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Introduction n 

Anthracyclines,, like daunorubicin, epirubicin, and doxorubicin, have been used in the 

treatmentt of childhood cancer for more than 30 years.1 The antineoplastic effect is 

causedd by binding of anthracyclines to DNA which decrease DNA, RNA and protein 

synthesis.2 2 

Thee introduction of anthracyclines has contributed to the improvement in the survival 

ratess in childhood cancer from a 5-year survival rate in the 1970s of less than 30% to an 

8-yearr survival rate of more than 70% between 1989 and 1997.3-4 Nearly 60% of children 

treatedd for childhood cancer are treated with anthracyclines. In the Netherlands, 

nowadays,, approximately 1 out of 750-800 young adults is survivor of childhood cancer.5 

However,, since the early trials, cardiotoxicity caused by anthracyclines has been 

observed.66 Initially, incidental cases of clinical heart failure were reported.7 Later on, 

clinicall heart failure was described in previously healthy long-term survivors of childhood 

cancer.88 In the early 1990s, two studies reported an unexpectedly high percentage up to 

57%% of children who showed abnormalities measured by echocardiography.9,10 

Pathogenesis s 

Too date, the precise mechanism underlying the cardiotoxicity caused by anthracyclines is 

nott known. 

Alterationss in the metabolism of calcium have been observed in the presence of 

anthracycliness which lead to mitochondrial dysfunction, depletion of high-energy 

phosphates,, increased stiffness of the muscle, impaired muscle contractility and cell 

death.. Anthracyclines have been shown to alter the metabolism of histamine, platelet-

activatedd factor and arachidonic acid and thus, that of prostaglandins, thromboxanes 

andd leukotrienes. In addition, there is evidence for a role of the C-13 alcohol metabolite 

off anthracyclines in the development of cardiotoxicity following the treatment with 

thesee agents. A major role, however, has been ascribed to the generation of free radicals 

byy anthracyclines and recently, the alteration of fatty-acid oxidation by mitochondria has 

beenn proposed.1112 Damaged myocardial cells can not regenerate. 

Symptomatologyy of cardiotoxicity 

Cardiotoxicityy after anthracycline therapy in children can be divided in clinical 

cardiotoxicity,, defined on the basis of symptoms of clinical heart failure (CHF), and 

subclinicall cardiotoxicity, defined on the basis of abnormalities of surrogate indicators of 

CHFF in asymptomatic patients. The frequency of clinical cardiotoxicity, after anthracycline 
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therapyy in children has been reported to be as high as 16%.13 The number of studies that 

havee focussed on clinical cardiotoxicity several years after anthracycline therapy is 

limited.. The term subclinical cardiotoxicity is used to describe various cardiac 

abnormalities,, diagnosed with different diagnostic methods in asymptomatic patients. 

Thee prevalence of subclinical cardiotoxicity, defined in terms of echocardiographic 

parameterss such as contractility or afterload, has been reported to be as high as 57%.10 

Accordingg to the time of presentation, cardiotoxicity can also be sub-divided into acute, 

earlyy and late cardiotoxicity. The rare acute form of cardiotoxicity becomes manifest 

duringg or immediately after the administration of anthracycline and presents with 

transientt arrhythmia's, a pericarditis-myocarditis syndrome, or heart failure.14 Early 

cardiotoxicityy can become manifest within one year after anthracyclines treatment, and 

latee cardiotoxicity becomes manifest after the first year of treatment.15 It is unclear 

whetherr a different pathogenesis for these 3 types of cardiotoxicity or individual 

sensitivityy for cardiotoxicity could explain the difference in time of presentation. 

Diagnosi ss  and monitorin g 

Endomyocardia ll  biops y 
Endomyocardiall biopsy is considered to be the 'gold standard' to evaluate myocardial 

damagee after anthracycline therapy.16 The grade of histologic injury correlates with the 

cumulativee dose of anthracyclines, and has been shown to be predictive for subsequent 

subclinicall cardiotoxicity measured by radionuclide left ventricular ejection fraction (EF), 

andd the development of clinical cardiotoxicity.1719 However, biopsy is an invasive 

procedure,, false negative results can be caused by sampling error, and there is a 

considerablee variability in pathological interpretation.20 

Radionuclid ee angiograph y and echocardiograph y 

Inn adults, measurement of the EF by radionuclide angiography is the clinical standard for 

monitoringg anthracycline cardiotoxicity. The EF is a measurement of the systolic function. 

Inn a study of 51 adults, an absolute decline in the EF of more than 15% preceded the 

developmentt of CHF.21 There are, however, limitations in the measurement of the systolic 

functionn parameter EF. The EF will detect cardiotoxicity relatively late, because 

impairmentt of the EF occurs after a critical number of cells have been damaged.2223 

Furthermore,, the EF is dependent on left ventricular preload and afterload, as well as 

contractility.. This limits the diagnostic value of these parameters for cardiotoxicity. 

McKillopp found a sensitivity of 53% and a specificity of 75% of the EF for cardiotoxicity, 

measuredd by endomyocardial biopsy in adults.23 Stress testing by means of maximal 

exercisee increased the sensitivity to 89% in this study, but decreased the specificity to 

41%. . 
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Inn children, measurement of the left ventricular shortening fraction (SF) measured by 

echocardiographyy is the most widely used tool in the detection of cardiotoxicity, because 

thiss is a non-invasive method and echocardiography is available in most paediatric 

oncologyy centres. A limitation of the echocardiographic SF is that the interpretation of 

thee SF measurement can vary considerably between different observers.24 

Otherr limitations of the echocardiographic SF are, like the limitations of the radionuclide 

EF,, that SF will detect cardiotoxicity relatively late and the SF is also dependent on 

afterload,, preload, and contractility. Moreover, there are no reports in the literature of 

studiess that evaluate the predictive value of the measurement of SF during therapy or at 

thee end of therapy with regard to the subsequent development of clinical cardiotoxicity. 

Otherr echocardiographic measurements, such as a measurement of afterload and stress 

velocityy index have been used in various studies of long-term survivors.10-25 However, the 

clinicall importance of these echocardiographic abnormalities is still unknown. The 

predictivee value for stress echocardiography, induced by exercise or dobutamine, is also 

nott clear. 

Troponi n n 

Cardiacc troponin, a thin filament contractile protein, has been suggested to be an early 

markerr for cardiotoxicity during anthracycline therapy.26 In an animal model, troponin T 

wass released from doxorubicin-damaged myocytes.27 The troponin T levels correlated 

withh the dose of anthracyclines and with the degree of myocardial damage. Troponin 

levelss were found to be increased in patients treated with anthracyclines. Only one study 

involvingg 15 children investigated the predictive value of troponin T in the early 

detectionn of subsequent cardiotoxicity.28 This study suggested that troponin T predicts 

subsequentt echocardiographic abnormalities, i.e. left ventricular dilatation and wall-

thinning,, and recommended further studies. 

Indiu mm 111 Antimyosi n scintigraph y 

Indiumm 111-Antimyosin binds with intracellular myosin only when the sarcolemma is 

disrupted.299 A study in rats treated with doxorubicin showed progressive increase in 

antimyosinn uptake with increasing severity of myocardial damage.30 In adults the uptake 

off antimyosin is related to the cumulative dose of doxorubicin and the indium 111-

antimyosinn uptake preceded changes in ejection fraction.31'32 

Otherr  measure s of cardiotoxicit y 

Electrocardiographicc abnormalities, such as ST segment and T wave abnormalities or 

arrhythmia's,, are usually transient and do not predict subsequent cardiac systolic 

dysfunctionn or CHF.33 It has been suggested that a prolonged QTc interval can detect 

cardiotoxicityy years after therapy, but no relationship with subsequent systolic 

dysfunctionn has been described so far.3435 
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Diastolicc function parameters, measured by radionuclide angiography or 

echocardiography,, heart rate variability, tissue Doppler imaging, MRI, and biochemical 

markerss such as atrial natriuretic peptide, brain natriuretic peptide, and endothelin 1, 

havee been suggested as markers of anthracycline induced cardiotoxicity.16,36,37 The 

relationshipp of these markers with subsequent cardiac dysfunction or CHF is unknown. 

Preventio n n 

Sincee the introduction of anthracyclines clinicians and researchers have been looking for 

waysways to prevent cardiotoxicity and to limit the damage. 

Beforee anthracycline therapy 

Beforee anthracycline therapy prevention can be achieved either by avoiding 

anthracyclines,, the use of analogues which retain anti-tumour activity but without 

cardiotoxicity,, diminishing the cumulative dose or peak dose, or by adding 

cardioprotectivee agents. In adults, studies have reported lower incidence of 

abnormalitiess in endomyocardial biopsy specimens after a prolonged and continuous 

infusionn of anthracyclines over 48-96 hours.38 However, preliminary results of a 

prospectivee randomised study in children could not confirm this difference.39 

Dexrazoxanee (ICRF-187) (cardioxane®) is an EDTA-like chelator. The inherent property of 

anthracycliness to generate free radicals and their ability to interfere with iron 

metabolismm might explain the favourable cardioprotective effects of dexrazoxane. The 

drugg is thought to reduce the cardiotoxic effects of anthracyclines by binding free and 

boundd iron, thereby reducing the formation of antracycline-iron complexes and the 

subsequentt generation of reactive oxygen species. Five randomised trials in adults and 

onee in 38 children demonstrated a cardioprotective benefit with dexrazoxane.40"45 Yet, in 

onee of the 5 randomised trials in adults there was a decrease in tumour response rate.42 

Thee overall survival rates were not significant different. The study in children showed no 

differences,, between the dexrazoxane group and control group, in event free survival or 

overalll survival within the limited power of this small study.45 There are ongoing trials 

addressingg the role of dexrazoxane in paediatric patients with acute lymphoblastic 

leukaemia,, T-cell non-Hodgkin's lymphoma, and Hodgkin's disease.46 Other agents like 

antioxidantss or free radical scavengers such as vitamin E, carnitine and probucol are 

cardioprotectivee in animal studies.47"49 So far, no evidence in patients exists. 

Duringg anthracycline therapy 

Duringg anthracycline therapy prevention can be achieved by an early detection of 

cardiotoxicityy with early markers that predict subsequent clinical cardiotoxicity. Same 

preventivee measures as mentioned before can be taken if cardiotoxicity is diagnosed, yet 
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itt is unclear whether these are as effective as primary prevention. For adults guidelines 

forr monitoring of patients during anthracycline therapy have been developed by 

Schwartzz and colleagues.50 These guidelines advice to discontinue anthracyclines in the 

casee of an absolute decrease in LVEF of more than 10 % to a LVEF below 50%. A 

retrospectivee study suggested the benefit of these guidelines.50 For children guidelines 

havee been published in 1992.51 These guidelines recommended monitoring by 

echocardiographyy before each course accompanied by radionuclide EF for patients 

beforee each course above 300 mg/m2 anthracycline. They advised to discontinue 

anthracyclinee therapy with an absolute decrease of the SF of more than 10%, or a SF 

beloww 30% or with absolute decrease of the EF of more than 10% or a EF below 55% or 

aa decrease in the EF with stress testing. These recommendations are based on experts 

opinionss and until now there is no evidence in children to support these 

recommendations.. Lipshultz et al criticise these recommendations and recommend only 

modificationn of the anthracycline dose when clinical evidence of cardiotoxicity is 

evident.522 To the present day the situation is not clear. 

Duringg and after anthracycline therapy 

Duringg and after anthracycline therapy angiotensin converting enzyme inhibitors 

possiblyy prevent further deterioration of the systolic function in asymptomatic 

cardiotoxicity.533 After the occurrence of CHF, angiotensin converting enzyme inhibitors, 

digoxin,, diuretics or /^-blockers can prevent further deterioration.54-55 In the end stage of 

CHF,, heart transplantation is the only remaining option.56 
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Outlin ee of the thesi s 

Thee aim of the thesis is to explore the frequency and risk factors of cardiotoxicity after 

anthracyclinee therapy and to evaluate possibilities for early detection of heart damage 

duringg anthracycline therapy. 

Partt  1 focuses on the frequency and risk factors of clinical cardiotoxicity. 

Chapterr 1.1 reports on a systematic review with regard to evidence of the frequency and 

riskk factors of CHF after anthracycline therapy in children. In this review the causes of the 

widee range in reported frequency of CHF are discussed. 

Chapterr 1.2 presents a long-term follow-up study to determine the cumulative incidence 

off CHF and related risk factors after anthracycline therapy in a cohort of 607 children 

treatedd with anthracyclines in Amsterdam. 

Partt  2 focuses on the frequency and risk factors of subclinical cardiotoxicity. 

Chapterr 2.1 presents a systematic review of the literature with regard to evidence about 

thee frequency and risk factors of subclinical cardiotoxicity. An overview of the different 

definitionss and different diagnostic tests used to determine a decreased systolic function 

inn the study groups is provided. Chapter 2.2 describes the results of a study of 

longitudinall echocardiographic data of children treated with anthracyclines. This study 

evaluatess the relation between an echocardiographic shortening fraction at the end of 

therapyy and follow-up echocardiography. 

Partt  3 focuses on the early detection of cardiotoxicity during anthracycline therapy. 

Chapterr 3.1 reports on a study of the role of antimyosin scintigraphy in the detection of 

anthracyclinee cardiotoxicity and its possible predictive value for CHF in children treated 

withh anthracyclines. 

Chapterr 3.2 presents the results of a study on the reproducibility of antimyosin 

scintigraphy.. Finally, Chapter 3.3 describes a study in children on the role of troponin T, 

measuredd within 24 hours after the administration of anthracyclines, in the early 

detectionn of cardiotoxicity. 
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Introduction n 

Anthracycline-inducedd clinical heart failure (A-CHF) has been acknowledged since the 

introductionn of anthracyclines.1 Despite this adverse effect, anthracyclines form an 

importantt part of the treatment of childhood cancer. An accurate estimation of the 

frequencyy of A-CHF and the associated risk factors is needed, since decisions about 

treatmentt with other chemotherapeutic options or cardioprotective strategies during 

chemotherapyy depend on the impact of the adverse effects. Moreover, for the follow-up 

off patients treated with anthracyclines it is crucial to know the frequency of A-CHF and 

too understand which patients are at greatest risk. The reported frequency of A-CHF 

variess between the different studies. It was hypothesised that this wide variation could 

bee explained by differences in study design, such as composition of the study group, 

durationn of follow-up, or validity of the studies. An evaluation was made of the existing 

evidencee to obtain more insight into the frequency and risk factors of A-CHF after 

anthracyclinee treatment for childhood cancer. 

Methods s 

Searchh for studies 

Thee objective of the literature search was to identify all studies reporting on the 

frequencyy of A-CHF after anthracycline treatment for childhood cancer. The selection 

processs involved four steps. First, MEDLINE was searched for potentially relevant articles 

publishedd from 1966 to December 2000. The sensitive search strategy is presented in 

Tablee 1. Secondly, relevant articles which possibly met the following inclusion criteria, i.e. 

1)) original report, 2) published in English, 3) study population of more than 50 children 

whoo were treated with doxorubicin, daunorubicin or epirubicin, and 4) clinical heart 

failuree as outcome, were selected on the basis of the title and abstract by two 

researcherss (LK, EvD) and retrieved for more detailed examination. Thirdly, the 

bibliographiess of all relevant articles and reviews were searched for additional 

references.. Finally, all retrieved articles were screened by the two researchers to ensure 

thatt they described original research and met the inclusion criteria. Inter-observer 

agreementt was calculated for the second and fourth step of the selection process. In 

casess of disagreement, the abstracts and articles were re-examined and discussed until 

consensuss was achieved. 

Selectedd studies and validity 

Fromm each report, information about the study population, various risk factors, duration 

off follow-up, and frequency of A-CHF was abstracted by two researchers (LK, EvD). In 

casess of disagreement, articles were re-examined and discussed until consensus was 
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Tablee 1 Search strategy for Medline (Ovid) 

11 anthracyclin$.tw . 8 congestiv e heart failure.tw . 

22 daunorubicin$.tw . 9 clinica l heart failure.tw . 

33 epirubicin$.tw . 10 clinica l cardiotoxicity.tw . 

44 doxorubicinj.tw . 11 exp heart failure , congestive / 

55 exp anthracyclines / 12 cardia c failure.tw . 

66 exp antibiotics,anthracycline / 13 cardiomyopathy.tw . 

77 1 Or2o r3o r4o r5o r 6 14 8or9or10o r 11 or 12 or 13 

155 7 and 14 

166 limi t 15 to human 

177 limi t 16 to (new-bor n infan t <birt h to 1 month > or infan t <1 to 23 months > 

orr  pre-schoo l chil d <2 to 5 years > or chil d <6 to 12 years> or adolescenc e <13 to 18 years> ) 

188 case report / 

199 17not1 8 

200 limi t 19 to revie w article s 

211 19 not 20 

achieved.. To determine the validity of the selected studies, two researchers (LK, EvD) 

assessedd the methods, design and execution of each study. The validity was assessed 

accordingg to Evidence-based medicine criteria for prognostic studies described by Sackett 

ett al.2 A sample was considered to be 'well-defined' if the mean, the median or the 

rangee of the cumulative anthracycline dose was mentioned. For studies in which patients 

weree included from the start of therapy, a sample was defined as 'representative for the 

underlyingg population' if it consisted of more than 95% of the whole cohort or a 

randomm sample of the cohort of patients from the start of therapy with respect to the 

cumulativee dose. For studies investigating the survivors of childhood cancer, a sample 

wass defined as representative if more than 95% of the survivors or a random sample of 

thee survivors were studied. It was also assessed whether the study patients 'entered the 

cohortt at a similar well defined point in the course of the disease'. A minimal follow-up 

off more than 1 year after the end of treatment, or a median follow-up of 2 years was 

consideredd to be 'adequate' to determine the frequency of A-CHF. Follow-up was 

consideredd 'to be complete' if the outcome was assessed at the end date of the study for 

moree than 95% of the study patients. It was also assessed whether 'objective and 

unbiasedd outcome criteria' were applied, and whether there was 'adjustment for 

importantt prognostic factors'. Each study was graded on the basis of meeting or not 

meetingg the first 5 criteria, and a validity score was calculated (range 0 to 5). 

Definitio nn and frequenc y of A-CHF 
A-CHFF in this systematic review was defined as clinical heart failure in patients treated 

withh anthracyclines reported by the authors. The frequency of A-CHF was calculated as 
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thee number of patients with A-CHF divided by the number of patients in the study 

group.. The confidence interval was calculated with statistical programme Statxact, 

versionn 3. The cumulative incidence of A-CHF was expressed as this ratio at the end of 

follow-upp for each study. 

Riskk factors of A-CHF 

Thee risk factors of A-CHF were analysed both within and across the studies. For the 

analysiss within the studies, a 2 by 2 table was constructed if the number of patients with 

andd without a certain risk factor and the number of patients with and without A-CHF 

wass reported. The relative A-CHF risk with the 95% confidence interval for a certain risk 

factorr was calculated with the statistical programme CIA.3 A risk factor was defined as 

significantt if the lower limit of the 95% confidence interval of the relative risk was > 1.0. 

Acrosss the various studies, a multivariate linear regression model with a backward 

selectionn strategy (p<0.10) was used to examine the relation between potential 

predictivee factors and A-CHF. Categorical variables included the following possible 

predictivee factors: study design (i.e. studies of survivors vs. studies of cohorts of patients 

fromm the start of therapy); the validity of the study (less or equal to 2 + or more than 2 + 

onn the validity score); type of anthracycline treatment in the study group (doxorubicin or 

daunorubicin);; cumulative dose of anthracycline (mean dose in the study population > 

4500 mg/m2 or < 450 mg/m2) and maximal dose of anthracyclines within 1 week (dose of > 

455 mg/m2 for some or all patients or < 45 mg/m2 for all the patients). Only studies in 

whichh all these risk factors were known were included in this model. For the linear 

regression,, a logistic transformation of the cumulative incidence was performed to 

obtainn a normal distribution. Before this transformation, 0.5 was added to incidence 

figuress because 2 studies reported an incidence of 0%. 

Result s s 

Selectionn of articles 

Thee search strategy yielded 201 potentially relevant references from the MEDLINE search. 

Sixty-eightt articles were retrieved for more detailed examination. The inter-observer 

agreementt was 96% for this selection. Three additional articles were retrieved after 

searchingg the bibliographies. Twenty-five of the 71 retrieved articles met all the inclusion 

criteria,, with an inter-observer agreement of 95%. The other 46 articles were excluded 

forr the following reasons: not original research, study patients were adults, impossible to 

differentiatee between adults and children in the study group, less than 50 children, not 

publishedd in English, or not reporting on clinical heart failure. 



Systematicc review 

Descriptionn of the selected studies 

Thee frequency of A-CHF in children was estimated in 30 studies, described in 25 articles.4" 
288 A total of 12.507 children treated with anthracyclines were studied. The 30 studies 

weree divided into 19 studies of children from the start of anthracycline treatment4-20 and 

111 studies of survivors.2128 Table 2 presents details of studies of patients from the start of 

therapyy and Table 3 presents studies of survivors in chronological order. Seventeen 

studiess described the frequency of A-CHF after treatment with doxorubicin, 4 studies 

afterr treatment with daunorubicin and 9 studies after a combination of anthracycline 

therapy.. Fourteen of the 19 studies of patients from the start of therapy described the 

entiree cohort of patients from the start of therapy.4"6'8'11'16'18'20 Three of the 19 studies of 

patientss from the start of therapy described a sub-group of the original cohort from the 

startt of therapy.9-10-17 Two studies probably described a sub-group because they reviewed 

thee medical records or studied 'evaluable' patients without mentioning the number of 

patientss in the original cohort.7-19 Four of the 11 studies of survivors described an entire 

cohortt of patients from the moment of complete remission, and 1 study described an 

entiree cohort from the completion of therapy.2122 Six of the 11 studies of survivors 

describedd a sub-group of the original cohort of the survivors.2328 

Validity y 

Dataa on the validity of studies with regard to the study groups and follow-up are shown 

inn Tables 4 and 5. All studies were found to have methodological limitations. Seventeen 

off the 30 studies did not describe the mean, the median or the range of the cumulative 

dosee of anthracyclines.4'5'712-14"16'18'22 In 3 of the 11 studies which described a sub-group 

off an original cohort, there was no difference in the cumulative dose of anthracyclines 

betweenn the study group and the rest of the patients in the original cohort.23'26-28 The 

otherr 8 studies did not mention the cumulative dose of anthracyclines in the group not 

studied,, thus they possibly studied a group of patients that was not representative of the 

originall cohort.7'9-10'17-19'24'25'27 In 3 studies of patients from the start of therapy and 1 

studyy of survivors the original cohort was unknown.9-10-1924 Seven studies of cohorts from 

thee start of therapy and all 11 studies of survivors described an adequate length of 

follow-upp to measure the frequency of A-CHF after anthracycline therapy.5-6-7-14"16'18-21"28 

Onlyy 4 of the 30 studies mentioned the end date of the study and the fact that the 

outcomee was assessed in the study group until that date.1516-22-23 None of the studies 

mentionedd that the outcome had been assessed by an investigator who was blinded for 

possiblee risk factors. Only 1 study precisely defined the outcome as 'clinical signs and 

symptomss of congestive heart failure not attributable to other known cases such as 

sepsiss or renal failure'.20 Most of the other studies only mentioned clinical or congestive 

heartt failure without a clear definition. Two studies analysed the risk factors for A-CHF, 

controlledd for other risk factors.13-19 Krischer et al. analysed risk factors for clinical 

cardiotoxicity,, which they defined as A-CHF or change in cardiac function that was 
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Tablee 4 Validity of studies of children from the start of anthracycline therapy 

Tann 1973* 

Halazun1974 5 5 

Gilladoga1976 6 6 

Cangir1976 7 7 

vonHoff1977 8 8 

Hutchinton1978 9 9 

Lewiss 1978 , 0 

Praga1979 11 1 

Goorin198 11 12 

Dearthh 1984" 

PetrellM99 11 14 

Oberlin1992 15 5 

Hudso nn 1993 16 

Bu'Lock1996 17 7 

Wexler1996' 8 8 

Godoy1997 19 9 

Krische rr  199720 

Welll  define d 

sampl ee of 

patient s s 

--
--
+ + 
+ + 
+ + 
--
--
--
--
--
--
+ + 

--
--
--
+ + 
--
+ + 
+ + 

Studyy grou p 

Representativ e e 

sampl ee of 

patient s s 

+ + 

+ + 

+ + 
+ + 

+ + 

--
+ + 

--

+ + 
+ + 
+ + 
+ + 
+ + 

+ + 

nm m 

+ + 

nm m 

+ + 

Patient ss et a 

simila rr  poin t 

off  disease 

+ + 
+ + 

+ + 

+ + 

+ + 
+ + 

+ + 

--
--
+ + 
+ + 

+ + 

+ + 

+ + 
+ + 

+ + 

+ + 

+ + 

Adequat e e 

lengt hh of 

follow-u p p 

nm m 

+ + 

+ + 

--
+ + 

nm m 

nm m 

nm m 

--
nm m 

nm m 

nm m 
+ + 

+ + 

+ + 

nm m 
+ + 

nm m 

nm m 

Foiiow-u p p 

Completio n n 

off  fotlow-u p 

nm m 

nm m 

nm m 

nm m 
nm m 

nm m 

nm m 

nm m 

nm m 

nm m 

nm m 

nm m 

nm m 
+ + 

+ + 

nm m 

nm m 

nm m 

nm m 

Abbreviations ::  + - good ; - - poor , nm - not mentione d 

Tablee 5 Validity of studies of survivors after anthracycline therapy in childhood 

Sallann 198421 

Pastor ee 1987" 

Lipshurt zz 1991 23 

Steinherz199 11 u 

Sorensen1995 25 5 

Bu'Lock1995 26 6 

Kakadekar1997 27 7 

Sorense nn 199728 

Welll  define d 

sampl ee of 

patient s s 

+ + 
+ + 
+ + 
+ + 
--
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 

Studyy grou p 

Representativ e e 

samplee of 

patient s s 

+ + 
+ + 

+ + 

+ + 

+ + 

+ + 

--
nm m 

+ + 
nm m 

+ + 

Patient ss et a 

simila rr  poin t 

off  disease 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

Adequat e e 

lengt hh of 

follow-u p p 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

Follow-u p p 

Completio n n 

off  follow-u p 

nm m 

nm m 

nm m 

nm m 

+ + 
+ + 

--
nm m 

nm m 

nm m 

nm m 

Abbreviations ::  + - good ; - - poor , nm - not mentione d 
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seriouss enough to prompt the permanent discontinuation of anthracycline therapy, in a 

multivariatee model. They did not analyse risk factors for A-CHF in a multivariate model.20 

Frequenc yy and risk factor s of A-CHF 

Thee reported frequency of A-CHF varied between 0 and 16%. 

Twoo of the 6 studies of survivors in which a sub-group of the original cohort was studied, 

mentionedd that there were no patients with A-CHF in the group not studied.26,27 The 

frequencyy for these two studies was re-calculated as the number of patients with A-CHF 

dividedd by the number of patients of the original cohort. Five studies of a sub-group of a 

cohortt of patients from the start of therapy and 4 of the 6 studies of survivors which 

studiedd a sub-group of patients, did not describe the number of patients with A-CHF in 

thee group not studied.7'9'10'16-19'23"25'28 In these studies, the frequency of A-CHF was 

calculatedd by dividing the number of patients with A-CHF by the number of patients in 

thee study group. 

Itt was possible to assess the relative risk of possible risk factors in 10 studies (Table 

6)) 6,8,11-13,17,19-21,26 y n e -following risk factors were associated with a higher risk of A-CHF: 

aa higher cumulative dose (4 studies), radiation therapy in the heart region (3 studies), 

agee < 4 year (1 study), children (1 study), a higher maximal dose in 1 week (2 studies), 

daunorubicinn (1 study), amsacrine (1 study), black race (1 study), female (1 study), trisomy 

211 (1 study). Oberlin et al. suggested that ifosfamide was a risk factor for A-CHF.15 

Acrosss the studies multivariate regression analysis showed that type of anthracycline and 

thee maximal dose of anthracyclines within 1 week were independent predictors of the 

frequencyy of A-CHF. These 2 variables explained 66% of the variance. The predicted 

frequencyy of A-CHF for patients treated with doxorubicin will be 3.1 % higher than for 

patientss treated with daunorubicin. (95% confidence interval: 0.6 -11.2) For patients 

treatedd with a maximal dose within 1 week above 45 mg/m2 the predicted frequency will 

bee 5.8% higher than for patients treated with a maximal dose below 45 mg/m2.(95% 

confidencee interval: 1.7 -14.1) 
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Tablee 6 Relative risks of risk factors for anthracycline-induced clinical heart failure reported 

inn the original studies (univariate analyses) 

Author ,, year 

Gilladog aa 1 

19766 6 

vonn Hoff 

19777 s 

Praga a 

1979" " 

Goori n n 

19811 , 2 

Dearth h 

1984' 3 3 

Saltan n 

198421 1 

Bu'Loc k k 

199526 6 

Bu'Loc k k 

1996' 7 7 

Godoy y 

1997 " " 

Krische r r 
!!  997 20 

Riskk facto r 

Radiatio nn therap y heart regio n 

Noo radiatio n therap y heart regio n 

Childre nn < 15 years 

Adult ss  > 15 years 

Childre nn < 15 years 

Adult ss  > 15 years 

Doxorubici nn > 500 mg/m 2 

Doxorubici nn < 500 mg/m 2 

Anthracydin ee > 400 mg/m 2 

Anthracydin ee < 400 mg/m 2 

Radiatio nn therap y heart regio n 

Noo radiatio n therap y heart regio n 

Maxima ll  dose / week > 45 mg/m 2 

Maxima ll  dose / week < 45 mg/m 2 

Anthracydin ee > 400 mg/m 2 

Anthracydin ee < 400 mg/m 2 

Radiatio nn therap y heart regio n 

Noo radiatio n therap y heart regio n 

Female e 

Male e 

Anthracydin ee > 300 mg/m 2 

Anthracydin ee < 300 mg/m 2 

Agee < 4 years 

Agee > 4 years 

Anthracydin ee > 500 

Anthracydin ee < 500 

Maxima ll  dose in 1 week > 50 

Maxima ll  dose in 1 week < 50 

Doxorubici n n 

Daunorubici n n 

Radiatio nn therap y to the heart 

Noo radiatio n therap y to the heart 

Amsacrin e e 

Noo amsacrin e 

Mitoxantron e e 

No.. of 

patient s s 

8 8 

42 2 

2861 1 

2752 2 

110 0 

1148 8 

27 7 
355 5 

18 8 
94 4 

4 4 

108 8 

112 2 

267 7 

58 8 

168 8 

22 2 

204 4 

59 9 

66 6 

69 9 

51 1 

36 6 

84 4 

252 2 

6241 1 

3656 6 

2837 7 

3780 0 

2546 6 

585 5 

5908 8 

164 4 

6329 9 

92 2 

No.. wit h 

A-CHf f 

4 4 
4 4 

46 6 

19 9 

1 1 

21 1 

4 4 

11 1 

5 5 

1 1 

2 2 
4 4 

11 1 

1 1 

8 8 

3 3 

6 6 

5 5 

4 4 

2 2 

4 4 

2 2 

5 5 
1 1 

6 6 

57 7 

52 2 
9 9 

26 6 

35 5 

4 4 

59 9 

7 7 

56 6 

2 2 

Relativ e e 

risk k 

5.2* * 

2.3* * 

0.5 5 

4.8* * 

26.1* * 

13.5* * 

26.2* * 

7.7* * 

11.1* * 

2.2 2 

1.5 5 

11.7* * 

2.6* * 

4.5* * 

0.5 5 

0.7 7 

4.8* * 

2.3 3 

95%% Confidenc e 

interva l l 

1.6-16.8 8 

1.4-4.0 0 

0.1-3.7 7 

1.6-14.0 0 

3.2-210 0 

3.4-53.3 3 

3.5-201 1 

2.11 - 28.1 

3.7-33.5 5 

0.4-11.8 8 

0.33 - 7.8 

1.4-96.4 4 

1.11 -6.0 

2.22 - 9.0 

0.33 - 0.8 

0.3-1.9 9 

2.2-10.4 4 

0.66 - 9.2 

Tablee continued 
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Tablee 6 Continued 

Author,, yed; Risk factor No.. of 

patients s 

No.. with 

A-CHF F 

Relative e 

risk k 

95%% Confidenc e 

interva l l 

Noo mitoxantrone 

Cyclofosfamide e 

Noo cyclofofamide 

Blackk race 

Whitee race 

Female e 

Male e 

Trisomyy 21 

Noo trisomy 21 

"significantt risk factor 

Discussio n n 

6401 1 

4525 5 

1968 8 

961 1 

4790 0 

2408 8 

3848 8 

66 6 

6427 7 

61 1 
48 8 

15 5 

19 9 

36 6 
36 6 
27 7 
4 4 

59 9 

1.4 4 

2.6* * 

2.1* * 

6.6* * 

0.88 - 2.5 

1.5-4.6 6 

1.3-3.5 5 

2.5-17.6 6 

Thee frequency of A-CHF has been assessed in studies that have used various designs: 

cohortt studies that monitored patients from the start of anthracycline treatment, cohort 

studiess of patients who survived childhood cancer, and sub-groups of these cohorts. The 

reportedd frequency of A-CHF in these studies varies between 0% and 16%. The type of 

anthracyclinee used and the maximal dose given within 1 week explain a considerable 

partt of the variation in the reported frequency of A-CHF. The association between the 

typee of anthracycline and the maximal dose given within one week with the frequency 

off A-CHF could be a true causal relationship. A higher risk of A-CHF after a higher 

maximall dose within 1 week has also been suggested by Krischer et al and Sallan et 

a ll 20,21 yet, the association between type of anthracycline and the maximal dose within 

onee week could also be the result of confounding, because non-randomised comparisons 

weree analysed. It is conceivable that the choice of anthracycline type and the choice for a 

higherr dose could have been related to a clinical factor that also predisposes to an 

increasedd risk of A-CHF. An associated limitation of this review is that no evaluation was 

madee of the influence of age, sex distribution, radiation therapy or duration of follow-

upp on the frequency of A-CHF, because only a few studies reported adequate 

informationn of these variables. It was remarkable that only half of the studies mentioned 

thee range, the median or the mean cumulative dose of anthracyclines. As a result, the 

riskk factor analysis was performed on a small sub-group of studies, which reported type 

off anthracycline used, the cumulative dose, and the maximal dose given within 1 week. 

Variationn in studies, which evaluate the frequency of A-CHF, can be explained by several 

factors.. First, differences in frequency of A-CHF can be a reflection of the different risk 

profiless in the study population. It is quite conceivable that factors other than the 
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reportedd type and dose of anthracycline may have varied across the studies, like age at 

diagnosis,, number of patients receiving radiation therapy, co-treatment with other 

cardiotoxicc drugs. These potential risk factors were not well defined in the studies. 

Furthermoree some risk factors are still unknown. In the present review 8 studies 

describedd a non-representative sample of patients from the original cohort. This 

selectionn of patients can lead to an over-estimation of the true frequency of A-CHF if 

onlyy patients with a higher risk profile were selected. For example, Steinherz et al. 

studiedd patients who were referred by their paediatric oncologists during follow-up 

visits.244 This probably led to an over-estimation of the true frequency of A-CHF, because 

patientss with a higher risk of developing A-CHF are more likely to be seen at a follow-up 

clinic.. On the other hand, the true frequency of A-CHF will be under-estimated if patients 

withh A-CHF were missed in the study group. Secondly, selection of patients at different 

pointss during the course of their disease could influence the results. The frequencies 

reportedd in studies of cohorts from the start of treatment represent the true cumulative 

incidencee of A-CHF. While in studies of survivors, only early cases of A-CHF could be 

missedd if patients died before the onset of follow up. Thirdly, it is also possible that 

differencess in the duration of follow-up and completeness of the follow-up can explain 

thee variation. Only 4 of 17 studies, which reported the duration of the follow-up, 

reportedd that the outcome for all patients included in the study was assessed at the end 

off the study. With a longer follow-up period more patients will be at risk to develop A-

CHF.. Incompleteness of follow-up can lead to an under-estimation of the cumulative 

incidencee if the missed cases are associated with poor health, or to an overestimation of 

thee cumulative incidence if the missed cases are associated with good health. As a last 

point,, none of the studies reported a blinded assessment of the outcome for the 

informationn on risk factors. Presence of presumed risk factors can possible lead the 

cliniciann to classify a patient as having A-CHF and thus lead to overestimation of the 

frequencyy in these type of studies. 

AA potential limitation of this systematic review is that only studies published in the 

Englishh language were selected, and therefore some studies have been excluded. 

Anotherr limitation is that this review did not include studies after January 2001. Recently, 

aa cohort study of 607 children, followed from their first dose of anthracycline was 

published.288 The study attempted to avoid all the limitations discussed above, and 

estimatedd a cumulative incidence of A-CHF, defined as congestive heart failure, not 

attributablee to other known causes than anthracyclines, of 5% at 15 years after 

treatmentt onset. However the influence of the different types of anthracyclines and the 

maximall dose within 1 week was not evaluated in this study. 

Itt is concluded that a high variation in the frequency of A-CHF in children is reported in 

thee literature. Although many explanations for this variation are possible, the type of 

anthracyclinee used and the maximal given dose of anthracycline in one week can explain 

aa considerable part of this variation. 
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Inn the light of the serious methodological limitations of the current evidence, we 

advocatee that new, well designed and well executed studies are needed to accurately 

estimatee the frequency of A-CHF in these children and to reliably assess the importance 

off potential risk factors. These may include well designed cohort studies and randomised 

trials.. As more reliable data become available, clinicians will be able to weigh the risk 

andd impact of A-CHF against the benefits of high dose anthracyclines to increase the 

chancess of survival after childhood cancer, and this will enable them to make better 

informedd proper clinical decisions. 
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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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io--

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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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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Introduction n 

Thee introduction of anthracyclines in the treatment of childhood cancer has improved 

thee survival rate, but at the cost of myocardial damage during and after treatment. In 

additionn to clinical cardiotoxicity, manifesting itself as clinical heart failure, studies have 

alsoo reported subclinical cardiotoxicity, i.e. abnormalities measured by diagnostic 

techniques,, in previously healthy survivors of childhood cancer.1 Knowledge about the 

extentt of subclinical cardiotoxicity is important for the development of new treatment 

protocolss that aim at reducing cardiotoxicity, and for the follow-up of patients who have 

beenn treated with anthracyclines. In this systematic review an evaluation is made of the 

availablee evidence with regard to the frequency and risk factors of subclinical 

cardiotoxicityy up to many years after chemotherapeutic treatment. 

Methods s 

Searchh for studie s 

Thee objective of the literature search was to identify all studies reporting on the 

frequencyy of subclinical cardiotoxicity, defined as an abnormal systolic function, after 

anthracyclinee treatment for childhood cancer. The selection process involved four steps. 

First,, MEDLINE was searched for potentially relevant articles published from 1966 to May 

2001.. The sensitive search strategy is presented in Table 1. Secondly, relevant articles which 

possiblyy met the following inclusion criteria, i.e. 1) original report, 2) published in English, 

3)) study population of more than 50 children who were treatedd with doxorubicin, 

daunorubicinn or epirubicin, and 4) reported subclinical cardiotoxicity as outcome, were 

selectedd on the basis of the title and abstract by two researchers (LK, HvdP) and were 

retrievedd for more detailed examination. Thirdly, the bibliographies of all relevant articles 

andd reviews were checked for additional references to empirical studies. Finally, all 

retrievedd articles were screened by the two researchers to ensure that they described 

originall research and met the inclusion criteria. Inter-observer agreement was calculated 

forr the second and fourth steps of the selection process. In cases of disagreement, the 

abstractss and articles were re-examined and discussed until consensus was achieved. 

Selectedd studie s and validit y 

Fromm each report, information about the study population, various possible risk factors, 

suchh as cumulative dose of anthracyclines, dose within 1 week, age at diagnosis, sex 

distribution,, and radiation therapy to the heart region, duration of follow-up, method of 

detectionn and frequency of subclinical cardiotoxicity was abstracted by two researchers 

(LK,, HvdP). In cases of disagreement, articles were re-examined and discussed until 

consensuss was reached. To determine the validity of the selected studies, two researchers 
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Tablee 1 Search strategy for Medline (Ovid) 

anthracyclinj.tw . . 

daunorubicinj.tw . . 

epirubicinj.tw . . 

doxorubicinj.tw . . 

expp anthracydines / 

expp antibiotics , anthracycline / 

11 or 2 or 3 or 4 or 5 or 

8. . 

9. . 

10. . 

11. . 

12. . 

13. . 
14. . 

15. . 

16. . 
17. . 

18. . 

19. . 

20. . 

expp echocardiography / 

expp radionuclid e angiography / 

expp angiography / 

echocardiogrj.tw . . 

angioS.tw . . 

shortenin gg fraction.tw . 

ejectio nn fraction.tw . 

expp ventricula r function / 

ventricula rr  function.tw . 

systolic.tw . . 

expp myocardia l contraction / 

contract$.tw . . 

or/8-19 9 

21.. 7 and 20 

22.. limi t 21 to human 

23.. limi t 22 to (newbor n infan t <birt h to 1 month > or infan t <1 to 23 months > or preschoo l chil d <2 to 5 years> or chil d <6 to 12 

years >> or adolescenc e <13 to 18 years> ) 

(LK,, HvdP) assessed the design and execution of each study. The validity was assessed 

accordingg to Evidence-based medicine criteria for prognostic studies described by Sackett 

ett al.2 A sample was considered to be 'well-defined' if the mean, the median or the 

rangee of the cumulative anthracycline dose was mentioned. A sample of study patients 

wass defined as 'representative for the underlying population' if it consisted of more than 

95%% of the whole cohort from the start of therapy, or the cohort of survivors, or a 

randomm sample of the cohort of patients with respect to the cumulative dose. It was also 

assessedd whether the study population 'entered the cohort at a similar well defined 

pointt in the course of the disease'. A minimal follow-up of more than 1 year after the 

endd of chemotherapeutic treatment, or a median follow-up of 2 years was considered to 

bee 'adequate' to determine the frequency of subclinical cardiotoxicity. Follow-up was 

consideredd 'to be complete' if the outcome was assessed at the end date of the study for 

moree than 95% of the study population. It was also assessed whether 'objective and 

unbiasedd outcome criteria' were applied, and whether there was 'adjustment for 

importantt prognostic factors'. Each study was graded on the basis of meeting or not 

meetingg the criteria, and a validity score was calculated (range 0 to 8). 

Definitionn and frequency of subclinical cardiotoxicity 

Thee frequency of subclinical cardiotoxicity was calculated as the number of patients with 

ann abnormal systolic function divided by the number of patients of the study group. The 

95%% confidence interval of the frequency of subclinical cardiotoxicity was calculated by 

CIA.3 3 
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Riskk factor s for subclinica l cardiotoxicit y 

Thee risk factors for subclinical cardiotoxicity, adjusted for other possible confounders in 

multivariatee analysis, were extracted from the various studies. 

Result s s 

Selectio nn of article s 

Thee search strategy yielded 282 potentially relevant references from the MEDLINE search 

(Tablee 1). Fifty-six articles were retrieved for more detailed examination. The inter-

observerr agreement for this first selection was 98%. Two additional articles were 

retrievedd by 2 reviewers. Twenty-five studies from the 58 retrieved articles met all the 

inclusionn criteria, with an inter-observer agreement of 96%.4-28 The other 33 articles 

weree excluded for the following reasons: not original research, adult study population, 

impossiblee to differentiate between adults and children in the study group, less than 50 

children,, or not published in English. 

Descriptio nn of the selecte d studie s 

Thee frequency and risk factors of an abnormal systolic function were evaluated in 1 

longitudinall study until the end of treatment17, and in 24 transversal studies in survivors 

o n | yy 4-16,18-28 | n t n e transversal studies patients were investigated at different intervals 

sincee the end of treatment. Table 2 presents details of the included studies, length of 

followw up, and the frequency of abnormal systolic function. Thirteen studies investigated 

aa group that included patients who also manifested signs of clinical heart failure.5-6-11'13" 

15,17-22,233 Eight studies described the frequency of subclinical cardiotoxicity after 

treatmentt with doxorubicin4'6'11-13-15'19'22, 2 studies after treatment with daunorubicin21-26 

andd 15 studies after a combination of anthracycline therapy.5-710,14,16-18,20,23-25,27,28 Eleven 

studiess described a study group of patients treated with a mean or median anthracycline 

dosee below 300 mg/m2.7'11-12'17-20-21-2428Three studies only reported the range of 

anthracyclines.4-8-23 3 

Validit y y 

Dataa on the validity of the studies with regard to the study groups and follow-up are 

shownn in Table 3. All studies were found to have methodological limitations. Fourteen of 

thee 25 studies showed serious limitations defined as a validity score below 5.4.5,7.8,10 

12,18,19,22,24,25,27,288 A | | 25 studies described the mean, the median or the range of the 

cumulativee dose of anthracyclines. Only 2 of 25 studies described a study group of more 

thann 95% of the patients of the original cohort of survivors.11-14 The other 23 studies 

describedd a sub-group of the original cohort. In only 4 of the 23 studies this sub-group 

wass representative for the original cohort of the survivors with respect to the cumulative 
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dosee of anthracyclines.6-15'21-26 Whether 'the study population entered the cohort at a 

similarr well defined point in their disease' could only be assessed in those studies that 

reportedd the original cohort of survivors. In 15 studies4'5'7'9-10-12-18'20'22'28 the number of 

patientss in the original cohort was unknown: in the remaining 10 studies, patients 

enteredd the original cohort at a similar well defined point in the course of their disease. 

Onlyy 2 studies12-18 did not describe the length of follow-up. One study described the 

frequencyy at the end of therapy.17 The other 22 studies described an adequate length of 

follow-upp to measure the frequency of A-CHF after anthracycline therapy. Ten studies 

hadd a complete follow-up until the end date of the study.4'6-7-9'10-16'17-20 23'26 In the other 

studiess it was not clear whether the systolic function was measured for all the patients at 

thee end date of the study. Only 5 studies reported that the outcome had been assessed 

byy one investigator who was blinded for possible risk factors.13-20'21-23'27 Ten studies 

assessedd the analysis of the risk factors, adjusted for possible confounders in a 

multivariatee analysis.5'6-9'13'15'16-21'23-35-28 

Definitionn and frequency of subclinical cardiotoxicity 

Thee reported frequency of subclinical cardiotoxicity varied between 0% and 57.4%. 

Subclinicall cardiotoxicity was defined as an abnormal systolic function measured by 

echocardiographyy or radionuclide angiocardiography, or an increased afterload 

measuredd by echocardiography. The systolic function of the left ventricle can be 

determinedd by the shortening fraction (SF), the ejection fraction (EF), the velocity of fibre 

shorteningg corrected for heart rate, (VCFc) or by the stress velocity index (SVI). The SF and 

EFF of the left ventricle decrease with increasing heart rate and afterload and increase 

withh increasing preload. The rate-corrected velocity of circumferential fibre shortening 

VCFcc is independent of the preload and heart rate, but is still affected by afterload. 

Afterloadd can be measured by end-systolic wall stress (ESWS), which increases with 

increasingg blood pressure, with increasing cavity dimension, and with decreasing wall 

thicknesss (Laplace's law) The relationship between VCFc and ESWS is the stress velocity 

indexx (SVI), an index that is independent of preload and heart rate, and incorporates 

afterload.4-6-13'15'16-20'21-266 Subclinical cardiotoxicity was defined as an abnormal SF or EF, 

ann abnormal VCFc, an abnormal afterload, i.e. ESWS, or an abnormal SVI. Fifteen studies 

definedd the outcome as an abnormal SF, compared to normal values from the literature 

orr own control groups.5'7'10'12"14"17-19'21'24"28 The lower limit of normal of the SF varied 

betweenn 28% and 30%. The reported frequency of an abnormal SF varied between 0% 

andd 39.2%. Six of the 15 studies, that defined an abnormal SF as < 30%, or <29%, or 

<28%,, showed an acceptable validity with a score above 5. The frequency of an 

abnormall SF in these 6 studies varied between 0 and 27.8%. After dividing these 6 

studiess in studies which described patients with a mean anthracycline dose below or 

abovee 300 mg/m2 the range of the reported frequency became less wide; 0-15.2% and 

15.5-27.8%,, respectively. Two studies used an other definition of an abnormal SF; i.e. < 
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Tablee 3 Validity of the included studies 

Author r Studyy group Follow-up p Outcome e 

well l 

defined d 

repre-- similar 

sentativee point in 

the e 

disease e 

long g 

enough h 

completee objective blind 

Riskk factors 

multi--

variate e 

Hausdorff 19884 

Steinherz19915 5 

Lipshultzz 19916 

Larsenn 1992 7 

Schwartzz 1993 s 

Silberr 19939 

Jakacki199310 0 

Hudsonn 1993" 

Ewer199412 2 

Sorensenn 199513 

Bu'Lock199514 4 

Lipshultzz 1995'5 

Pikhalaa 199616 

Bu'Lock199617 7 

Godoy199718 8 

Kakadekar199719 9 

Sungg 1997 20 

Sorensenn 199721 

Ewerr 199822 

Nysom199823 3 

Zalewska199924 4 

Lanzarinii 20002B 

Rammelooo 200026 

Kapustaa 2000 " 

Bossii 2001 28 

nm m 

nm m 

nm m 

nm m 

nm m 

nm m 

nm m 

+ + 

nm m 

nm m 

nm m 

nm m 

++ + 

nm m 

+ + 

--
+ + 

+ + 

nm m 
+ + 

+ + 

nm m 
nm m 

nm m 

nm m 
nm m 

+ + 

+ + 

nm m 

nm m 
+ + 

nm m 

nm m 
+ + 

nm m 
nm m 
+ + 

nm m 
nm m 

+ + 

nm m 

nm m 
nm m 

nm m 

+ + 

nm m 

nm m 

nm m 
+ + 

+ + 

nm m 

+ + 

nm m 
nm m 

nm m 
+ + 

+ + 

nm m 
+ + 

nm m 
nm m 

+ + 

+ + 

nm m 

nm m 
nm m 

nm m 

nm m 
nm m 
nm m 
nm m 

nm m 

nm m 
+ + 

nm m 

+ + 

nm m 

nm m 

nm m 

+ + 

+ + 

nm m 
+ + 

nm m 

nm m 
nm m 
+ + 

nm m 

Abbreviations:: Nm- not mentioned 

29%% or abnormal wall motion, or a decrease in the SF of more than 15%.18'22 Only 2 

studiess mentioned that there was a significant difference between the mean of the SF in 

thee study group compared to the control group.20-23 One study reported no definition of 

ann abnormal SF.8 Three studies measured the ejection fraction by radionuclide 

angiocardiographyy with different definitions of abnormalities.9-10'16 The frequency varied 

betweenn 21.4% and 37.8%. An abnormal VCFc was defined as less than 2 SD compared to 

controlss in 2 studies, with a frequency of 13.4% and 38.0%.13-16 An abnormal SVI defined 

ass < 2 SD compared to controls was reported in 4 studies, and varied between 0% and 

29.2%.6-13-15'266 Four studies reported a frequency that varied between 0% and 52% of an 

abnormall afterload, defined as > 2 SD compared to controls.6,13-16-26 After dividing these 

44 studies into studies that described patients with a mean anthracycline dose below or 



61 1 
Systematicc review 

Tablee 4 Risk factors that increase the risk of subclinical cardiotoxicity 

Steinherz1991 5 5 

Lipshurt zz 1991s 

Silber1993 9 9 

Sorensen1995 13 3 

Lipshult zz 1995 15 

Pikhala1996 16 6 

Sorensen1997 21 1 

Nysom1998 23 3 

Lanzarin ii  200025 

Boss ii  20012 8 

Cardiacc abnormalit y 

1SF F 

4-- SVI 

tESWS S 

EF<55%% or abnorma l wal l motion , 

exercis ee EF, exercis e cardia c outpu t 

tESWS S 

UVPWS S 

tt  LVEDS 

44 SVI 

tESWS S 

iSF F 

UVPWD D 

LVmass s 

tt  LVEDD 

iVCFc c 

11 FS 

tt  LVEDD 

iSF F 

11 LVEDD 

tt  LVD, t LVPWD, i SVI 

Significan tt  risk facto r in multivariat e analysi s 

tt  cumulativ e dose x lengt h of follow-up, * 

mediastina ll  radiatio n 

tt  cumulativ e dose 

tt  cumulativ e dose, 4 age at diagnosi s 

tt  anthracyclin e dose, 4 age at treatment , femal e sex 

tt  cumulativ e dose, t dose intensit y 

tt  cumulativ e dose, femal e sex. 

postt  puberta l 

femal ee sex x T cumulativ e dose, * 

tt  dosag e in 3 weeks x diagnosis , * 4 age at 

diagnosis ,, t lengt h of follow-up . 

44 age at diagnosis , t dosag e in 3 weeks x 

diagnosis ,, * t cumulativ e dose. 

44 age at diagnosis , t years of follow-up . 

femal ee sex x diagnosis , * 4 age at diagnosis . 

tt  dosag e in 3 weeks x diagnosis . * 

tt  dosag e in 3 weeks x diagnosi s * 

tt  cumulativ e dose 

tt  age at treatmen t 

tt  cumulativ e dose 

tt  cumulativ e dose 

female ,, t lengt h of follow-u p 

none e 

Validit y y 

3 3 

6 6 

5 5 

6 6 

6 6 

6 6 

7 7 

6 6 

3 3 

3 3 

Onlyy result s from multivariat e analysi s 

Abbreviations ::  SF-shortenin g fraction ; VCFc- fibre-shortenin g velocity ; SVI- stress-velocit y index (load-independen t measuremen t of the 

contractility) ;;  ESWS- end-systoli c wal l stres s (measurmen t of the afterload) ; LVPWD- left ventricula r posterio r wall thicknes s in diastole ; 

LVPWS-- left ventricula r posterio r wal l thicknes s in systole ; LVEDD- left ventricula r end-diastoli c diameter ; LVESD- left ventricula r end 

systoli cc  diameter ; LV mass- left ventricula r mass. 

** interactio n between two risk factor s 

abovee 300 mg/m2 the range of the reported frequencies became less wide; 0% and 19%-

52%,, respectively. In 3 studies this was associated with a decreased LVPWthickness6'13-16, 

andd in 2 studies13-16 it was also associated with an increase in size of the left ventricle. Two 

studiess described subclinical cardiotoxicity as an abnormal SVI or an abnormal ESWS. One 

studyy evaluated patients treated with a median anthracycline dose below 300 mg/m2 and 

reportedd a frequency of 22.5%. The other study evaluated patients treated with a 

mediann anthracycline dose above 300 mg/m2 and reported a frequency of 57.4%. 

Riskk factors 

Dataa on the risk factors included in multivariate analyses in 10 studies are presented in 

Tablee 4. A higher cumulative dose, longer follow-up time, mediastinal radiation, female 
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sex,, higher dose in 3 weeks, diagnosis, lower age (2 studies) and older age (1 study) at 

diagnosiss are reported as independent risk factors for a decreased systolic function and 

forr an increased afterload. 

Discussio n n 

Thiss review demonstrates that at follow-up of children treated for cancer, systolic cardiac 

dysfunctionn can be detected in previously asymptomatic patients. The studies that 

investigatedd subclinical cardiotoxicity more than 1 year after the end of therapy are 

studiess with a transversal design and different lengths of follow-up. The reported 

frequencyy of subclinical cardiotoxicity, defined as abnormal systolic function and /or 

abnormall afterload varied between 0% and 57%. Variation in the definition of the 

outcomee and variation in the study groups with respect to the cumulative dose seemed 

too explain a part of this wide range. The outcome was defined by using different 

assessmentt methods of systolic function and afterload, and these measurements are 

basedd on different pathophysiologic mechanisms. Six studies of the 15 studies that 

reportedd an abnormal SF in children treated with anthracyclines had an acceptable 

validity.. In this subgroup of studies the range of the frequency of an abnormal SF 

seemedd to be higher for patients treated with a mean or median cumulative dose above 

300300 mg/m2anthracyclines (15.5%-27.8%) than for patients treated with a cumulative 

dosee below 300 mg/m2 (0%-15.2%). The relation between subclinical cardiotoxicity and 

subsequentt clinical heart failure is yet unclear. 

Mostt studies in this systematic review have methodological limitations. Most studies 

investigatedd the cardiac function in a non-representative sub-group of the original 

cohort,, whereas in other studies the original cohort was not even reported. Selection of 

aa non random sub-group of patients probably leads to an over-estimation of the 

frequency.. Not all studies reported that the outcome was measured at the end of the 

study.. Cases of subclinical heart failure could have been missed. The objectivity of 

echocardiographicc measurements is dependent on the reproducibility of the 

measurementt and measurements performed by 1 observer only can improve the 

reproducibility.. Only 5 studies mentioned that all echocardiographic measurements were 

performedd by 1 observer who was blinded for possible risk factors. There is debate about 

whetherr and which echocardiographic measurements should be adjusted for age or 

bodyy surface. Only 10 studies applied multivariate analysis to the risk factors of a lower 

systolicc function or increased afterload at follow-up. A higher cumulative dose of 

anthracyclines,, both older and younger age at diagnosis, longer follow-up period, 

radiationn therapy, female sex, a higher dose intensity and type of cancer have been 

reportedd as risk factors for decreased systolic function or increased afterload. These 

resultss must be interpreted in the light of the validity of the study. For example, 
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Steinherzz reported that a longer follow-up period increased the risk of a lower SF.5 

However,, it is not clear whether all patients were monitored until the end of the study, 

over-estimationn of the relationship between follow-up time and a decreased SF is 

possiblee if patients with a lower SF have been monitored for a longer period of time 

thann patients with a normal SF. Moreover, as far as the authors know, no studies have 

describedd the course of subclinical cardiotoxicity related to the follow-up time in 

individuall patients. 

Inn conclusion, the reported frequency of subclinical cardiotoxicity after anthracycline 

therapyy in studies including more than 50 children varied between 0% and 56%. 

Differencess in outcome definition, and study groups with respect to the cumulative dose 

off anthracyclines could explain a part of this wide range. Most studies showed serious 

methodologicall limitations. More cohort studies and randomised trials are needed to 

investigatee the factors that will increase the risk of subclinical or clinical cardiotoxicity 

afterr anthracycline therapy in children. These studies should focus on the cardiotoxic 

effectss of different types of anthracyclines, cumulative dose, dose intensity and the 

cardiotoxicc effects of co-treatment weighted against the benefit of anthracyclines on 

survival.. These studies should be performed in well defined and representative patients 

groupss from the start of treatment or in survivors with a complete and sufficient length 

off follow-up period, and include precise, and accurate outcome measures. Patients with 

subclinicall cardiotoxicity should be monitored for a long period of time to obtain insight 

intoo the clinical consequences. 
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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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Echocardiograph yy evaluatio n 
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 

Statistica ll  evaluatio n 
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. 

Result s 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 % 

Figur ee 1 Formation of the study cohort 
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Tablee 1 Clinical characteristics of the study group 

Characteristic ss Female Male 

n=S11 n=62 

Agee at diagnosi s 

<< 2 years 4 5 

2-100 years 20 27 

>> 10 years 27 30 

Cumulativ ee dose of anthracydin e 

200-4500 mg/m 44 55 

>4500 mg/m 7 7 

Irradiatio nn involvin g 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. 

Echocardiographi cc result s 

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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Tablee 2 Relationship between risk factors and the LVSF at follow-up in multivariate linear 

regression n 

Riskk facto r Multivariat ee excludin g the LVSF end therap y Multivariat ee includin g thee LVSF end therap y 

LVSFF end therap y % 

AA dose > 450 mg/m 2 

Agee at diagnosi s 

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-valu e 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-valu e e 

0.0001 1 

0.07 7 

0.07 7 

0.96 6 

0.47 7 

LVSF::  lef t ventricula r shortenin g fraction , A dose: anthracyclin e dose, 95% CI: 95% confidenc e interval , RT: radiatio n therap y to the heart 

region . . 

Multivariat ee mode l is adjuste d for follow-u p 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  treatmen t 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 patient s s << cut off value 

Cardiotoxicity 1 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 patient s s >> cut off value 

Cardiotoxicity 1 1 

122 (12%) 

77 (8%) 

33 (5%) 

11 (3%) 

00 (0%) 

Cardiotoxicit yy  define d as a LVSF at follow-u p < 28% 

Determinant ss of LVSF at follow-u p 

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). 



74 4 
Subclinicall cardiotoxicity 2.2 

Valuee of end-of-treatmen t LVSF measuremen t in the predictio n of subclinica l cardiotoxicit y 

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. 

Discussio n 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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Introduction n 

Despitee the firmly established early and late cardiotoxic side effects of anthracyclines, 

thesee drugs are among the most widely used agents for the treatment of childhood 

cancer.1-22 The incidence and severity of clinical and subclinical cardiac damage after 

anthracyclinee therapy increases with increasing cumulative dose, additional radiotherapy 

andd female sex.3 Moreover, children seem to be more susceptible than adults to the 

cardiotoxicc effects of anthracycline therapy, although there is considerable variation in 

thee individual susceptibility to these side effects.4 

Conventionall methods, such as radionuclear angiography and echocardiography, are not 

suitablee for investigating early cardiac damage because they are not sensitive enough; 

i.e.,, a critical number of cells may be damaged before the functional myocardial 

impairmentt is detected.5 Yet, early identification of children at risk for cardiac damage is 

essentiall because subsequent preventive measures can limit further myocardial damage. 

Inn this setting lndium-111-antimyosin (111ln-AM) scintigraphy may be of diagnostic use 

becausee it allows noninvasive detection of myocardial damage in vivo. The binding of 

thiss antibody to intracellular myosin takes place only when the sarcolemma is disrupted 

duee to cell damage.6 A study of rats treated with doxorubicin showed a progressive 

increasee in myosin uptake with increasing severity of myocardial damage. A strongly 

positivee correlation was found between the intensity of myocardial uptake and the loss 

off contractile function. Immunohistochemical staining showed that ln-111 AM was 

localizedd exclusively in injured myocytes.7 Studies with adult patients showed that the 

intensityy of ln-111 AM uptake was related to the cumulative dose of doxorubicin and 

thatt ln-111 AM uptake preceded changes in the ejection fraction.8'9-10 

Theree have been no studies of ln-111 AM uptake in children and young adults treated 

withh anthracyclines. We performed a pilot study involving eight patients who were 

treatedd with doxorubicin to determine whether ln-111 AM scintigraphy can be used to 

detectt early cardiac damage during chemotherapy in children and in young adults. 

Patientss and Methods 

Patients s 

Eightt patients with a tumor eligible for doxorubicin treatment were included in the 

study:: seven children and one young adult, with a mean age of 12 years (range 1-25 

years).. The patient charac-teristics are listed in Table 1. Additional therapy with 

cyclophosphamidee (max dose: 8400 mg/m2) and ifosfamide (max dose: 7800 mg/m2) was 

givenn to patients with Ewing sarcoma and Burkitt lymphoma. One patient (no 5) was 

cotreatedd with dexrazoxane, a cardioprotective agent. The study was approved by the 

hospitall ethics committee. 
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Scintigraphy y 

ln-1111 AM planar scintigraphy of the thorax in anterior-posterior projection was 

undertakenn on one or two occasions during the course of chemotherapy, before or 3 

weekss after the administration of doxorubicin, ln-111 AM was prepared by adding 92 

Mbqq (2.5mCi) 111 indium chloride to a flacon containing 0.5 mg of R11-D10-Fab DTPA 

(Mallinckrodtt Medical B.V., Petten, The Netherlands). The amount of radioactivity used 

dependedd on the patient's age: 40 Mbq was used for patients younger than 10 years, 60 

Mbqq for patients aged 10-14 years, and 80 Mbq for patients older than 14 years. 

Scintigraphyy was performed 48 hours after infusion of AM. We used a large field of view 

gammaa camera (Diacam Siemens) equipped with a medium energy collimator and a 20 

percentt window set around both peaks of ln-111 at a preset time of 10 minutes. Scans 

weree stored in 128x128 frames for subsequent analysis. The scintigrams were interpreted 

quantitativelyy by an experienced nuclear physician unaware of the patient's condition 

andd echocardiographic results. Regions of interest for heart and lungs were drawn and a 

heart-to-lungg ratio (HLR) was calculated as the average counts per pixel in the 

myocardiumm divided by the average counts per pixel in the lungs.11 The mean value of 

threee separate HLR evaluations was used as the HLR value of an ln-111 AM scintigram. 

Echocardiography y 

Echocardiogramss were made by a pediatric cardiologist and a technician before and 

afterr 3 weeks of doxorubicin administration as a part of the treatment protocol, using 

3.55 and 5 MHz transducers. All echocardiograms were recorded on videotape and 

fractionall shortening (FS) was measured by one observer who did not know the results of 

thee ln-111 AM scintigraphy and who was unaware of the patient's condition. The FS of 

thee left ventricle was calculated according to the formula: LVEDD-LVESD divided by 

LVEDDD multiplied by 100, where LVEDD is left ventricular end diastolic diameter and 

LVESDD is left ventricular end systolic diameter. 

Tablee 1 Clinical data 

Patient t 

No o 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

Male e 

Female e 

M M 
M M 

M M 

M M 

F F 

F F 

M M 

F F 

Age e 

(years) ) 

1 1 

4 4 

16 6 

10 0 

16 6 

14 4 

25 5 

10 0 

Diagnosi s s 

Brainn tumo r 

Burkit tt  lymphom a 

Ewingg sarcom a 

Ewingg sarcom a 

Osteosarcom a a 

Osteosarcom a a 

Osteosarcom a a 

Osteosarcom a a 

Followw up 

(upp to 6 months ) 

Complet ee remissio n 

Progressiv ee diseas e 

Complet ee remissio n 

Complet ee remissio n 

Complet ee remissio n 

Congestiv ee heart failur e 

Complet ee remissio n 

Progressiv ee diseas e 
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Result s s 

Thee scintigraphic and echocardiographic results are shown in Table 2. Three patients 

(patientss 6,7,8) underwent baseline ln-111 AM scintigraphy: their HLRs were 1.49, 1.5 and 

1.51,, respectively. Patients 1,2,3, and 8 underwent ln-111 AM scintigraphy only once 

becausee treatment was completed (patient 1) or because of progressive disease (patients 

22 and 8) or radiotherapy of the thorax (patient 3). The HLR of patient 6 increased 

substantiallyy from 1.49 before doxorubicin therapy to 2.3 3 weeks after a cumulative 

dosee of 150 mg/m2 doxorubicin, an increase of more than 50 percent of the baseline 

value.. The FS was normal throughout therapy. The final cumulative dose of doxorubicin 

wass 450 mg/m2. Unfortunately, 3 months after she finished chemotherapy, with her 

cancerr in complete remission, she developed heart failure and died within a week. No 

autopsyy was performed. The increase in the HLR between two scans in patients 4 and 7 

wass 0.29 in both, with a comparable time interval. The FS did not change in these 

patients,, and neither had evidence of clinical heart failure at the time of the last follow-

upp (6 months after completion of cytotoxic therapy). The HLR of patient 5, who was 

cotreatedd with dexrazoxane, did not increase at all after anthracycline therapy. 

Inn none of the patients did the FS decrease by more than 10 percent compared to the 

baselinee value or decrease to an absolute value below 30 percent. Therefore, the 

treatmentt regimen of doxorubicin was not changed. In patient 1, it was not possible to 

measuree the baseline FS reliably, because of pericardial exudate. No echocardiographic 

follow-upp was obtained for patients 2 and 8 because of progressive disease. 

Tablee 2 Summary of scintigraphic and echocardiographic results 

Patient t 

No o 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

Doxorubicin n 

Cumulativee dose 

(mg/m2) ) 

160 0 

180 0 

120 0 

240 0 

450 0 

450 0 

450 0 

225 5 

Antimyosinn scin 

Heart-to-lung g 

Omg/m22 120 or 

1.49 9 

1.50 0 

1.51 1 

mg/m2 2 

1.97 7 

1.82 2 

1.59 9 

1.43 3 

2.3 3 

tigraphy y 

ratio o 

150 0 2255 or 240 

mg/m2 2 

1.89 9 

1.88 8 

1.36 6 

1.79 9 

Echocardiogram m 

Fractional l 

Om m 

48 8 

43 3 

41 1 

42 2 

37 7 

34 4 

45 5 

shorteningg of 

thee left ventricle 

g/m2 2 End d 

therapy y 

33 3 

40 0 

43 3 

40 0 

41 1 

33 3 

32 2 
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Discussio n n 

Thiss pilot study indicates that ln-111 AM can play a role in the early detection of cardiac 

damagee due to anthracycline therapy in children and young adults. The HLR values 

obtainedd by ln-111 AM scintigraphy for three patients before therapy were comparable 

withh the normal values for adult patients.12 During therapy, in seven patients the 

measuredd HLR was above these normal values. In adults, myocyte damage has been 

detectedd by ln-111 AM scintigraphy at intermediate cumulative doses of doxorubicin of 

240-3000 mg/m2.9 In our study, we detected an early elevated HLR after cumulative doses 

off 120 and 150 mg/m2. Patient no 6 had an HLR of 2.3 after a cumulative dose of 

doxorubicinn of 150 mg/m2. Three months after finishing the course of therapy with 450 

mg/m22 doxorubicin, she developed clinical heart failure and died. The left ventricular FS 

measuredd by echocardiography remained normal until the end of treatment. This case 

confirmss the results of studies with adults: a high HLR (above 1.9) increases the risk of 

cardiotoxicity,, defined as a decrease in ejection fraction or clinical heart failure.8'9-10 The 

HLRR did not increase in the one patient who was cotreated with dexrazoxane, a 

cardioprotectivee agent. In this patient both HLR values (1.43 after 150 mg/m2 and 1.36 

afterr 225 mg/m2) were within the normal range for adults and below the three baseline 

values.. Our results suggest that ln-111 AM scintigraphy can be used to evaluate early 

cardiacc damage associated with different treatment schedules and to assess the 

effectivenesss of cardioprotective agents in children receiving anthracyclines. Lopez et al. 

describedd a randomized trial in which adults were treated with epirubicine with or 

withoutt dexrazoxane, and cardiotoxicity was monitored by ln-111 AM scintigraphy and 

radionuclidee angiography.13 With ln-111 AM scintigraphy they found a significant 

differencee between the two treatment groups in an early stage of anthracycline therapy, 

butt not when they measured the left ventricular ejection fraction by multigated 

radionuclidee angiography. 

Inn this study we found evidence of myocardial injury as measured by ln-111 AM 

scintigraphyy in patients with a normal FS. These results are consistent with 

endomyocardiall biopsy findings and serum cardiac troponin concentrations measured in 

patientss receiving anthracycline therapy.14"17 

Inn 1983 Isner et al described histological signs of anthracycline cardiotoxicity in 52% of 

theirr patients even though these patients did not show changes in heart function.14 A 

recentt publication by Herman et al demonstrated that cardiac troponin T (cTnT) 

concentrationss were elevated in rats following doxorubicin treatment.15 The increased 

serumm concentrations of cTnT occurred at a time when there was only minimal myocyte 

damage.. Lipshultz et al found increased concentrations of cTnT in children treated with 

doxorubicin;; the magnitude of this increase was positively correlated with 

echocardiographicc abnormalities of the left ventricule 9 months later.16 In adult patients 

Missovv et al found an increase in cardiac troponin I concentration in the absence of a 
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decreasedd left ventricular ejection fraction.17 

Lipshultzz et al pointed out that the ejection fraction and fractional shortening were of 

limitedd value in detecting anthracyclinecardiotoxicity.18 Furthermore, functional 

deteriorationn after damage to a critical number of myocytes may be masked by several 

factorss including reserve capacity and compensatory mechanisms. For these reasons, 

conventionall methods like echocardiography and radionuclide angiography are 

unsuitablee for the early detection of treatment-induced cardiac damage. 

Thee results of this pilot study suggest that ln-111 AM scintigraphy can detect early 

myocardiall damage before conventional methods detect cardiac dysfunction in children 

treatedd with anthracyclines. In future clinical trials ln-111 AM scintigraphy can be used to 

identifyy patients at risk of subsequent cardiac sequelae and to measure the effect of 

cardioprotectivee agents. 
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Introduction n 

Inn adults, 111-lndium-Antimyosin (111-ln-AM) scintigraphy can detect myocardial 

damagee in patients with myocardial infarction, myocarditis, cardiomyopathy, cardiac 

rejectionn after heart transplantation, and cardiac dysfunction due to anthracycline.1-4 

Antimyosinn binds to intracellular myosin only when damage to myocytes causes 

sarcolemnall disruption.5 The cardiac uptake of 111-ln-AM can be determined 

qualitatively,, by visually assessing 111-ln-AM uptake in the myocardium, and 

quantitatively,, by measuring the heart-to-lung ratio (HLR) of 111-ln-AM uptake. In 

adults,, an abnormal uptake of the tracer in the heart is defined as an HLR higher than 

1.58.3'6 6 

Althoughh two studies have reported on the intra- and inter-observer variability of the 

analysiss of 111-ln AM scintigrams in adults, a high correlation does not necessarily mean 

aa high agreement.6,7-8 We do not know of studies in which the agreement between 

differentt measurements and observers was investigated. 111-ln AM scintigraphy has 

beenn used in children to detect heart damage caused by anthracycline therapy, but little 

iss known about the reproducibility of the assessment of 111 -In AM scintigrams of 

children.9 9 

Thee present study was performed to evaluate the intra-and inter-observer agreement of 

thee assessment of 111-ln AM scintigrams in children and young adults, and to determine 

whetherr the magnitude of the standard deviation of the measurement is clinically 

relevant. . 

Methods s 

Patient s s 

Twenty-sevenn 111-ln AM scintigrams were recorded from 23 patients for four clinical 

indications:: 1/a baseline scintigraphy before anthracycline therapy in order to evaluate 

cardiotoxicityy (4 scintigrams); 2/ during follow up of anthracycline therapy to evaluate 

cardiotoxicityy (9 scintigrams); 3/detection of myocarditis (6 scintigrams); 4/detection of 

metastasiss in rhabdomyosarcoma (8 scintigrams). In 4 patients two scintigrams were for 

twoo different indications. The mean age of the patients was 10.2 years (range: 1 month 

too 25 years). Two patients were older than 18 years. (Table 1) 

Antimyosi nn scintigraph y 

Antimyosinn scintigraphy was performed using 111-lndium Chloride in 0,5 mg R11-D10-

Fab-DTPAA (Mallinckrodt Medical B.V., Petten, The Netherlands). The administered activity 

wass 40 MBq in children younger than 10 years, 60 MBq in children aged between 10 and 

144 years, and 80 MBq in children older than 14 years. Scintigraphy was performed after 
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Tablee 1 Data of the assessments of 27 111-Indium Antimyosin Scintigraphic Studies of 23 

patients s 

Patient t 

No o 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 
7 7 

8 8 

9 9 

10 0 

11 1 

12 2 

13 3 
14 4 

15 5 

16 6 
17 7 

18 8 

19 9 

20 0 
21 1 

22 2 

23 3 

Indicatio nn for 

AMM scintigraphy * 

1/2 2 

1/2 2 
2/2 2 

2/2 2 
1 1 

1 1 

2 2 

2 2 
2 2 

3 3 

3 3 
3 3 

3 3 

3 3 

3 3 

4 4 

4 4 

4 4 
4 4 

4 4 

4 4 

4 4 
4 4 

A A 

8/1 1 

9/2 2 

1/9 9 
3/3 3 

3 3 

10 0 

Qualitativ ee assessmen t 

exampl e e 

0 0 

0 0 

0 0 
exampl e e 

5 5 

0 0 
3 3 

10 0 

2 2 

10 0 

10 0 
5 5 

9 9 

2 2 

9 9 

9 9 

(No) f f 

B B 

1/7 7 

1/7 7 

7/1 1 

7/6 6 

5 5 

0 0 

grou pp C 

2 2 

1 1 

2 2 

grou pp A 

5 5 
4 4 

6 6 

0 0 

8 8 

0 0 

0 0 
5 5 

0 0 

8 8 

1 1 

1 1 

C C 

1/2 2 

0/1 1 

2/0 0 
0/1 1 

2 2 

0 0 

8 8 

8 8 

8 8 

0 0 

6 6 
1 1 

0 0 

0 0 

0 0 
0 0 

0 0 

1 1 

0 0 

0 0 

0 0 

Quantitativ ee assessmen t 

Meann HLR* 

1.577 / 2.34 

1.555 / 1.71 

1.455 / 1.47 

1.677 /1.92 

1.44 4 

1.56 6 

1.73 3 

1.81 1 

1.77 7 

1.79 9 

1.22 2 

1.65 5 

2.00 0 

1.72 2 

1.56 6 

1.42 2 

1.35 5 

1.44 4 

1.50 0 

1.27 7 

2.05 5 

1.67 7 

1.45 5 

** Indicatio n for antimyosi n scintigraphy : 1: baselin e scan befor e anthracyclin e therapy , 2: evaluatio n cardiotoxicit y durin g anthracydin e 

therapy ,, 3: suspecte d myocarditis , 4: detectio n of metastasi s of rhabdomyosarcoma . 

** Number of judgement s in the qualitativ e assessment . A : Norma l uptake , B : suspecte d uptake , C : Increase d uptake . 
55 Mean heart lung rati o of 15 measurement s 

488 hours in both the anterior and left anterior oblique 45  views, using a large-field-of-

vieww gamma camera (Diacam, Siemens), fitted with a medium energy all purpose 

collimatorr and a 20% window set around both photopeaks of 111-lndium. The images 

weree made in a 128 by 128 matrix with a preset time of 10 minutes. 

Qualitativ ee assessmen t 

Tenn experienced nuclear medicine physicians from eight hospitals were asked to assess 

independentlyy 25 scintigrams. The observers had to classify the scans into one of three 

categories:: A/ normal uptake, B/ suspected increased uptake and C/ definite increased 

uptakee in the heart. Two scans were used as examples: one showed a normal uptake of 
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Figur ee 1 Two 111-lndium-Antimyosin scintigrams of two different patients used as example 

forr the qualitative assessment. A: Anterior view showing a normal tracer uptake in the 

heart.. B: Anterior view showing an increased tracer uptake in the heart. 
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Figur ee 2 111-Indium-Antimyosin scintigram wi th drawn regions of interest used to 

calculatee the heart-to-lung ratio for the quantitative assessment. 1: region of interest over 

thee heart. 2: region of interest over the left lung. 3: region of interest over the right lung. 

tracerr (category A) and the other showed an extremely high uptake of tracer (category 

C)) (Figure 1). 

Quantitativ ee assessmen t 

Too calculate the HLR, five observers (three nuclear medicine physicians, t w o research 

analists)) were asked to manually draw regions-of-interest (ROI) over the heart, the left 

lung,, and the r ight lung. Each observer could adjust the screen intensity of the images, 

byy changing the upper and lower threshold. All f ive observers were experienced in 

nuclearr medicine and in drawing ROI. The drawn regions were not al lowed to overlap 

w i t hh liver, kidneys, sternum, mediastinum, or mammae. The HLR was then calculated by 

dividingg the mean counts per pixel of the heart by the mean counts per pixel of the 

averagee of the lungs (Figure 2). Each observer repeated the measurements three times at 

1-weekk intervals. This provided a tota l of 405 HLRs (27 times 5 times 3). 

Blindin gg of th e observer s 

Thee scintigrams were numbered and the clinical in format ion of the patient was removed. 

Forr the repeated measurements, the sequence of the scintigrams was changed. 
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Statistica ll  analysi s 

Qualitativ ee assessmen t 

Kappaa statistics (K) was calculated for each pair of observers. The overall mean Kappa 

valuee was determined. 

Quantitativ ee assessmen t 

Inn order to determine the intra- and inter-observer agreement of the quantitative 

assessment,, different analyses were used. Analysis of variance was used to identify the 

amountt of variation due to differences between the observers (inter-observer), 

differencess in the repeated measurements (intra-observer), and differences between the 

patients.. Intra-class correlation coefficients (ICC) were calculated to determine the true 

variancee as a fraction of the total variance. The intra-observer ICC was calculated by 

dividingg the patient variance by the sum of the patient variance and the intra-observer 

variance.. The inter-observer ICC was calculated by dividing the patient variance by the 

summ of the patient variance and the intra- and the inter-observer variance. 

Too assess the error of a measurement apart from the patient variance, the error standard 

deviationn (error sd) of one measurement was determined by taking the square root of 

thee intra- and inter-observer variance. To assess the change of the error sd with repeated 

measurementt of HLR, the error sd was divided by the square root of the number of 

measurements.. The error sd for each observer was determined by the square root of 

intra-observerr variance. To assess whether this error sd was of potential clinical relevance, 

wee calculated the chance that the mean of two measured HLR values would differ by less 

thann 0.10, 0.15, or 0.20 from the true value. In this calculation we assumed that the 

measuredd HLR values had a normal distribution. SPSS 7.5 for Windows was used for 

statisticall calculations. 

Result s s 

Qualitativ ee assessmen t 

Thee overall kappa of the visual evaluation of the 25 scintigrams by the ten observers was 

0.411 (confidence interval 0.22-0.60, range: 0.21-0.54). 

Quantitativ ee assessmen t 

Thee mean HLR values of 15 measurements of each of the 27 111 -In AM scintigrams 

rangedd from 1.22 to 2.34 (Table 1). The inter-observer variance, patientt variance, and 

intra-observer/errorr variance were 0.004, 0.061, and 0.013, respectively. 

Thee intra-observer ICC was 0.82 and the inter-observer ICC was 0.78. The error sd of 

11 measurement was 0.13. The mean of 2 and 3 measurements of the HLR was 0.09 and 
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0.08,, respectively. The error sd of the measurements was different for each observer 

(range:: 0.09-0.17). The chance that the mean of two HLR measurements would differ by 

moree than 0.10, 0.15, or 0.20 from the true value of the HLR was 27%, 10%, and 3%, 

respectively.. In case of the best observer, the error sd of two repeated measurements will 

decreasee from 0.09 to 0.06. 

Discussio n n 

Beforee 111-ln AM scintigraphy can be useful in children, we need to know how 

reproduciblee the qualitative and quantitative assessments are. In this study we did not 

addresss the issue of accuracy, i.e the relationship between the test results and the disease 

statee or the severity of cardiac cell damage in individuals. 

Thee inter-observer agreement of the ten different observers was moderate. This suggests 

thatt it is difficult to distinguish between normal, suspect, or increased uptake. A possible 

explanationn for this low agreement is that while the observers were experienced nuclear 

medicinee physicians, they had limited experience in the qualitative assessment of 111-ln 

AMM scintigrams of children. Moreover, tracer uptake was relatively low, even in 

pathologicall cases (Figure 1). 

Thee intra- and inter-observer intra-class correlation coefficients (ICC) of the quantitative 

assessment,, as a measurement of agreement, were reasonable. A high ICC indicates that 

theree is a relatively small error variance regardless of the patient variation. The same 

errorr variance will give a higher ICC in a heterogeneous study group than in a 

homogeneouss group. Our group was rather heterogeneous (four different indications), 

withh the mean HLR ranging from 1.22 to 2.34. Because the ICC is a relative measure, we 

alsoo used an alternative approach that is relevant for the clinical interpretation of the 

reproducibility,, namely the error sd of a measurement. Calculation of the mean of two 

HLRR measurements decreased the sd of a measurement from 0.13 to 0.09. A third 

measurementt gave only a further improvement from 0.09 to 0.08. So, the HLR should be 

measuredd twice and the mean should be used as a measure of 111-ln-AM uptake. The 

relationn between the measured HLR value and the 'true' HLR value of one AM scintigram 

iss clinically relevant. In 95% of the cases, the mean of two measurements of the HLR will 

bee in the range of the true HLR value  0.18. This means that in 5% of the measurements 

thee mean of two measured HLR values will differ by more than 0.18 units from the true 

valuee of the HLR, and in 10% of the cases by more than 0.15. Asa consequence, in 

patientss with an HLR that is less than 0.15 from the normal value, scintigraphy results 

mayy be classified incorrectly. However, for patients with measured HLR values of more 

thann 0.20 from the normal value, the chances of misclassification are small (3 %). 

Furthermore,, it is of clinical relevance to know whether there is a 'true' difference 

betweenn the HLR measurements of two different AM scintigrams. Because the HLR value 
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off each scintigram can be in the range of the measured HLR value  0.18, a difference of 

moree than 0.36 between two scintigrams will be a 'true' difference in 95% of the cases. 

Inn case of the best observer, a difference of more than 0.24 represents a 'true' difference 

inn the tracer uptake. 

Thee marked difference in the error sd between the observers could not be explained by 

experience.. When we retrospectively looked at the ROIs drawn we found differences 

betweenn the observers, despite the guidelines given. These differences may be due to 

precisionn in drawing the ROI, the size of the ROI, and the color intensity of the image 

whenn the ROI was drawn. Drawing a large ROI and drawing a ROI with a high intensity, 

soo that anatomical lines can be distinguished better, will lead to a lower error sd. The 

reproducibilityy of the HLR assessment can probably be improved if observers try to reach 

consensuss on the optimal ROIs. Further investigation is required. The present study 

revealss that the qualitative, visual assessment of 111 -In AM scintigrams has a poor inter-

observerr reproducibility. The quantitative assessment, using the HLR, showed a 

reasonablee intra- and inter-observer agreement and can be used for the detection of 

myocardiall damage in children. For the best results, the HLR should be measured twice 

andd the mean used as a measure of 111-ln-AM uptake. The error sd of the mean of two 

measurementss is acceptable. However caution has to be taken when a HLR value is less 

thann 0.18 around the normal value. 
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Introduction n 

Earlyy identification of patients at risk for cardiac damage after cardiotoxic therapy is 

important,, especially in children. Children have a long life expectation after surviving 

childhoodd cancer and they seem to be more susceptible to the cardiotoxic effects of 

anthracyclinee therapy than adults.1 In a recent study we showed that 1 out of 20 children 

treatedd with anthracyclines develops anthracycline induced clinical heart failure within 15 

yearss after the start of treatment.2 The possibility of early detection of cardiac damage 

duringg chemotherapy might have important clinical implications because subsequent 

preventivee measures can limit further myocardial damage. Yet, no parameter during 

chemotherapyy exists to predict which patients will develop cardiac dysfunction or heart 

failure.. Cardiac troponin T(cTnT), a part of the tropomyosin complex associated with the 

thin-filamentt of the myocardium, has been shown to be a very sensitive and specific 

markerr for myocardial injury of various aetiologies.3-4 Recently, cTnT has been suggested 

too also be an early marker of anthracycline-induced myocardial damage59 In animal 

studies,, levels of cTnT increased after administration of anthracyclines, and the degree of 

increasee was associated with the cumulative dose and histologic cardiomyopathy scores.5 

Lipshultzz et al. found elevated cTnT levels (>0.03 ng/mL) in a group of 15 children treated 

withh anthracyclines and a positive correlation between cTnT levels andd subsequent 

echocardiographicc abnormalities.6 In another study, a minor increase was found in cardiac 

troponinn T levels (>0.01 ng/mL) in 29% of the children treated with doxorubicin.9 One of 

thee questions arising from these observations was whether testing for cTnT can detect 

myocardiall damage within 24 hours after administration of chemotherapy. Early changes 

withinn 24 hours were seen in the myocardial nuclei in myocardial biopsy of patients 

treatedd with anthracyclines and in rats, biochemical changes caused by oxygen free radical 

relatedd mechanisms occurred around 2 hours after the administration of 

anthracyclines.10-111 CTnT is detected in human serum within 24 hours after myocardial 

injuryy in the setting of the acute coronary syndromes.12 We prospectively investigated 

whetherr cTnT levels can be detected in the first 24 hours after drug administration in 

childrenn treated with cardiotoxic chemotherapy and whether cTnT elevations predict 

echocardiographicc myocardial dysfunction. 

Methods s 

Patient s s 

Betweenn December 1998 and May 2000, we prospectively included children treated for 

variouss kinds of malignancies with cardiotoxic chemotherapy. The hospital ethics 

committeee approved the study protocol. All parents, and patients older than 12 years, 

providedd written informed consent. 



Troponinn T 

Cardiacc Troponi n T 

Heparin-plasmaa samples were collected prior to, 4-6 hours after and 24 hours after 

administrationn of chemotherapy. The samples were centrifuged immediately and were 

storedd at -20(C until further analyses. Troponin T was measured using the third-

generationn Elecsys Troponin T STAT immunoassay, (Roche Diagnostics Mannheim, 

Germany),, standardised with human recombinant cTnT.13 An abnormal level was defined 

ass a cTnT >0.010 ng/mL The technician who performed the assay was blinded to both 

clinicall and echocardiographic results. 

Echocardiograph y y 
Two-dimensionall transthoracic echocardiography was performed in all patients treated 

withh cardiotoxic chemotherapy before, during and after the last cycle of chemotherapy. 

Echocardiographyy was performed by one experienced echocardiographic technician who 

wass unaware of the cumulative dose of chemotherapy and of the cTnT levels. Left 

ventricularr shortening fraction (SF) was measured with M-mode according to the 

formula:: LVEDD-LVESD divided by LVEDD multiplied by 100, where LVEDD is left 

ventricularr end diastolic diameter and LVESD is left ventricular end systolic diameter. The 

meann of three measurements for each patient was considered the SF value. 

LVV dysfunctio n 
Inn this study we defined left ventricular dysfunction (LV dysfunction) as either a SF below 

30%% or a decline of more than 15% from the baseline SF.14"16 In a paediatric study Sandor 

ett al. determined the reproducibility of serial measurements of the SF in children, and 

foundd maximum variability of the SF of 15%16Anthracycline induced clinical heart failure 

wass defined as heart failure not due to other factors than anthracydines. 

Dataa analysi s 
Meann differences in continuous variables were compared by the student t test. Sensitivity 

andd specificity of a cTnT ng/mL for LV dysfunction were calculated. The predictive values 

off elevated and non-elevated cTnT levels for LV dysfunction were calculated. 

Result s s 

Patient s s 

Thirty-eightt patients, 16 with a solid tumour and 22 patients with leukaemia or 

lymphomaa were included at different stages of their treatment. They were treated with 

cardiotoxicc chemotherapy, i.e. doxorubicin (20 patients), daunorubicin (4 patients), 

epirubicinn (9 patients), or mitoxantrone (5 patients). The characteristics of the patients 

aree shown in Table 1. 
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Tablee 1 Characteristics of the Patients 

Characteristicss Mean Standard Deviation 

Agee at diagnosis (year) 

Meann cumulative dose at sampling (mg/m2) 

Anthracycline e 

Mitoxantrone e 

Meann SF (%) 

Startt of treatment 

Endd of treatment 

Meann cumulative dose end of treatment (mg/m2) 

Anthracycline e 

Mitoxantrone e 

SF,, shortening fraction 

9.9 9 

172 2 

67.5 5 

40.5 5 

36.4 4 

255 5 

106 6 

4.7 7 

112.3 3 

26.4 4 

3.7 7 

4.6 6 

118.9 9 

13.7 7 

Cardiacc Troponi n T 

AA total of 163 blood samples were collected during 58 treatment cycles from 38 patients 

forr cTnT measurements. Elevated levels of cTnT (0.018 - 0.040 ng/mL) were detected in 6 

(4%)) samples of 3 (8%) patients. 

Echocardiograph y y 

Inn 6 patients (16%) no echocardiogram at the end of treatment was performed because 

theyy did not finish their treatment (2 patients) or left the country (2 patients) or because 

itt was impossible to obtain a good echo window (2 patients). None of these 6 patients 

hadd abnormal cTnT levels, nor had they signs or symptoms of clinical heart failure. 

Thee SF at the end of treatment was significantly different from the SF at the start of 

treatmentt (mean difference: 4 .1%, SE: 0.8). Seven patients developed LV dysfunction. 

Onee of these 7 patients had clinical heart failure. 

Relatio nn  between cTnT and LV dysfunctio n 

Tablee 2 shows the relation between cTnT levels and SF in patients with LV dysfunction or 

patientss with elevated cTnT levels. One of the 7 patients with LV dysfunction had an 

elevatedd cTnT level (patient 1) and developed anthracycline-induced clinical heart failure 

66 months later. Six patients with LV dysfunction showed no elevated levels of cTnT during 

treatment.. In patient 2, 4 and 6 elevation was neither seen around a next cycle of 

chemotherapyy four weeks later. 

Twoo of 3 patients with elevated cTnT levels did not develop LV dysfunction (patients 8 

andd 9). Patient 8 died 2 months after the end of treatment because of tumour 

progression.. Patient 9 did not develop signs of cardiotoxicity until a cumulative dose of 

3000 mg/m2 seven months after blood sampling. 
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Tablee 2 Patients with Left Ventricular Dysfunction or elevated cTnT Levels 

cTnTT SF 

Patient t 

No o 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

Chemotherapy y 

Daunorubicin n 

Daunorubicin n 

Doxorubicin n 

Mitoxantrone e 

Mitoxantrone e 

Mitoxantrone e 

Mitoxantrone e 

Epirubicin n 

Doxorubicin n 

Total l 

Dosee (mg/m2) 

300 0 

300 0 

125 5 

120 0 

96 6 

96 6 

120 0 

450 0 

300 0 

Dose e 

(mg/m2) ) 

150 0 

250 0 

100/125 5 

84/96 6 

60/72 2 

96 6 

72 2 

450 0 

90 0 

cTnTT (ng/ 

Ohr r 

0.025 5 

0 0 

0/0 0 

0/0 0 

0/0 0 

0 0 

0 0 

0.019 9 

0.019 9 

mL) ) 

244 hr 

0 0 

0 0 

0/0 0 

0/0 0 

0/0 0 

0 0 

0 0 

0.040 0 

0.018 8 

Before e 

therapy y 

38 8 

39 9 

45 5 

40 0 

39 9 

45 5 

35 5 

35 5 

44 4 

End d 

therapy y 

20 0 

29 9 

37 7 

30 0 

33 3 

34 4 

28 8 

38 8 

39 9 

cTnT,, cardiac troponin T; SF, shortening fraction 

Thee sensitivity of the cTnT test for LV dysfunction was 14% (95% CI: 0%-40%) and the 

specificityy was 94% (95% CI: 85%-100%). The predictive value of an elevated troponin T 

levell for LV dysfunction was 33% (95% CI: 0%-87%). The predictive value of a non-

elevatedd cTnT level (< 0.01 ng/mL) for a normal LV function was 83% (95% CI: 70%-95%). 

Discussio n n 

Althoughh the results of cTnT levels to detect early myocardial damage after anthracycline 

therapyy are encouraging, so far there are no published data available on the time lapse 

betweenn the administration of cardiotoxic therapy and occurrence of detectable levels of 

troponinn in children. The present study shows that cTnT, measured in the first 24 hours 

afterr administration of cardiotoxic chemotherapy, can not identify patients who are at 

increasedd risk for developing LV dysfunction. One possible explanation could be that 

samplingg within 24 hours after the administration of chemotherapy is too early to detect 

myocardiall damage. It is unclear if the mechanisms of cardiotoxicity result in myocyte 

necrosiss which can be detected by cTnT elevations in the first 24 hours after 

administrationn of anthracyclines. In adults conflicting data exist about the relationship 

betweenn the time lapse between the administration of chemotherapy and occurrence of 

detectablee levels of troponin.17,18 Auner et al. reported a rise in the cTnT up to 2 weeks 

afterr the administration of chemotherapy.18 

Thee low predictive value of cTnT in the present study seems to conflict with the results of 

Lipshultzz et al. However, besides the possibility that sampling within 24 hours is too early, 

itt is not likely that differences in study groups or differences in cut-off levels of cTnT 
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couldd explain this discrepancy. On the contrary, the cumulative dose received by patients 

wass higher in our study than in the study by Lipshultz et al., and the third-generation 

cTnTT assay that we used is the most sensitive and specific assay currently available.8'913 

Wee used a low detection threshold of 0.010 ng/mL while Lipshultz et al. considered a 

levell above 0.03 ng/mL as evidence of damage to the myocytes .8 

AA limitation of the present study is that we may have investigated the diagnostic value 

off cTnT in too few patients treated with cardiotoxic chemotherapy. The few samples 

withh elevated levels and the inability to demonstrate a predictive value could be based 

onn coincidence in this study. However, 7 patients developed LV dysfunction but only one 

off these patients had an elevated cTnT level. Another limitation may lie in the definition 

off cardiac damage we used. All echocardiographic parameters may eventually turn out 

too be surrogate markers for the outcome of cardiac damage after chemotherapy with 

clinicall signs and symptoms. In studies which investigate the relation between predictive 

markerss and cardiac damage, clinical heart failure should be the only definitive 

endpoint.. In our study one patient developed clinical heart failure and this patient 

showedd an elevated cTnT level 6 months before heart failure became manifest. CTnT 

elevationn was measured before the administration of daunorubicin. However, 24 hours 

afterr this administration no elevation was measured. 

Ourr data show that sampling of cTnT, within 24 hours after the administration of 

chemotherapy,, seems to be too early to identify patients who are at increased risk for 

developingg LV dysfunction. In our opinion serial cTnT levels over a longer period of time 

afterr administration of chemotherapy have to be further studied before cTnT can be 

recommendedd as a diagnostic tool of cardiac injury after chemotherapy. 
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Chapte rr  1.1 reports a systematic review with respect to the frequency and risk factors of 

clinicall heart failure (CHF) after anthracycline therapy in children. A search was made in 

MEDLINEE for studies, published from 1966 to December 2000, that included more than 

500 children treated with anthracyclines and reported the frequency of CHF. Information 

aboutt study features, risk factors, and frequency was abstracted by two reviewers. The 

potentiall predictive factors of CHF were analysed both within and across the studies. The 

frequencyy of CHF in children was estimated in 30 studies described in 25 articles. All 

studiess have methodological limitations. The frequency varied between 0% and 16%. In 

thee analysis across the studies the type of anthracyclines and the maximal dose in 1 week 

explainn a considerable part of the variation of the frequency of CHF. The predicted 

frequencyy of CHF for patients treated with doxorubicin will be 3.1 % higher than for 

patientss treated with daunorubicin. (95% confidence interval: 0.6 -11.2) For patients 

treatedd with a maximal dose within 1 week above 45 mg/m2 the predicted frequency will 

bee 5.8% higher than for patients treated with a maximal dose below 45 mg/m2.(95% 

confidencee interval: 1.7 -14.1) 

Chapte rr  1.2 presents a cohort study to determine the early and late cumulative 

incidencee of CHF after anthracycline therapy in childhood, and to identify associated risk 

factors.. The cumulative incidence of CHF and risk factors were assessed in a cohort of 607 

childrenn who had been treated with anthracyclines between 1976 and 1996. For 96% of 

thee cohort, the clinical status was obtained up to at least January 1997. The cumulative 

incidencee of CHF was 2.8%, after a mean follow-up time of 6.3 years and a mean 

cumulativee dose of anthracyclines of 301 mg/m2. A cumulative dose of anthracycline 

higherr than 300 mg/m2 was associated with an increased risk of CHF, RR=11.8 (CI: 1.6-

59.5)) compared with a cumulative dose lower than 300 mg/m2. The estimated risk of CHF 

increasedd with time after the start of anthracycline chemotherapy, to 2% after 2 years 

andd 5% after 15 years. 

Chapte rr  2.1 presents a systematic review of the frequency and risk factors of subclinical 

cardiotoxicityy after anthracycline therapy in children. The aim of this systematic review 

wass to summarise and appraise the published evidence. A search was made in MEDLINE 

forr studies, published between 1966 and May 2001, that included more than 50 children, 

andd reported on the frequency of measures of subclinical cardiotoxicity. Information 

aboutt the studies was abstracted by 2 reviewers and a validity score was calculated for 

eachh study. The reported frequency of subclinical cardiotoxicity varied between 0% and 

57%% in 25 included studies. Differences in outcome definitions of subclinical 

cardiotoxicityy and differences in study patients with respect to the dose of anthracycline 

seemedd to explain a part of the wide variance of the frequency of subclinical 

cardiotoxicity.. Fourteen of the 25 studies showed serious methodological limitations. 
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Chapte rr  2.2 presents longitudinal echocardiographic data of 113 patients treated with 

moree than 200 mg/m2 anthracyclines. In this study the relationship between the 

shorteningg fraction (SF) at the end of treatment and the SF at follow-up was evaluated. 

Thee frequency of an abnormal SF (SF < 28%) before therapy, at the end of therapy and at 

aa follow-up time was 0%, 3.5%, and 14.2% respectively. The multivariate analysis of the 

possiblee risk factors for a lower SF, cumulative dose of anthracycline > 450 mg/m2, age at 

diagnosis,, radiation therapy to the heart region, female sex, SF at the end of therapy 

showedd an association between the SF at the end of therapy and the SF at follow-up. 

Chapte rr  3.1 describes a study to determine the value of lndium-111 antimyosin (ln-111 

AM)) scintigraphy in the early detection of myocardial damage in children treated with 

doxorubicin.. Twelve planar scintigrams were made of eight patients. Three scans were 

madee before doxorubicin therapy in three patients and nine scans were made during 

doxorubicinn therapy in seven patients. The heart-to-lung ratio (HLR) was calculated. Left 

ventricularr function was assessed by echocardiography before and during therapy by 

measuringg the shortening fraction (SF). The HLR of the three baseline scans was below 

1.5,, within the normal range for adults. During chemotherapy six of the seven patients 

hadd abnormal HLR values (>1.5). One patient had severe myocyte damage and showed 

ann early increase in the HLR (2.3) after a cumulative doxorubicin dose of 150 mg/m2. The 

SFF measured by echocardiography was normal throughout therapy, the final cumulative 

dosee of doxorubicin being 450 mg/m2. This patient developed fatal clinical heart failure 3 

monthss after completion of chemotherapy. In one patient, who was pre-treated with the 

cardioprotectivee agent dexrazoxane, the HLR remained within normal limits during 

therapy. . 

Chapte rr  3.2 presents the intra- and inter-observer agreement of qualitative and 

quantitativee assessment of 111 -In-AM scintigraphy in 23 patients, assessed in 27 111 -In-

AMM scintigrams. The inter-observer agreement of the qualitative assessments expressed 

ass Kappa of ten nuclear medicine physicians was 0.41 (range: 0.21-0.54). To assess the 

intra-- and inter-observer agreement of the quantitative assessment, five independent 

observerss reviewed three times, at 1-week intervals, the HLR of the 27 scintigrams. The 

intra-observerr intra-class correlation coefficients (ICC) for the quantitative assessment 

waswas 0.82 and the inter-observer ICC was 0.78. The error sd of one HLR measurement was 

0.133 and the error sd of the mean of two measurements was 0.09. The quantitative 

assessment,, using the HLR, showed a better agreement than the qualitative assessment. 

Chapte rr  3.3 describes the role of cardiac troponin T (cTnT), measured in the first 24 

hourss after the administration of anthracyclines, in the early detection of cardiotoxicity 

inn 38 children. An abnormal cTnT level, defined as a cTnT > 0.010 ng/mL, was measured 

inn only 6 samples of 3 patients. After completion of chemotherapy 7 out of 38 patients 
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hadd left ventricular dysfunction (LV dysfunction). Only 1 of these 7 patients had an 

elevatedd cTnT level. Two other patients with elevated cTnT levels did not develop LV 

dysfunctionn until 2 and 7 months after the cTnT measurement. These data show that 

measurementt of cTnT, within 24 hours after administration of chemotherapy, seems to 

bee too early to identify patients who are at increased risk of myocardial dysfunction. 
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Thee results of the follow-up study of a cohort of children treated with anthracyclines 

presenteee in this thesis show that clinical heart failure after anthracycline therapy is a 

considerablee and serious problem among young patients who survive childhood cancer. 

Thesee young patients have a long life expectancy and dinica! heart failure will influence 

theirr quality of further life. 

Thee systematic reviews show that the frequency of clinical heart failure varies between 

0%% and 16%, and the frequency of subclinical cardiotoxicity between 0% and 57%. A 

pann of tr is variation can be explained by the type of anthracyclines used, dose within 

onee week, cumulative aose, definition of the outcome, and methodological validity of 

thee studies. Most studies puolished to date had serious methodological limitations. 

Inn the longitudinal study in children treated with a dose above 200 mg/m2 an abnormal 

leftt ventricular shortening fraction was measured in 3.5% of the patients at the end of 

treatmentt and in 14.2% of the patients at follow-up. The shortening fraction at the end 

off anthracycline therapy was related to the shortening fraction at follow-up. 

Withh respect to the early detection of cardiotoxicity antimyosin scintigraphy seems to be 

aa promising radionuclide method to detect cardiotoxicity before asymptomatic cardiac 

dysfunctionn occurs and before clinical heart failure becomes manifest. Unfortunately, 

radionuclidee labelled antimyosin is currently not commercially available. Troponin T is a 

neww early marker of cardiotoxicity. However, measurement of Troponin T within 24 hours 

afterr administration of chemotherapy, seems too early to identify patients at increased 

riskk of myocardial dysfunction. 

Recommendationss for practice 

Guideliness for cardiac monitoring during and after anthracycline therapy should be 

criticallyy reviewed. The clinician should be aware of the huge variation in 

echocardiographicc measurement by observer variation, and the current lack of evidence 

withh regard to the clinical consequences of echocardiographic results. Selection of high 

riskk patients for long-term follow-up is currently possible only based on cumulative dose. 

Thee importance of end treatment echocardiography is yet to be established, and at 

presentt no recommendations can be made with regard to selection of patients for 

follow-up.. Therefore, follow-up should not be done outside the context of well designed 

cohortt studies. 
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Recommendation ss fo r futur e researc h 

Severall areas of future research can be identified. 

Impac tt  of cardiotoxicit y on furthe r lif e of survivor s 

Thee natural course of patients with subclinical heart failure after anthracycline therapy 

andd the consequence of clinical heart failure on the survival and quality of life have to be 

investigatedd in cohort studies that follow the full cohort or may be random sample of 

survivorss at fixed time points after the end of therapy and with accurate and precise 

outcomee measurements relevant to the patients. 

Identificatio nn of patient s wit h a highe r risk for cardiotoxicit y 

Knowledgee about which patients are at increased risk is important for future treatment 

strategies,, for preventive measurements before and during anthracycline therapy, and 

forr follow-up of patients treated with anthracyclines. Cohort studies of representative 

groupss of survivors should be focussed on the importance of different types of 

anthracyclines,, cumulative dose of anthracyclines, dose intensity. 

Preventio nn befor e treatmen t 

Inn most treatment protocols for childhood cancer the anthracyclines have been introduced 

withoutt performing randomised clinical trials. For those tumours with current doubt 

aboutt the benefit of anthracyclines on the survival, the need for anthracycline therapy 

childhoodd cancer should be re-evaluated in randomised controlled trials. In such studies 

thee impact on the survival should be weighted against the impact of cardiotoxicity. 

Attemptss to develop analogues of anthracyclines that retain their anti-tumour activity 

withoutt causing cardiotoxicity appears warranted. Better understanding of the patho-

physiologicall mechanism could lead to cardioprotective treatment regimes. The impact 

off dexrazoxane and other possible cardioprotective agents on the cardiotoxicity related 

too the survival should be further evaluated in randomised controlled trials in children. 

Preventio nn durin g anthracyclin e treatmen t 

Investigationss into the possibilities of early detection of cardiotoxicity, i.e. of the accuracy 

off detecting cardiotoxicity, reliability of the measurement, and predictive value for sub-

sequentt clinical heart failure, are needed, because preventive measurements can be 

takenn during anthracycline therapy. The actual benefit of such preventive measurements 

needss further evaluation in randomised controlled trials. The role of angiotensin 

convertingg enzyme inhibitors in the prevention of further deterioration of the cardiac 

functionn in patients with asymptomatic cardiotoxicity during and after anthracycline 

therapyy have to be evaluated in randomised controlled trials in survivors of childhood 

cancer. . 
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Dee grotere kans op overleving na kinderkanker heeft helaas ook een keerzijde: 

bijwerkingenn van de therapie die tot vele jaren na therapie pas tot uiting kunnen 

komen.. De overlevingskans van kinderen met kanker is de laatste jaren sterk gestegen 

tott bijna 70% na 8 jaar. Anthracyclinen hebben een belangrijke bijdrage geleverd aan 

dezee betere overleving van kinderen met kanker. Bijna 60% van de kinderen wordt 

behandeldd met anthracyclinen. Tot de groep van anthracyclinen behoren adriamycine, 

epirubicinee and daunorubicine. De hartschade, die deze middelen veroorzaken, is al 

waargenomenn vanaf het eerste gebruik van de anthracyclinen, 30 jaar geleden. 

Aanvankelijkk dacht men dat een minder hoge dosis zou leiden tot minder schade. Echter 

beginn jaren negentig werd duidelijk dat ook een lagere dosis op de langere termijn tot 

hartschadee leidde. De hartschade na anthracyclinen therapie wordt op twee manieren 

ingedeeld.. De eerste vorm is klinische hartschade, dat wil zeggen hartschade die zich kan 

uitenn in symptomen passend bij hartfalen. Deze vorm van hartschade kan leiden tot een 

harttransplantatiee of kan uiteindelijk het overlijden van een patiënt tot gevolg hebben. 

Dee tweede vorm is subklinische hartschade. Dat is hartschade waarbij (nog) niets is te 

zienn aan de patiënt, maar die wel gemeten kan worden met behulp van diagnostische 

onderzoekingenn zoals echocardiografie. 

Dee studies uit dit proefschrift zijn opgezet om meer inzicht te krijgen in de omvang van 

hett probleem en te ontdekken welke kinderen het grootste risico lopen op klinische of 

subklinischee hartschade. Daarbij is er gezocht naar mogelijkheden om kinderen, die het 

grootstee risico lopen op hartschade, eerder op te sporen tijdens de behandeling met 

anthracyclinen. . 

Inn dee l 1 van dit proefschrift hebben we de omvang en de risicofactoren van klinische 

hartschadee na anthracycline bestudeerd. In hoofdstu k 1.1 is een literatuurstudie 

beschrevenn over het vóórkomen van en de risicofactoren bij klinisch hartfalen na 

anthracyclinee therapie bij kinderen. In deze studie is de literatuur, die verschenen is over 

ditt onderwerp, op een systematische manier onderzocht door twee onderzoekers. 

Artikelenn zijn gezocht met behulp van een bepaalde zoekstrategie in MEDLINE, de 

databasee voor medische literatuur. Studies, die het voorkomen van klinisch hartfalen bij 

meerr dan 50 kinderen beschrijven na anthracyclinen therapie, zijn in dit systematisch 

overzichtt opgenomen. De informatie over de studies is verzameld en de beoordeling van 

dee methodologische kwaliteit is verricht volgens bepaalde richtlijnen van 'Evidence-

basedd medicine'. Het percentage patiënten, dat na de behandeling met anthracycline 

hartschadee ontwikkelt, wordt beschreven tussen de 0 en 16%. Meer dan de helft van de 

studiess had belangrijke methodologische beperkingen. Een analyse is verricht om de 

bredee variatie in het voorkomen van klinische hartschade na anthracycline therapie, 

tussenn 0 en 16%, te verklaren. Het soort anthracyclinen en de maximale dosis in 1 week 

lijkenn een deel van deze variatie te verklaren. Hoofdstu k 1.2 beschrijft een studie die de 

omvangg van het probleem van klinisch hartfalen na anthracycline therapie bij kinderen 
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onderzoekt.. Tot nu toe was het niet bekend welk deel van de kinderen na behandeling 

mett anthracyclinen kans loopt op hartfalen jaren na het einde van de therapie. Met 

behulpp van de werkgroep kindertumoren registratie zijn alle gegevens opgezocht van 

kinderenn behandeld met anthracyclinen tussen 1976 and 1996 in het Emma 

Kinderziekenhuis.. Informatie over soort tumor, hoeveelheid anthracyclinen en over 

anderee behandelingen, die eventueel een hogere kans geven op hartschade zoals 

anderee chemotherapie of radiotherapie, is verzameld. De laatste follow-up gegevens zijn 

compleett geworden tot januari 1997 door contact op te nemen met de huisartsen. Op 

dezee manier is voor 96% van de patiënten achterhaald of deze patiënten klinisch 

hartfalenn hebben ontwikkeld. Dit hoge percentage is belangrijk omdat alleen bij een 

completee follow-up een goede voorspelling is te maken over de frequentie van het 

vóórkomenn van hartfalen tot jaren na therapie en over de daarbij horende 

risicofactoren.. Van de 607 patiënten hebben 17 patiënten klinisch hartfalen ontwikkeld. 

Inn de eerste 2 jaar na start van de therapie kregen 13 patiënten klinisch hartfalen. De 

anderee 4 patiënten ontwikkelden hartfalen na deze 2 jaar. De gemiddelde follow-up tijd 

wass ruim 6 jaar. Als enige risicofactor voor klinisch hartfalen kwam in deze studie een 

cumulatievee anthracycline dosis boven de 300 mg/m2 naar voren. Slechts 1 van de 17 

kinderenn met klinisch hartfalen was behandeld met een dosis anthracyclinen beneden de 

300mg/m2.. De kans op klinisch hartfalen, 15 jaar na de start van de anthracycline 

therapie,, werd door middel van een statistische methode ( Kaplan Meier methode) 

geschatt op 5%. Dat wil zeggen dat 15 jaar na anthracyclinen therapie 1 op de 20 

kinderenn kans heeft op klinisch hartfalen. Alss we ons daarbij realiseren dat dit een groep 

kinderenn en jong volwassenen betreft is dit een zeer hoog aantal. De verwachting is dat 

ditt aantal zal toenemen als deze groep ouder wordt en het normale verouderingsproces 

ookk een rol gaat spelen. 

Inn deel 2 van dit proefschrift zijn de omvang en de risicofactoren van subklinische 

hartschade,, na anthracycline bestudeerd. Hoofdstu k 2.1 beschrijft een systematisch 

verrichtt literatuur overzicht van het vóórkomen van en risicofactoren bij subklinische 

hartschadee na chemotherapie. In deze studie zijn dezelfde methoden toegepast als in 

hoofdstukk 1.1, echter dan toegespitst op subklinische hartschade. Het percentage 

patiënten,, dat na de behandeling met anthracycline subklinische hartschade ontwikkelt, 

wordtt beschreven tussen de 0 en 57%. Meer dan de helft van de studies had belangrijke 

methodologischee beperkingen. Verschil in de gebruikte definitie van subklinische 

hartschadee en verschil in de toegediende dosis van de anthracyclinen lijken een deel van 

dee wijde variatie in het aantal patiënten met hartschade te verklaren. Hoofdstu k 2.2 

beschrijftt een studie bij kinderen die behandeld zijn met anthracyclinen boven 200 

mg/m22 en bij wie een echocardiogram was gemaakt direct aan het einde van de 

behandeling.. Doel van deze studie was om het verband te onderzoeken tussen een 

echocardiografischh gemeten hartfunctie aan het einde van de therapie en de hartfunctie 



116 6 
Samenvatting g 

jarenn later. Een associatie kan gevolgen hebben voor de planning van follow-up voor 

kinderenn die zijn behandeld met anthracyclinen. Bij 113 van de 140 kinderen die nog in 

levenn zijn, is er een follow-up echocardiografie verricht tot 13 jaar na therapie. Direct 

aann het einde van de anthracycline therapie heeft 3.5% een abnormale hartfunctie (een 

verkortingsfractiee beneden de 28%). Bij een follow-up periode van gemiddeld 4.5 jaar is 

ditt percentage opgelopen tot 14.2%. De hartfunctie aan het einde van de therapie bleek 

geassocieerdd te zijn met de hartfunctie bij follow-up. Deze studie suggereert dat 

patiëntenn met een goede hartfunctie aan het einde van de therapie minder frequent 

hoevenn te worden gecontroleerd dan patiënten met een minder goede hartfunctie. 

Inn dee l 3 zijn de diagnostische mogelijkheden onderzocht om kinderen, die een groot 

risicoo lopen op hartschade ten gevolge van anthracyclinen gebruik, vroegtijdig tijdens de 

behandelingg op te sporen. Tijdens de behandeling kunnen preventieve maatregelen 

genomenn worden om verdere schade te voorkomen. Echocardiografische meting van de 

hartfunctiee zal pas een vermindering van de functie laten zien als veel hartcellen 

beschadigdd zijn. Het kwaad is dan eigenlijk al geschied. In hoofdstu k 3.1 wordt de 

waardee van een scan, antimyosine scintigrafie, in de vroege opsporing van hartschade 

beschreven.. Antimyosine kan zich binden aan hartspiercellen wanneer deze cellen 

beschadigdd zijn. Twaalf scintigrafiën werden gemaakt bij 8 kinderen. De scans die 

werdenn gemaakt voor de anthracyclinen therapie waren alle normaal. De patiënt met de 

hoogstee waarde van de antimyosine opname in een vroeg stadium tijdens de 

behandelingg ontwikkelde aan het einde van de hele kuur klinisch hartfalen. De 

hartfunctiee gemeten met echocardiografie bleef tot aan het moment van het klinisch 

hartfalenn normaal. Conclusie van deze studie was dat antimyosine scintigrafie een 

veelbelovendee methode lijkt om hartschade nog voor het ontwikkelen van een 

verminderdee hartfunctie en van klinisch hartfalen op te sporen. In hoofdstu k 3.2 wordt 

dee reproduceerbaarheid van de antimyosine scintigrafie beschreven. De 

overeenstemmingg tussen verschillende metingen van één waarnemer en verschillende 

metingenn van verschillende waarnemers is acceptabel. Helaas is antimyosine niet langer 

commercieell beschikbaar. In hoofdstu k 3.3 is de rol van troponine T, gemeten in de 

eerstee 24 uur na anthracycline therapie, in de vroege detectie van hartschade na 

anthracyclinee therapie onderzocht. Enkele studies tonen aan dat troponine T mogelijk 

gebruiktt kan worden in het vroeg opsporen van kinderen die het grootste risico lopen 

opp hartschade. Bij 38 kinderen werd op verschillende momenten tijdens de kuur vóór de 

gift,, 6 uur na en 24 uur na de gift bloed afgenomen om het beloop van troponine T te 

bestuderen.. Een abnormale troponine T waarde (>0,010 ng/ml) werd gemeten bij 3 

kinderenn op enig moment tijdens de kuur. Maar 1 van deze patiënten had aan het einde 

vann de kuur een verminderde hartfunctie. De 2 andere kinderen met de verhoogde 

troponinee T waarde ontwikkelden geen verminderde hartfunctie tot 2 en 7 maanden na 

dee therapie. In totaal hadden 7 patiënten aan het einde van de kuur een abnormale 
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echocardiografischh gemeten hartfunctie. Waarschijnlijk is meting van troponine T, 

gedurendee de eerste 24 uur na anthracycline therapie te vroeg om hartschade na 

anthracyclinee therapie te meten. Verder onderzoek zal hierover duidelijkheid kunnen 

verschaffen. . 

Verderee studie zal verricht moeten worden naar: 

 de impact van subklinische en klinische cardiotoxiciteit op het verdere leven van 

patiëntenn behandeld met anthracyclinen. 

 het identificeren van patiënten of patiënten groepen die het grootste risico lopen 

opp cardiotoxiciteit na anthracyclinen therapie 

 het zoeken naar preventieve mogelijkheden om hartschade te voorkomen vóór en 

tijdenss de anthracycline therapie 
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Eenn dankwoord.... 

Tom,, jij hebt mij de mogelijkheid gegeven mijn dromen in mijn werkend leven waar te 

maken,, en mijn dagen en het onderzoek zo in te vullen als ik dat voor ogen had. Jouw 

creatievee ideeën en jouw betrokkenheid hebben een grote bijdrage geleverd aan dit 

proefschrift. . 

Martin,, jij hebt mij als copromotor zeer gesteund in het tot uitvoering brengen van mijn 

dromen.. Jij hebt mij de wegen leren kennen van klinisch en ook klinisch toepasbaar 

kindergeneeskundigg onderzoek. Ik was en ben 'verkocht'. De momenten waarop ik weer 

naarr buiten stapte vol met energie, nieuwe plannen, teksten, zijn zeer stimulerend 

geweest.. Veel dank. 

Kinderoncologenn Henk, Huib, Jan, Joseph, Marjan, Cor, Hans en Lieve, jullie houden je 

bezigg met één van mijn dromen waar ik afscheid van heb genomen: de klinische zorg 

voorr zieke kinderen. Maar ik hoop dat ik een nieuwe combinatie kan vinden om erg dicht 

betrokkenn te blijven. Dank voor jullie stimulerende houding. Kindercardiologen Jaap, Jan, 

Mies,, Sally, Wies, en ook Irene, dank voor jullie begrip en de ruimte die jullie mij hebben 

gebodenn om mijn weg te gaan. Ik hoop dat ook jullie ruimte krijgen om dromen te 

verwezenlijken. . 

Elvira,, dank voor je hulp. Met een ongelofelijk doorzettingsvermogen heb jij een grote 

bijdragee geleverd aan het tot stand komen van werk beschreven in dit boekje. Je haalde 

mijj bij de realiteit van de dag. Heleen, 'sanks', het was 'cool' en geen droom. 

Verderr wil ik medeauteurs, PLEK medewerkers, collegae, verpleegkundigen en anderen 

bedankenn voor de getoonde belangstelling en de enthousiaste wijze waarop zij hebben 

deelgenomenn aan de opzet, uitvoering en de verslaglegging van de verschillende 

studies.. Met name wil ik noemen; Renato Valdés Olmos, Henk Behrendt, Monique Tiel-

vann Buul, Mathilde Ubbink, Barbara Bastiaansen, Rob de Winter, Hans Reitsma, Ewoudt 

Straat,, Floor van Leeuwen, André van Kuilenburg, Ellen Bloeme, Ria Groot en Marjolein 

Postell mans. 

Ria,, Cees, Joke en Jan, zonder jullie was dit echt niets geworden. De liefde en het 

enthousiasmee voor onze kleine 'donders' en jullie flexibele geest kun je niet beter 

dromen.. Heel veel dank. Odilie, dank voor je enthousiasme waarmee je onze kinderen 

volgtt in hun eigen droomwereld en Natasja, voor het altijd weer klaar staan. 

Pamme,, Willem, Wim, Margriet, Jan, Olga, Saskia, Jaap, Christiaan en Mechlie. Wat 

bijzonderr om zo'n tiental om ons heen te hebben. Lieve Ma, dank voor de vele hulp en 

hett luisterend oor. 

Hester,, een contact met mijn eerste student groeide uit tot een ware vriendschap. Dank 

voorr het uren samen filosoferen over het heden en onze toekomst. Karin en Wendel, 

tweee dierbare vriendinnen uit het Utrechtse. Dank voor jullie onvoorwaardelijke 

vriendschapp en steun. Lieve Lot, New York is en blijft mijn droom (ondanks alle ellende 

hoopp ik). Ik geniet van je verhalen en de 'aha Erlebnissen' die we ervaren wanneer we 

elkaarr weer uren aan de telefoon hebben. 
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Lievee pap en mam. Jullie zijn de basis voor al mijn dromen geweest in mijn leven en 

hoopp dat jullie dat nog heel lang zullen zijn. Daar zijn geen woorden voor. 

Lievee Rein. Jij, mijn grootste droom die vervuld is. Heel veel dank voor je liefde, rust en 

begrip.. Samen op weg naar de verdere toekomst. Pieter, Pam en Joost, drie wolken van 

kinderen,, ik had niet mooier kunnen dromen. Een 'werkzondag' in de afgelopen weken: 

'Mamma,, ik begrijp het wel, maar ik vind het wel jammer!' Dat is weer even voorbij... 





Stellingenn behorend bij het proefschrift 

Anthracyclin ee cardiotoxicit y in childhoo d cancer . 

Frequency ,, ris k factor s and earl y detectio n 

1.. Vijftien jaar na de start van anthracycline therapie heeft 1 op de 20 kinderen kans 
opp klinisch hartfalen. 

2.. De frequentie van subklinische cardiotoxiciteit na anthracycline therapie is veron-
trustendd hoog. Echter de klinische consequenties zijn tot op heden niet duidelijk. 

3.. Prospectief follow-up onderzoek van alle kinderen behandeld met anthracyclinen 
iss noodzakelijk om inzicht te krijgen in de omvang van cardiotoxiciteit en in de bij 
behorendee risicofactoren. 

4.. Antimyosine scintigrafie kan hartschade detecteren voordat een verminderde hart-
functiee wordt waargenomen in kinderen behandeld met anthracyclinen. 

5.. Het is te vroeg om troponine T als een vroeg diagnosticum voor hartschade na 
anthracyclinee therapie te beschouwen. 

6.. Systematic reviews vormen de basis voor klinisch onderzoek en klinische richtlijnen. 

7.. Een beteree samenwerking tussen gezondheidszorg, farmaceutische industrie en 
overheidd kan leiden tot beschikbaar blijven van financieel niet rendabele pro-
ductenn en tot stimulatie van geneesmiddelen onderzoek bij kinderen. 

8.. Evidence based medicine slaat een brug tussen klinisch onderzoek en de klinische 
praktijk. . 

9.. Op het moment dat de waarheid dichtbij lijkt is deze verder weg dan ooit. 

10.. Aandacht voor "quality of life" zal de uitstroom van artsen verminderen. 

11.. Er is een verschil tussen wetenschap bedrijven en wetenschap publiceren. 

12.. Flexible working practices are needed to accommodate desired changes in hours 
workedd at different stages of life. (Lancet juli 2001) 

13.. De afstand tussen AZC en AMC is meer dan de breedte van één straat. 

14.. Het kind dient nooit het kind van de rekening te worden. 

Leontienn Kremer 16 november 2001 
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