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LEARNING OBJECTIVES

After completing this course, the reader will be able to:

1. Identify children who may be at relatively higher risk of developing cardiotoxicity as a result of treatment with
anthracyclines.

2. Cite considerations for administering dexrazoxane prior to anthracycline treatment to mitigate anthracycline-
related cardiotoxicity in children.

This article is available for continuing medical education credit at CME.TheOncologist.com.CMECME

ABSTRACT

Anthracyclines play a critical role in the treatment of a
variety of childhood cancers. However, the cumulative
cardiotoxic effects of anthracyclines limit the use of
these agents in many treatment regimens. Dexrazoxane
is a cardioprotectant that significantly reduces the inci-
dence of adverse cardiac events in women with ad-
vanced breast cancer treated with doxorubicin-
containing regimens. Clinical evidence for the efficacy
of dexrazoxane as a cardioprotectant in children, espe-
cially from randomized clinical trials, is limited, but the

available data support a short-term cardioprotective ef-
fect. Long-term follow-up in children treated with
dexrazoxane has not been reported. Dexrazoxane’s im-
pact on the antitumor effect and toxicity profile of the
anthracyclines and the role of dexrazoxane in the devel-
opment of secondary malignant neoplasms in patients
who received dexrazoxane are reviewed. Based on the
available data, dexrazoxane appears to be a safe and ef-
fective cardioprotectant in children, and it does not ap-
pear to alter overall survival times in children with
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cancer. Continued follow-up from previous trials is
needed to determine the long-term effect of dexrazox-

ane on cardiac outcomes and quality of life. The Oncolo-
gist 2010;15:1220–1226

INTRODUCTION

The anthracyclines doxorubicin, daunorubicin, and idaru-
bicin and the related anthracenedione mitoxantrone are im-
portant components of frontline treatment in current
Children’s Oncology Group clinical trials for acute lym-
phoblastic leukemia (ALL), acute myeloblastic leukemia,
Hodgkin’s disease (HD), non-Hodgkin lymphoma, osteo-
sarcoma, Ewing’s sarcoma, neuroblastoma, and Wilms’ tu-
mor. As a result, half of childhood cancer survivors have
received anthracyclines, which are known to cause cumu-
lative cardiotoxicity. Approximately 5% of children who
were previously treated with anthracyclines will develop
congestive heart failure (CHF) and 40% will develop ar-
rhythmias [1]. These cardiotoxic effects may be manifest
soon after treatment or may not become apparent until de-
cades after completion of therapy [2]. Risk factors for the
development of anthracycline-induced cardiotoxicity in
survivors of childhood cancer are listed in Table 1. Cardio-
pulmonary diseases, which include anthracycline-related
cardiac toxicity, are the third leading cause of early mortal-
ity in survivors of childhood cancer behind cancer recur-
rence and second malignancies [3].

Limiting the cumulative lifetime dose of anthracyclines
is the primary approach used to reduce the risk for cardio-
toxicity, but alternate dosing schedules that lower the peak
plasma concentration of doxorubicin and other anthracy-
clines have also been studied. Administration of smaller, di-
vided, bolus doses of doxorubicin on consecutive days in
children receiving a mean cumulative anthracycline dose of
341 mg/m2 for the treatment of osteosarcoma and rhabdo-
myosarcoma did not result in a significantly lower occur-
rence of cardiotoxicity than with the administration of a
single bolus dose when patients were followed for a period
of 4–180 months [4]. In adults, continuous i.v. infusion of
doxorubicin over 24–48 hours is cardioprotective [5, 6],
but this has not been confirmed in pediatric studies. Con-
tinuous infusion of doxorubicin over 48 hours in children
receiving a mean cumulative doxorubicin dose of 360
mg/m2 for high-risk ALL was not cardioprotective at a me-
dian of 1.5 years after completion of therapy [7], and infu-
sion of anthracyclines over �24 hours in children with a
variety of tumor types treated with a median cumulative an-
thracycline dose of 365 mg/m2 did not lead to a lower inci-
dence of anthracycline-related cardiac toxicity at a mean
follow-up time of 7 years after the end of therapy, when
compared with bolus dosing [8]. Lastly, in children receiv-

ing a cumulative daunorubicin dose of 180 mg/m2 as a
6-hour infusion for ALL, cardiac function was similar to
that of historical controls who received the same cumula-
tive dose of daunorubicin as a bolus. Despite the fact that
this is a low cumulative anthracycline dose, 180 mg/m2 of
daunorubicin was associated with significant changes in
left ventricular dimensions and functional indices in both
groups. The duration of follow-up of these patients was al-
most 5.5 years [9]. Alternative approaches to prevent an-
thracycline-related cardiac damage are needed for children.

The mechanism by which anthracyclines exert their car-
diotoxic effects differs from the mechanism thought to be
primarily responsible for the anticancer effect of these
drugs. Most evidence suggests that myocardial damage is
mediated through the formation of iron-dependent oxygen
free radicals and subsequent peroxidation of lipids in the
membranes of myocardial mitochondria [10]. Other sug-
gested mechanisms of anthracycline-induced cardiac dam-
age include reduced myocardial ATP production, lower
expression of mRNA coding for Ca2�-ATPase in the sar-
coplasmic reticulum leading to decreased contractility,
lower cardiac glutathione peroxidase activity, which de-
toxifies oxygen free radicals, and mitochondrial DNA dam-
age leading to respiratory chain defects and increased
production of free radicals [11]. Myocytes exposed to an-
thracyclines also undergo apoptosis [12]. The cytotoxic an-
ticancer effect appears to come primarily from inhibition of
topoisomerase II. This difference may allow for selective
rescue from anthracycline cardiotoxicity.

Dexrazoxane (ICRF-187), which was originally devel-
oped as an anticancer drug, is a U.S. Food and Drug Ad-

Table 1. Risk factors for the development of
anthracycline-related cardiotoxicity in survivors of
childhood cancers [3, 38, 39]

�5 years of age at time of treatment

Female sex

Black or African descent

Cumulative dose

�300 mg/m2 if �18 yrs old at time of treatment

�550 mg/m2 if �18 yrs old at time of treatment

Any dose in infants

�30 Gy chest radiation

Longer time elapsed since treatment
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ministration–approved cardioprotective agent that chelates
intracellular free iron and iron bound to anthracycline and
reduces the formation of oxygen free radicals [13]. Dexra-
zoxane also appears to protect myocytes from anthracy-
cline-induced apoptosis [12]. Dexrazoxane is administered
as a short i.v. infusion immediately prior to a bolus dose of
doxorubicin at a recommended dose of 10 mg per 1 mg of
doxorubicin. Despite its efficacy in preclinical models and
demonstrated cardioprotective effects in adults, the use of
dexrazoxane as a cardioprotectant has been limited, primar-
ily by concerns about its acute and long-term toxic effects
and the potential for rescuing tumor cells from the cytotoxic
effects of anthracyclines.

The efficacy of dexrazoxane as a cardioprotectant was
demonstrated using laboratory and clinical measures of car-
diac function, including endomyocardial biopsies, multi-
gated acquisition (MUGA) scans, and electrocardiograms,
in women with breast cancer treated with high doses of
doxorubicin and in adults with small cell lung carcinoma
and soft tissue sarcomas treated with doxorubicin or epiru-
bicin [10, 14–17]. Dexrazoxane preserved cardiac function
and allowed for escalation of anthracyclines doses to
�1,000 mg/m2. Evaluation of the long-term cardioprotec-
tive effects of dexrazoxane in these trials was limited by tu-
mor progression (the median overall survival [OS] time was
15–18 months across all disease types).

A meta-analysis of nine clinical studies evaluating
dexrazoxane as a cardioprotective agent in adults and chil-
dren concluded that the relative risk for developing heart
failure when dexrazoxane was administered with doxorubi-
cin was 0.29 (95% confidence interval [CI], 0.2–0.41). Ad-
ditionally, there was no difference in the response rate to
therapy of the cancers or the OS time in patients receiving
dexrazoxane compared with controls [18].

CARDIOPROTECTIVE EFFECTS OF DEXRAZOXANE

IN CHILDREN

Cardioprotective effects from dexrazoxane have been ob-
served in small studies of children with cancer receiving an-
thracyclines [19, 20]. In one of those studies, 15 patients
with newly diagnosed solid tumors received cumulative an-
thracycline doses in the range of 270–340 mg/m2 and re-
ceived dexrazoxane prior to administration of either
doxorubicin, daunorubicin, or epirubicin. Those patients
were compared with a historical control group that did not
receive dexrazoxane. Echocardiograms were performed
prior to and following administration of anthracyclines in
both groups. In the group treated with dexrazoxane, there
was no change in cardiac function after receiving anthracy-
clines. However, in the control group, two of the 15 patients
(13.3%) had a decrease in the shortening fraction to �28%

and one of those patients (6.6%) developed dilated cardio-
myopathy [20].

In a study by Bu’Lock et al. [19], five children who had
relapsed cancers received dexrazoxane prior to an anthra-
cycline, and their cardiac function was compared with that
of five retrospectively selected controls who had not re-
ceived dexrazoxane. The patients receiving dexrazoxane
and the controls were treated with mean cumulative anthra-
cycline doses of 925 mg/m2 and 831 mg/m2, respectively.
Cardiac function was evaluated by a physical examination
performed by a cardiologist and an echocardiogram per-
formed prior to the initiation of anthracycline therapy for
relapse and 1 month after completion of therapy. None of
the five patients who received dexrazoxane developed car-
diac dysfunction. However, two children in the control
group developed CHF and another patient experienced a
decrease in the shortening fraction [19].

Overall, the patients who received dexrazoxane in those
two studies had better cardiac outcomes than patients in the
control groups. Additionally, the patients who received
dexrazoxane did not experience more severe treatment-
related toxicities. However, those studies were limited by
their small size and heterogeneity in the cancer diagnoses
and chemotherapeutic regimens used.

Wexler et al. [21] conducted an open-label, randomized
trial of dexrazoxane in 38 children and young adults receiv-
ing frontline therapy with a doxorubicin-containing regi-
men for high-risk sarcomas. Patients were randomized to
receive doxorubicin administered as an i.v. bolus with or
without dexrazoxane. The dexrazoxane dose was 20 mg per
1 mg of doxorubicin. The resting left ventricular ejection
fraction (LVEF) was serially measured with a MUGA scan
at baseline and 6–12 weeks following doses of doxorubi-
cin. Results revealed that dexrazoxane-treated patients
were less likely to develop subclinical cardiotoxicity (22%
versus 67%; p � .01), had a smaller decrease in LVEF for
every 100 mg/m2 of doxorubicin (1.0% versus 2.7%; p �
.02), and tolerated a higher cumulative dose of doxorubicin
(410 mg/m2 versus 310 mg/m2, p�0.05). In the patients
who received a cumulative doxorubicin dose of 410 mg/m2,
the mean LVEF was higher in those who received dexra-
zoxane than in controls (54% versus 44%; p � .03). The
authors concluded that dexrazoxane reduces the risk for
short-term cardiotoxicity in young sarcoma patients who
received up to 410 mg/m2 of doxorubicin. The small sample
size and high tumor recurrence rate in this high-risk popu-
lation did not allow for a comparison of long-term func-
tional cardiac outcome in the two groups.

A randomized trial in children with ALL evaluated the
effect of dexrazoxane on doxorubicin-induced myocardial
injury, which was assessed using serial serum cardiac tro-
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ponin T levels [22]. High post-treatment cardiac troponin T
levels are predictive of subsequent subclinical and clinical
cardiac morbidity and mortality [23]. Two hundred five pa-
tients were randomized to receive doxorubicin alone (30
mg/m2 per dose; cumulative dose, 300 mg/m2) or dexrazox-
ane immediately followed by doxorubicin. Patients treated
with doxorubicin alone were more likely than those treated
with dexrazoxane to have elevated troponin T levels (50%
versus 21%; p � .001), extremely elevated troponin T lev-
els (32% versus 10%; p � .001), or multiple elevated tro-
ponin T levels (37% versus 12%; p � .001). However,
fractional shortening measured on echocardiogram in a
subgroup of children was similar in the randomized groups
during and after doxorubicin therapy. Patients had been fol-
lowed for a median of 2.7 years at the time that the data
were published. The investigators concluded that dexrazox-
ane prevents or reduces doxorubicin-induced cardiac injury
in children receiving doxorubicin for high-risk ALL.

Children and adolescents with HD treated in one of two
frontline clinical trials using doxorubicin-containing regi-
mens were randomly assigned to receive dexrazoxane as a
cardiopulmonary protectant prior to doxorubicin and bleo-
mycin [24]. Bleomycin-induced pulmonary fibrosis also
appears to be related to iron-dependent production of reac-
tive oxygen species [25], and dexrazoxane was adminis-
tered prior to bleomycin to prevent bleomycin-induced
pulmonary fibrosis. The effect of dexrazoxane on cardiac
outcome from these two trials will be combined and re-
ported later.

A series of three pilot studies evaluating new treatment
regimens for nonmetastatic osteosarcoma included dexra-
zoxane as a cardioprotectant. In two regimens, doxorubicin
cumulative doses were escalated to 600 mg/m2. There was
no significant increase in left ventricular dysfunction with
this dose escalation [26], illustrating that dexrazoxane may
allow a higher cumulative dose of doxorubicin to be safely
administered without acute cardiotoxicity. However, the
impact of dexrazoxane on late cardiotoxicity at high cumu-
lative doses of doxorubicin remains unknown.

IMPACT OF DEXRAZOXANE ON THE ANTITUMOR

EFFECT OF DOXORUBICIN

Although dexrazoxane was initially developed as an anti-
cancer drug based on its ability to chelate and deplete iron in
tumor cells, it has subsequently been shown to be a topo-
isomerase II inhibitor [27], which is a mechanism common
to a number of cytotoxic anticancer drugs, including the an-
thracyclines. Despite this, the potential for a negative im-
pact of dexrazoxane on the antitumor effect of the
concomitantly administered chemotherapy and on survival
outcomes remains a major concern. Although most of the

trials conducted with dexrazoxane are too small to ensure
true equivalency and long-term follow-up is limited, dexra-
zoxane does not appear to have a negative impact on disease
outcome in childhood cancers.

The randomized trial in children with ALL described
above included 206 patients, and the 5-year event-free sur-
vival (EFS) rates with a median follow-up duration of 5.7
years were 76% in the doxorubicin alone group and 77% in
the group randomized to receive dexrazoxane and doxoru-
bicin (p � .99) [28]. In the high-risk sarcoma study reported
by Wexler et al. [21], the median potential follow-up time
was 39 months for all patients. The median EFS duration in
both the doxorubicin and doxorubicin plus dexrazoxane
groups was 17 months. The median OS time in the doxoru-
bicin alone group was 24 months, versus 43 months for pa-
tients who received doxorubicin and dexrazoxane. Overall,
44% of patients in the control group and 61% of patients in
the dexrazoxane group were alive at the last follow-up point
[21]. These differences in EFS and OS were not statistically
significantly different. The findings of these studies do not
indicate that dexrazoxane compromises the antitumor ef-
fect of doxorubicin.

The impact of dexrazoxane on disease outcome was as-
sessed in a pediatric advanced stage HD trial. The propor-
tion of patients with a rapid early response to chemotherapy
in the dexrazoxane arm was 56%, versus 69% for the no
dexrazoxane arm (p � .07). There was no difference in the
proportions of patients who achieved a complete response
after chemotherapy (60% versus 70%) or after radiation
therapy (86% versus 94%) in the dexrazoxane versus non-
dexrazoxane arms. Furthermore, the use of dexrazoxane did
not affect the 5-year EFS or OS rate (83% versus 86% and
89% versus 84%, respectively) [24].

The histologic response to doxorubicin-containing neo-
adjuvant chemotherapy of osteosarcoma patients receiving
dexrazoxane was compared with that of a historical control
group that had not received dexrazoxane [26]. A good his-
tological response at the time of resection after 12 weeks of
chemotherapy was defined as �98% tumor necrosis. A
good response was seen in 61% of patients and the 2-year
EFS rate was 69%, both of which were consistent with his-
torical data.

DEXRAZOXANE TOXICITY

In a pediatric phase I trial of dexrazoxane administered as a
single agent (a 2-hour infusion daily for 3 days) to children
with refractory solid tumors, the dose-limiting toxicity was
hepatic toxicity, and the maximum-tolerated dose was
3,500 mg/m2 per day. Myelosuppression was the dose-
limiting toxicity in the dose-finding study in adults, and the
maximum-tolerated dose was 1,000–1,250 mg/m2 per day
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for 3 days when administered as a short infusion [29]. My-
elosuppression was more prominent in the pediatric phase
II trials in patients with solid tumors and acute leukemia.
The single-agent maximum-tolerated dose of dexrazoxane
in children is significantly higher than the dosage range
used in the protocols studying its use as a cardioprotective
agent [30]. However, dexrazoxane, even at lower doses,
could enhance the toxicity of the chemotherapy with which
it is combined.

Schwartz et al. [24] evaluated noncardiac toxicity in 214
pediatric patients with advanced stage HD and found higher
grade hematologic toxicity with associated infection and
sepsis in the patients randomized to the dexrazoxane arm.
Acute pulmonary toxicity (grade 3 or 4) also occurred more
often in the dexrazoxane group (p � .005). Additionally,
there was a trend toward a higher incidence of grade 3 or 4
typhilitis in patients receiving dexrazoxane. However,
these results were not statistically significant (p � .06), and
once the bleomycin and prednisone doses were modified in
the treatment protocol, no difference in the incidence of
typhilitis was seen between the two groups [24]. No mention
was made regarding the effect of dexrazoxane on acute pul-
monary toxicity after the treatment protocol was modified.

In the study by Wexler et al. [21], 41 patients were as-
sessable for noncardiac toxicity evaluation following at
least one cycle of doxorubicin-containing chemotherapy.
Grade 1 aspartate aminotransferase elevation occurred
more frequently in the dexrazoxane group than in the con-
trol group (p � .001) following the first three cycles of vin-
cristine, doxorubicin, and cyclophosphamide (VAdriaC).
Similarly, there was a higher frequency of alanine amino-
transferase elevation in the dexrazoxane group after cycle 2
of VAdriaC. There was a statistically significantly higher
incidence of grade 3 thrombocytopenia, lower platelet na-
dirs, higher incidence of grade �3 anemia, and longer me-
dian time to recovery of absolute neutrophil count to
�1,000 u/l in the dexrazoxane group in various treatment
cycles. However, these differences were not clinically sig-
nificant, because there was no significant difference be-
tween the groups in the incidence of dose modifications for
hepatotoxicity or hematologic toxicity or the incidence of
significant infections [21].

RISK FOR SECONDARY MALIGNANCY

Topoisomerase inhibitors, such as etoposide, are associated
with a higher risk for a secondary malignant neoplasm
(SMN), raising a concern that dexrazoxane use may en-
hance the risk for SMNs. Investigators involved in the HD
trials that incorporated dexrazoxane conducted a secondary
analysis evaluating the incidence of and risk factors for
acute myeloid leukemia (AML)/myelodysplastic syndrome

(MDS) and SMNs [31]. Two hundred sixty-two eligible pe-
diatric patients were enrolled in the low-risk HD study and
216 eligible pediatric patients were enrolled in the ad-
vanced stage HD study. Low-risk patients were treated with
doxorubicin, bleomycin, vincristine, and etoposide
(ABVE) and advanced stage patients received dose-inten-
sified ABVE with prednisone and cyclophosphamide
(ABVE-PC). Two hundred thirty-nine patients were ran-
domly assigned to receive dexrazoxane prior to doxorubi-
cin. The 4-year cumulative incidence rate of AML/MDS
was 2.55% with dexrazoxane, versus 0.85% without dexra-
zoxane (p � .16). The risk for developing AML/MDS as
measured by the standardized incidence ratio (SIR) was
higher in the group receiving dexrazoxane (SIR, 613.6;
95% CI, 225.2–1335.6) than in the control group (SIR,
202.37; 95% CI, 24.5–731; p � .099). The 4-year cumula-
tive incidences of any SMN were 3.43% in the dexrazoxane
group and 0.85% in the control group (p � .06). These dif-
ferences were not statistically significant at the p � .05
level. When AML/MDS and SMN were analyzed as first
events, the 4-year cumulative incidence of AML/MDS was
2.1% in patients treated with dexrazoxane and 0.42% in pa-
tients treated without dexrazoxane (p � .1052), and the
cumulative incidences of SMNs were 2.98% and 0.42%,
respectively (p � .0355). Only when SMN was analyzed
as a first event did the investigators find a statistically
significant difference between the treatment and control
groups. The investigators conceded that these analyses
were not designed for comparison of AML/MDS and
SMN between the two groups and that the tests were un-
derpowered.

A higher risk for AML/MDS and SMN was not con-
firmed in the ALL population receiving dexrazoxane [32].
Only two of the 491 patients developed an SMN, both of
which were malignant melanomas. The 5-year cumulative
incidences of SMN were 0.2% for all patients and 0.5% for
high-risk patients. No SMNs were reported in standard-risk
ALL patients and no SMNs were reported in patients as-
signed to receive dexrazoxane. No cases of secondary
AML/MDS were reported. Therefore, the authors con-
cluded that there was no association between the use of dexra-
zoxane and development of SMNs in this patient population.
As in the HD studies, the sample size was small and the power
to detect differences between the groups was limited.

Dexrazoxane was evaluated as a cardioprotectant in a
randomized trial in children with T-cell ALL and advanced
T-cell lymphoblastic lymphoma treated with a cumulative
doxorubicin dose of 360 mg/m2. Cardiac outcome was not
reported, but with 10 years of follow-up, there was no dif-
ference in the EFS rate between the dexrazoxane and no
dexrazoxane arms (71% versus 73%; p � .85). The 10-year
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cumulative incidences of SMNs were 1.3% in the arm with-
out dexrazoxane and 4.2% in the dexrazoxane arm (p �
.15). This incidence of SMNs was similar to the 4% rate ob-
served in the preceding T-cell ALL study, in which no
dexrazoxane was given [33].

The conflicting findings from these studies probably re-
flect differences in the patient populations, chemotherapy
regimens, and radiation exposures.

ROLE OF DEXRAZOXANE AS A CARDIOPROTECTANT

IN CHILDREN RECEIVING ANTHRACYCLINES

Anthracycline-induced cardiotoxicity adversely impacts the
health and quality of life of childhood cancer survivors and
limits the cumulative dose of anthracyclines that can be safely
administered. The potentially life-threatening cardiac toxicity
associated with anthracyclines can be a major barrier to us-
ing these agents in the most clinically effective manner.

Based on clinical data from adults and children, dexra-
zoxane appears to be an effective cardioprotectant for
patients receiving anthracyclines. However, definitive clin-
ical trials to assess the long-term effects of dexrazoxane on
functional cardiac outcome in the pediatric population have
not been conducted. Longer follow-up time is needed in
children to determine whether dexrazoxane protects against
the long-term cardiac toxicity that can manifest �10 years
after the completion of therapy and whether this translates
into longer survival and better quality of life for childhood
cancer survivors.

Ideally, cardioprotectants and other rescue agents
should not compromise the doses of the anticancer drugs
administered because of greater toxicity, or mitigate their
clinical efficacy. At the current recommended dose of 10
mg per 1 mg of doxorubicin, dexrazoxane does not increase
the regimen toxicity significantly. Although there was more
myelosuppression and transaminitis when dexrazoxane
was added to doxorubicin-containing regimens, these dif-
ferences did not compromise the dose or timing of the che-
motherapy. Although the published clinical experience
with dexrazoxane in pediatric cancer patients is limited,
there is no evidence to indicate that the drug negatively im-
pacts the antitumor effects of the concurrent chemotherapy.
Response, EFS, and OS rates in the dexrazoxane and con-
trol groups were similar in the various studies. The clinical

data also fail to show a survival advantage in patients re-
ceiving dexrazoxane.

RECOMMENDATIONS

Based on the substantial risk for the development of anthra-
cycline-induced clinical and subclinical cardiac toxicity in
children and on the preliminary evidence of the efficacy of
dexrazoxane in preventing early-onset cardiotoxicity in
adults and children, dexrazoxane use prior to the adminis-
tration of anthracyclines should be considered in children
who will receive one of these agents, especially those who
are at highest risk for cardiotoxicity (Table 1). Subclinical
cardiotoxicity may develop in children at anthracycline
doses �300 mg/m2 [34–36]. Therefore, dexrazoxane use
should begin prior to the first dose of anthracycline and
should not be delayed until after the patient has received
300 mg/m2, as has been recommended in adult breast can-
cer patients [16].

The ages of the patients in the pediatric trials that have
evaluated dexrazoxane as a cardioprotectant have been
skewed toward older children and adolescents because
high-risk ALL, HD, and sarcomas are cancers that tend to
occur in older children. However, younger age at the time of
treatment is a risk factor for anthracycline-induced cardiac
toxicity. Therefore, dexrazoxane’s cardioprotectant effects
should be further evaluated in younger children. Addition-
ally, there are limited data describing dexrazoxane pharma-
cokinetics in younger children. The dexrazoxane doses
used in pediatric trials have either been 10� or 20� the
doxorubicin dose, with the current recommended dose
of dexrazoxane in the U.S. set at 10� that of the doxorubi-
cin dose [37]. An important area for future research is fur-
ther delineating the pharmacokinetics of anthracyclines and
dexrazoxane in pediatric patients in order to better under-
stand the optimal dose and administration schedule of
dexrazoxane in children. Also, defining a more precise
timeline of anthracycline-induced cardiac toxicity may
prove to be crucial in more effectively implementing dexra-
zoxane use as an effective cardioprotectant in children.
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