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Late Cardiotoxicity in Long-Term Survivors of
Childhood Cancer

The problems of late cardiotoxicity in long-term survi-
vors of childhood cancer are clinically devastating and likely
to become more prevalent [1-17]. Premature cardiovascu-
lar morbidity and mortality are consistently found across
multiple studies [1-17]. Progressive, asymptomatic left ven-
tricular dysfunction, congestive heart failure, cardiac trans-
plantation, and cardiac death from either pump failure or
arrhythmias develop much more often in these patients
than in children without a history of cancer treatment.
Concerns about premature atherosclerosis in this popula-
tion have also been raised [18-20]. These late cardiovascular
effects are typically related to anthracycline use, although
radiation to the heart and other oncologic therapies are also
associated with late cardiotoxicity [2,5-7,15-17,20-25].
Clearly, we need to both prevent cardiotoxicity in newly
diagnosed children with cancer and alter the course of
progressive cardiotoxicity in long-term survivors of
childhood cancer.

Completing a randomized, placebo-controlled, clinical
trial in long-term survivors of childhood cancer is an im-
portant achievement. The carefully performed longitudinal
prospective study by Silber et al [26], the angiotensin con-
verting enzyme inhibitor (ACEI) After Anthracycline
(AAA) trial, is one of the first such trials to be completed.
The primary purpose of the AAA study was to determine
whether enalapril, an ACEI, could lower the rate of decline
in cardiac function in survivors of childhood cancer who
had been treated with anthracyclines [26,27]. The impor-
tance of this question is undisputed. Unfortunately, for the
reasons below, the study did not answer this question, cre-
ating a dilemma as to whether another larger and poten-
tially more expensive study should be initiated.
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Interpreting the Results of the AAA Study

Although the AAA study did not find that ACEI pre-
vented a decline in ventricular function in patients with
anthracycline-associated cardiomyopathy (ACM), the fol-
low-up time in the study was not long enough nor was the
study population large enough to conclude that ACEI is not
beneficial [26]. The progression of cardiac dysfunction and
the appearance of new-onset symptoms is quite slow in
ACM [14,28-31], and follow-up in the AAA study ranged
from just 2 to 7 years [26]. In addition, the study was not
powered to rule out a clinically relevant effect of ACEI,
which requires a different study design than proving their
clinical effectiveness [26].

Today, the wealth of data supporting the efficacy of
ACEI therapy in ischemic, postinfectious, and idiopathic
dilated cardiomyopathy (DCM) has led to its first-line use
in most patients with symptomatic and asymptomatic left
ventricular dysfunction [32,33]. During the AAA study, we
also initiated a randomized trial of enalapril in treating
long-term survivors of childhood cancer (POG 9480) but
terminated the study because of inadequate enrollment.
Many of the patients for this trial who met the ventricular
dysfunction entrance criteria of the AAA study were
either already being treated with an ACEI or had physi-
cians who believed that a placebo-controlled trial of
ACEI was unethical, given the clear benefits reported for
other DCM populations [8].

The patient pool reviewed for the AAA study included
4,308 subjects, of whom 401 were eligible and 146 agreed to
participate [26,27]. The reasons so few patients were eligible
and only 36% of these agreed to participate are not stated,
but the risk profile for ACEI is generally extremely favor-
able, so factors other than perceived risk probably account
for the low recruitment rate. Substantial evidence about the
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benefits of ACEI in DCM now makes therapeutic equipoise
difficult to claim unless there are documented, fundamental
biologic differences between ischemic and idiopathic DCM
and the cardiomyopathy that occurs long after anthracy-
cline therapy (ACM), or the risk-benefit ratio is altered in
this population as a result of a lower probability of a positive
response to ACEI or of therapy-related risks that are mark-
edly higher than those in other forms of DCM.

Differences Between ACM and DCM

Based on prior data and the observations in the AAA
study, several characteristics of ACM distinguish it from
other forms of DCM. The only statistically significant find-
ing in the AAA study was a fall in end-systolic stress in the
first year of therapy [26]. Given the predictable fall in blood
pressure during ACEI therapy and the dependence of wall
stress on blood pressure, this was therefore predictable.

A notable finding was the absence of ventricular re-
modeling in response to the fall in wall stress [26]. In most
forms of DCM, ACEIs induce reverse ventricular remodel-
ing, with a reduction in ventricular volume and an im-
proved mass-to-volume ratio, which further reduces wall
stress and improves cardiac function. As in the AAA study,
we also found that despite a marked fall in end-systolic
stress after 2.4 years of enalapril therapy, ventricular size
and thickness did not change [30]. The absence of reverse
ventricular remodeling corroborates the observation
that, in contrast to other forms of DCM, the natural
history of ACM is characterized by minimal, nonpro-
gressive dilation [14]. The natural history of the disease
and the response to ACEI therapy is unlike that of DCM
but is more characteristic of a restrictive cardiomyopa-
thy, a disease class that does not benefit from ACEI
therapy [31-35]. Further confounding the results, 38% of
the AAA participants also received cardiac irradiation,
[26,27] a therapy also associated with the development of
late restrictive cardiomyopathy [20-25].

The risk-profile of ACEIs is so low that their use is often
recommended, even when efficacy has not been proven [8].
There are several reasons to question the wisdom of this
approach. Although the risk of ACEI therapy in patients
with ACM has not been reported to exceed those in other
forms of DCM, available data simply do not adequately
address this issue. The time scale for the development of
ACM is different from other forms of DCM. For example,
the Studies of Left Ventricular Dysfunction prevention trial
found the 4-year cumulative incidence of hospitalization to
be 25% for new or worsening heart failure in the placebo
group [36], but was only 1.8% in ACM patients [9]. Even if
the benefit of ACEI treatment in ACM patients with asymp-
tomatic left ventricular dysfunction was similar to that in
DCM patients, their exposure to potentially toxic effects is
more than 10 times as long as it is in DCM patients, render-
ing current risk-benefit data meaningless.
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Although no evidence of carcinogenesis was seen in
studies of rats or mice receiving enalapril, an excess rate of
gastrointestinal cancers relative to placebo has been ob-
served in several large trials in patients receiving prolonged
ACEI therapy [37-39]. A causal relationship to ACEIs has
not been established, but cannot be excluded. The fact that
malignancy rates may be increased in clinical trials of ACEI
in nononcology adult patients [37-39] may be even more of
a concern to younger cancer survivors who are already at
increased risk for relapsed primary or secondary malignan-
cies. In addition, the global risk for premature atheroscle-
rotic heart disease is apparently increased in long-term
survivors of childhood cancer [18,19,24], a risk that may
also be affected by ACEI therapy [30,40,41]. Other concerns
that are related to the use of enalapril in this population in
the absence of proven efficacy include the unknown effects
of chronic neurohormonal suppression or other side effects
of long-term enalapril therapy in this population, the con-
siderable cost of a therapy that may be required for life in a
young patient population with large past medical expenses
and lifetime insurance limits, the fact that this study did not
demonstrate any beneficial effects of enalapril on reducing
progression to congestive heart failure or death, the fact that
this study did not find that the participants’ quality of life
was improved, an unknown understanding of other drug
interactions with this therapy for this population, and the
potential for healthy, asymptomatic survivors to feel or be
treated differently from their peers for taking chronic med-
ications, which may increase the likelihood of these children
feeling like “cardiac cripples.”

Thus, the argument for using ACEI in patients with
ACM has been based exclusively on trials of patients with
DCM secondary to other causes, but the accumulating data
from ACM patients, including the results of the AAA study,
do not support this argument [8,26,28-33]. No data indi-
cate a long-term benefit from ACEI therapy in patients with
ACM, and the applicability of trials conducted in other
patient groups is questionable. The clinical pattern of a
dominantly restrictive cardiomyopathy predicts a reduced
likelihood of benefit. Data are also inadequate to address
the risk associated with ACEI therapy of asymptomatic
left ventricular dysfunction in this population, but any
adverse effects of long-term therapy clearly increase the
risks for these patients, purely on the basis of markedly
longer exposure. Further, these patients may be at in-
creased risk for potential adverse events. Altogether,
these findings argue against the routine use of ACEI
therapy in patients with asymptomatic left ventricular
dysfunction secondary to ACM.

Implications for the Design of Future Studies
Meaningful end points are essential in any clinical trial.

Given the rarity with which new cases of congestive heart

failure or death occur in the first decade after front-line,
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cumulative dose limited, anthracycline therapy in this pop-
ulation, surrogate end points must be used in clinical trials
(8,30,31,42-44]. Unfortunately, there are currently no vali-
dated surrogate end points for survival in patients with
ventricular dysfunction or congestive heart failure [45-47].
This problem is illustrated by the AAA study. The primary
hypothesis of the AAA study was that ACEI would slow the
decline in cardiac function, and the maximum exercise
cardiac index (MCI) was the primary end point [26,27].
Although MCI may be directly relevant to quality of life, it is
not a reliable surrogate for cardiac function. Extensive data
indicate that the relationship between cardiac function and
exercise performance is weak [1,48-57]. The results from
the AAA study support this conclusion [26]. In the AAA
study, seven patients (six from the control group) were
removed from the study because of a fall in cardiac function
(shortening fraction, ejection fraction, or both) [26]. De-
spite a decrement in cardiac function considered suffi-
ciently severe to warrant removal from the trial, none had a
fall in MCI; in fact, MCI increased in six of the seven
patients, almost doubling in some cases [26]. A similar
analysis of the relation between the change in cardiac func-
tion and the change in MCI for the whole group is not
reported, but it is telling that the patients who had the
largest deterioration in ventricular function still improved
their exercise performance [26].

A surprisingly poor correlation has been noted be-
tween ventricular function, assessed as ejection fraction or
shortening fraction, and various indices of exercise perfor-
mance. As noted in standard textbooks of exercise testing,
“the discrepancy between ventricular function and exercise
capacity is now well known” [48]. For example, the Vaso-
dilator Heart Failure Trial I and II studies reported a corre-
lation of 0.16 and 0.19, respectively, between ejection frac-
tion and peak exercise oxygen uptake [49]. Of particular
interest to the AAA study, asymptomatic patients with
severe left ventricular dysfunction may have a capacity
for exercise that is not different from normal controls
[50]. Change in peak oxygen uptake over time does not
correlate with change in ventricular function [51]. Al-
though both ejection fraction and peak oxygen uptake at
baseline are independently predictive of survival, change
in peak oxygen uptake predicted nontransplanted sur-
vival, whereas change in ejection fraction did not [52].

The failure of ventricular function to correlate closely
with exercise capacity has been attributed to the multitude
of independent factors that influence each [53]. For exam-
ple, diastolic function correlates more closely to peak oxy-
gen uptake than does systolic function [54,55]. The re-
sponse of exercise capacity to interventions is also poorly
predictive of the coincident change in ventricular function.
For example, exercise training in heart failure patients
improves exercise capacity that is in part related to vas-
cular effects, whereas the impact on ventricular function
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is inconstant and generally negligible [56,57]. Fewer data
are available from patients with ACM, but we have found
that exercise capacity was generally diminished in child-
hood survivors of leukemia treated with doxorubicin,
but it did not differ between those with or without ab-
normalities of ventricular contractility, afterload, or
shortening fraction [1].

Exercise performance may be poorly correlated with
cardiac function in long-term survivors of childhood can-
cer as a result of multiple other late-effects that may influ-
ence exercise performance, including deconditioning and a
sedentary lifestyle, psychosocial issues, depression, abnor-
mal body composition with increased fat and decreased
skeletal muscle, mitochondrial mutations in skeletal muscle
from anthracycline therapy, limiting mitochondrial ener-
getics, decreased bone mineral density, increased preva-
lence of chronic fatigue, growth hormone and thyroid hor-
mone deficiencies and other late endocrine effects,
peripheral neuropathies from vincristine, abnormal pul-
monary function from pulmonary fibrosis related to bleo-
mycin or radiation therapy, scoliosis from radiotherapy,
late CNS effects, and autonomic dysfunction. Therefore,
exercise performance may be an especially unreliable surro-
gate for cardiac function and ultimate cardiac outcome in
this population.

In addition to the poor correlation between ventricular
function and exercise performance, these surrogate exercise
end points have been poor predictors of outcomes, such as
congestive heart failure or death. Surrogate end points are
usually chosen for their correlations with outcomes in un-
treated populations. For example, ventricular function and
output, as well as exercise capacity, predict survival in pa-
tients with congestive heart failure. However, treatment-
associated improvement in a surrogate end point is often
not predictive of a treatment-associated improvement in
clinical outcome. In a large study by Packer et al [58],
improvements in cardiac output, cardiac function, or exer-
cise tolerance did not reliably predict survival. Further,
studies using these surrogate end points have indicated
benefit in a population that was adversely affected. For
example, long-term administration of inotropic agents
improved hemodynamic profiles, cardiac output, and
ejection fraction in patients with heart failure, but it also
decreased survival [58].

The lack of effect of ACEI on cardiac function in the
AAA trial is not surprising, in part because the study was not
statistically powered for this end point. This finding should
not be interpreted to mean that ACEI therapy may or may
not beneficial in this population. More importantly, and
less commonly appreciated, clinical trials designed to eval-
uate surrogate end points, such as exercise performance and
wall stress, will not help us decide whether this therapy will
impact on late cardiovascular morbidity and mortality in
these patients. This situation creates an enormous problem
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for any future efforts to evaluate efficacy of ACEI in ACM.
The low incidence of congestive heart failure, death, or
cardiac transplantation in the first decade after front-line,
cumulative dose limited, anthracycline therapy means that
any study based on these end points would have to be
prohibitively long, large, and expensive [8,30,31,42-44]. On
the other hand, valid surrogate end points are currently
unavailable. Perhaps circulating levels of brain natriuretic
peptide (BNP) may predict outcome; therapeutic interven-
tions that lower BNP also reduce morbidity [59,60]. We
have found that BNP concentrations accurately reflect car-
diomyopathy in long-term survivors of childhood cancer
[18]. Although this end point needs to be validated, it is an
example of the new and needed approaches to this problem.
The efficacy of ACEI therapy in anthracycline-treated,
long-term survivors of childhood cancer remains an unan-
swered, but important, question. The potential adverse ef-
fects of this therapy in patients with ACM argue against
using this therapy, especially without convincing evidence
of efficacy. It is unlikely that studies examining reductions
in morbidity and mortality in this population can be con-
ducted, and it is therefore likely that the question will re-
main open, unless a surrogate end point for morbidity and
mortality can be found. In addition to studies evaluating
primary and secondary prevention strategies, exploring the
utility of potential surrogate cardiac end points should be a
priority for physicians caring for anthracycline recipients.
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