 1.8+0.14 0.4
Heart rate (bpm) \ 79.7 £10.2 81.5+9.2 0.5
Systolic blood pressure (mm Hg) | 120.6 £12.5 119.5+£11.6 0.7
Diastolic blood pressure (mm Hg) 78.1+12.4 782 +7.2 0.9
Family history of cancer 17 11 0.7
Surgery 21 10 0.1
Smoking status 1 1 0.8
Diabetes 3 2 0.9
History of hypertension 6 4 0.9
History of dyslipidemia 7 2 0.19
Chronic anemia 3 4 0.36
Thyroid dysfunction 3 1 0.48
ASA 1 1 0.8
Aldactone 4 2 0.66
Atorvastatin 5 2 0.54
Aldactone 14 11 0.7
Lisinopril 9 4 0.36
Losartan 2 0 0.22
Valsartan 1 0 0.39

Table 2: Comparisons of functional echocardiographic parameters between the complicated and noncomplicated
groups before and after treatment

Complicated Noncomplicated

Parameter

Pretreatment \ Posttreatment P value Pretreatment Posttreatment P value

LVEDD, mm 443 +45 450+ 2.6 . 45,7 £5.3 46.4 £ 3.1 .
IVS, mm 7.7+1.1 8.1+0.9 0.1 7.8+1.3 7.9+09 0.06
RVEDD, mm 28.3+3.1 28.1+27 0.7 29.4 + 3.0 29.6 + 3.7 0.8
E/A ratio 1.15 1.00 0.015* 1.09 0.99 0.13
RVS velocity, cm/s 11.8+1.9 11.6+1.4 0.6 12.2+2.5 11.4+2.2 0.06
TAPSE, mm 21.7+25 21.6+2.8 0.8 21.9+3.2 20.7 +3.1 0.1
LA area, cm? 16.2+2.7 15.9+ 2.0 0.5 154+ 2.1 16.1+1.6 0.3
SPAP, mm Hg 23.0+5.1 27.8+ 6.2 0.001 * 24.1+ 3.8 25.2+6.1 0.4
LV volume by 3D, cm® 90.1 +16.7 91.4+7.2 0.6 86.6 + 10.0 86.7 + 8.4 0.7
LVEF with the 58.9 + 6.8 49.2+4.4 0.001 * 58.5+ 3.2 53.7+ 4.8 0.5

HeartModel software

LVESV 44.1 + 20.5 458 +7.9 0.6 41.4+17.6 442 +12.3 0.9
(RV/=ID)VA cm® 89.0 + 15.8 91.2+14.6 0.5 85.4+16.4 95.9 + 26.4 0.6
S-Septal, cm/s 6.7+1.1 7.0+1.2 0.1 7.2+1.2 76+1.2 0.5
E-Septal, cm/s 8.6+2.2 8.4+20 0.6 8.0+x24 8.4+20 0.7
E-Lateral, cm/s 11.8+2.9 11.0+2.4 0.1 11.8+2.9 11.2+1.7 0.2
LVGLS -19.3+£2.9 -17.0+15 0.001 * -19.3+3.4 -17.3+1.3 0.3
LVESD, mm 28.2+5.3 28.2+7.1 0.5 30.5+5.3 30.9+5.8 0.4
LVPWD, mm 7.7+1.2 8.1+1.2 0.1 75+0.9 74+1.1 0.1

LV, Left ventricle; RV, Right ventricle; EDD, End-diastolic volume; ESV, End-systolic volume; TAPSE, Tricuspid
annular plane systolic excursion; IVS, Interventricular septum; EF, Ejection fraction; LA, Left atrium; sPAP, Systolic
pulmonary artery pressure

Values are mean + SD.
*: significant
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Figure 1: A) The figure depicts the longitudinal strain bull’s eye plot in a patient with left-sided breast cancer. A decreased
longitudinal strain can be seen in the basal inferior, basal inferolateral, basal anteroseptal, mid-ventricular inferoseptal, mid-
ventricular inferior, and mid-ventricular inferoseptal segments. B) Automated methods for the analysis of left ventricular
function with the 3D HeartModel software in the same patient show a reduced ejection fraction after treatment.

Table 3: Univariable analysis of the potential predictors of cardiotoxicity

Parameter Odds Ratio 95% ClI P value

|
E/A ratio ‘ 1.07 1.0-11 0.01*
sPAP ‘ 1.08 0.8-1.3 0.48
LVEF ‘ 0.97 08-1.1 0.74
LVGLS 0.95 0.7-1.2 0.67

*: significant
E/A ratio, Ratio of early to atrial inflow velocities; SPAP, Systolic pulmonary artery pressure; LV, Left ventricle; EF,
Ejection fraction; LGS, Longitudinal global strain
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Figure 2: The image illustrates the ROC curve analysis of E/A ratio, showing a significant increase in the predictive
performance of cardiotoxicity.
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DISCUSSION and CONCLUSIONS

Recent developments in chemotherapeutic
agents and radiotherapy techniques have led
to increased survival rates. Nonetheless,
chemoradiotherapy-induced normal tissue
toxicity is still a grave concern.
Cardiotoxicity is one of the most significant
side effects of chemotherapy drugs in
patients with cancer, especially breast
cancer, where the heart absorbs a relatively
high radiation dose. *® Therefore, the early
detection and prediction of cardiotoxicity
due to the use of medications and the
selection of alternative methods for
treatment with fewer side effects will be
valuable. Monitoring LVEF, an index of
cardiotoxicity, via 2D echocardiography is
the most widely used method for evaluating
cardiotoxicity. In the present study,
according to prior investigations, our basis
for considering cardiotoxicity in patients
was a reduction of greater than 10% in
LVEF in posttreatment echocardiography
compared with pretreatment
echocardiography. Our results showed that
LVEF and LVGLS decreased after
chemoradiotherapy in all patients, although
this reduction was significant in 32 out of 53
patients.  Nevertheless, our  findings
indicated that LVEF was a relatively
insensitive tool for predicting
chemoradiotherapy-induced cardiotoxicity at
an early stage. Many studies have examined
the effects of chemotherapy and radiation on
the reduction of LVEF and LVGLS and
have obtained similar results. "%
Reproducibility of the serial assessment of
LV volume and LVEF is a challenge in
echocardiography screening during cancer
treatment. We used the 3D HeartModel
software to obtain robust and reproducible
LV measurements. After treatment, we
witnessed average reductions of 12% and
10% in GLS in the complicated and
noncomplicated groups, respectively. Still,
several studies have concluded that a fall in
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GLS of between 10% and 15% can predict
subsequent cardiotoxicity. *** We observed
no statistically significant relationship
between this parameter and the prediction of
cardiotoxicity. Our results also demonstrated
that E/A ratio (the ratio of early to atrial
inflow velocities) could be used to predict
cardiotoxicity. Thus, in comparison with
systolic parameters, the assessment of
diastolic function by echocardiography may
predict cardiotoxicity in patients.

The developments in cancer treatment
techniques and screening programs have led
to increased attention to patient survival,
along with the success of the treatment result.
The recent availability of novel and more
sensitive diagnostic tools has improved our
ability to detect subclinical cardiotoxicity.
Echocardiography plays a major role in this
emerging area, with recent advances in
echocardiographic technology generating a
large body of evidence supporting the
presence of subclinical chemotherapy-
induced cardiotoxicity. New software and
hardware features have also augmented
measurement accuracy and the repeatability
of results. Periodic measurements of systolic
and diastolic cardiac parameters indicate an
association between some parameters and
cardiotoxicity. These features also help to
predict complications, which can prove
valuable not only in decision-making vis-a-
vis treatment but also in the reduction of
patients’ physical complications and costs
imposed on the health system. Despite the
valuable results that have been found in this
field, achieving definitive results requires
sizable study populations. Moreover, the use
of new image processing methods, such as
radiomics, and data analysis methods, such as
machine learning, can improve the results of
studies.

Study Limitations
The number of patients in this prospective
study was relatively small, and our access to
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the patients’ chemotherapy regimens was
limited. Furthermore, follow-up procedures
were delayed for some patients given the
higher risk at which our study population
was during the COVID-19 pandemic.
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