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Introduction n 

Despitee their dose-dependent cardiotoxic effects, anthracyclines continue to be 

prescribedd because they are among the most effective agents against childhood cancers.1 

Thee frequency of cardiotoxicity after anthracycline therapy varies, depending on the 

selectionn of the study population, follow-up time, and the definition of cardiotoxicity. 

Thee estimated risk of anthracycline-induced clinical heart failure, 15 years after the start 

off anthracycline chemotherapy, was found to be 5% in a study of 607 children treated 

withh a mean cumulative dose of 301 mg/m2 anthracycline.2 None of the patients treated 

withh a dose less than 200 mg/m2 developed clinical heart failure during the study period. 

Echocardiographicc abnormalities have been found in 57% of the survivors of leukaemia 

whoo had received 228-550 mg/m2 of doxorubicin.3 

Itt is important to know which patients may be at increased risk for developing 

cardiotoxicityy after anthracycline therapy because possible preventive measures can be 

taken.. There is considerable variation among patients in their tolerance of 

anthracyclines.. A higher cumulative dose and higher dose intensity, younger age at 

diagnosis,, female sex, and radiation therapy to the heart region have been reported to 

bee risk factors for development of cardiotoxicity.4 It is also suggested that impaired 

ventricularr function at the end of treatment or early thereafter may predict adverse 

cardiacc outcome.3'5 The current recommendations for cardiac evaluation after 

anthracyclinee therapy state that patients with an abnormal left ventricular shortening 

fractionn in the first year after therapy should be evaluated more frequently than others.6 

However,, there is no evidence to support this recommendation, and it is unknown 

whetherr this increased monitoring leads to better outcomes. 

Wee examined determinants for the LVSF during follow-up in a cohort of children with 

cancerr who had been treated with anthracycline therapy, and assessed the prognostic 

valuee of an echocardiographic measurement at the end of therapy in the prediction of 

subclinicall cardiotoxicity. 

Patientss and methods 

Patients s 

Alll children with cancer who were treated with a cumulative dose of more than 200 

mg/m22 of anthracycline between 1985 and 1996 in the Academic Medical Centre formed 

thee initial cohort of this study. Patients were excluded if they developed clinical heart 

failuree during anthracycline therapy, or if no echocardiographic measurement was made 

withinn one month of the end of treatment. Screening for echocardiographic 

abnormalitiess after anthracycline therapy was performed at our follow-up clinic for 

childhoodd cancer. 
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Echocardiographyy evaluation 
Leftt ventricular systolic function at the end of anthracycline therapy and during follow-

upp were assessed by means of standard M mode echocardiography. Paediatric 

cardiologistss assessed and analysed the left ventricular shortening fraction (LVSF), using 

thee formula: LVSF (%) = (( LVDD - LVDS) / LVDD) * 100%, where LVDD is the left 

ventricularr diastolic diameter and LVDS is the left ventricular systolic diameter. 

Echocardiographyy was performed with a concurrent ECG and the LVDD was measured at 

thee start of the QRS complex. A LVSF < 28% was considered as abnormal.5-7 

Statisticall evaluation 
Wee compared base-line characteristics between our study population and excluded 

patientss to assess the potential for selection bias. Baseline characteristics were compared 

byy Student t tests and x2 tests. Determinants of the LVSF at follow-up were examined 

usingg linear regression models. In a first step, the following determinants were assessed 

inn a univariate and multivariate way, cumulative dose of anthracycline > 450 mg/m, age 

att diagnosis, radiation therapy to the heart region, and female sex In the next step, the 

LVSFF at the end of therapy was added to the model and changes in regression 

coefficientss were analysed. If the end of therapy measurement could be used as a proxy 

forr the follow-up echo, previous identified risk factors would loose their prognostic 

value.. To adjust for the potential effect of longer follow-up in patients considered at an 

increasedd risk for cardiac abnormalities, the time interval between the end-of-treatment 

andd follow-up measurement was included in all models. In a final step, we assessed the 

valuee of LVSF at the end of treatment as a screening test for subclinical cardiac 

abnormalitiess (defined as LVSF at follow-up <= 28%) by describing the characteristics 

(accuracy)) at different cut-off values. 

Results s 

Patients s 
Betweenn 1985 and 1996, 291 children were treated with a cumulative dose of more than 

2000 mg/m2 of anthrayclines. Nine of the 291 children developed clinical heart failure 

eitherr during the treatment or within one month after the end of treatment. These 9 

patientss have been described in an earlier study; and were excluded for this study.2 A 

samplee of 181 patients (62%) underwent an 'end-of-treatment' echocardiography 

withinn one month after the end of treatment. (Figure 1) There were no significant 

differencess in the cumulative dose of anthracyclines, age at diagnosis, sex or received 

radiationn therapy to the heart region between the patients who did and who did not 

undergoo an echocardiography at the end of treatment. Of the 181 patients with an 'end-

of-treatment'' echocardiography 41 patients died before follow-up echocardiography. 
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Noo echocardiography 

att the end of treatment 

n-101 1 

AA dose: 360 (200-675) 

Age:: 8.3 (0.3-18) 

Lostt to follow-up 

Didd not participate 

n=27 7 

AA dose 330 (200-480) 

Agee 5.4 (0.7-17) 

SFF end therapy 37 (29-47) 

Initiall cohort 

n=291 1 

AA dose: 375 (200-810) 

Age:: 9.1 (0.3-18) ) 

V V 

Meetingg inclusion criteria 

n=181 1 

AA dose 380 (200-810) 

Agee 9.4 (0.3-17.8) 

SFF end theraf 

1 1 

yy 36 (24-52) 

T T 
Studyy population 

n=113 3 

AA dose 390 (200-810) 

Agee 10.1 (0.2-17.8) 

SFF end therapy 35 (24-47) 

Clinicall heart failure during 

treatment t 

n=9 9 

AA dose: 450 (300-750) 

Age:: 10.5 (3.1-15.9) 

Diedd before follow-up 

n=41 1 

AA dose 360 (210-720) 

Agee 9.9 (1.9-16.9) 

SFF end therapy 37 (25-52) 

AA dose: median (range)of cumulative anthracycline dose in mg/m2 

Age:: median (range)age at diagnosis in years 

SF:: left ventricular shortening fraction in % 

Figuree 1 Formation of the study cohort 
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Tablee 1 Clinical characteristics of the study group 

Characteristicss Female Male 

n=S11 n=62 

Agee at diagnosis 

<< 2 years 4 5 

2-100 years 20 27 

>> 10 years 27 30 

Cumulativee dose of anthracydine 

200-4500 mg/m 44 55 

>4500 mg/m 7 7 

Irradiationn involving the heart 

Yess 13 6 

Noo 38 56 

Nonee of these patients died from cardiac failure. Twenty-seven patients (15%) had no 

follow-upp echocardiography because they had left the country or were otherwise lost to 

follow-up.. The study group therefore consisted of 113 patients. We found no significant 

differencess in either the sex distribution, the cumulative dose of anthracyclines, the 

proportionn of patients receiving radiation therapy to the heart region, or in the median 

valuee of the LVSF at the 'end-of-treatment' echocardiography, between our study group 

andd patients lost to follow-up. There was only a mean difference in age of 2.2. years with 

ourr study group. Characteristics of the 113 patients are shown in Table 1. 

Echocardiographicc results 

Inn 94 of the 113 patients, an LVSF was performed before the start of treatment. There 

wass no association between age at diagnosis and the pre-treatment LVSF. The mean (SD) 

LVSFF before the start of therapy was 38.4% (4.1) for 94 patients. None of the patients 

hadd an abnormal LVSF before start of therapy. For the whole study group the mean (SD) 

LVSFF within one month after the end of treatment was 35.4%(4.1). Four patients ( 3.5%) 

hadd an abnormal LVSF within one month after the end of treatment. The mean (SD) 

intervall from the end of anthracydine therapy to echocardiographic follow-up 

evaluationn was 4.6 (3.5) years (range, 0.2-13 years). The mean (SD) LVSF at follow-up after 

anthracydinee therapy was 34.3% (4.7). The echocardiographic data are shown in 

Figuree 2. Sixteen patients (14.2%) had an abnormal LVSF at follow-up. For these 16 

patientss the mean LVSF (SD) within one month after the end of treatment had been 32.3 

(2.6)%.. A scatter plot of the values of the LVSF at the end of treatment against the LVSF 

att follow-up is presented in Figure 3. 
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Figuree 2 Echocardiographic results before, at the end of, and after anthracycline treatment 
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Tablee 2 Relationship between risk factors and the LVSF at follow-up in multivariate linear 

regression n 

Riskk factor Multivariatee excluding the LVSF end therapy Multivariatee including thee LVSF end therapy 

LVSFF end therapy % 

AA dose > 450 mg/m2 

Agee at diagnosis 

RT T 

Femalee sex 

P P 

--
-3.34 4 

-0.21 1 

0.08 8 

0.69 9 

95%CI I 

--
-5.888 to -0.80 

-0.399 to -0.03 

-2.211 to 2.37 

-1.033 to 2.41 

p-value e 

--
0.01 1 

0.03 3 

0.95 5 

0.43 3 

P P 

0.40 0 

-2.27 7 

-0.16 6 

0.05 5 

0.59 9 

95%CI I 

0.200 to 0.60 

-4.700 to 0.17 

-0.333 to 0.01 

-2.099 to 2.19 

-1.022 to 2.20 

p-value e 

0.0001 1 

0.07 7 

0.07 7 

0.96 6 

0.47 7 

LVSF:: left ventricular shortening fraction, A dose: anthracycline dose, 95% CI: 95% confidence interval, RT: radiation therapy to the heart 

region. . 

Multivariatee model is adjusted for follow-up time. 

Tablee 3 The accuracy of the end-of-treatment LVSF in the prediction of subclinical 

cardiotoxicityy in a cohort of 113 children who had been treated with anthracycline 

Cutt off value of 

end-off treatment LVSF 

LVSFF of 30% 

LVSFF of 32% 

LVSFF of 34% 

LVSFF of 36% 

LVSFF of 38% 

Total l 

12 2 

25 5 

47 7 

75 5 

91 1 

Noo of patients s << cut off value 

Cardiotoxicity1 1 

4 4 

9 9 

13 3 

15 5 

16 6 

(33%) ) 

(36%) ) 

(28%) ) 

(21%) ) 

(16%) ) 

Total l 

101 1 

88 8 

66 6 

38 8 

22 2 

Noo of patients s >> cut off value 

Cardiotoxicity1 1 

122 (12%) 

77 (8%) 

33 (5%) 

11 (3%) 

00 (0%) 

Cardiotoxicityy defined as a LVSF at follow-up < 28% 

Determinantss of LVSF at follow-up 

Thee results of the multivariate analysis of determinants of LVSF at follow-up are 

presentedd in Table 2. The first model, excluding the LVSF at the end of treatment, 

showedd that a cumulative dose above 450 mg/m2 and a higher age at diagnosis were 

associatedd with lower values of LVSF at follow-up. Female sex and radiation therapy to 

thee heart region had no impact on the LVSF value at follow-up. When the LVSF value at 

thee end of treatment was entered to the model, LVSF at follow-up had a highly 

significantt relationship with the end-of-treatment LVSF. Furthermore, the association 

betweenn a higher dose of anthracycline and a higher age at diagnosis with lower values 

off LVSF became significantly weaker. No meaningful changes were found in the 

magnitudee of the /S of the LVSF at the end of treatment if the follow-up time was 

droppedd from the model (data not shown). 
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Valuee of end-of-treatment LVSF measurement in the prediction of subclinical cardiotoxicity 

Thee accuracy of the end-of-treatment LVSF measurement in the prediction of subclinical 

cardiotoxicityy using various cut-off values is given in table 3. None of our patients with 

LVSFF above 38% developed subclinical cardiac abnormalities during follow-up. 

Discussion n 

Inn the present study of survivors of childhood cancer who ever treated with more than 

2000 mg/m2 of anthracycline there was an association between the LVSF at the end of 

treatmentt and the LVSF at follow-up. This association remained after adjustment for 

otherr possible risk factors. These results confirm two earlier studies which investigated 

thee relationship between echocardiography at the end of therapy and subsequent 

cardiacc abnormalities.3,5 They suggested a relationship between an abnormal LVSF at the 

endd of treatment and the presence of later abnormal echocardiographic measurements. 

However,, the value of these findings is limited by either the selection of a non-random 

subgroupp of children, a lower number of patients, and by the absence of consideration 

off other risk factors. 

Thee authors know of no published data of prospective or retrospective longitudinal 

systolicc function measurements in children treated with anthracyclines until subsequent 

follow-up.. The high percentage of abnormal function at follow-up in our study, defined 

ass a LVSF < 28% is in accordance with the earlier reported frequency of abnormal systolic 

function.7,88 However, comparison of so called subclinical cardiotoxicity between different 

studiess is difficult, because studies use different definitions of subclinical cardiotoxicity 

andd many variables across the studies vary. 

Firstt an analysis was made of the relationship of risk factors with the LVSF at follow-up, 

excludingg the LVSF at the end of treatment. A cumulative dose of more than 450 mg/m2 

andd an older age at diagnosis were risk factors for a lower LVSF at follow-up. Reports on 

thee influence of age at diagnosis on subsequent abnormal echocardiographic 

measurementss are not consistent. Lipshultz et al reported a lower age at diagnosis and 

Sorensenn et al a higher age at diagnosis as a risk factor for later subclinical 

cardiotoxicity.9,10 0 

Onee limitation of the present study is that it was a retrospective cohort study of patients 

whoo were treated with anthracyclines and underwent echocardiographic measurement 

att the end of their treatment. Possible patients with a higher risk of cardiac 

abnormalitiess were selected, because only 62% of the patients underwent 

echocardiographyy within 1 month after the end of treatment. However, with regard to 

thee known risk factors of subclinical cardiotoxicity, this study group seems to be more 

likee a 'random'sample of the patients treated with a cumulative dose > 200 mg/m2 

anthracyclines.. Although measurement of the SF has limitations in the reproducibility 
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andd accuracy of assessing cardiac damage, in children the measurement of the SF is the 

clinicall standard in most centres. 

Thee results of this study can be of importance for the future follow-up of patients who 

havee been treated with anthracyclines. The results suggest that patients with a lower 

LVSFF at the end of treatment should be evaluated more frequently than patients with a 

higherr LVSF. However, the predictive value of the cardiac function at the end of 

treatmentt for an abnormal cardiac function at later follow-up needs to be evaluated in a 

prospectivee study of a cohort of children treated with anthracyclines at fixed time points 

afterr the end of treatment. Long-term follow-up studies are necessary to relate 

abnormall echocardiographic measurements to subsequent clinical heart failure in 

patientss treated with anthracyclines. 
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