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Introduction n 

Anthracycliness have gained widespread use in the treatment of childhood leukemia and 

solidd tumors. Clinically, the most important side effect of anthracycline chemotherapy is a 

dose-dependentt cardiotoxicity.1 

Heartt damage after anthracycline chemotherapy can be divided into early and late 

cardiotoxicity.. By definition, early cardiotoxicity refers to cardiotoxicity that develops 

duringg chemotherapy or in the first year after its completion; whereas late cardiotoxicity 

occurss at least 1 year after completion of therapy.2 

Cardiotoxicityy can become manifest in patients as subclinical heart failure and as clinical 

heartt failure. 

Severall studies have evaluated the incidence and risk of early clinical cardiotoxicity and 

latee subclinical cardiotoxicity.3"15 The risk for both types of cardiotoxicity increases with a 

higherr cumulative dose of anthracyclines, female sex, younger age at the start of 

chemotherapy,, type of tumor, black race, presence of trisomy 21, radiation therapy 

involvingg the heart, and exposure to cyclophosphamide, iphosphamide, or amsacrine.315 

Onlyy a few studies have evaluated the incidence of late anthracycline-induced clinical 

heartt failure (A-CHF) in long-term survivors.1018 However, these studies have serious 

limitationss in that the study populations were small, only subgroups were described, and 

mostt studies had a short follow-up period. Because children should have a long life 

expectancyy after a successful antineoplastic treatment, it is important to evaluate the 

frequencyy and consequences of late A-CHF. In this study we evaluated the cumulative 

incidencee of early and late A-CHF and related risk factors in a large cohort of children 

treatedd with anthracyclines between 1976 and 1996. 

Methods s 

Patients s 

Sincee 1966, all children who are treated for childhood cancer in the Emma 

Kinderziekenhuiss AMC are registered at the Hospital Tumor Registry. This registry 

maintainss data on diagnosis, treatment, last known medical status, and follow-up of all 

admittedd patients, and served as the basis for the selection of patients in the current 

study.. We decided to include only patients who received their first treatment with 

anthracycliness after 1976, because the chemotherapeutic treatment was not specified in 

thee early years of the registration. According to the computer database of the Hospital 

Tumorr Registry, 609 children had been treated in the EKZ / AMC with anthracycline 

chemotherapyy between 1976 and 1996. 
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Treatmen tt  and follo w up data 

Dataa of 567 of 609 children were collected directly from the medical records by one of 

thee authors (E.D). For 40 patients whose medical records were missing, we obtained 

informationn by means of the registry charts kept by the Hospital Tumor Registry. No data 

weree available for 2 children. Therefore, the study population consisted of 607 patients. 

Forr each patient the following information was recorded: (1) date of birth, (2) sex, (3) 

typee of malignant lesion and tumor status, (4) chemotherapeutic protocol, including the 

cumulativee doses of administered anthracyclines (doxorubicin, daunorubicin, idarubicin 

andd /or epirubicin), cyclophosphamide and iphosphamide, (5) date of start of 

anthracyclinee treatment, (6) concurrent radiotherapy involving the heart, including left 

abdominall irradiation, (7) last follow-up date, (8) date and cause of death, (9) signs and 

symptomss of clinical heart failure and, if that was the case, etiology, treatment, and 

clinicall outcome. 

Attemptss were made to establish the clinical status of patients lost to follow-up by 

sendingg a questionnaire to their general practitioners. We finally succeeded in obtaining 

informationn on the clinical status up to at least January 1997 (or date of death) for 580 

patientss (96% of the cohort). 

Definitio nn of clinica l cardiotoxicit y 
AA case of A-CHF was defined as congestive heart failure, not attributable to other known 

causes,, such as direct medical effects of the tumor, septic shock, or renal failure. We 

definedd congestive heart failure as the presence of the following clinical signs and 

symptoms:: dyspnea, pulmonary edema, peripheral edema, and / or exercise intolerance 

whichh were treated with anticongestive therapy. A pediatric cardiologist (J.O.) confirmed 

thee diagnosis in patients with cardiac events that may or may not have met this 

definitionn of clinical cardiotoxicity. The clinical outcome of A-CHF was either 'death', 

'alivee with anticongestive treatment' or 'clinical recovery without current requirement 

forr anticongestive therapy, but anticongestive treatment previously'. Depending on the 

timee of onset, the A-CHF was classified as early A-CHF, i.e. during anthracycline 

chemotherapyy or within the first year after the end of treatment, or as late A-CHF, i.e. 

CHFF more than 1 year after the completion of anthracycline chemotherapy. 

Statistica ll  analysi s 
Thee main outcome event was defined as the occurrence of A-CHF. Event-free survival was 

definedd as the time from the start of first administration of anthracycline until the 

developmentt of A-CHF, or until the latest follow-up evaluation, or until death. The risk 

factorss for A-CHF were a high cumulative dose of anthracyclines (>300 mg/m2), treatment 

withh iphosphamide or with cyclophosphamide, irradiation involving the heart, female 

sex,, and age at diagnosis younger than 4 years. The risk factors for A-CHF were first 

comparedd with the log-rank test. The relative risk for each risk factor was estimated by 
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thee Cox regression model.19 Statistical significance (p<0.05) was determined with a two-

sidedd test. Multivariate analysis was performed with a stepwise Cox regression model. 

Thee p-value of the coefficient of the risk factor had to be less than 0.10 for the risk factor 

too remain in the model. 

Thee cumulative risk of A-CHF was estimated as a function of the follow up time from the 

startt of anthracycline treatment, and of the cumulative anthracycline dose by the 

Kaplan-Meierr method.20 Survival curves were constructed and the confidence intervals 

weree calculated. Analyses were performed using the statistical software SPSS for 

Windowss 8.0 (release 1997). 

Result s s 

Patients s 

Thee clinical characteristics of the study population are listed in Table 1. The mean age at 

thee time of diagnosis was 9.1 years (range: 0.1-17.9 years). The mean cumulative dose of 

anthracycliness was 301 mg/m2 (range: 14-960 mg/m2): 37 children received only dauno-

rubicin,, 352 children received only doxorubicin, 95 children received only epirubicin, and 

1188 children received a combination of doxorubicin, daunorubicin, and epirubicin. The 

exactt cumulative dose of the different anthracyclines of 13 patients, and the exact 

chemotherapeuticc combinations and doses for 5 patients are unknown. In addition to 

anthracyclines,, 307 children were treated with cyclophosphamide, and 138 children were 

treatedd with iphosphamide. 

Thee mean follow-up time after the first dose of anthracycline treatment for the whole 

groupp was 6.3 years (range: 0.01-21.7). The mean age of the patients at the end of the 

follow-upp was 15.4 year (range: 0.3-37.6). For patients alive at the most recent follow-up 

date,, 64.3% of the cohort, the mean follow up period was 8.6 years (range: 0.23-21.7 

years).. For 23.4% of the patients, the follow-up was longer than 10 years, and for 7.6% it 

wass longer than 15 years. At last contact the medical status of the patients at last contact 

was:: 217 patients (35.7%) had died. Four patients died of A-CHF. (Table 2) 

Incidencee and outcome of anthracycline-induced congestive heart failure 

Thee cumulative incidence of A-CHF at a mean follow-up time of 6.3 years was 2.8% (17 

patients).. The risk of developing A-CHF as a function of the follow-up time based on 

Kaplan-Meierr estimates is shown in Figure 1. The risk of A-CHF after 2 years was 2% 

(95%CI:: 0.8-3.2), after 5 years it was 2.8% (95%CI: 1.3-4.3), after 10 years it was 3.3% 

(95%CI:: 1.6-5.0), and after 15 years it was 4.8% (95%CI: 1.8-8.3). 

Thirteenn cases (2.1 %) of A-CHF occurred during or within the first year of therapy. The 

mediann time between the first dose of anthracycline and A-CHF was 3.6 years. The 

characteristicss of the patients with A-CHF are shown in Table 2. The mean age of the 
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Tablee 1 Clinical Characteristics of 607 Children Treated With Anthracyclines 

Characteristi c c No.. of patient s 

(NN = 607) 

345 5 
262 2 

43 3 
113 3 
174 4 
194 4 
83 3 

123 3 
55 5 

52 2 
130 0 

87 7 
53 3 
26 6 
40 0 
10 0 
31 1 

70 0 
208 8 
183 3 
108 8 
20 0 
18 8 

454 4 
138 8 
15 5 

286 6 
307 7 
14 4 

501 1 
102 2 

4 4 

18 8 
156 6 
208 8 
225 5 

Childre nn wit h A-CHF 

No. . 

9 9 
8 8 

1 1 
2 2 
5 5 
6 6 
3 3 

1 1 
3 3 

0 0 
4 4 

4 4 
3 3 
2 2 
0 0 
0 0 
0 0 

0 0 
1 1 
5 5 
7 7 
3 3 
1 1 

10 0 
4 4 
3 3 

8 8 
7 7 
2 2 

13 3 
4 4 
0 0 

1 1 
4 4 

10 0 
2 2 

(nn = 17) 

% % 

2.6 6 
3.1 1 

2.3 3 
1.8 8 
2.9 9 
3.1 1 
3.6 6 

0.8 8 
5.5 5 

0 0 
3.1 1 

4.6 6 
5.7 7 
7.7 7 
0 0 
0 0 
0 0 

0 0 
0.5 5 
2.7 7 
6.5 5 
15.0 0 

5.6 6 

2.2 2 
2.9 9 
0.2 2 

2.8 8 
2.3 3 
0.1 1 

2.6 6 
3.9 9 
0 0 

5.6 6 
2.6 6 
4.8 8 
0.9 9 

Sex x 

male e 

femal e e 

Agee at firs t dose of anthracycline s (years ) 

< 2 2 

2 - 4 4 

5 - 9 9 

10-14 4 

>14 4 

Diagnosi s s 

Leukemi a a 

ALL L 

AML L 

Lymphom a a 

Hodgkin' ss  diseas e 

Non-Hodgkin' ss  diseas e 

Solidd tumor s 

Osteosarcom a a 

Ewingg sarcom a 

Rhabdomyosarcom a a 

Wilms'tumo r r 

Hepatoblastom a a 

Other r 

Cumulativ ee dose of anthracycline s (mg/m 2) 

<150 0 

150-300 0 

300-450 0 

450-600 0 

>600 0 

unknow n n 

Iphosphamid e e 

none e 

any y 

unknow n n 

Cyclophosphamid e e 

none e 

any y 

unknow n n 

Irradiatio nn involvin g the heart 

none e 

any y 

unknow n n 

Periodd of diagnosi s 

1976-1980 0 

1981-1985 5 

1986-1990 0 

1991-1995 5 

Abbreviations ::  ALL, acute lymphoblasti c leukemia ; AMI, acute myeloi d leukemi a 
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9 9 

8 8 

7 7 

6 6 

5 5 

4 4 

3 3 

2 2 

x x 

55 10 15 

Follow-upp from the start of anthracycline treatment (years) 
20 0 

Patientss at risk 607 295 5 45 5 

Figur ee 1 Kaplan Meier Plot; Estimated Risk of Anthracycline-induced Congestive Heart 

failuree (A-CHF) as a Function of the Follow-up Time in Years after the Start of 

Anthracyclinee Therapy 

patientss with A-CHF at the time of anthracycline chemotherapy was 9.6 years (range: 1.3-

15.99 years). The mean cumulative dose of anthracycline at the onset of A-CHF was 461 

mg/m22 (range: 225-803 mg/m2). Seven children were also treated with cyclophosphamide, 

andd 4 children were also treated with iphosphamide. Of these children, the differences in 

thee chemotherapy doses between patients with and without A-CHF are shown in Table 3. 

Fourr patients (0.7% of the study group) died from A-CHF within 0 to 5.5 years after the 

onsett of symptoms. One patient with A-CHF was still being treated with anticongestive 

treatmentt whereas the other 5 were not. Of the 5 patients, 1 patient developed A-CHF 

duringg pregnancy. Follow-up echocardiographic studies of this last patient are not 

known.. The left ventricular shortening fraction measured by echocardiography of the 

otherr 4 patients was 28%,, 32%, 37%, and 42%, 7, 8.5, 6, and 7.5 years, respectively, after 

thee start of A-CHF. 

Riskk factor s for A-CHF 

Univariatee analyses off the risk factors for the occurrence of A-CHF showed a statistically 

significantt increase in the risk of A-CHF associated with a cumulative dose of 

anthracycliness higher than 300 mg/m2. The results of univariate analysis of the different 

riskk factors are shown in Table 4. The other possible risk factors for A-CHF (i.e. treatment 
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Tablee 3 Cumulative Doses of Chemotherapy for Patients With CHF and Patients Without 

CHF F 

Patients s 

Withoutt A-CHF 

Withh A-CHF 

Meann difference 

95%% CI 

p-value e 

Anthracydiness (n = 589) 

Meann Range 

2 %% 14-960 

4611 225-810 

164.2 2 

911 -237 

0,001 1 

Cumulativee Dose (mg/m2) 

Cyclophosphamidee {n = 307) 

Meann Range 

60277 60-21000 

82466 1120-18200 

2219 9 

-1353-5790 0 

0.22 2 

Iphosphamidee (n = 138) 

Meann Range 

283099 1800-126000 

367500 12000-63000 

8441 8441 

-17856-34740 0 

0.53 3 

** Number of patients 

Tablee 4 Relative Risks for Anthracycline-induced Congestive Heart Failure (univariate 

analyses) ) 

Riskk factor * 

Femalee sex 

Agee at diagnosis £ 2 years 

Dosee anthracydines > 300 

Additionall treatment with 

Iphosphamide e 

Cyclophosphamide e 

Radiotherapy y 

Total l 

mg/m2 2 

No.. of patients 

262 2 

43 3 

311 1 

138 8 

307 7 

102 2 

607 7 

No.. With A-CHF 

8 8 

1 1 

15 5 

4 4 

7 7 

4 4 

17 7 

Relativee Risk* 

1.18 8 

0.85 5 

11.8 8 

1.80 0 

0.70 0 

1.75 5 

95%% C I 

0.45-3.06 6 

0.11-6.31 1 

1.56-89.48 8 

0.54-5.99 9 

0.25-1.94 4 

0.56-5.43 3 

P-value e 

0.74 4 

0.85 5 

0.02 2 

0.34 4 

0.49 9 

0.34 4 

Abbreviations:: A-CHF, anthracycline-induced congestive heart failure; 95% CI, 95% confidence interval 

** Relative risk based on Cox model. 

withh iphosphamide or with cyclophosphamide, radiation therapy involving the heart, 

femalee sex, and age at diagnosis below 4 years) were not associated with an increased 

risk.. In multivariate Cox analysis a cumulative dose of anthracydines higher than 300 

mg/m22 was the only independent risk factor. 

Thee risk of A-CHF as a function of the cumulative anthracydine dose is shown in Figure 2. 

Thee risk of A-CHF at 300 mg/m2 was 1.1% (95%CI: 0.1-2.5), at 450 mg/m2 it was 4.5% 

(95%CI:: 1.5-7.5), and at 600 mg/m2 it was 17.8% (95%CI: 5.5-30.1). 
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50--

40--

X X 
U U 

< < 
4--

ZZ 20 

10 0 

0 0 

00 200 400 600 800 

Cumulat ivee doses of anthracycl ines (mg/m') 

Patientss at risk 589 392 179 20 3 

Figuree 2 Kaplan Meier Plot; Estimated Risk of Anthracycline-induced Congestive Heart 

failuree (A-CHF) as a Function of the Cumulative Dose of Anthracyclines 

Discussion n 

Ourr study is the first to investigate the incidence of both early and late A-CHF in a large 

cohortt of children treated with anthracyclines with such a long and complete follow-up. 

Wee estimated the cumulative incidence and risk, and possible risk factors for A-CHF in a 

cohortt patients treated with anthracycline therapy for childhood malignancy. In this 

studyy a marked number of patients was found to develop A-CHF at a young age. 

Thee cumulative incidence of early cardiotoxicity of 2.1 % in this study is in agreement 

withh the cumulative incidence of 1.6% mentioned before in two large cohort studies of 

childrenn by von Hoff and Krischer.312 Two other cohort studies of more than 200 children 

showedd a cumulative incidence of 2.8% and 4.0%.45 The cumulative incidence of late A-

CHFF was 0.7% in our study with a mean follow up time of 6.3 years and a mean 

cumulativee dose of 300.9 mg/m2. Dearth and Krischner described a cumulative incidence 

off late A-CHF of 0.9% and 0.1 % in a cohort of patients.1213 However, the completeness 

andd the length of follow-up were not mentioned. Other studies described an incidence 

off late A-CHF between 1.7% and 11%. 1 0 1 1 ' 1 4 1 8 A subgroup of patients was investigated 

inn these studies, so selection bias could have caused this broad variation in frequency of 

A-CHF.. In the present study, the rate of occurrence of A-CHF was highest in the first 2 

years,, i.e. 0% to 2%, and 2% to 5% in the next 12 years. It is possible that the clinical 

conditionn of patients during chemotherapy, when they often suffer from anemia, 
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acidosis,, cachexia, fever or overhydration from intravenous fluid, lowers the threshold 

forr clinical heart failure. 

Itt is known that A-CHF is a dose-dependent phenomenon. The cumulative risk of A-CHF 

att 550 mg/m2 of 10% in our study is higher than the 7% found by von Hoff et al in a 

studyy of both children and adults.3 The higher susceptibility of children with regard to 

adultss and the longer follow-up of our study can explain these differences. A cumulative 

dosee of anthracyclines higher than 300 mg/m2 was the only significant risk factor for A-

CHF.. In fact, A-CHF occurred in only 1 patient treated with a lower dose. The threshold of 

aa cumulative dose of 300 mg/m2 as a risk factor for A-CHF, used in this analysis, is low in 

comparisonn with that used in other studies, which used a value of 550 mg/m2.12 Only 

Swainn et al mentioned that A-CHF begins at a cumulative dose of 300 mg/m2 in adults.21 

Inn the present study, 12 out of 17 patients with A-CHF were treated with a cumulative 

dosee of anthracyclines lower than 550 mg/m2. The fact that A-CHF may occur in children 

att doses 'as low as' 300 mg/m2 reinforces the need to re-evaluate the 'safe' maximum 

cumulativee dose of 450-550 mg/m2 of anthracyclines in children and the desirability of 

treatingg children who will receive a cumulative dose of anthracyclines of more than 300 

mg/m22 with cardioprotective agents or other treatment possibilities. In contrast with 

otherr studies, which evaluated the risk factors related to subclinical cardiotoxicity or 

earlyy A-CHF, we could not identify other risk factors for the development of A-CHF.315 

AA limitation of the present study is the lack of information on the course of action when 

subclinicall heart damage was diagnosed by echocardiography during treatment. 

Echocardiographyy has been used in our hospital since 1985. It is our policy to stop or 

adjustt treatment with anthracyclines if there is large decrease in the left ventricular 

shorteningg fraction or a left ventricular shortening fraction equal to or lower than 28%. 

Itt is not clear whether this policy will diminish the frequency of early and late A-CHF. 

Lipshultzz et al stated that the adjustment of the dose in asymptomatic patients may 

potentiallyy harm patients if the efficacy of their anticancer therapy is reduced.22 

Itt is possible that we underestimate the real incidence of A-CHF. In this study, we used a 

veryy strict definition of A-CHF, i.e. cardiac heart failure not attributable, as far as we 

know,, to other known causes. Furthermore, not all the patients have had a check-up by a 

specialistt in the hospital; from 96 patients information was obtained from the general 

practitioner. . 

Thee risk of A-CHF 15 years after the start of anthracycline treatment was estimated to be 

aboutt 5% in this study. It is unclear what the frequency of late A-CHF will be later on, 

whenn aging of the heart becomes important. That the percentage of subclinical cardiac 

abnormalitiess increases with longer follow-up times suggests a further increase in the 

incidencee of late A-CHF with time. This reinforces the need for sufficiently long complete 

follow-upp studies, strategies for early detection of patients at risk for A-CHF, and the 

evaluationn of other chemotherapeutic possibilities or cardioprotective agents in relation 

too the survival. 
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