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ABSTRACT 
 

 Background: Anthracyclines are antitumor agents with broad spectrum activity against many childhood 
malignancies. An important side effect of these drugs is cardiotoxicity which may happen even years after 
discontinuation. Our objective was tried to determine the incidence of Anthracycline induced chronic 
cardiotoxicity and its risk factors in an Iranian cohort.  Methods: we carried out a prospective analytic 
descriptive study at Children's Medical hospital, Tabriz, Iran, from 2009 to 2010. To evaluate cardiotoxicity 
(early or late onset), echocardiographic investigation was carried out on 80 persons who had received 
anthracyclines to treat lymphohematopoietic (Acute lymphoblastic Leukemia [ALL] and Lymphoma) 
malignancy before the echocardiographic examination. All patients were off treatment.  Results: Mean age ± SD 
was 9.74±3.79 years old .66.25 % (53) was male and 33.75% (27) was female. M/F ratio was 1.96. 60(75%) had 
ALL and 20 (25%) had lymphoma. 12.50% (10 cases) had left ventricular systolic dysfunction, 25% (20 cases) 
had left ventricular diastolic dysfunction, and 27.5 % (22 cases) had arrhythmias. Conclusion:  In the current 
study among survivors of childhood cancer, finding show that, incidence of arrhythmias due to Anthracyclines 
cardiotoxicity was greater than other side effects.  
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Introduction 

 
Currently there are many effective antineoplastic 

therapies for childhood cancers which caused 
considerable increase in patients’ survival. However, 
side effects of some antineoplastic drugs are 
dangerous and disappointing. Anthracyclines are 
well known examples of these drugs. Anthracyclines 
include Daunorubicin, Doxorubicin and 
Adriamycine with great success. These agents are 
used against a wide spectrum of malignancies in 
pediatric oncology and have played an important 
role in patients’ cure; but unfortunately they have 
cardiotoxic effects that may happen even years after 
completion of treatment [1]. Possible major 
cardiotoxicity which has been reported include 
cardiomyopathy, coronary artery disease and 
atherosclerosis [2,3]. Childhood Cancer Survivor 
Study (CCSS) results have showed that one of the 
sever conditions that is significantly more common 
in childhood cancer survivors, is congestive heart 
failure (with relative risk 15.1) [4]. Reviewing 

literature we find that several risk factors have been 
mentioned for cardiotoxicity of anthracyclines; these 
risk factors include: the cumulative anthracycline 
dose, length of post-therapy interval, rate of 
anthracycline administration, individual 
anthracycline dose, type of anthracycline, 
concomitant radiation therapy, concomitant  other 
chemotherapy agents, pre-existing cardiac risk 
factors, comorbidities, age, sex, and genetic factors 
[5-12]. 

Although anthracycline induced cardiotoxicity 
has been investigated in some countries relatively a 
lot, there are limited studies in Iran. Previous 
published case-control study from Iran indicated that 
abnormal systolic and/or diastolic functions were 
found in 29 (50%) of 58 patients. They found a 
strong correlation between systolic and diastolic 
cardiac dysfunction and longer time of follow-up but 
not a relation to the cumulative dose, sex, and age at 
diagnosis [13]. Considering importance of 
anthracycline cardiotoxicity and its risk factors, we 
decided to determine left ventricular systolic and 
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diastolic dysfunction (chronic cardiotoxicity) in our 
patients who had received anthracycline, using 
echocardiography. 

 
Materials and Methods 

 
We carried out an analytic descriptive 

prospective study at Children's Medical hospital, 
Tabriz, Iran, from 2009 to 2010. Inclusion criteria 
were to receive any kind of anthracyclines in the past 
for treatment of childhood malignancies, no cardiac 
abnormality before treatment, and to be willing to 
participate in the study (to give informed 
consent).All cases were off treatment. Patients had 
no symptoms of cardiac dysfunction at study time. 
To determine anthracycline induced cardiotoxicity, 
all patients underwent ECG and Echocardiography 
(M-Mode, Doppler) by cardiologists, using 
MyLab50 machine coupled to a 3 MHz and 5 MHz 
transducer. We measured left ventricle Ejection 
Fraction (EF) and Fractional Shortening (FS) to 
survey left ventricle systolic function, and left 
ventricle Isovolumic Relaxation Time (LV IVRT) 
and also Early rapid filling/Atrial contraction (E/A 
ratio) in mitral valve blood flow to survey left 
ventricle diastolic function. Patients divide to two 
groups :Group A Total dose of anthracyclines 
received <360mg/m2 ,and Group B Total dose of 
anthracyclines received >360mg/m2 .All data kept 
confidential. We did statistical analysis by using 
SPSS software version 13.Parametric variables were 
analyzed by t-test and nonparametric variables were 
analyzed by Man Whitney, Chi-Square and Fisher 
exact test. 
 
Results: 

 
80 patients were included with age range 1.1 to 

21 years. Mean age ± SD was 9.74±3.79 years old 
.66.25 %( 53) was male and 33.75% (27) was 
female. M/F ratio was 1.96. 60(75%) had ALL and 
20 (25%) had lymphoma. 12.50% (10 cases) had left 
ventricular systolic dysfunction, 25% (20 cases) had 
left ventricular diastolic dysfunction, and 27.5 % (22 
cases) had arrhythmias.  

Mean ± SD age at diagnosis time8.5±4.9 
(range:6 months  to 14 years). Table 1 summarizes 
results of quantitative risk factors including age at 
diagnosis, length of follow up, cumulative 
anthracycline dose, and individual anthracycline 
dose. 62 cases (77.8%) were in group A and 18cases 
(22.2%) were in group B. Mean total cumulative 
dose ±SD in two groups A and B were 
290.08±37.41mg/m2 (range 200-350) and 
416.38±59.40 mg/m2 (range 360-600). Rate of 
anthracycline administration was also determined; 
61(76.25%) administered anthracycline by infusion 
and 19(23.75%) cases used to by bolus injection. 
Radiotherapy was used in 6 cases (Group A) and 8 
cases (Group B). There was significant relation 

between radiotherapy ,group B and cardiac toxicity 
(P=0.01). 
 
Echocardiographic results: 
 

To evaluate left ventricular systolic and diastolic 
function, we measured EF, FS, LV IVRT and E/A 
ratio; their values have been categorized in table2. 
Then, regarding age related normal limit of these 
variables according to reliable reference for pediatric 
heart disease[14]. we evaluated participants’ systolic 
and diastolic function which is seen in table 3. It is 
important to recall that none of participants had 
symptoms of cardiac dysfunction; therefore, detected 
dysfunctions in our patients are subclinical 
dysfunction, and at the same time some kind of 
chronic cardiotoxicity. 
 
 Discussion: 

 
We examined participants’ left cardiac function 

using echocardiography. 9.1% had left ventricular 
systolic dysfunction, 23.6% had left ventricular 
diastolic dysfunction, 29.1% had left ventricular 
dysfunction (systolic, diastolic or both).  To analyze 
our data revealed that participants with fewer 
intervals after anthracycline intake had significantly 
more cardiac function abnormality than those with 
more intervals. We found no significant relation 
between cardiac function and other studied risk 
factors.  

Previous published study from Tehran, Iran, in 
2008, indicated that abnormal systolic and/or 
diastolic functions were found in 50% of 
patients[13]. 

Kremer et al reviewed all studies published 
between 1966 and 2001 that included more than 50 
children with anthracycline cardiotoxicity. 
Frequency of sub clinical cardiotoxicity was 
between 0% to 57% in 25 evaluated studies[15]. In 
comparison to that study, we had less incidence of 
anthracycline induced cardiotoxicity. 

Although reliable studies has been found 
significant relation between proposed risk factors 
and anthracycline cardiotoxicity[5-12]. Some 
studies, similar to our study, have not detected such 
a relation. Elbl et al studied 155 patients in long-
term remission after treatment with anthracycline for 
childhood malignancies and did not report 
significant relation between parameters of left 
ventricular systolic function and length of follow-up 
or age at diagnosis[16]. Hauser et al did not find 
relation between parameters of cardiac function and 
dosage of administered doxorubicin. (Cardiac 
dysfunction in this study was provoked by stress 
echocardiography) [17]. In previous Iranian study, 
there was no relation between cardiac function 
parameters and sex, cumulative anthracycline dose, 
and age at diagnosis[13]. Furthermore, it is valuable 
to mention that there is no safe dose for 
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anthracyclines and even the lowest clinically 
relevant doses may cause subsequent cardiac 
dysfunction[6]. 

Apart from length of follow up (which is 
discussed later in this paper), it seems that there may 
be different reasons for not finding significant 
relation between cardiac dysfunction and risk 
factors, including to have small sample size, wide 
range of  cumulative anthracycline dose in cases, not 
to use different types of drug, not to have enough 
cases of genetic factors or pre-existing cardiac 
disease among our participants. 

As mentioned before, we found more cardiac 
dysfunction in participants with less length of follow 
up. Although some studies have shown that 
incidence of clinically significant cardiotoxicity 
increases progressively post-therapy[5,6,8], Elbl et 
al did not report significant relation between 
parameters of left ventricular systolic function and 
length of follow-up or age at diagnosis; and said that 
probably more follow up would be needed[16]. 

Lipshultz et al evaluated anthracycline cardiotoxicity 
in 6493 patients from 1974 to 1990. They observed 
clinical cardiotoxicity in 106 cases (1.6%) from 
which 89.5% had occurred within the first year after 
completion of treatment (early onset cardiotoxicity) 
[12]. The former Iranian study reported significant 
direct relation between length of follow up and 
systolic or diastolic dysfunction(P value=0.02, P 
value=0.04 respectively) [13]. Lipshultz et al in 
2005 said that in children with ALL, LV contractility 
is substantially depressed immediately after 
doxorubicin treatment but returns to normal over the 
next 6 years. From 6 to 14 years later, however, LV 
contractility declines notably[6]. 

ome study focus on genetic factors and it’s 
relation to anthracycline cardiotoxicity .Most of 
these study couldn’t find any relation between 
polymorphism and cardiotoxicity. Our study genetic 
factors hadn’t any influence in severity of disease 
[18,19,20]. 

Early diagnosis of cardiotoxicity is important in 
asymptomatic long term survivor and prompt 
treatment by dobutamine stress echocardiography 
(DSE) and tissue Doppler (TD) velocities. These 
studies showed, LV, RV and IVS TD velocities 
systolic function at rest and during DSE can provide 
valuable information for early detection of 

subclinical cardiac toxicity. TD velocities of 
diastolic functions during DSE are a valuable 
parameter for assessment of subclinical cardiac 
toxicity in patient with abnormal wall 
motion[21,22]. Our study showed higher percent of 
left ventricular dysfunction was seen in cases with 
fewer intervals after Anthracycline intake. Thus, in 
follow-up, we must schedule patients for 
echocardiography in early time after anthracycline 
administration. 

Females showed more sensitive to anthracycline 
cardiotoxicity and  female ALL survivors treated 
with low cumulative anthracycline doses, showed a 
reduced LV mass and wall thickness. This suggests 
that in female ALL survivors an echocardyographic 
follow-up should be recommended but we can’t find 
any difference between sexes[23,24]. 

To summarize above mentioned information 
about cardiac function-post therapy interval relation, 
we can say although clinical early chronic 
cardiotoxicity is rare, but subclinical cardiotoxicity 
exists in this period of time; some of these 
cardiotoxicity cases disappear gradually and some 
do not. However, in long term after completion of 
treatment especially after 6 years, there will be late 
onset clinical as well as subclinical cardiotoxicity 
which its incidence increases progressively by 
passing more time after drug intake. 

 
 Conclusion: 

 
In our sample, incidence of Anthracyclines 

cardiotoxicity was not so much. It was something 
between the least and the most reported incidences 
by Kremer et al [15]. We found that more time after 
drug intake, less cardiac dysfunction existed in our 
participants. It is recommended to evaluate 
anthracycline induced cardiotoxicity early 
echocardiography leads to prevent late cardiac 
complications and early detection and prompt 
management in long term survivor.     
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Table 1: Values of quantitative risk factors in our patients 
Standard 
Deviation 

  Mean Min Max Risk Factors 

4.9   8.5 6(mo) 14 Age at diagnosis(yr) 
2.8   3.9 2 9 Length of follow up(yr) 
89.2   276 200 600 Cumulative anthracycline 

dose(Mg/m2) 
9.8   25.7 20 50  Individual anthracycline 

)Mg/m2 ( dose 
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Table 2: Values of echocardiographic measurements  
Max Min Standard Deviation Mean Echocardiography 

Finding 
52 21 8.1 33.1 FS 
90 42 9.8 69.8 EF 
2.87 0.7 0.45 1.90 E/A 
275 99 23.2 167 EDT 
98 23 19.8 60.1 IVRT 

Fs: Fractional Shortening, EF: Ejection Fraction, E/A ratio: Early rapid filling/Atrial contraction in mitral valve blood flow, EDT: early 
deceleration time, IVRT: Isovolumic Relaxation Time (left ventricle) 

 
Table 3: Participants’ cardiac function 

 Frequency Percent 
Systolic function Normal 70 87.5 

Decreased 10 12.5 
Total 80 100 

 
Diastolic function 

Normal 60 25 
Decreased Stage1 10 12.50 

Stage2 7 8.75 
Stage3 3 3.75 

Total 80 100 
Left ventricle dysfunction 

(systolic, diastolic or both) 
Positive 21 26.25 
Negative 59 73.75 
Total 80 100 
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