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Abstract 

Background The clinical application of anthracycline chemotherapy is hindered due to the cumulative dose-
dependent cardiotoxicity followed by the oxidative stress initiated during the mechanism of action of anthracyclines. 
Due to a lack of prevalence data regarding anthracycline-induced cardiotoxicity in Sri Lanka, this study was con-
ducted to determine the prevalence of cardiotoxicity among breast cancer patients in Southern Sri Lanka in terms of 
electrocardiographic and cardiac biomarker investigations.

Methods A cross-sectional study with longitudinal follow-up was conducted among 196 cancer patients at the 
Teaching Hospital, Karapitiya, Sri Lanka to determine the incidence of acute and early-onset chronic cardiotoxicity. 
Data on electrocardiography and cardiac biomarkers were collected from each patient, one day before anthracycline 
(doxorubicin and epirubicin) chemotherapy, one day after the first dose, one day and six months after the last dose of 
anthracycline chemotherapy.

Results Prevalence of sub-clinical anthracycline-induced cardiotoxicity six months after the completion of anthracy-
cline chemotherapy was significantly higher (p < 0.05) and there were strong, significant (p < 0.05) associations among 
echocardiography, electrocardiography measurements and cardiac biomarkers including troponin I and N-terminal 
pro-brain natriuretic peptides. The cumulative anthracycline dose, > 350 mg/m2 was the most significant risk factor 
associated with the sub-clinical cardiotoxicity in breast cancer patients under study.

Conclusion Since these results confirmed the unavoidable cardiotoxic changes following anthracycline chemother-
apy, it is recommended to carry out long-term follow-ups in all patients who were treated with anthracycline therapy 
to increase their quality of life as cancer survivors.
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Background
Anthracyclines are a group of antibiotics that were iso-
lated from Streptomyces peucetius, a species of actino-
bacteria and the introduction of them has dramatically 
improved the outlook of many cancers over the past 
15  years [1]. Doxorubicin is the most commonly used 
and most effective chemotherapeutic agent in the anthra-
cycline family [2]. However, the clinical use of anthracy-
clines is compromised by their toxic effects on healthy 
tissues [3]. Production of hydroxyl free radicals during 
the metabolism of anthracyclines leads to multi-organ 
toxicity and the myocardial tissues are more suscepti-
ble for the free radical-induced damage compared to the 
other tissues [4–6]. According to previous studies, the 
level of doxorubicin-induced cardiotoxicity is ten times 
greater than the toxicities associated with other tissues 
such as the liver, kidney, spleen and mitochondria are the 
most extensively and progressively damaged subcellular 
organelles in doxorubicin-induced cardiotoxicity [7, 8]. 
One reason for this may be due to the high-affinity bind-
ing of doxorubicin with cardiolipin, a phospholipid in the 
inner mitochondrial membrane, which plays an impor-
tant role in mitochondrial function as it is required for 
the proper functioning of the proteins in the electron-
transport chain [9]. Another reason for the vulnerability 
of the heart tissue to doxorubicin-induced cardiotoxic-
ity is due to the presence of antioxidant enzymes such as 
peroxidase, catalase and superoxide dismutase at com-
paratively lower levels [10].

Since oxidative stress is the major mechanism involved 
in doxorubicin-induced cardiotoxicity, it is mediated 
through the accumulation of reactive oxygen species 
(ROS) in the intracellular spaces which are generated 
through redox cycling in mitochondria [11]. In addition 
to the redox cycling, ROS are also produced in the myo-
cardium by activation of pro-oxidant enzymes including 
NADPH oxidase and xanthine oxidases. Since the bal-
ance between ROS production and antioxidant defense 
mechanism is more susceptible to disruption in the myo-
cardial tissues, it induces deleterious effects in the heart 
tissues including DNA damage, cell death, mitochondrial 
dysfunction, disruption in calcium homeostasis, and 
defects in protein synthesis [12].

According to previous studies, cardiotoxicity induced 
by anthracyclines has one or more signs and symptoms 
including a reduction in the left ventricular ejection frac-
tion (LVEF), signs associated with heart failures such as 
S3 gallop, tachycardia or both, reduction in LVEF from 
baseline that is in the range of less than or equal to 5% 
to less than 55% accompanying signs or symptoms 
of heart failure, or a reduction in LVEF in the range of 
equal to or greater than 10% to less than 55%, without 
accompanying signs or symptoms of heart failure [13]. 

Doxorubicin-induced cardiotoxicity can be acute or 
chronic [14]. Acute cardiotoxicity is usually evident dur-
ing and within 2–3  days of administration of anthracy-
clines and the incidence is about 11%. The incidence of 
chronic cardiotoxicity is about 1.7% and it is primarily 
related to the cumulative dose of doxorubicin adminis-
tered. Although there is no limit for the standard cumu-
lative dose associated with cardiotoxicity induced by 
doxorubicin, the incidence of cardiovascular diseases 
increases with increased cumulative dose and an inter-
individual variation was also reported [14, 15]. The inci-
dence was about 3–5% when the cumulative dose was 
400 mg/m2, 5–8% when the cumulative dose was 450 mg/
m2, and 6–20% when the dose was 500 mg/  m2 [15].

When considering the prevalence of anthracycline-
induced cardiotoxicity, only a few studies have been 
conducted in Asian countries and only one study was 
previously conducted in Sri Lanka and published by 
us based on only the echocardiographic parameters. 
Therefore, this study was conducted to determine the 
prevalence of anthracycline-induced cardiotoxicity in 
breast cancer patients admitted to the oncology unit, 
Teaching Hospital, Karapitiya, Sri Lanka based on elec-
trocardiography (ECG) findings and cardiac biomark-
ers including cardiac troponin I (cTnI) and N terminal 
pro-brain natriuretic peptide (NT-pro BNP) since these 
parameters provide early identification of acute changes 
in the heart although the echocardiography requires 
some extent of damage to the heart for the diagnosis of 
cardiotoxicity [16].

Methods
Experimental procedure
A cross-sectional study with longitudinal follow-up was 
conducted following the declaration of Helsinki at the 
Teaching Hospital, Karapitiya, Sri Lanka. Ethical approval 
for the study was obtained from the Ethical Review Com-
mittee, Faculty of Medicine, University of Ruhuna, Sri 
Lanka (23.10.2014:3.10).

A-priori sample size calculator for multiple regres-
sion was used to determine the required sample size. 
The required sample size was calculated as 195 with an 
anticipated effect size (0.10), desired statistical power 
level (0.80), number of predictors (14), and probability 
level (0.05). However, it was expected to recruit a few 
additional patients to secure 195 observations after data 
cleaning. Initially, 205 patients were recruited to the 
study and ultimately 196 patients remained after exclud-
ing the dropouts.

Written informed consent was obtained from every 
patient before the data collection. The purpose of the 
study was clearly explained to each and every participant 
before obtaining the consent. Data was collected giving 
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sufficient time and protecting privacy of the patients. 
Participants had the ability to reject the participation at 
any time after they were recruited to the study. An inter-
viewer administered pretested questionnaire was used to 
collect the data. Anonymity and confidentiality of indi-
vidual data were maintained throughout the study.

All newly diagnosed breast cancer patients above 
18  years of age who were administered anthracycline 
and cyclophosphamide (AC) chemotherapy for the first 
time and who gave informed consent were enrolled in the 
study. Any patient who was in a critical state or end stage 
of cancer and who was unable to give informed consent, 
patients who received chemotherapy that do not belong 
to the anthracycline family, patients who were diagnosed 
with any structural heart disease or cardiomyopathy and 
patients who developed any acute non-cardiac complica-
tions were excluded from the study. In the hospital set-
ting, anthracycline is administered only as a combination 
therapy, and only this combination was selected to limit 
the effect of other cardiotoxic chemotherapy agents. 
Once consent was given, an interviewer-administered 
questionnaire was used to collect the socio-demographic 
data and other relevant information related to the study.

Records of ECG reports and 5.0  mL of venous blood 
were collected from each patient who was adminis-
tered with AC schedule as the first line treatment on the 

following four occasions; one day before chemotherapy 
(baseline), one day after the first dose of chemotherapy, 
one day after the last dose of chemotherapy and six 
months after the completion of chemotherapy. However, 
after the last dose of chemotherapy, most of the patients 
were undergone some therapeutics considered the sec-
ond part of the adjuvant program including taxane-
trastuzumab and chest wall irradiation which can affect 
the results obtained six months after the completion of 
anthracycline chemotherapy.

PR interval, QRS duration, and QTc interval were cal-
culated from ECG records to investigate the cardiotoxic 
events in patients treated with anthracycline chemother-
apy as changes were reported in these parameters in pre-
vious studies [13, 16–18]. The following guidelines were 
used when calculating these parameters [19]. The stand-
ard ECG paper has a grid of small and large squares and 
in the horizontal axis, each small square indicates 40 ms 
(ms) in time. PR interval was calculated from the begin-
ning of the P wave to the first deflection of the QRS com-
plex as shown in Fig. 1. QRS duration was obtained from 
the first deflection of the QRS complex to the end of the 
QRS complex at the isoelectric line and the QT interval 
was calculated from the first deflection of the QRS com-
plex to the end of the T wave at the isoelectric line. The 
QTc interval was calculated from the Fridericia formula; 

Fig. 1 Sample of standard ECG paper which shows the scale of voltage in vertical axis and time in the horizontal axis. (Extracted from http:// www. 
medic ine. mcgill. ca/ physio/ vlab/ cardio/ intro ecg. htm) 

http://www.medicine.mcgill.ca/physio/vlab/cardio/introecg.htm
http://www.medicine.mcgill.ca/physio/vlab/cardio/introecg.htm
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QTc = QT / RR 1/3 (RR; heart rate) with the help of the 
QTc calculator (https:// www. mdcalc. com/).

Venous blood (5.0 mL) was collected into a plain tube 
for the estimation of NT-proBNP and cTnI concentra-
tion. The serum was separated and stored at -85° C until 
the ELISA tests were performed. The concentration of 
cTnI was estimated according to the method of Fromm 
[20], and the concentration of NT-proBNP was estimated 
according to the method of Bay et al. [21].

Statistical analysis
The statistical analysis was performed using MINITAB 
18 software package. This study was planned with 14 pre-
dictor variables. It was expected to use the multiple linear 
regression model as the main analytical tool. The demo-
graphic profile and other clinical characteristics of the 
patients enrolled in the study (age, weight, height, BMI, 
cumulative dose of anthracycline, radiation, systolic BP, 
and diastolic BP) were presented in the form of mean and 
standard deviation. Other baseline characteristics of the 
patients enrolled in the study included Nottingham grade 
of cancer, type anthracycline, number of anthracycline 
cycles, therapeutics administered as the second part of 
the adjuvant program, blood relatives with cancer, mari-
tal status, diabetes, dyslipidemia and ER, PR and Her-2 
receptor status were presented as percentage frequencies.

ECG analysis
One-way Analysis of Variance (One-way ANOVA) test 
was applied to test the hypothesis of equal means at 0.05 
level of significance to analyze the ECG changes one day 
after the first dose of chemotherapy, one day after the 
last dose of chemotherapy, and six months after the com-
pletion of anthracycline chemotherapy in terms of the 
PR interval, QRS duration, and QTc interval. Then the 
Tukey’s multiple comparison test was applied to identify 
the different pairs of means. Pearson’s product-moment 
correlation coefficient was used to analyze the linear 
relationship between ECG changes and six continuous 
variables including age, weight, height, BMI, cumulative 
dose, and radiation. Chi-squared test was used to inves-
tigate the association between sub-clinical cardiotoxicity 
identified from echocardiographic findings [22] and ECG 
parameters. Binary logistic regression analysis was car-
ried out to investigate the relationship between the car-
diac risk factors and the deviation of ECG interval values 
compared to the normal intervals.

Biochemical analysis
One way ANOVA was used to analyze the mean differ-
ences of biochemical results including cTnI and NT-
proBNP at the four time points (baseline, one day after 

the first dose of chemotherapy, one day after the last dose 
of chemotherapy, and six months after the completion 
of chemotherapy). Tukey’s multiple comparison test was 
applied to identify the different pairs of means.  Pear-
son’s product moment correlation coefficient  was used 
to analyze the relationship between biochemical results 
six months after the completion of anthracycline chemo-
therapy and continuous variables including age, weight, 
height, BMI, cumulative dose of anthracycline, and chest 
wall irradiation. Chi-squared test was used to analyze 
the association between sub-clinical cardiotoxicity (EF 
difference > 10% in echocardiography) and biochemical 
changes as well as the association with ECG parameter 
changes. Binary logistic regression analysis was carried 
out to investigate the relationship between the cardiac 
risk factors and the changes in biochemical parameters. 
The odds ratios (ORs) and 95% confidence intervals (CIs) 
were estimated from regression coefficients. P < 0.05 was 
considered significant.

Results
Patients selected for the study (196) had no clinical 
signs or symptoms of cardiac dysfunction during the 
study period. All patients were females with breast 
cancer as there were limitations in selecting patients 
who received only an anthracycline drug regimen in 
the actual clinical setup. In the Sri Lankan clinical set-
ting, anthracyclines are always prescribed as a com-
bination therapy and many combinations have other 
cardiotoxic agents and anthracycline and cyclophos-
phamide schedule (AC schedule) is the most com-
monly used regimen which includes anthracyclines. 
Therefore, in the present study, the cardiotoxicity of 
the patients who received anthracycline and cyclo-
phosphamide schedule was evaluated. Anthracyclines 
at 60  mg/m2 and cyclophosphamide at 600  mg/m2 
were prescribed for the breast cancer patients admit-
ted to the Teaching Hospital, Karapitiya, Sri Lanka as 
the standard drug regimen.

The demographic profile and other clinical character-
istics of the patients enrolled in the study (age, weight, 
height, BMI, cumulative dose, radiation, systolic BP, and 
diastolic BP) are presented as mean ± standard devia-
tion in Table 1 [22]. Other baseline characteristics of the 
patients enrolled in the study included Nottingham grade 
of cancer, type of anthracycline, number of anthracycline 
cycles, therapeutics administered as the second part of 
the adjuvant program, blood relatives with cancer, mari-
tal status, diabetes, dyslipidemia and ER, PR and Her-2 
receptor status are also presented as percentage frequen-
cies in Table 2 [22]. A summary of the echocardiographic 
analysis is presented in Fig. 2 [22].

https://www.mdcalc.com/
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ECG analysis
The mean PR interval, QRS duration, and QTc inter-
val of patients one day before initiation of chemo-
therapy (baseline value) were 141.22 ± 18.30  ms, 
99.6 ± 16.45  ms, and, 434.6 ± 9.72  ms respectively as 
shown in Table  3. According to the Tukey simultane-
ous tests for differences of means, there was a signifi-
cant difference (p < 0.001) between the baseline values 
of ECG parameters including QRS duration and QTc 
interval, and the ECG readings one day after the last 
dose of chemotherapy and six months after the com-
pletion of anthracycline chemotherapy. Although, 
there is no significant difference in PR interval 
between baseline values and one day after the first 

dose of chemotherapy and one day after the last dose 
of chemotherapy, a significant (p˂0.001) difference was 
observed six months after the completion of chemo-
therapy. The normal value for PR interval in females 
is ˂200 ms, QRS duration is ˂120 ms and QTc interval 
is ˂440 ms [19, 23]. In the study group, 5.6% of patients 
had a QRS duration of ˃120 ms one day after the first 
dose of chemotherapy and 17.9% and 21.4% of patients 
had a QRS duration of ˃120  ms one day after the last 
dose of chemotherapy, and six months after the com-
pletion of chemotherapy respectively. There were 
14.8% of patients one day after the first dose, 30.1% 
one day after the last dose, and 31.6% six months after 
the completion of anthracycline chemotherapy who 
had QTc interval ˃440 ms. Although some patients had 
increased PR interval one day after and six months 
after the completion of anthracycline chemotherapy, 
none of them had a PR interval of ˃200 ms.

Changes in PR interval, QRS duration, and QTc 
interval compared to the baseline values are shown in 
Figs. 3, 4 and 5. All the patients recruited to the study 
had no change in PR interval one day after the first 
dose of anthracycline chemotherapy. Changes in PR 
interval gradually increased one day and six months 
after the completion of chemotherapy. About 81% of 
patients and 79% of patients had no changes in QRS 
duration and QTc interval respectively one day after 
the first dose of chemotherapy. However, the percent-
age of patients who had changes in QRS duration and 

Table 1 Demographic and clinical characteristics of the study 
participants

BMI Body Mass Index, BP Blood pressure

Demographic and clinical characteristics of patients Mean ± SD

Age (years) 53.6 ± 11.0

Weight (kg) 53.5 ± 10.3

Height (m) 1.5 ± 0.1

BMI (kg/m2) 24.2 ± 4.3

Cumulative dose (mg/m2) 340.8 ± 37.0

Radiation received (Gy) 49.4 ± 22.9

Systolic BP (mmHg) 115.3 ± 8.1

Diastolic BP (mmHg) 74.9 ± 5.8

Table 2 Baseline characteristics of the study participants (n = 196)

CA carcinoma, ER estrogen receptor, PR progesterone receptor, Her 2 human epidermal growth factor receptor 2

Nottingham grade of cancer Receptor status

Low nuclear grade in situ CA 01 (0.5%) ER positives 50 (25.5%)

Grade I 30 (15.3%) PR positives 38 (19.4%)

Grade II 101 (51.5%) Her 2 positives 02 (1.0%)

Grade III 64 (32.7%) ER & PR positives 94 (48.0%)

Type of anthracycline ER & Her 2 positives 06 (3.1%)

Doxorubicin 157 (80.1%) PR & Her 2 positives 03 (1.5%)

Epirubicin 39 (19.9%) ER, PR & Her 2 positives 03 (1.5%)

Number of anthracycline cycles given Other therapeutics used as the second part of the adjuvant 
programme

04 cycles 193 (98.5%) None 05 (2.6%)

06 cycles 03 (1.5%) Docetaxel 128 (65.3%)

Patients with Paclitaxel 46 (23.4%)

Diabetes mellitus 84 (42.9%) Nano Paclitaxel 17 (8.7%)

Dyslipidaemia 69 (35.2%) Blood relatives
Neither 43 (21.9%) With cancer 47 (24.0%)

Marital status Without cancer 149 (76.0%)

Married 148 (75.5%)

Unmarried 48 (24.5%)
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QTc interval increased with time. QRS change in 20 ms 
was relatively high one day after the first dose of anthra-
cycline chemotherapy and the highest changes in QRS 

duration including 60  ms, 80  ms, and 100  ms were 
observed six months after the completion of chemo-
therapy. When considering the QTc interval changes, 

Fig. 2 Comparison of echocardiographic parameters among the four time points. Baseline; One day prior to anthracycline chemotherapy, FTP 
I; One day after  1st dose of anthracycline chemotherapy, FTP II; One day after last dose of anthracycline chemotherapy, FTP III; Six months after 
completion of anthracycline chemotherapy. All values are expressed as mean ± SD (n = 196). p values *˂ 0.05, **˂ 0.01, ***˂0.001 compared to the 
baseline readings. (Paired t-test was applied to compare echocardiographic parameters between the baseline and one day and six months after 
the completion of anthracycline chemotherapy). FTP; Follow up time point, EF; ejection fraction, FS; fractioning shortening, PWT, LV; posterior 
wall thickness (left ventricle), IVS, LV; thickness of inter-ventricular septum (left ventricle), LVEDD; left ventricular end diastolic diameter, LVESD; left 
ventricular end systolic diameter, SD; standard deviation

Table 3 Comparison of electrocardiographic (ECG) parameters at four time points

All values are expressed as mean (95% CI) (n = 196). One-way Analysis of Variance (One-way ANOVA) test was applied to test the hypothesis of equal means at 0.05 
level of significance. A p-vale of 0.000 + (p values *< 0.05, **< 0.01, ***< 0.001) indicated at least two different means. Then the Tukey’s multiple comparison test was 
applied to identify the different pairs of means)

ms milli seconds, CI confidence interval, FTP Follow up time point

FTP I; One day after 1st dose of anthracycline chemotherapy, FTP II; One day after last dose of anthracycline chemotherapy, FTP III; Six months after completion of 
anthracycline chemotherapy

ECG parameters
Mean (95%CI)

One day prior 
to anthracycline 
chemotherapy 
(baseline)

One day after  1st dose of 
anthracycline chemotherapy (FTP 
I)

One day after last 
dose of anthracycline 
chemotherapy (FTP 
II)

Six months after completion of 
anthracycline chemotherapy 
(FTP III)

PR interval (ms) 141.6 (139.0, 144.3) 141.6 (139.0, 144.3) 143.3 (140.6, 146.0) 149.5 (146.8, 152.2)

QRS duration (ms) 99.6 (96.5, 102.7) 103.8 (100.7, 106.9) 110.4 (107.3, 113.5) 113.3 (110.2, 116.4)

QTc interval (ms) 434.6 (432.1, 437.1) 438.7 (436.2, 441.2) 445.0 (442.5, 447.5) 448.0 (445.5, 450.5)

Mean difference (95% 
CI)

FTP I—Baseline FTP II—Baseline FTP III—Baseline FTP II—FTP I FTP III—FTP I FTP III—FTP II

PR interval (ms) 0.0 (-4.9, 4.9) 1.6 (-3.3, 6.6) 7.9*** (2.9, 12.8) 1.6 (-3.3, 6.6) 7.9*** (2.9, 12.8) 6.2** (1.3, 11.2)

QRS duration (ms) 4.2 (-1.5, 9.9) 10.8*** (5.1, 16.5) 13.7*** (8.0, 19.4) 6.6* (0.9, 12.4) 9.5*** (3.8, 15.2) 2.9 (-2.9, 8.6)

QTc interval (ms) 4.1 (-0.5, 8.7) 10.4*** (5.8, 15.0) 13.4*** (8.7, 18.0) 6.3** (1.7, 10.9) 9.3*** (4.7, 13.9) 3.0 (-1.7, 7.6)



Page 7 of 17Sandamali et al. BMC Cancer          (2023) 23:210  

more than 63% of patients had no changes in QTc inter-
val even six months after the completion of anthracy-
cline chemotherapy. The changes in QTc interval in 
20 ms were mostly observed one day after the last dose 
of chemotherapy and the same as the other parameters 
the highest changes were observed six months after the 
completion of chemotherapy.

As the highest percentage of patients with a QRS dura-
tion of ˃120 ms and QTc interval of ˃440 ms was observed 
six months after the completion of anthracycline chem-
otherapy, the relationship between these two parame-
ters and the continuous variables including age, weight, 
height, BMI, cumulative dose of anthracycline and chest 
wall irradiation was investigated and results are shown 

Fig. 3 Percentage of patients with PR interval changes in milli seconds compared to the baseline PR interval. PR0; PR interval reading at the 
baseline. PR1; PR interval reading one day after the first dose of anthracycline chemotherapy (FTP I). PR2; PR interval reading one day after the last 
dose of anthracycline chemotherapy (FTP II). PR3; PR interval reading six months after the completion of anthracycline chemotherapy (FTP III). FTP; 
Follow up time point

Fig. 4 Percentage of patients with QRS duration changes in milli seconds compared to the baseline QRS duration. QRS0; QRS duration reading 
at the baseline. QRS1; QRS duration reading one day after the first dose of anthracycline chemotherapy (FTP I). QRS2; QRS duration reading one 
day after the last dose of anthracycline chemotherapy (FTP II). QRS3; QRS duration reading six months after the completion of anthracycline 
chemotherapy (FTP III). FTP; Follow up time point
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in Table  4. Both ECG parameters had a weak positive 
linear relationship with age and the cumulative dose of 
anthracyclines.

The Chi-squared test was performed to investigate 
whether the ECG parameters including QRS dura-
tion and QTc interval beyond the reference range six 
months after the completion of anthracycline chemo-
therapy is correlated to the sub-clinical cardiotoxic 
findings of echocardiography (patients with EF dif-
ference ≥ 10% after the six months of completion 
of anthracycline chemotherapy) and the results are 
shown in Tables 5 and 6. According to the results it was 
observed that there is a strong relationship between 

changes in EF values in echocardiographic measures 
and changes in ECG parameters.

The association of risk factors for cardiomyopathy 
with the deviation of ECG parameters, QRS duration, 
and QTc interval from the baseline value six months 
after the completion of anthracycline chemotherapy 
was investigated using binary logistic regression and 
results are shown in Table 7. Age of more than 60 years 
was found to be the most significantly contributed risk 
factor for both ECG parameters, QRS duration, and 
QTc interval which had an OR of 2.84 (p < 0.05) and 3.40 
(p < 0.05) respectively. The second risk factor associated 
with ECG changes was the cumulative dose of anthra-
cyclines. Patients who were administered ≥ 350  mg/
m2 of cumulative dose of anthracycline had a higher 
chance of obtaining ECG readings above the normal 

Fig. 5 Percentage of patients with QTc interval changes in milli seconds compared to the baseline QTc interval. QT0; QTc interval reading at the 
baseline. QT1; QTc interval reading one day after the first dose of anthracycline chemotherapy (FTP I). QT2; QTc interval reading one day after the last 
dose of anthracycline chemotherapy (FTP II). QT3; QTc interval reading six months after the completion of anthracycline chemotherapy (FTP III)

Table 4 Correlation between the basic characteristics and the 
changes in electrocardiographic (ECG) parameters six months 
after the completion of anthracycline chemotherapy

BMI Body Mass Index

p values *< 0.05, **< 0.01, ***< 0.001 considered as significant

Variables Correlation coefficient (p value)

Difference in QRS 
duration

Difference in 
QTc interval

Age 0.40 (0.001)** 0.38 (0.001)**

Weight 0.08 (0.252) 0.07 (0.340)

Height 0.05 (0.453) 0.06 (0.447)

BMI 0.07 (0.355) 0.05 (0.479)

Cumulative dose of anthra-
cycline

0.36 (0.001)** 0.32 (0.001)**

Radiation 0.01 (0.877) 0.06 (0.425)

Table 5 Association between sub-clinical cardiotoxicity (EF 
changes ≥ 10%) and the changes in electrocardiographic (ECG) 
parameters six months after the completion of anthracycline 
chemotherapy

n = 196, p-value = 0.001**

EF Ejection fraction

p values *< 0.05, **< 0.01, ***< 0.001 considered as significant

QRS duration ≤ 120 ms QRS 
duration > 120 ms

EF difference 
 (EF3-EF0) < 10%

113 (85.6%) 19 (14.4%)

EF difference 
 (EF3-EF0) ≥ 10%

41 (65.1%) 23 (34.9%)
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values compared to the patients who received a cumu-
lative dose of anthracycline ˂350  mg/m2. The risk of 
changing the QTc interval was more than twice which 
was indicated by an OR of 2.14 (p < 0.05). However, 
the effect of the cumulative dose of anthracycline to 
increase the QRS duration above the normal value (OR; 
2.00) was at the threshold p-value was 0.049.

Biochemical analysis
The baseline mean NT-proBNP concentration of the 
patients recruited to the study was 91.25 pg/mL and cTnI 
was not detected in any of the patients at the baseline 

level. The comparison of mean concentrations of NT-
proBNP and cTnI at four time points is shown in Table 8. 
The mean NT-pro BNP concentration one day after the 
first dose of anthracycline, one day after the last dose of 
chemotherapy, and six months after the completion of 
chemotherapy were 103.82  pg/ mL, 118.23  pg/ mL and 
133.25  pg/ mL respectively and these values were sig-
nificantly different (p < 0.001) from the baseline value. 
Although a considerable change in the concentration of 
cTnI was not detected in many patients one day after the 
first dose of anthracycline chemotherapy, some patients 
showed minimum detectable positive values where the 
mean concentration was 0.009  ng/ mL. However, the 
mean concentration of the cTnI was significantly ele-
vated (p < 0.001) after the last dose and six months after 
the completion of anthracycline chemotherapy, and the 
mean values were 0.024 ng/mL and 0.040 ng/mL respec-
tively. The reference value for the NT-proBNP was con-
sidered as ≤ 125.0  pg/ mL in ages between 0–74  years 
and the positive cTnI concentration was considered 
as ≥ 0.01  ng/ mL (minimum detectable level) and a sig-
nificant elevation was considered as ≥ 0.04 ng/ mL [24–
26]. There were 31.12% of patients with NT-proBNP 
concentration > 125.0 pg/ mL one day after the last dose 
of chemotherapy and 46.43% of patients six months after 
the completion of chemotherapy. There were 32.65% of 

Table 6 Association between sub-clinical cardiotoxicity (EF 
changes ≥ 10%) and the changes in electrocardiographic (ECG) 
parameters six months after the completion of anthracycline 
chemotherapy

n = 196, p-value = 0.002**

EF; Ejection fraction, p values *< 0.05, **< 0.01, ***< 0.001 considered as 
significant

QTc interval ≤ 440 ms QTc interval > 440 ms

EF difference 
 (EF3-EF0) < 10%

100 (75.8%) 32 (24.2%)

EF difference 
 (EF3-EF0) ≥ 10%

34 (53.1%) 30 (46.9%)

Table 7 Analysis of the risk factors independently associated with cardiotoxicity (based on electrocardiography (ECG) analysis)

OR Odds ratio, CI Confidence interval, BMI Body Mass Index

p values *< 0.05, **< 0.01, ***< 0.001 considered as significant

Characteristics QRS duration QTc interval

OR 95%CI p value OR 95%CI p value

Age (Years) Reference; < 50 years

 50—59 1.43 0.73–2.83 0.299 1.70 0.75–3.82 0.201

 60—79 2.84 1.39–5.80 0.004** 3.40 1.26–9.14 0.015*

BMI (kg/m2) Reference; normal

 Overweight 0.67 0.34–1.32 0.254 1.23 0.50–2.98 0.654

 Obese 0.76 0.31–1.84 0.545 1.20 0.37–3.85 0.765

Nottingham grade of cancer

 Reference; Grade I

  Grade II 1.31 0.58–2.97 0.521 1.87 0.74–4.73 0.185

  Grade III 1.39 0.58–3.33 0.458 1.87 0.82–6.50 0.111

Treatment with 
doxorubicin

1.07 0.45–2.54 0.876 0.79 0.38–1.64 0.526

Cumulative dose of anthracycline

 ≥ 350 mg/m2 2.00 0.99–4.03 0.049* 2.14 1.16–3.96 0.014*

Diabetes mellitus 1.04 0.59–1.82 0.850 1.81 0.85–3.85 0.121

Dyslipidaemia 1.08 0.60–1.94 0.799 1.06 0.50–2.22 0.886

Trastuzumab 0.59 0.13–2.75 0.480 0.57 0.15–2.11 0.379

Chest wall irradia-
tion

0.93 0.77–1.11 0.434 1.18 0.93–1.50 0.176
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patients who showed ≥ 0.01  ng/ mL of cTnI concentra-
tion one day after the first dose of chemotherapy. But 
none of them had a significant elevation of cTnI which 
indicates myocardial necrosis. There were 10.20% of 
patients with cTnI concentration ≥ 0.04 ng/ mL one day 
after the last dose of anthracycline chemotherapy and 
41.33% of patients six months after the completion of 
chemotherapy.

Correlation analysis of biochemical changes with 
six continuous variables including age weight, height, 
BMI, cumulative dose of anthracycline, and chest wall 
irradiation is shown in Table 9. NT-proBNP concen-
tration had a weak positive linear relationship with a 
cumulative dose of anthracycline (r = 0.311, p < 0.001) 
and chest wall irradiation (r = 0.238, p < 0.01). cTnI 
concentration six months after the completion of 
chemotherapy showed a positive linear relationship 
with all variables except the height of the patients. 
The cumulative dose of anthracycline had the strong-
est relationship (r = 0.659, p < 0.001) among these 
variables followed by chest wall irradiation, weight, 
BMI, and age.

The Chi-Squared test was performed to investigate 
whether the biochemical changes are dependent on the 
changes in EF in echocardiography and ECG parameter 
changes six months after the completion of chemother-
apy and results are shown in Tables 10, 11, 12, 13, 14, 15. 
There was a significant association (p˂0.01) between NT-
proBNP concentration ˃125.00  ng/mL and EF changes 
˃10% as well as ECG parameter changes six months 
after the completion of chemotherapy. cTnI concentra-
tion ˃0.04  ng/mL also had a significant association with 
the occurrence of sub-clinical cardiotoxicity and ECG 
parameter changes.

Binary logistic regression analysis was performed 
to assess the risk factors associated with biochemi-
cal changes of the patients recruited to the study and 
results are shown in Table 16. According to the results, 
the only risk factor associated with high NT-proBNP 

Table 8 Comparison of biochemical parameters at four time points

All values are expressed as mean (95% CI) (n = 196). One-way Analysis of Variance (One-way ANOVA) test was applied to test the hypothesis of equal means at 0.05 
level of significance. A p-vale of 0.000 + ( p values *< 0.05, **< 0.01, ***< 0.001) indicated at least two different means. Then the Tukey’s multiple comparison test was 
applied to identify the different pairs of means)

CI confidence interval, cTnI cardiac troponin I, NT-pro BNP N terminal pro brain natriuretic peptide, FTP Follow up time point

FTP I; One day after 1st dose of anthracycline chemotherapy, FTP II; One day after last dose of anthracycline chemotherapy, FTP III; Six months after completion of 
anthracycline chemotherapy

Biochemical 
parameters
Mean (95%CI)

One day prior 
to anthracycline 
chemotherapy 
(baseline)

One day after  1st dose of 
anthracycline chemotherapy (FTP I)

One day after 
last dose of 
anthracycline 
chemotherapy 
(FTP II)

Six months after completion of 
anthracycline chemotherapy (FTP 
III)

cTnI (ng/mL) 0.00 0.01 (0.007, 0.010) 0.02 (0.022, 0.025) 0.04 (0.039, 0.042)

NT-pro BNP (pg/mL) 91.25 (89.5, 93.0) 103.82 (102.0, 105.6) 118.23 (116.5, 120.0) 133.25 (131.5, 135.0)

Mean difference 
(95% CI)

FTP I—Baseline FTP II—Baseline FTP III—Baseline FTP II—FTP I FTP III—FTP I FTP III—FTP II

cTnI (ng/mL) 0.01*** (0.00, 0.01) 0.02*** (0.02, 0.03) 0.04*** (0.03, 0.04) 0.01*** (0.01, 0.02) 0.03*** (0.02, 0.03) 0.02*** (0.01, 0.02)

NT-pro BNP (pg/mL) 12.6*** (9.3, 15.9) 27.0*** (23.7, 30.3) 42.0*** (38.7, 45.3) 14.4*** (11.1, 17.7) 29.4*** (26.2, 32.7) 15.0*** (11.7, 18.3)

Table 9 Correlation between the basic characteristics and 
the biochemical changes six months after the completion of 
anthracycline chemotherapy

BMI Body Mass Index, cTnI cardiac troponin I, NT-proBNP N-terminal pro brain 
natriuretic peptide

p values *< 0.05, **< 0.01, ***< 0.001 considered as significant

Variables Correlation coefficient (p value)

cTnI NT-proBNP

Age 0.21 (0.003)** 0.12 (0.089)

Weight 0.33 (0.001)** 0.08 (0.259)

Height 0.08 (0.265) 0.02 (0.835)

BMI 0.32 (0.001)** 0.09 (0.228)

Cumulative dose of anthra-
cycline

0.66 (0.002)** 0.31 (0.001)**

Radiation 0.41 (0.001)** 0.24 (0.001)**

Table 10 Association of sub-clinical cardiotoxicity (EF 
changes ≥ 10%) with the cTnI changes six months after the 
completion of anthracycline chemotherapy

n = 196, p-value = 0.001**

cTnI cardiac troponin I, EF Ejection fraction

p values *< 0.05, **< 0.01, ***< 0.001 considered as significant

cTnI < 0.04 ng/mL cTnI ≥ 0.04 ng/mL

EF difference  (EF3-EF0) < 10% 98 (74.2%) 34 (25.8%)

EF difference  (EF3-EF0) ≥ 10% 17 (26.6%) 47 (73.4%)
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was the cumulative dose of anthracycline. Patients 
receiving a cumulative dose of anthracycline ≥ 350 mg/
m2 showed a significant (p < 0.05) association with the 
occurrence of cardiotoxicity with NT-proBNP con-
centration > 125 pg/mL. It was about two times greater 
than the patients receiving < 350  mg/m2 of anthra-
cyclines. Although the other risk factors including 
age ≥ 60  years, overweight, obesity, diabetes mellitus, 
dyslipidemia and chest wall irradiation had more than 
one OR, they were not significant. However, many risk 
factors showed a significant association with the occur-
rence of cardiotoxicity by means of an elevated cTnI 
concentration in blood. Chest wall irradiation had a 
significant effect (p < 0.05) on the elevation of cTnI con-
centration. It showed an OR of 12.93 (CI; 1.68—99.60) 

which indicated that the patients who undergo chest 
wall irradiation have 12 times more risk of having an 
elevated concentration of cTnI than the patients with-
out any chest wall irradiation. The cumulative dose of 
anthracycline ≥ 350  mg/m2 (0R; 7.27, p < 0.001) fol-
lowed by obesity (OR; 4.06, p < 0.01) and overweight 
(OR; 2.60, p < 0.01) also had significant associations 
with the occurrence of cardiotoxicity by means of 
elevation in cTnI. Patients with Nottingham grade III 
cancer (OR; 2.70) were also identified as having a signif-
icant (p < 0.05) risk factor in the event of elevated cTnI 
than those having grade I cancer in the present study.

Discussion
Dose-dependent cardiotoxicity of anthracyclines is con-
sidered the most serious complication of anthracycline 
therapy and it has a negative impact on the cardiac out-
come of cancer patients and a major limitation on their 
therapeutic potential [27]. As the prognosis of cancer 
patients is very poor due to chemotherapy-induced car-
diotoxicity, early diagnosis is important to prevent the 
fatal outcomes associated with anthracycline-induced 
cardiotoxicity as well as to reduce the development of 
late chronic cardiotoxicities [28]. However, in Sri Lanka, 

Table 11 Association of QRS duration changes with the cTnI 
changes six months after the completion of anthracycline 
chemotherapy

n = 196, p-value = 0.001**

cTnI cardiac troponin I

p values *< 0.05, **< 0.01, ***< 0.001 considered as significant

cTnI < 0.04 ng/mL cTnI ≥ 0.04 ng/mL

QRS duration ≤ 120 ms 100 (64.9%) 54 (35.1%)

QRS duration > 120 ms 15 (35.7%) 27 (64.3%)

Table 12 Association of QTc interval changes with the cTnI 
changes six months after the completion of anthracycline 
chemotherapy

n = 196, p-value = 0.002**

cTnI cardiac troponin I

p values *< 0.05, **< 0.01, ***< 0.001 considered as significant

cTnI < 0.04 ng/mL cTnI ≥ 0.04 ng/mL

QTc interval ≤ 440 ms 91 (67.9%) 43 (32.1%)

QTc interval > 440 ms 24 (38.7%) 38 (61.3%)

Table 13 Association of sub-clinical cardiotoxicity (EF 
changes ≥ 10%) with the NT-pro BNP changes six months after 
the completion of anthracycline chemotherapy

n = 196, p-value = 0.005**

EF Ejection fraction, NT-proBNP N-terminal pro brain natriuretic peptide

p values *< 0.05, **< 0.01, ***< 0.001 considered as significant

NT-pro 
BNP ≤ 125 pg/mL

NT-pro 
BNP > 125 pg/
mL

EF difference  (EF3-EF0) < 10% 80 (60.6%) 52 (39.4%)

EF difference  (EF3-EF0) ≥ 10% 25 (39.1%) 39 (60.9%)

Table 14 Association of QRS duration changes with the NT-pro 
BNP changes six months after the completion of anthracycline 
chemotherapy

n = 196, p-value = 0.001**

NT-proBNP N-terminal pro brain natriuretic peptide

p values *< 0.05, **< 0.01, ***< 0.001 considered as significant

NT-pro BNP ≤ 125 pg/
mL

NT-pro 
BNP > 125 pg/
mL

QRS duration ≤ 120 ms 92 (59.7%) 62 (40.3%)

QRS duration > 120 ms 13 (31.0) 29 (69.0%)

Table 15 Association of QTc interval changes with the NT-pro 
BNP changes six months after the completion of anthracycline 
chemotherapy

n = 196, p-value = 0.000***

NT-proBNP N-terminal pro brain natriuretic peptide

p values *< 0.05, **< 0.01, ***< 0.001 considered as significant

NT-pro BNP ≤ 125 pg/
mL

NT-pro 
BNP > 125 pg/
mL

QTc interval ≤ 440 ms 85 (63.4%) 49 (36.6%)

QTc interval > 440 ms 20 (32.3%) 42 (67.7%)
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studies have not been reported on anthracycline-induced 
cardiotoxicity in cancer patients other than a study per-
formed by the same authors based on an echocardio-
graphic analysis [22]. Therefore, the current study was 
conducted to detect the prevalence of anthracycline-
induced cardiotoxicity in adult breast cancer patients 
who were admitted to the oncology unit at the Teach-
ing hospital, Karapitiya, Galle, Sri Lanka based on ECG 
parameters and a biochemical analysis.

In anthracycline-induced cardiotoxicity, the inci-
dence of clinical decompensation is about 2–4% and 
sub-clinical structural changes are about 9–11% 
while biomarker rise can be seen in about 30–35% 
of patients [1]. As sub-clinical cardiotoxicity is more 
prevalent in patients on anthracycline chemotherapy, 
early detection may increase the survival rate of can-
cer patients [29]. For the detection of anthracycline-
induced acute and early-onset chronic cardiotoxicity, 
the present study used two detection methods includ-
ing ECG and cardiac biomarkers such as cTnI and 
NT-proBNP. The ECG measurements help to identify 
anthracycline-induced acute cardiac changes such as 
prolongation of QRS duration and QTc interval, but 
they may not be specific and therefore, the imaging 
techniques are recommended [30]. Although echo-
cardiography is a commonly used traditional non-
invasive and non-radioactive technique which can be 
used in daily practice to detect cardiotoxicity, it is not 

a suitable method to detect cardiotoxicity at a very 
early stage as it detects the abnormality after having 
some degree of damage to the myocardium [31]. Tro-
ponins are highly sensitive and specific cardiac bio-
markers located in the myocytes and they are released 
into the circulation when there is a myocardial injury 
therefore, they are considered good markers to detect 
and monitor cardiac injury [31, 32]. NT-proBNP is 
identified as a reliable marker to investigate anthracy-
cline-induced cardiotoxicity as it correlates with left 
ventricular pressure and volume changes and myocar-
dial tissue damage and it has a significant relationship 
with both systolic and diastolic dysfunction of the 
heart [32]. Furthermore, BNP has a high negative pre-
dictive value (98%) which can rule out ventricular dys-
function when there is a low level of BNP in plasma 
and this marker can be used to identify both acute and 
chronic cardiotoxicity.

Echocardiography is a convenient diagnostic tool to 
identify both clinical and sub-clinical cardiotoxicity. 
LVEF measurement taken by echocardiography is com-
monly used to assess cardiac systolic functions and it is 
also widely used in the prognosis of cardiac disease [33]. 
The previous study conducted by the same authors found 
sub-clinical cardiotoxicity in 33% of patients six months 
after the completion of anthracycline chemotherapy 
based on the echocardiographic analysis [22] and the 
results were consistent with previous studies [34, 35].

Table 16 Analysis of the risk factors independently associated with cardiotoxicity (based on biochemical analysis)

OR Odds ratio, CI Confidence interval, BMI Body Mass Index, cTnI cardiac troponin I, NT-proBNP N-terminal pro brain natriuretic peptide

p values * ˂ 0.05, **˂ 0.01, *** ˂0.001 considered as significant

Characteristics cTnI NT-proBNP

OR 95%CI p value OR 95%CI p value

Age (Years) Reference; Age < 50 years

 50—59 0.55 0.27—1.11 0.095 0.70 0.35—1.38 0.302

 60—79 1.46 0.73—2.92 0.280 1.32 0.66—2.64 0.425

BMI (kg/m2) Reference; Normal

 Overweight 2.60 1.34—5.04 0.005** 1.19 0.63—2.28 0.593

 Obese 4.06 1.76—9.40 0.001** 2.04 0.93—4.51 0.077

Nottingham grade of cancer

 Reference; Grade I

  Grade II 1.06 0.45—2.52 0.885 1.27 0.56—2.90 0.566

  Grade III 2.88 1.17—7.09 0.022* 1.79 0.75—4.30 0.190

Cumulative dose of anthracy-
cline ≥ 350 mg/m2

7.28 3.81—13.84 0.001** 2.09 1.18—3.70 0.014*

Treatment with doxorubicin 1.16 0.57—2.38 0.685 0.78 0.39—1.58 0.498

Diabetes mellitus 1.02 0.58—1.82 0.933 1.09 0.62—1.92 0.772

Dyslipidaemia 0.79 0.43—1.44 0.445 1.00 0.55—1.79 0.991

Trastuzumab 0.77 0.25—2.40 0.659 0.86 0.29—2.57 0.781

Radiation 12.93 1.68—99.60 0.014* 3.07 0.96—9.79 0.057
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ECG is a widely used low-cost method to detect chem-
otherapy-induced cardiotoxicity in oncology [17]. It is 
reported that 20–30% of patients who have sub-acute and 
acute cardiotoxicity may have transient ECG abnormali-
ties such as QRS voltage reduction, QTc interval prolon-
gation and ST and T wave flattening [13]. In the present 
study, measurements of the PR interval, QRS duration 
and QTc interval were used in the detection of acute and 
chronic cardiotoxicities as the duration of these param-
eters are widely recognized in the diagnosis and monitor-
ing of heart diseases and they have been used in previous 
studies related to anthracycline-induced cardiotoxicity 
[13, 17, 36, 37]. In the present study, QRS duration and 
QTc interval showed changes in the acute phase as well 
as in the chronic phase and PR interval didn’t show much 
variation with the anthracycline treatment. The rea-
son for this may be due to the higher damage caused by 
anthracycline-induced cardiotoxicity to the left ventri-
cles. Therefore, patients are more prone to left ventricu-
lar dysfunction [2]. In the present study, a less percentage 
of patients showed acute cardiotoxicity while > 30% of 
patients showed early-onset chronic progressive cardio-
toxicity utilizing QRS and QTc interval and these results 
were in line with the results of the study done by Hor-
acek, et al. [17].

Another study done in Uganda on adult patients who 
underwent anthracycline chemotherapy showed a sig-
nificant (p < 0.05) increase in QTc interval and a decrease 
in QRS duration three months after the completion of 
anthracycline chemotherapy [13]. Although the abso-
lute values are not the same, both studies showed appar-
ent changes in QTc interval in early-onset chronic 
cardiotoxicity induced by anthracyclines. Although 
in the Ugandan study, there is a decline in QRS dura-
tion after anthracycline chemotherapy, several studies 
including animal and human studies have shown that the 
duration of QRS becomes prolonged after anthracycline 
chemotherapy [38–42].

In the present study correlation between ECG param-
eter changes and basic biological factors including age, 
height, weight, BMI and clinical factors such as cumu-
lative dose of anthracycline and radiation in early-onset 
chronic cardiotoxicity were investigated and a corre-
lation was observed only with age and the cumulative 
dose of anthracyclines. However, many previous studies 
have shown that cardiomyopathy induced in anthracy-
cline chemotherapy may be correlated with many factors 
including age, gender, BMI, anthracycline dose and radia-
tion therapy [43–46]. Lipshultz, et  al. have apparently 
shown that a cumulative dose of anthracycline has a con-
siderable relationship with the prolongation of QTc inter-
val as anthracyclines cause cardiac arrhythmia [46]. One 
of his previous studies has shown that late cardiotoxicity 

is common in the female sex and in children who were 
subjected to high doses of anthracycline chemotherapy in 
childhood cancer [1]. When investigating the risk factors 
associated with ECG parameters above the reference val-
ues, the cumulative dose of anthracycline was the most 
associated risk factor. A study done by Desai, et  al. on 
electrocardiograms for cardiomyopathy risk stratification 
in children with anthracycline exposure has also shown 
that the cumulative dose of anthracycline is a significant 
predictor of an increase in QTc interval [16].

As the sub-clinical cardiotoxicity was evident six 
months after the completion of chemotherapy, the 
association of ECG abnormalities with > 10% devia-
tion of EF compared to the baseline EF in echocardi-
ography was investigated and a significant association 
between the two diagnostic methods was observed. A 
study done by Horacek, et al. have also shown that QRS 
voltage lowering and QTc interval prolongation have 
significant correlations with the left ventricular dys-
function identified by echocardiography [17]. Several 
other studies have also used both techniques for the 
detection of late cardiotoxicity in patients treated with 
anthracyclines [13, 30, 47, 48].

More NT-proBNP is released when there is an eleva-
tion in wall stress and filling pressure in the left ventricles. 
Many previous studies have shown that anthracycline-
induced cardiotoxicity increases ventricular dysfunction 
and in turn increases the release of BNP [49–55]. cTnI 
is normally absent in circulation and is released when 
there is cardiomyocyte damage due to inflammation, 
ischaemia, apoptosis or oxidative stress [56] and several 
previous studies have shown the involvement of these 
mechanisms in anthracycline-induced cardiotoxicity 
which increases the cTnI concentration in blood [27, 54, 
57–61]. Therefore, these two markers are considered the 
most sensitive and specific markers to detect the preva-
lence of anthracycline-induced cardiotoxicity in cancer 
patients.

In the present study, there were > 30% of patients with 
increased cTnI and NT-proBNP concentrations one 
day after the first dose of chemotherapy compared to 
the baseline values. However, those changes were not 
in the cardiotoxic range and these kinds of transient 
changes have been revealed in some previous studies as 
well [62, 63].

According to our results, cardiotoxic evidence was 
observed at the second and third follow-up time points 
of anthracycline chemotherapy. A study done by Sawaya, 
et  al. have shown that about 32% of patients in their 
cohort study who were followed up to 15 months using 
biochemical and imaging studies were diagnosed with 
cardiotoxicity [61]. Another follow-up study conducted 
for four to seven months by Cardinale et al. showed that 
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a cTnI > 0.04 ng/mL was detected in 53% of patients after 
the completion of chemotherapy. A study done on peadi-
atric patients regarding changes in biomarkers during 
nine months of doxorubicin treatment showed that cTnI 
concentration increased in 47% of patients after the treat-
ment and NT-proBNP level increased in 48% of patients 
after the treatment.

According to the present study, a significant elevation 
of cTnI was correlated with age, weight, BMI, cumula-
tive dose of anthracycline and chest wall irradiation and 
NT-proBNP has a significant correlation with the cumu-
lative dose of anthracyclines and chest wall irradiation. 
However, univariate binary logistic regression revealed 
that overweight, obesity, cumulative dose of anthracy-
cline > 350 mg/m2 and chest wall irradiation are the risk 
factors for the abnormal cTnI while only the cumulative 
dose of anthracycline > 350  mg/m2 is a risk factor for 
abnormal NT-proBNP. In the multivariate analysis, only 
the age of ˃60 years and cumulative dose of ˃350 mg/m2 
were identified as risk factors for the changes in cTnI 
concentrations. Consistent with our results, in previous 
studies, cumulative dose of anthracycline, female sex, 
body weight, age ˃65  years, treatment with radiation, 
cyclophosphamide, taxanes, genetic factors, pre-exist-
ing cardiac diseases have been identified as risk factors 
[64–67]. Several other studies also showed that there is 
a significant association between the cumulative dose of 
anthracycline and the increase in biomarkers including 
cTnI and NT-proBNP [1, 68–70]. Chest wall irradiation 
was another risk factor most associated with elevated 
levels of cTnI and it showed 12 times more risk than non-
irradiated patients. A study done by Darby, et al. showed 
that there is a higher risk of having ischaemic heart dis-
eases following radiotherapy and even an increase in 
1 Gy beyond the average radiation therapy (0.03 – 27.72) 
can increase the cardiac events by 7.4%, especially with 
left side chest wall irradiation [71]. Several other studies 
also have proven this effect [72, 73]. Patients who were 
positive for Her-2 receptors were treated with trastu-
zumab after the anthracycline chemotherapy. Some pre-
vious studies reported that trastuzumab induce cardiac 
dysfunction in patients and this may be further exag-
gerated if the trastuzumab is administered after the 
anthracycline therapy [74–76]. However, these studies 
suggested that it takes a longer time of duration to induce 
significant cardiotoxicity. Therefore, in the present study, 
it was suggested that the contribution of trastuzumab 
for sub-clinical cardiotoxicity may be minimum as only 
a minor percentage of patients (about 7%) received the 
trastuzumab and it was prescribed as the low-dose long-
term therapy.

In the present study, the Chi-Squared test revealed 
that there is a strong association between LVEF and the 

changes in cTnI concentration than the NT-proBNP con-
centration six months after the completion of chemo-
therapy. The reason for this observation would be that 
NT-proBNP is usually increased with the volume or 
pressure overload, but LVEF changes and release of cTnI 
require structural damage to the cardiomyocytes [62, 
77]. This finding was in line with many studies which 
reported a reduction of LVEF (sub-clinical cardiotoxic-
ity) that is strongly associated with an increased cTnI but 
less associated with NT-proBNP concentration [57, 59, 
78–82].

In the present study, patients who are administering 
with anthracycline and cyclophosphamide were recruited 
since there were no patients who are prescribed only with 
anthracycline drugs in the actual clinical set up and it is 
always used combination with other drugs. However, this 
was the only combination which include only two drugs. 
Therefore, there may be a contribution to induce sub-
clinical cardiotoxicity from the cyclophosphamide as well 
which cannot be controlled by the investigators. This is 
one of the limitations of this study, since previous reports 
mentioned that cyclophosphamide induced cardiotox-
icity is a well-known adverse effect [83, 84]. According 
to the Dhesi et. al., incidence of acute heart failure may 
be between 7 to 33% when the patient is administered 
with > 150  mg/kg of cyclophosphamide [83]. However, 
there are no strong evidences regarding this cardiotoxic-
ity since this drug is always used with other cardiotoxic 
drugs and reports available are based on the case reports 
and different case reports mentioned different doses and 
different percentages of incidences [83, 84].

In the present study, the prevalence of sub-clinical car-
diac dysfunction was higher (33%) compared to other 
Asian studies [34, 35]. The reason for this may be due to 
the higher rate of risk factors which cannot be excluded 
from this study. However, overt clinical symptoms 
couldn’t be seen in these patients. Nowadays in other 
countries, pegylated liposomal doxorubicin provides 
tumour-targeted efficacy without many of the toxici-
ties associated with conventional doxorubicin, including 
myelosuppression, alopecia, nausea and vomiting, and 
most importantly, cardiac toxicity [85]. However, in 
developing countries including Sri Lanka this is not 
affordable and therefore, the results of this study provide 
scientific evidence that cancer patients on anthracycline 
chemotherapy must be screened for cardiotoxicity peri-
odically after the initiation and completion of anthracy-
cline chemotherapy to minimize any future occurrence 
of anthracycline-induced cardiotoxicity to ensure the 
increased quality of life in cancer survivors.

There were several other limitations of this study which 
need to be mentioned. This study was conducted in a sin-
gle tertiary care center, therefore, data are more related 
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to the Southern province of Sri Lanka. Only the female 
patients with breast cancer could be selected for the study 
to maintain the consistency and to reduce the interfer-
ence from multiple other factors related to anthracycline 
induced cardiotoxicity. During the six months follow-up 
period, patients were given second line treatments as 
well. They may also have exposed to mediastinal irra-
diation. Therefore, the final ECG and biochemical data 
obtained may be contaminated by the administration of 
non-anthracycline drugs and their toxicities and by the 
radiation therapy.

Conclusion
According to the biochemical analysis of the present 
study, > 40% of patients showed early onset chronic car-
diotoxic changes six months after the completion of 
anthracycline chemotherapy. However, ECG changes 
were more noticeable one day after the first dose of 
anthracycline chemotherapy. Since these results con-
firmed the unavoidable cardiotoxic changes following 
anthracycline chemotherapy, it is recommended to carry 
out long-term follow-ups in all patients who were treated 
with anthracycline therapy to increase their quality of life 
as cancer survivors.

Abbreviations
AC  Anthracycline and cyclophosphamide
BP  Blood pressure
BMI  Body mass index
cTnI  Cardiac troponin I
ECG  Electrocardiography
ELISA  Enzyme linked immunosorbent assay
ER  Oestrogen receptor
FTP  Follow up time point
Her 2  Human epidermal growth factor receptor 2
LVEF  Left ventricular ejection fraction
NT-pro BNP  N terminal pro brain natriuretic peptide
NADPH  Nicotinamide adenine dinucleotide phosphate
PR  Progesterone receptor
ROS  Reactive oxygen species

Acknowledgements
The authors wish to acknowledge Dr. R.D. Madurawe, Consultant Cardiologist, 
Dr. P.P. Sathananthan, Consultant Cardiologist, Dr. U. Ekanayake, Consultant 
Oncologist and J. Horadugoda, Consultant Oncologist, Teaching Hospital, 
Karapitiya, Sri Lanka for their unyielding support to conduct the clinical study.
The authors would like to thank all breast cancer patients for their willingness 
to participate in the study and the nursing staff and all other technical staff at 
the Oncology unit, Teaching Hospital, Karapitiya, Sri Lanka for their assistance 
during the period of the study.

Authors’ contributions
NS was involved in conducting all experiments, collecting and analyz-
ing experimental data and drafting the manuscript. RH made substantial 
contributions to the conception and design of the experiments and was 
involved in data interpretation, revising the manuscript, and acquiring 
funding. SF was involved in analyzing experimental data and revising 
the manuscript. KJ was involved in data interpretation and revising the 
manuscript. All authors have critically reviewed the content and approved 
the final version for publication.

Funding
University Grant Commission (UGC) research grant (UGC/VC/DRIC/PG2015(III)/
RUH/01)– 2015 and University of Ruhuna research grant (2015/RU/
PG-R/15/03) – 2015.
These funding bodies awarded funds for the laboratory work including 
purchasing of chemicals and other consumables for the study. They didn’t 
contribute to the writing of this manuscript or publication.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
This study was conducted following the declaration of Helsinki at the Teach-
ing Hospital, Karapitiya, Sri Lanka. Ethical approval for the study was obtained 
from the Ethical Review Committee, Faculty of Medicine, University of Ruhuna, 
Sri Lanka (23.10.2014:3.10). Written informed consent was obtained from 
every patient before the data collection. The purpose of the study was clearly 
explained to each and every participant before obtaining the consent. Data 
was collected giving sufficient time and protecting privacy of the patients. 
Participants had the ability to reject the participation at any time after they 
were recruited to the study. An interviewer administered pretested question-
naire was used to collect the data. Anonymity and confidentiality of individual 
data were maintained throughout the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 21 September 2022   Accepted: 23 February 2023

References
 1. McGowan JV, Chung R, Maulik A, Piotrowska I, Walker JM, Yellon DM. 

Anthracycline chemotherapy and cardiotoxicity. Cardiovasc Drugs 
Ther. 2017;31(1):63–75.

 2. Volkova M, Russell R. Anthracycline cardiotoxicity: prevalence, patho-
genesis and treatment. Curr Cardiol Rev. 2011;7(4):214–20.

 3. van der Zanden SY, Qiao X, Neefjes J. New insights into the activi-
ties and toxicities of the old anticancer drug doxorubicin. FEBS J. 
2021;288(21):6095–111. https:// doi. org/ 10. 1111/ febs. 15583.

 4. Doroshow JH. Mechanisms of Anthracycline-enhanced reac-
tive oxygen metabolism in tumor cells. Oxid Med Cell Longev. 
2019;2019(3):9474823. https:// doi. org/ 10. 1155/ 2019/ 94748 23.

 5. Rawat PS, Jaiswal A, Khurana A, Bhatti JS, Navik U. Doxorubicin-induced 
cardiotoxicity: an update on the molecular mechanism and novelCY6 
therapeutic strategies for effective management. Biomed Pharmaco-
ther. 2021;139:111708.

 6. Mitry MA, Edwards JG. Doxorubicin-induced heart failure: Phenotype and 
molecular mechanisms. Int J Cardiol Heart Vasc. 2016;10:17–24. https:// 
doi. org/ 10. 1016/j. ijcha. 2015. 11. 004.

 7. Torres VM, Simic VD. Doxorubicin-induced oxidative injury of cardio-
myocytes – do we have right strategies for prevention? IntechOpen, 
Cardiotoxicity of oncologic treatments, Prof. Manuela Fiuza (Ed.), ISBN: 
978–953–51–0273–1. 2012. Available from: http:// www. intec hopen. com/ 
books/ cardi otoxi city- of- oncol ogic- treat ments/ doxor ubicin- induc ed- 
oxida tive- injur yof- cardi omyoc ytes- do- we- have- right- strat egies- for- preve 
ntion.

 8. Octavia Y, Tocchetti CG, Gabrielson KL, Janssens S, Crijns HJ, Moens AL. 
Doxorubicin-induced cardiomyopathy: From molecular mechanisms to 
therapeutic strategies. J Mol Cell Cardiol. 2012;52(6):1213–25.

 9. Aryal B, Rao VA. Deficiency in cardiolipin reduces doxorubicin-induced 
oxidative stress and mitochondrial damage in human B-lymphocytes. 

https://doi.org/10.1111/febs.15583
https://doi.org/10.1155/2019/9474823
https://doi.org/10.1016/j.ijcha.2015.11.004
https://doi.org/10.1016/j.ijcha.2015.11.004
http://www.intechopen.com/books/cardiotoxicity-of-oncologic-treatments/doxorubicin-induced-oxidative-injuryof-cardiomyocytes-do-we-have-right-strategies-for-prevention
http://www.intechopen.com/books/cardiotoxicity-of-oncologic-treatments/doxorubicin-induced-oxidative-injuryof-cardiomyocytes-do-we-have-right-strategies-for-prevention
http://www.intechopen.com/books/cardiotoxicity-of-oncologic-treatments/doxorubicin-induced-oxidative-injuryof-cardiomyocytes-do-we-have-right-strategies-for-prevention
http://www.intechopen.com/books/cardiotoxicity-of-oncologic-treatments/doxorubicin-induced-oxidative-injuryof-cardiomyocytes-do-we-have-right-strategies-for-prevention


Page 16 of 17Sandamali et al. BMC Cancer          (2023) 23:210 

PLoS One. 2016;11(7):e0158376. https:// doi. org/ 10. 1371/ journ al. pone. 
01583 76.

 10. dos Santos DS, dos Santos Goldenberg RC. Doxorubicin-induced 
cardiotoxicity: from mechanisms to development of efficient therapy. 
IntechOpen. 2018. https:// doi. org/ 10. 5772/ intec hopen. 79588.

 11. Zhu, H. Doxorubicin-Induced Cardiotoxicity. IntechOpen. 2018. https:// 
doi. org/ 10. 5772/ intec hopen. 78791. Available from: https:// www. intec 
hopen. com/ books/ cardi otoxi city/ doxor ubicin- induc ed- cardi otoxi city.

 12. Berthiaume JM, Wallace KB. Adriamycin-induced oxidative mitochon-
drial cardiotoxicity. Cell Biol Toxicol. 2007;23:15. https:// doi. org/ 10. 1007/ 
s10565- 006- 0140-y.

 13. Kibudde S, Mondo CK, Kibirige D, Walusansa V, Orem J. Anthracycline 
induced cardiotoxicity in adult cancer patients: a prospective cohort 
study from a specialized oncology treatment centre in Uganda. Afr 
Health Sci. 2019;19(1):1647–56.

 14. Chatterjee K, Zhang J, Honbo N, Karliner S. Doxorubicin cardiomyopathy. 
Cardiology. 2010;115(2):155–62.

 15. Alkuraishy HM, Al-Gareeb AI, Al-hussaniy HA. Doxorubicin-induced car-
diotoxicity: molecular mechanism and protection by conventional drugs 
and natural products. Int J Clin Oncol Cancer Res. 2017;2(2):31–44.

 16. Desai L, Balmert L, Reichek J, Hauck A, Gambetta K, Webster G. Elec-
trocardiograms for cardiomyopathy risk stratification in children with 
anthracycline exposure. Cardiooncology. 2019;5(1):10. https:// doi. org/ 10. 
1186/ s40959- 019- 0045-6.

 17. Horacek JM, Jakl M, Horackova J, Pudil R, Jebavy L, Maly J. Assessment 
of anthracycline-induced cardiotoxicity with electrocardiography. Exp 
Oncol. 2019;31(2):115–7.

 18. Amoozgar H, Zareifar S, Borzoie M, Qasem F. Heart repolarization changes 
after anthracycline therapy in the children with cancer. Iran J Pediatr 
Hematol Oncol. 2014;4(3):103–8.

 19. Price D. How to read an electrocardiogram (ECG). Part 1: Basic principles 
of the ECG. South Sudan Med J. 2010;3(2):26–31.

 20. Fromm RE Jr. Cardiac troponins in the intensive care unit: com-
mon causes of increased levels and interpretation. Crit Care Med. 
2007;35(2):584–8.

 21. Bay M, Kirk V, Parner J, Hassager C, Nielsen H, Krogsgaard K, et al. 
NT-proBNP: a new diagnostic screening tool to differentiate between 
patients with normal and reduced left ventricular systolic function. Heart 
(British Cardiac Society). 2003;89(2):150–4.

 22. Sandamali JAN, Hewawasam RP, Fernando MACSS, Jayatilaka KAPW, 
Madurawe RD, Sathananthan PP, Ekanayake U, Horadugoda J. Anthracy-
cline induced cardiotoxicity in breast cancer patients from Southern Sri 
Lanka: An echocardiographic analysis. BioMed Res Int. 2020. https:// doi. 
org/ 10. 1155/ 2020/ 18471 59.

 23. Santhanakrishnan R, Wang N, Larson MG, Magnani JM, Vasan RS, Wang 
TJ, et al. Racial differences in electrocardiographic characteristics and 
prognostic significance in Whites versus Asians. J Am Heart Assoc. 
2016;5(3):e002956. https:// doi. org/ 10. 1161/ JAHA. 115. 002956.

 24. Jr Januzzi JL, Filippatos G, Nieminen M, Gheorghiade M. Troponin eleva-
tion in patients with heart failure: on behalf of the third universal defini-
tion of myocardial infarction global task force: heart failure section. Eur 
Heart J. 2012;33(18):2265–71.

 25. Mueller C, McDonald K, de Boer RA, Maisel A, Cleland JGF, Kozhuharov 
N, et al. Heart Failure Association of the European Society of Cardiology 
practical guidance on the use of natriuretic peptide concentrations. Eur J 
Heart Fail. 2019;21(6):715–31.

 26. Hinrichs L, Mrotzek SM, Mincu RI, Pohl J, Röll A, Michel L, et al. Troponins 
and natriuretic peptides in cardio-oncology patients—data from the 
ECoR registry. Front Pharmacol. 2020;11:740. https:// doi. org/ 10. 3389/ 
fphar. 2020. 00740.

 27. Cardinale D, Colombo A, Lamantia G, Colombo N, Civelli M, De Giacomi 
G, et al. Anthracycline-induced cardiomyopathy: clinical relevance and 
response to pharmacologic therapy. J Am Coll Cardiol. 2010;55(3):213–20.

 28. Dazzi H, Kaufmann K, Follath F. Anthracycline-induced acute cardiotoxic-
ity in adults treated for leukaemia. Ann Oncol. 2001;12(7):963–6.

 29. Hu HM, Zhang XL, Zhang WL, Huang DS, Du ZD. Detection of subclinical 
anthracyclines’ cardiotoxicity in children with solid tumor. Chin Med J. 
2018;131(12):1450–6.

 30. Alıcı H, Balakan O, Ercan S, Çakıcı M, Yavuz F, Davutoğlu V. Evaluation of 
early subclinical cardiotoxicity of chemotherapy in breast cancer. Anatol J 
Cardiol. 2015;15(1):56–60.

 31. Geisberg CA, Sawyer DB. Mechanisms of anthracycline cardiotoxic-
ity and strategies to decrease cardiac damage. Curr Hypertens Rep. 
2010;12(6):404–10.

 32. Suter TM, Meier B. Detection of anthracycline-induced cardiotoxicity: is 
there light at the end of the tunnel? Ann Oncol. 2002;13:647–9.

 33. Al-Biltagi M, Abd Rab Elrasoul Tolba O, El-Shanshory MR, El-Shitany AEA, 
El-Sayed El-Hawary E. Strain echocardiography in early detection of 
doxorubicin-induced left ventricular dysfunction in children with acute 
lymphoblastic leukemia. ISRN Pediatr. 2012. https:// doi. org/ 10. 5402/ 
2012/ 870549.

 34. Khattry N, Malhotra P, Grover A, Sharma SC, Varma S. Doxorubicin-
induced cardiotoxicity in adult Indian patients on chemotherapy. Indian J 
Med Paediatr Oncol. 2009;30(1):9–13.

 35. Shaikh AS, Saleem AF, Mohsin SS, Alam MM, Ahmed MA. Anthracycline-
induced cardiotoxicity: prospective cohort study from Pakistan. BMJ 
Open. 2013;3:e003663. https:// doi. org/ 10. 1136/ bmjop en- 2013- 003663.

 36. Bachler M, Mayer C, Hametner B, Wassertheurer S, Holzinger A. Online 
and offline determination of QT and PR Interval and QRS duration in Elec-
trocardiography. In Joint Int Conf Pervasive Comput Networked World. 
2012;7719:1–15. https:// doi. org/ 10. 1007/ 978-3- 642- 37015-1_1.

 37. Cai F, Luis MAF, Lin X, Wang M, Cai L, Cen C, Biskup E. Anthracycline 
induced cardiotoxicity in the chemotherapy treatment of breast cancer: 
preventive strategies and treatment. Mol Clin Oncol. 2019;11(1):15–23.

 38. Katamadze NA, Lartsuliani KP, Kiknadze MP. Left ventricular function in 
patients with toxic cardiomyopathy and with idiopathic dilated cardio-
myopathy treated with doxorubicin. Georgian Med News. 2009;166:43–8.

 39. Zhao X, Zhang J, Tong N, Liao X, Wang E, Li Z, et al. Berberine attenu-
ates doxorubicin-induced cardiotoxicity in mice. J Int Med Res. 
2011;39(5):1720–7.

 40. Du Q, Zhu B, Zhai Q, Yu B. Sirt3 attenuates doxorubicin-induced cardiac 
hypertrophy and mitochondrial dysfunction via suppression of Bnip3. Am 
J Transl Res. 2017;9(7):3360–73.

 41. Rodrigues PG, Miranda-Silva D, Costa SM, Barros C, Hamdani N, Moura C, 
et al. Early myocardial changes induced by doxorubicin in the nonfailing 
dilated ventricle. Am J Physiol Heart Circ Physiol. 2019;316(3):459–75.

 42. Kinoshita T, Yuzawa H, Natori K, Wada R, Yao S, Yano K, et al. Early elec-
trocardiographic indices for predicting chronic doxorubicin-induced 
cardiotoxicity: retrospective case series study. Res Square. 2020. https:// 
doi. org/ 10. 21203/ rs.3. rs- 52751/ v1.

 43. Sorensen K, Levitt GA, Bull C, Dorup I, Sullivan ID. Late anthracycline 
cardiotoxicity after childhood cancer: a prospective longitudinal study. 
Cancer. 2003;97(8):1991–8.

 44. Simbre VC, Duffy SA, Dadlani GH, Miller TL, Lipshultz SE. Cardiotoxicity of 
cancer chemotherapy. Pediatr Drugs. 2005;7(3):187–202.

 45. Shankar SM, Marina N, Hudson MM, Hodgson DC, Adams MJ, Landier 
W, et al. Monitoring for cardiovascular disease in survivors of childhood 
cancer: report from the cardiovascular disease task force of the Children’s 
Oncology Group. Pediatrics. 2008;121(2):387–96.

 46. Lipshultz SE, Adams MJ, Colan SD, Constine LS, Herman EH, Hsu DT, et al. 
Long-term cardiovascular toxicity in children, adolescents, and young 
adults who receive cancer therapy. Circulation. 2013;128(17):1927–95.

 47. Jiji RS, Kramer CM, Salerno M. Non-invasive imaging and monitoring car-
diotoxicity of cancer therapeutic drugs. J Nucl Cardiol. 2012;19(2):377–88.

 48. Al-Rubaye AS, Noori AS, Saleh TA, Ibrahim IK. Assessment of anthracy-
cline-induced long-term cardiotoxicity in patients with hematological 
malignancies. Iraqi J Hematol. 2019;8(2):63–8.

 49. Hayakawa H, Komada Y, Hirayama M, Hori H, Ito M, Sakurai M. Plasma 
levels of natriuretic peptides in relation to doxorubicin-induced cardio-
toxicity and cardiac function in children with cancer. Med Pediatr Oncol. 
2001;37(1):4–9.

 50. Pichon MF, Cvitkovic F, Hacene K, Delaunay J, Lokiec F, Collignon MA, 
Pecking AP. Drug-induced cardiotoxicity studied by longitudinal B-type 
natriuretic peptide assays and radionuclide ventriculography. In Vivo. 
2005;19(3):567–76.

 51. Sandri MT, Salvatici M, Cardinale D, Zorzino L, Passerini R, Lentati 
P, et al. N-terminal pro-B-type natriuretic peptide after high-dose 
chemotherapy: a marker predictive of cardiac dysfunction? Clin Chem. 
2005;51(8):1405–10.

 52. Lee HS, Son CB, Shin SH, Kim YS. Clinical correlation between brain 
natriutetic peptide and anthracyclin-induced cardiac toxicity. Cancer Res 
Treat. 2008L;40(3):121–6.

https://doi.org/10.1371/journal.pone.0158376
https://doi.org/10.1371/journal.pone.0158376
https://doi.org/10.5772/intechopen.79588
https://doi.org/10.5772/intechopen.78791
https://doi.org/10.5772/intechopen.78791
https://www.intechopen.com/books/cardiotoxicity/doxorubicin-induced-cardiotoxicity
https://www.intechopen.com/books/cardiotoxicity/doxorubicin-induced-cardiotoxicity
https://doi.org/10.1007/s10565-006-0140-y
https://doi.org/10.1007/s10565-006-0140-y
https://doi.org/10.1186/s40959-019-0045-6
https://doi.org/10.1186/s40959-019-0045-6
https://doi.org/10.1155/2020/1847159
https://doi.org/10.1155/2020/1847159
https://doi.org/10.1161/JAHA.115.002956
https://doi.org/10.3389/fphar.2020.00740
https://doi.org/10.3389/fphar.2020.00740
https://doi.org/10.5402/2012/870549
https://doi.org/10.5402/2012/870549
https://doi.org/10.1136/bmjopen-2013-003663
https://doi.org/10.1007/978-3-642-37015-1_1
https://doi.org/10.21203/rs.3.rs-52751/v1
https://doi.org/10.21203/rs.3.rs-52751/v1


Page 17 of 17Sandamali et al. BMC Cancer          (2023) 23:210  

 53. Gimeno E, Gómez M, González JR, Comín J, Alvarez-Larrán A, Sánchez-
González B, et al. NT-proBNP: a cardiac biomarker to assess prognosis in 
non-Hodgkin lymphoma. Leuk Res. 2011;35(6):715–20.

 54. Lipshultz SE, Miller TL, Lipsitz SR, Neuberg DS, Dahlberg SE, Colan SD, 
et al. Continuous versus bolus infusion of doxorubicin in children with all: 
Long-term cardiac outcomes. Pediatrics. 2012;130(6):1003–11.

 55. Sherief LM, Kamal AG, Khalek EA, Kamal NM, Soliman AA, Esh AM. 
Biomarkers and early detection of late onset anthracycline-induced 
cardiotoxicity in children. Hematology. 2012;17(3):151–6.

 56. Henri C, Heinonen T, Tardif JC. The role of biomarkers in decreas-
ing risk of cardiac toxicity after cancer therapy. Biomarkers in Cancer. 
2016;8(2):39–45.

 57. Cardinale D, Sandri MT, Martinoni A, LabTech AT, Civelli M, Lamantia G, 
et al. Left ventricular dysfunction predicted by early troponin I release 
after high-dose chemotherapy. J Am Coll Cardiol. 2000;36(2):517–22.

 58. Cardinale D, Sandri MT, Martinoni A, Borghini E, Civelli M, Lamantia G, 
et al. Myocardial injury revealed by plasma troponin I in breast cancer 
treated with high-dose chemotherapy. Ann Oncol. 2002;13(5):710–5.

 59. Cardinale D, Sandri MT, Colombo A, Colombo N, Boeri M, Lamantia 
G, et al. Prognostic value of troponin I in cardiac risk stratification of 
cancer patients undergoing high-dose chemotherapy. Circulation. 
2004;109(22):2749–54.

 60. Sawaya H, Sebag IA, Plana JC, Januzzi JL, Ky B, Cohen V, et al. Early detec-
tion and prediction of cardiotoxicity in chemotherapy-treated patients. 
Am J Cardiol. 2011;107(9):1375–80.

 61. Sawaya H, Sebag IA, Plana JC, Januzzi JL, Ky B, Tan TC, et al. Assessment of 
echocardiography and biomarkers for the extended prediction of cardio-
toxicity in patients treated with anthracyclines, taxanes, and trastuzumab. 
Circulation. 2012;5(5):596–603.

 62. Romano S, Fratini S, Ricevuto E, Procaccini V, Stifano G, Mancini M, et al. 
Serial measurements of NT-proBNP are predictive of not-high-dose 
anthracycline cardiotoxicity in breast cancer patients. Br J Cancer. 
2011;105(11):1663–8.

 63. Advani P, Hoyne J, Moreno-Aspita A, Dubin M, Brock S, Harlow C, et al. 
High-sensitivity troponin T and NT-proBNP kinetics in breast cancer 
chemotherapy. Chemotherapy. 2017;62(6):334–8.

 64. Aapro M, Bernard-Marty C, Brain EGC, Batist G, Erdkamp F, Krzemieniecki 
K, et al. Anthracycline cardiotoxicity in the elderly cancer patient: a SIOG 
expert position paper. Ann Oncol. 2011;22(2):257–67.

 65. Valcovici M, Andrica F, Serban C, Dragan S. Cardiotoxicity of anthracycline 
therapy: current perspectives. Arch Med Sci. 2016;12(2):428–35.

 66. Bocchi EA, Avila MS, Ayub-Ferreira SM. Aging, cardiotoxicity, and chemo-
therapy. Aging. 2019;11(2):295–6.

 67. Neuendorff NR, Loh KP, Mims AS, Christofyllakis K, Soo WK, Bölükbasi 
B, et al. Anthracycline-related cardiotoxicity in older patients with 
acute myeloid leukemia: a Young SIOG review paper. Blood Adv. 
2020;4(4):762–75.

 68. Swain SM, Whaley FS, Ewer MS. Congestive heart failure in patients 
treated with doxorubicin: a retrospective analysis of three trials. Cancer. 
2003;97(11):2869–79.

 69. Ali AA, Al-Mudhafar AM. Prediction of anthracycline induced cardiotoxic-
ity: study of thirty-one Iraqi adult patients. Gulf J Oncol. 2011;10:33–9.

 70. Zidan A, Sherief LM, El-sheikh A, Saleh SH, Shahbah DA, Kamal NM, et al. 
NT-proBNP as early marker of subclinical late cardiotoxicity after doxoru-
bicin therapy and mediastinal irradiation in childhood cancer survivors. 
Dis Markers. 2015. https:// doi. org/ 10. 1155/ 2015/ 513219.

 71. Darby SC, Ewertz M, McGale P, Bennet AM, Blom-Goldman U, Brønnum 
D, et al. Risk of ischemic heart disease in women after radiotherapy for 
breast cancer. N Engl J Med. 2013;368(11):987–98.

 72. Bouillon K, Haddy N, Delaloge S, Garbay JR, Garsi JP, Brindel P, et al. Long-
term cardiovascular mortality after radiotherapy for breast cancer. J Am 
Coll Cardiol. 2011;57(4):445–52.

 73. Bardia A, Arieas ET, Zhang Z, De Filippis A, Tarpinian K, Jeter S, et al. 
Comparison of breast cancer recurrence risk and cardiovascular disease 
incidence risk among postmenopausal women with breast cancer. Breast 
Cancer Res Treat. 2012;131(3):907–14.

 74. Menna P, Minotti G, Salvatorelli E. Cardiotoxicity of targeted cancer drugs: 
concerns, “The cart before the Horse,” and lessons from Trastuzumab. Curr 
Cardiol Rep. 2019;21(5):33. https:// doi. org/ 10. 1007/ s11886- 019- 1121-0.

 75. Nemeth BT, Varga ZV, Wu WJ, Pacher P. Trastuzumab cardiotoxicity: from 
clinical trials to experimental studies. Br J Pharmacol. 2017;174(21):3727–
48. https:// doi. org/ 10. 1111/ bph. 13643.

 76. De Sanctis R, Giordano L, D’Antonio F, Agostinetto E, Marinello A, et al. 
Clinical predictors of cardiac toxicity in HER2-positive early breast 
cancer patients treated with adjuvant s.c. versus i.v. trastuzumab. Breast. 
2021;57:80–5. https:// doi. org/ 10. 1016/j. breast. 2021. 03. 004.

 77. Stachowiak P, Kornacewicz-Jach Z, Safranow K. Prognostic role of 
troponin and natriuretic peptides as biomarkers for deterioration of 
left ventricular ejection fraction after chemotherapy. Arch Med Sci. 
2014;10(5):1007–18.

 78. Meinardi MT, van Veldhuisen DJ, Gietema JA, Dolsma WV, Boomsma F, 
van den Berg MP, et al. Prospective evaluation of early cardiac dam-
age induced by epirubicin-containing adjuvant chemotherapy and 
locoregional radiotherapy in breast cancer patients. J Clin Oncol. 
2001;19(10):2746–53.

 79. Sandri MT, Cardinale D, Zorzino L, Passerini R, Lentati P, Martinoni 
A, et al. Minor increases in plasma troponin I predict decreased left 
ventricular ejection fraction after high-dose chemotherapy. Clin Chem. 
2003;49(2):248–52.

 80. Daugaard G, Lassen U, Bie P, Pedersen EB, Jensen KT, Abildgaard U, et al. 
Natriuretic peptides in the monitoring of anthracycline induced reduc-
tion in left ventricular ejection fraction. Eur J Heart Fail. 2005;7(1):87–93.

 81. Michel L, Rassaf T, Totzeck M. Biomarkers for the detection of appar-
ent and subclinical cancer therapy-related cardiotoxicity. J Thorac Dis. 
2018;10(35):4282–95.

 82. Leya J, Hayek S. Role of Troponin and BNP in the Management of Patients 
with Cancer. American College of Cardiology. 2019 Available at: https:// 
www. acc. org/ latest- in- cardi ology/ artic les/ 2019/ 12/ 10/ 15/ 15/ role- of- 
tropo nin- and- bnp- in- the- manag ement- of- patie nts- with- cancer.

 83. Dhesi S, Chu MP, Blevins G, Paterson I, Larratt L, Oudit GY, Kim DH. 
Cyclophosphamide-induced cardiomyopathy: a case report, review, and 
recommendations for management. J Invest Med High Impact Case 
Rep. 2013;1(1):2324709613480346. https:// doi. org/ 10. 1177/ 23247 09613 
480346.

 84. Atalay F, Gulmez O, Ozsancak Ugurlu A. Cardiotoxicity following cyclo-
phosphamidetherapy: a case report. J Medi Case Rep. 2014;8:252. https:// 
doi. org/ 10. 1186/ 1752- 1947-8- 252.

 85. O’Shaughnessy JA. Pegylated liposomal doxorubicin in the treatment of 
breast cancer. Clin Breast Cancer. 2003;4(5):318–28. https:// doi. org/ 10. 
3816/ cbc. 2003.n. 037.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1155/2015/513219
https://doi.org/10.1007/s11886-019-1121-0
https://doi.org/10.1111/bph.13643
https://doi.org/10.1016/j.breast.2021.03.004
https://www.acc.org/latest-in-cardiology/articles/2019/12/10/15/15/role-of-troponin-and-bnp-in-the-management-of-patients-with-cancer
https://www.acc.org/latest-in-cardiology/articles/2019/12/10/15/15/role-of-troponin-and-bnp-in-the-management-of-patients-with-cancer
https://www.acc.org/latest-in-cardiology/articles/2019/12/10/15/15/role-of-troponin-and-bnp-in-the-management-of-patients-with-cancer
https://doi.org/10.1177/2324709613480346
https://doi.org/10.1177/2324709613480346
https://doi.org/10.1186/1752-1947-8-252
https://doi.org/10.1186/1752-1947-8-252
https://doi.org/10.3816/cbc.2003.n.037
https://doi.org/10.3816/cbc.2003.n.037

	Electrocardiographic and biochemical analysis of anthracycline induced cardiotoxicity in breast cancer patients from Southern Sri Lanka
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Experimental procedure
	Statistical analysis
	ECG analysis
	Biochemical analysis

	Results
	ECG analysis
	Biochemical analysis

	Discussion
	Conclusion
	Acknowledgements
	References


