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A B S T R A C T

Purpose
To determine the oncologic efficacy, cardioprotective effectiveness, and safety of dexrazoxane
added to chemotherapy that included a cumulative doxorubicin dose of 360 mg/m2 to treat children
and adolescents with newly diagnosed T-cell acute lymphoblastic leukemia (T-ALL) or lymphoblastic
non-Hodgkin lymphoma (L-NHL).

Patients and Methods
Patients were treated on Pediatric Oncology Group Protocol POG 9404, which included random
assignment to treatment with or without dexrazoxane given as a bolus infusion immediately before
every dose of doxorubicin. Cardiac effects were assessed by echocardiographic measurements of
left ventricular function and structure.

Results
Of 573 enrolled patients, 537 were eligible, evaluable, and randomly assigned to an arm with or
without dexrazoxane. The 5-year event-free survival (with standard error) did not differ between
groups: 76.7% (2.7%) for the dexrazoxane group versus 76.0% (2.7%) for the doxorubicin-only
group (P = .9). The frequencies of severe grade 3 or 4 hematologic toxicity, infection, CNS events,
and toxic deaths were similar in both groups (P ranged from .26 to .64). Of 11 second malignancies,
eight occurred in patients who received dexrazoxane (P = .17). The mean left ventricular fractional
shortening, wall thickness, and thickness-to-dimension ratio z scores measured 3 years after
diagnosis were worse in the doxorubicin-alone group (n = 55 per group; P# .01 for all comparisons).
Mean fractional shortening z scores measured 3.5 to 6.4 years after diagnosis remained diminished
and were lower in the 21 patients who received doxorubicin alone than in the 31 patients who
received dexrazoxane (22.03 v 20.24; P # .001).

Conclusion
Dexrazoxane was cardioprotective and did not compromise antitumor efficacy, did not increase the
frequencies of toxicities, and was not associated with a significant increase in second malignancies
with this doxorubicin-containing chemotherapy regimen. We recommend dexrazoxane as a car-
dioprotectant for children and adolescents who have malignancies treated with anthracyclines.

J Clin Oncol 34:854-862. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Greater than 75% of children with T-cell
malignancy, either T-cell acute lymphoblastic
leukemia (T-ALL) or lymphoblastic non-
Hodgkin lymphoma (L-NHL), will be cured

with multiagent chemotherapy regimens.1-4

Anthracyclines are an important part of these
regimens. Of concern are the potential late effects
of intensive treatment and its impact on survivor
quality of life. In the Childhood Cancer Survivor
Study, long-term survivors had a 73% cumulative
incidence of chronic health conditions and an
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all-cause mortality that was 11 times as high as that of their
siblings.5-7 Cardiovascular toxicities, including cardiomyopathy,
coronary artery disease, arrhythmias, and sudden death related to
anthracycline treatment, are among the most common serious
adverse events.8-15 Thus, identification of strategies to reduce
anthracycline-related cardiac toxicity is important.

Dexrazoxane is a bis-dioxopiperazine compound that readily
enters cells and is hydrolyzed to form a potent chelator of heavy
metals, especially iron, zinc, and copper. How anthracyclines cause
cardiomyopathy is not fully understood, but it may involve the
ability to complex with heavy metals (especially iron, derived from
cellular ferritin), generating free radicals that damage car-
diomyocyte membranes and intracellular structures.16-18 Thus,
iron chelation may be how dexrazoxane protects against
anthracycline-induced cardiac damage.19 Several preclinical studies
have confirmed the protective effects of dexrazoxane,20-22

including early clinical studies in adults with breast cancer.23-25

Evidence for the applicability to treatment for children is growing.
The Dana-Farber Cancer Institute (DFCI) ALL Consortium

developed an anthracycline-based regimen that provided superior
outcomes in patients with T-ALL and L-NHL on three consecutive
protocols.3 On the basis of the DFCI experience with late sub-
clinical cardiotoxicity using this regimen,9,10 a primary objective of
the Pediatric Oncology Group (POG) 9404 study was to evaluate
the cardioprotective efficacy of dexrazoxane. Additional objectives
were to determine whether dexrazoxane affected event-free sur-
vival (EFS) or occurrence of serious adverse events.

PATIENTS AND METHODS

Patients
POG 9404 enrolled patients between June 1996 and September 2001.

Patients with newly diagnosed T-ALLwere eligible if theywere 1 to 21 years old,
had greater than 25% blasts in themarrow regardless of nodal disease, and had
the T-cell immunophenotype confirmed by flow cytometry at a central ref-
erence laboratory. Eligibility criteria for patients with L-NHL included biopsy-
proven diffuse lymphoblastic lymphoma confirmed by central pathology
review, age younger than 22 years, andMurphy stage III or IV disease (, 25%
blasts in the marrow, blasts in the CNS, or both). All patients were untreated
except for less than 48 hours of corticosteroid administration or emergency
mediastinal radiation to treat severe respiratory distress.

The National Cancer Institute and institutional review boards of each
participating center approved the protocol. Informed consent or assent was
obtained from patients, their parents, or their legal guardians in accordance
with local institutional guidelines, Department of Health and Human
Services regulations, and the Declaration of Helsinki.

Treatment
Details of treatment are published elsewhere.26 All patients received

vincristine, prednisone, methotrexate, mercaptopurine, one dose per week
for a total of 20 weeks of Escherichia coli L-asparaginase, and doxorubicin
with intrathecal chemotherapy and cranial radiation (18 Gy). Total duration
of therapy was 2 years from the date of documented complete remission.

At enrollment, patients were randomly assigned to receive therapy
with or without dexrazoxane and with or without high-dose methotrexate.
Dexrazoxane was given as a 300-mg/m2 bolus infusion immediately before
each doxorubicin dose, beginning with induction and continuing every
3 weeks until the cumulative dose of doxorubicin (360 mg/m2) was
reached. If toxicity required decreasing doxorubicin, the dose was modified
to maintain a 10:1 dexrazoxane-to-doxorubicin ratio.

Toxicity was graded according to the NCI Common Terminology
Criteria for Adverse Effects, version 2.0. All grade 3 or higher events were
reported.

Cardiac Assessments
Serum cardiac troponin-T concentrations (cTnT) were measured at

diagnosis (before doxorubicin treatment), immediately before the dox-
orubicin doses of 120, 240, and 330 mg/m2, and 3 weeks after the last dose
of doxorubicin. Troponin concentrations were determined at a central
laboratory using the Elecsys Troponin-T STAT Immunoassay (Roche
Diagnostics; sensitivity, 0.01 ng/mL).

Echocardiograms were obtained before doxorubicin (pretreatment
baseline), at week 4 of induction, 3 weeks after completion of doxorubicin
therapy (approximately week 34), and 3 and 6 years from diagnosis (ie, 1
and 4 years from the end of chemotherapy). A central laboratory assessed
each for left ventricular (LV) fractional shortening, LV dimension, and LV
wall thickness. Central investigators who evaluated troponin and echo-
cardiographic measurements were blinded to the patient clinical status and
treatment assignment. Results from the central laboratories were not
reported to the patient care centers.

Statistical Methods
Group assignment was stratified by disease (T-ALL v NHL) and by the

presence of CNS disease at diagnosis. EFS, estimated with the Kaplan-Meier
method, was defined as time from diagnosis to first event (induction death,
induction failure, relapse, secondmalignancy, remission death) or last contact
for those who were event free. Overall survival (OS) was defined as time from
diagnosis to death as a result of any cause or last contact for those who were
still alive. Survival curves were compared with log-rank tests. Proportions
were compared with Fisher’s exact test. Continuous variables were compared
with t tests. Cumulative incidence rates for second malignancies were
computed with the cumulative incidence function for competing risks, and
treatment regimens were compared with the K-sample test.27

The effect of dexrazoxane on the probability of an elevated troponin
concentration during treatment, adjusted for an elevated concentration at
baseline as covariate, was estimated with a generalized estimating equation
by using the multiple troponin concentrations during treatment as
repeated measures with an exchangeable working correlation structure.

Enrolled
N = 573

Did not meet inclusion criteria n = 35
Not evaluable for response       n = 1
Total             n = 36

Randomly assigned
n = 537*

Allocated to
standard treatment

with no dexrazoxane
n = 264

Allocated to
standard treatment
with dexrazoxane

n = 273

Fig 1. CONSORT diagram. Summary of patient enrollment for the POG 9404
randomized controlled trial. *In September 2000, based on interim analysis for
efficacy, the Data Safety Monitoring Committee closed the methotrexate ran-
domization. The 101 patients enrolled between September 2000 and September
2001, whether or not they received dexrazoxane, all received high-dose metho-
trexate and are included in this number.
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Echocardiographic measures adjusted for age, growth, and body-surface
area were expressed as z scores on the basis of measurements in 285 healthy
children.28,29 Mean z scores or change in z scores from baseline to later time
points were compared with two-sample t tests.

RESULTS

Patient Characteristics
Of 573 patients enrolled, 537 were eligible and evaluable. Of

these, 273 received dexrazoxane (Fig 1). Study data were frozen as
of September 2011. Patient characteristics, including the number
of echocardiograms and troponin concentrations, were similar
between treatment groups (Table 1). Characteristics for those with
echocardiographic and troponin data were similar to those without
cardiac data and to the overall study population (Appendix Tables
A1 and A4, online only).

Disease Outcomes
The EFS rates (with standard error [SE]) at 5 and 10 years for

all 537 patients were 76.4% (1.9%) and 75.2% (2.6%), respectively
(Fig 2A). OS rates (with SE) were 82.1% (1.7%) and 80.6% (2.4%)
at 5 and 10 years, respectively (Fig 2A). Neither EFS (Fig 2B) nor
OS (Fig 2C) differed between groups (P = .9).

The prevalence of adverse events did not differ between
treatment groups (Table 2). Relapse was the most common first
event in all groups, followed by induction failures. Toxic deaths
occurred in less than 2% of patients. The three induction deaths
occurred in patients with T-ALL.

Acute Cardiac Toxicity
Five patients had grade 3 or 4 cardiac toxicity while receiving

therapy; two had arrhythmias (n = 1 in the dexrazoxane group),
and three had decreased LV fractional shortening (all were in the

Table 1. Patient Characteristics by Treatment Group

Characteristic

No. (%) of Patients

Doxorubicin Alone
(n = 264)

Doxorubicin + Dexrazoxane
(n = 273) Total (N = 537)

Mean (SD) age, years 9.7 (4.58) 9.9 (4.90) 9.8 (4.74)
Median (range) follow-up, years 8.9 (0.02-14.7) 9.4 (0.01-15.0) 9.2 (0.01-15.0)
Male sex 203 (76.9) 204 (74.7) 407 (75.8)
Ethnicity
White 170 (64.4) 186 (68.1) 356 (66.3)
Nonwhite 94 (35.6) 87 (31.9) 181 (33.7)

T-ALL subset
Median (range) follow-up, years 9.0 (0.02-14.7) 9.3 (0.01-14.5) 9.1 (0.01-14.7)
WBC, 3 1,000/mL
, 50 71 84 155
$ 50 104 103 207

CNS positive (CNS2/3/bloody tap) 44 56 100
L-NHL subset
Median (range) follow-up, years 8.5 (0.4-13.9) 9.5 (0.2-15.0) 9.2 (0.2-15.0)
With stage III disease 67 52 119
With stage IV disease 22 33 55

With echocardiogram data*†
Total No. of patients with echocardiograms
at least one time point

218 224 442

Median (min, max) No. of echocardiograms
per patient

3 (1, 10) 3 (1, 13) 3 (1, 13)

Total No. of patients with echocardiograms
at each time point

Baseline 158 149 307
Approximately week 34 61 82 143
3 years 84 83 167
3.5 to 6.5 years 21 31 52

With troponin data*
Total No. of patients with at least one
troponin measurement

114 125 239

Median (min, max) No. of samples
per patient

1 (1, 6) 1 (1, 6) 1 (1, 6)

Total No. of troponin measures per patient
1 78 (68.4) 69 (55.2) 147 (61.5)
2 21 (18.4) 34 (27.2) 55 (23.0)
3 10 (8.8) 16 (12.8) 26 (10.9)
4 3 (2.6) 4 (3.2) 7 (2.9)
5 1 (0.9) 1 (0.8) 2 (0.8)
6 1 (0.9) 1 (0.8) 2 (0.8)

Abbreviations: L-NHL, lymphoblastic non-Hodgkin lymphoma; SD, standard deviation; T-ALL, T-cell acute lymphoblastic leukemia.
*Additional comparisons in Appendix Tables A1 through A4, online only.
†For those patients with more than one echocardiogram for a particular time point, the later one was used as the data for that time point.
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no-dexrazoxane group). All patients recovered and completed
chemotherapy, including doxorubicin.

Serum Cardiac Troponin-T
At baseline, troponin was elevated (. 0.01 ng/mL) in seven

(3.8%) of 182 patients; five patients (5.2% of 97 total patients)

were in the no-dexrazoxane group, and two patients (2.4% of
85 total patients) were in the dexrazoxane group (P = .45). At
a median of 21 days (range, 1 to 571 days) after the start of
treatment, 385 troponin concentrations were measured in 239
patients; 114 were measured in the no-dexrazoxane group, and
125, in the dexrazoxane group (Table 1). By using the highest
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Fig 2. (A) Event-free survival and overall survival for all eligible, evaluable patients enrolled. (B) Event-free survival by treatment group. (C) Overall survival by treatment
group. Dex, dexrazoxane.
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troponin concentration obtained after treatment in each patient,
a higher proportion of patients not receiving dexrazoxane had
elevated concentrations (10 [8.8%] of 114 patients v three [2.4%]
of 125 patients; P = .04).

Troponin concentrations both at baseline and during treat-
ment were available for 160 patients. The probability of having an
elevated troponin level when using all troponin data collected
during treatment was lower in the dexrazoxane-treated group
(odds ratio, 0.23; 95% CI, 0.05 to 1.11; P = .067). An elevated
troponin concentration at baseline was associated with an
increased probability of elevated concentrations during treatment
(odds ratio, 5.4; 95% CI, 0.86 to 34.1; P = .072).

Echocardiographic Measures
At baseline, mean z scores for LV fractional shortening and LV

thickness-to-dimension ratio were similar between treatment
groups (Fig 3). The mean z score for LV wall thickness at baseline in
the dexrazoxane-treated group was significantly lower than in the
no-dexrazoxane group (Fig 3). This difference actually favored the
doxorubicin-only group, but, despite this favorable baseline, the LV
wall thickness was worse after treatment than it was in the
dexrazoxane-treated group. After doxorubicin therapy, mean z
scores were lower than age-expected norms29 for all children but
did not differ significantly between groups; the mean z score was
always closer to normal for the dexrazoxane group. At 3 years,
mean z scores for LV fractional shortening, LV wall thickness, and
LV thickness-to-dimension ratio in the dexrazoxane-treated
patients (20.05, 20.13, and 20.09, respectively) did not differ
significantly from those measures in healthy children, whereas z
scores for the no-dexrazoxane group remained significantly
reduced (20.77, 20.69, and 20.75, respectively; Fig 3).

At 3 years, LV fractional shortening was significantly worse
in the no-dexrazoxane group than in the dexrazoxane group
(P = .005). The same negative effect was seen for LV wall thickness
and LV thickness-to-dimension ratio (P = .01 and P = .006,

respectively). A total of 31 patients treated with dexrazoxane and 21
patients treated without dexrazoxane had echocardiograms beyond
the 3-year visit. Fractional shortening between groups remained
significantly different (20.24 v22.03; P, .001). However, z scores
for LV wall thickness and LV thickness-to-dimension ratios did not
differ (0.27 v 0.13 [P = .81] and 0.70 v 0.03 [P = .33], respectively),
although the sample sizes were small.

Toxicity
Rates of infection, hematologic toxicity, and CNS toxicity did

not differ between groups (Table 2). Mucositis was more frequent
in the no-dexrazoxane group (P = .02).

Second Malignancies
A second malignant neoplasm (SMN) was diagnosed in 11

patients, three of which were in the no-dexrazoxane group
(Appendix Table A5). The 5-year cumulative incidence rates (with
SE) were 0.8% (0.5%) and 0.7% (0.5%) for the no-dexrazoxane
and dexrazoxane groups, respectively (P = .17; Fig 4). At 10 years,
rates (with SE) in the two groups were 1.2% (0.7%) and 1.8%
(0.9%), respectively. Dexrazoxane was not associated with the
occurrence of SMN.

DISCUSSION

We observed an estimated mean 10-year EFS rate of 74%, which
compares favorably with results for similar groups of unselected
patients with T-cell malignancies treated contemporaneously by
other investigators.1-4 More important, neither OS nor EFS in our
study differed between treatment groups.

Dexrazoxane prevents acute cardiotoxicity in adults with
cancer who receive anthracyclines.23-25, 30 However, these studies
have only limited applications in pediatric oncology, because few
studies included children,31-35 the sample sizes were small, and the

Table 2. Summary of Events and Targeted Toxicities by Treatment Group

Event Type

No. of Events

P
Doxorubicin Alone

(n = 264)
Doxorubicin + Dexrazoxane

(n = 273)
Total

(N = 537)

Induction failure 13 17 30
Relapse 43 38 81
Marrow 6 other 16 18 34
CNS 6 other 18 13 31
Other 9 7 16

Toxic death 3 6 9
Induction 1 2 3
Remission 2 4 6
Secondary malignant neoplasm 3: n = 1 each myeloid

sarcoma, AMML, DLBL
8: n = 2 AML, n = 2 astrocytoma,
n = 2 GBM, n = 1 medulloblastoma
papillary carcinoma (thyroid)

11

Total events 62 69 131
Grade 3 or 4 toxicities
Infection 168 173 .64
Hematologic effects 237 243 .26
Mucositis 52 33 .02
CNS effects 23 28 .46

Abbreviations: AML, acute myeloblastic leukemia; AMML, acute myelomonocytic leukemia; DLBL, diffuse large B-cell lymphoma; GBM, glioblastoma multiforme.
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follow-up times were short. In a meta-analysis of 10 randomized
trials that assessed the efficacy of dexrazoxane as a car-
dioprotectant,36 three studies included adults and children, and
one study included only children. The authors concluded that
dexrazoxane prevented heart damage, although they noted that
these studies applied different definitions and assessments of
cardiac toxicity and heart failure. They were unable to determine
whether dexrazoxane in combination with other cancer therapies
had adverse effects.

The echocardiographic changes expected with late follow-up
of childhood cancer survivors treated with anthracyclines are

decreases in LV fractional shortening, mass, and wall thickness,
which reflects both decreased LV systolic performance and an
inadequate amount of heart muscle for the body-surface area.
Continued follow-up reveals pathologic remodeling of the LV, in
which the heart walls continue to thin out of proportion to body-
surface area and the ventricular dimension, resulting in a restrictive
cardiomyopathy, as indicated by the thickness-to-dimension ratio
becoming more negative. Long-term survivors with restrictive
cardiomyopathy are at increased risk for heart failure.

Patients treated with doxorubicin alone were more likely
than those who concomitantly received dexrazoxane to have
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Fig 3. Estimated mean z scores by treatment group among 307 children with T-cell acute lymphoblastic leukemia or advanced-stage lymphoblastic non-Hodgkin
lymphoma at baseline (n = 307), at end of therapy (n = 143), and at 3 years (n = 167). Comparison of change from baseline at each time point is noted at the bottom of the
figure. (A) LV fractional shortening. (B) LV wall thickness. (C) LV thickness-to-dimension ratio. Bars represent 95% CIs; blue diamond, standard treatment only (doxorubicin
[DOX]); gold triangle, dexrazoxane plus standard treatment (DRZ + DOX). †P values comparing the two groups at each time point (baseline, end of DOX treatment, and 3
years). ‡P values for differences in change in mean z scores since baseline in DOX- versus DOX- + DRZ-treated patients, for those patients with values at baseline and a
second time point. n indicates number of patients with paired studies in each treatment group. Only patients with paired baseline and end-of-therapy or 3-year z scores
were included in these analyses.
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echocardiographic abnormalities; they demonstrated more neg-
ative z scores at the completion of doxorubicin and at 3 and 6 years
after diagnosis. Statistically significant differences in LV fractional
shortening, wall thickness, and thickness-to–end diastolic
dimension ratios suggest that dexrazoxane prevented late cardiac
injury by protecting against the pathologic process of LV
remodeling, which is associated with the development of car-
diomyopathy. In fact, the hearts of patients who received dexra-
zoxane were echocardiographically normal at 3 years as indicated
by the z scores, a finding consistent with a protective effect of
dexrazoxane against both acute and late cardiotoxicity.

Serum cTnT elevations represent active cardiomyocyte injury
and cell death. When both LV fractional shortening and serum
cTnT were measured during anthracycline therapy for childhood
ALL in the same study, they were not significantly associated.37 Yet,
for the same protocol, cTnTmeasurements over the first 90 days of
doxorubicin were significantly associated with abnormally reduced
LV end diastolic posterior wall thickness; reduced LV mass; and,
marginally, with reduced LV thickness-to-dimension ratio, sug-
gestive of the start of pathologic LV remodeling 4 years after the
ALL diagnosis. Thus, the loss of cardiomyocyte, as documented by
elevations of cTnT, during doxorubicin therapy for childhood ALL
significantly predict an inadequate LV size to support the body-
surface area and result in the start of pathologic remodeling years
later.38

Our findings are similar to results of DFCI 95-01, inwhich 205
patients with high-risk ALL were randomly assigned to receive
doxorubicin with or without dexrazoxane. The 5-year EFS rates
were 76% and 77%, respectively.39 DFCI ALL Consortium
investigators found that, at 5 years from diagnosis, z scores for
LV wall thickness and LV thickness-to-dimension ratios were

significantly better in patients who received dexrazoxane.40 Thus,
among more than 700 patients, there is evidence that dexrazoxane
protects the heart without interfering with the antileukemic effi-
cacy of doxorubicin.

Heart failure was not reported among our patients at any time
during treatment or follow-up. Of the five patients in whom
cardiac dysfunction occurred during treatment (arrhythmias or
decreased fractional shortening), only one received dexrazoxane.
Interestingly, all five received high-dose methotrexate and had a
serious infection when the cardiac toxicity occurred.

Evaluation of the toxicity associated with dexrazoxane in
intensive chemotherapy was an additional goal of POG 9404. Rates
of targeted toxicities of infection, hematologic abnormalities, and
CNS events (ie, seizures), did not differ between treatment groups.
The difference in the rate of mucositis was statistically significant
but favored the dexrazoxane group, which had fewer events.

Second malignancies are uncommon but well-recognized
events after treatment of ALL or lymphoma.41,42 The cumu-
lative incidence of SMNs is 1% to 2% among patients treated
between 1985 and 2000.43 Secondary leukemias are associated
with etoposide, a topoisomerase II inhibitor, and alkylating
agents.41,42,44 In POG 9404, which used neither etoposide nor
an alkylating agent, 11 patients had SMNs (n = 4 were myeloid
leukemias) as first events, for a cumulative incidence of less
than 2%, which compares favorably with other reports. The
occurrence of SMNs did not differ significantly between treatment
groups. When analyzed separately for acute myeloid leukemia/
myelodysplastic syndromes (AML/MDS) and solid tumors, the
treatment groups still did not differ.

The above result is in contrast to that reported by Tebbi et al45

of an early, unexpected, increased SMN risk in patients who receive
dexrazoxane. In this randomized trial of dexrazoxane for the
treatment of Hodgkin lymphoma, eight patients experienced an
SMN as a first event (n = 6 had AML or MDS), but only one of the
six was in the doxorubicin-alone group. These results suggested
that dexrazoxane might be associated with an increased risk of
SMN, particularly AML/MDS. This study was unique, because all
patients received etoposide, doxorubicin, and low-dose, involved-
field or regional-field radiation, and slow-responders received the
alkylating agent cyclophosphamide; all of these treatments are
associated with SMNs. In addition, all patients were being treated
for Hodgkin lymphoma, a diagnosis with a higher risk of SMN.

The DFCI ALL Consortium also has published its experience
with SMNs in their patients with high-risk leukemia who received
dexrazoxane.46,47 After a median follow up of 6.2 years, the
incidence of SMNs did not differ between groups with or without
dexrazoxane treatment.6 Among 553 patients treated with dex-
razoxane on three consecutive DFCI protocols, the overall 5-year
cumulative incidence (with SE) of SMNs was 0.24% (0.24%), with
no secondary AML.47 Thus, similar to our findings, dexrazoxane
was not associated with an increased incidence of AML/MDS or
SMNs.

Using Pediatric Health Information System data, Seif et al48

retrospectively identified 15,532 patients with new diagnoses of
malignancy (excluding AML) who received anthracycline as part of
treatment. Among 1,046 patients who also received dexrazoxane,
three developed secondary AML (0.21%) compared with 77
(0.55%) of 14,126 patients who received an anthracycline without
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dexrazoxane. Although these data are limited to inpatients and
used only International Classification of Diseases, 9th revision,
codes to establish diagnoses, this multivariable analysis of a large
cohort of pediatric patients showed no association between dex-
razoxane and risk of secondary AML.

The cumulative risk of secondary brain tumors did not differ
significantly in patients who did or did not receive dexrazoxane,
but the observation of five such tumors among patients enrolled in
POG 9404, in light of prior analyses, merits discussion. All five
patients with secondary brain tumors received cranial irradiation,
and four were treated with high-dose methotrexate. Multiple
studies report an association between cranial radiotherapy for CNS
prophylaxis and increased risk for secondary brain tumors among
survivors of ALL. Incidence rates vary from very low, less than
0.5%,45 to very high, 12.8%, as reported in the St Jude Total
Therapy XII study.49 Relling et al49 postulated that the high
incidence of brain tumors in their study was related to an inter-
action among radiotherapy, intensive antimetabolite therapy, and
the thiopurine methyltransferase phenotype, although subsequent
studies have not found an association with thiopurine methyl-
transferase status.50

Although treatment differences may contribute to the dif-
fering observations among these studies, small sample sizes,
limited number of events, and varied follow-up lengths also are
likely explanations.39,46,47 Although follow-up is still relatively
short for late effects, the Cochrane meta-analysis mentioned in the
Discussion section also found no difference in the occurrence of
SMNs between controls and patients treated with dexrazoxane.36

Even if there were a theoretical, small, increased risk of secondary
brain tumors from an interaction between cranial radiotherapy
and dexrazoxane, such theoretical concerns are increasingly less
relevant in the context of today’s treatment, because the dose and
frequency of cranial radiotherapy for CNS prophylaxis in children
with ALL has markedly decreased since the 1990s.

Strengths of our large, national, cooperative group study
include the randomized design, the central measurement of cardiac
end points, and the blinding of cardiology laboratory investigators
to treatment allocation throughout follow-up. Thus, the effects of
observer variability and bias were minimized.51 In addition, all
patients received the same cumulative anthracycline dose.

A potential limitation was the marked lack of echocardio-
graphic data, especially beyond 3 years, for patients lost to cardiac

follow-up. Although the small number of troponins and echo-
cardiograms limits the statistical power for some analyses, the
subsets of patients with and without cardiac data were similar. To
address this issue of late cardiotoxicity and efficacy of dexrazoxane,
Children’s Oncology Group investigators are actively recruiting
survivors of POG 9404 and Hodgkin lymphoma trials POG 9425
and POG 9426 to undergo long-term follow-up evaluations for
clinical and subclinical signs of cardiac effects with clinical
assessments, serum biomarkers, and echocardiograms.

In our study, the addition of dexrazoxane to a doxorubicin-
containing multiagent chemotherapy regimen was cardioprotective
and did not compromise antileukemic efficacy. This cardioprotective
effect from doxorubicin-induced pathologic LV remodeling and
subclinical cardiomyopathy was sustained at the 3-year follow-up
and at up to 6 years in the subset of patients studied at later times.
The incidences of toxicity and, importantly, second malignancies
were not significantly increased in patients who received
dexrazoxane. We recommend dexrazoxane as a cardioprotectant
for children and adolescents who have malignancies treated with
anthracyclines.
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Appendix

Table A1. Comparison of Patient Characteristics by Troponin Data Obtained at Baseline

Characteristic

No. (%) of Patients

P
Total Randomly Assigned

on Study (N = 537)
Total With Baseline

Troponin Data (n = 182)
Total Without Troponin

Data (n = 355)

Mean (SD) age, years 9.8 (4.74) 9.8 (4.85) 9.8 (4.69) .876
Median (range) follow-up, years 9.2 (0.01, 15.0) 9.4 (0.02, 15.0) 9.0 (0.01, 14.7) .003
Male sex 407 (75.8) 140 (76.9) 267 (75.2) .661
Ethnicity
White 356 (66.3) 123 (67.6) 233 (65.6) .651
Nonwhite 181 (33.7) 59 (32.4) 122 (34.4)

T-ALL subset
Median (range) follow-up, years 9.1 (0.01, 14.7) 9.3 (0.02, 14.5) 9.0 (0.01, 14.7) .079
WBC, 3 1,000/mL
, 50 155 (42.8) 54 (45.4) 101 (41.6) .491
$ 50 207 (57.2) 65 (54.6) 142 (58.4)

CNS positive (CNS2/3/bloody tap) 100 (27.8) 34 (28.8) 66 (27.3) .759
L-NHL subset
Median (range) follow-up, years 9.2 (0.2, 15.0) 10.0 (0.38, 15.0) 8.7 (0.24, 13.9) .006
With stage III disease 119 (68.4) 45 (71.4) 74 (66.7) .516
With stage IV disease 55 (31.6) 18 (28.6) 37 (33.3)

Mean (SD) No. of echocardiograms
per patient

3.02 (1.61) 3.35 (1.65) 2.81 (1.55) .0002

NOTE. Means between groups were compared with a two-sample t test. Medians between groups were compared with the Wilcoxon test.
Abbreviations: L-NHL, lymphoblastic non-Hodgkin lymphoma; SD, standard deviation; T-ALL, T-cell acute lymphoblastic leukemia.

Table A2. Comparison of Patient Characteristics by Echocardiogram Obtained at Baseline

Characteristic

No. (%) of Patients

P
Total Randomly Assigned

on Study (N = 537)
Total With Baseline

Echocardiograms (n = 307)
Total Without

Echocardiograms (n = 230)

Mean (SD) age, years 9.8 (4.74) 9.9 (4.75) 9.7 (4.74) .688
Median (range) follow-up, years 9.2 (0.01, 15.0) 8.9 (0.02, 15.0) 9.4 (0.01, 14.2) .985
Male sex 407 (75.8) 237 (77.2) 170 (73.9) .379
Ethnicity
White 356 (66.3) 202 (65.8) 154 (67.0) .779
Nonwhite 181 (33.7) 105 (34.2) 76 (33.0)

T-ALL subset
Median (range) follow-up, years 9.1 (0.01, 14.7) 8.8 (0.02, 14.7) 9.5 (0.01, 14.2) .958
WBC, 3 1,000/mL
, 50 155 (42.8) 104 (47.3) 51 (35.9) .033
$ 50 207 (57.2) 116 (52.7) 91 (64.1)

CNS positive (CNS2/3/bloody tap) 100 (27.8) 59 (26.9) 41 (29.1) .659
L-NHL subset
Median (range) follow-up, years 9.2 (0.2, 15.0) 8.9 (0.2, 15.0) 9.4 (0.4, 13.9) .891
With stage III disease 119 (68.4) 59 (67.8) 60 (69.0) .871
With stage IV disease 55 (31.6) 28 (32.2) 27 (31.0)

NOTE. Means between groups were compared with the two-sample t test. Medians between groups were compared with the Wilcoxon test.
Abbreviations: L-NHL, lymphoblastic non-Hodgkin lymphoma; SD, standard deviation; T-ALL, T-cell acute lymphoblastic leukemia.
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Table A4. Comparison of Characteristics for Patients With Versus Without Echocardiogram Obtained Both at Baseline and at 3 Years

Characteristic

No. (%) of Patients

PTotal (N = 307)
With Echocardiograms

(n = 111)
Without Echocardiograms

(n = 196)

Mean (SD) age, years 9.9 (4.75) 10.0 (4.7) 9.9 (4.8) .835
Male sex 237 (77.2) 83 (74.8) 154 (78.6) .446
Ethnicity
White 202 (65.8) 75 (67.6) 127 (64.8) .623
Nonwhite 105 (34.2) 36 (32.4) 69 (35.2)

T-ALL subset
WBC, 3 1,000/mL

, 50 104 (47.3) 41 (51.3) 63 (45.0) .372
$ 50 116 (52.7) 39 (48.8) 77 (55.0)

CNS positive (CNS2/3/bloody tap) 59 (26.9) 22 (27.5) 37 (26.6) .887
L-NHL subset
With stage III disease 59 (67.8) 20 (64.5) 39 (69.6) .624
With stage IV disease 28 (32.2) 11 (35.5) 17 (30.4)

NOTE. Means between groups were compared with the two-sample t test. Proportions were compared with the Fisher’s exact test.
Abbreviations: L-NHL, lymphoblastic non-Hodgkin lymphoma; SD, standard deviation; T-ALL, T-cell acute lymphoblastic leukemia.

Table A3. Comparison of Characteristics for Patients With Versus Without Echocardiogram Obtained at 3 Years

Characteristic

No. (%) of Patients

PTotal (N = 537)
With Echocardiograms

(n = 167)
Without Echocardiograms

(n = 370)

Mean (SD) age, years 9.8 (4.7) 10.0 (4.7) 9.7 (4.7) .488
Male sex 407 (75.8) 126 (75.4) 281 (75.9) .901
Ethnicity
White 356 (66.3) 115 (68.9) 241 (65.1) .398
Nonwhite 181 (33.7) 52 (31.1) 129 (34.9)

T-ALL subset
WBC, 3 1,000/mL

, 50 155 (42.8) 51 (45.1) 104 (41.8) .549
$ 50 207 (57.2) 116 (52.7) 91 (64.1)

CNS positive (CNS2/3/bloody tap) 100 (27.8) 33 (29.5) 67 (27.0) .631
L-NHL subset
With stage III disease 119 (68.4) 36 (66.7) 83 (69.2) .743
With stage IV disease 55 (31.6) 18 (33.3) 37 (30.8)

NOTE. Means between groups were compared with the two-sample t test. Proportions were compared with the Fisher’s exact test.
Abbreviations: L-NHL, lymphoblastic non-Hodgkin lymphoma; SD, standard deviation; T-ALL, T-cell acute lymphoblastic leukemia.
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Table A5. Summary of Second Malignant Neoplasms That Occurred As First Events

Diagnosis and Treatment Arm Treatment Regimen
Time Since Start of
Treatment (years) Second Malignancy

Treatment with doxorubicin alone
L-NHL DFCI 0.9 Myeloid sarcoma
T-ALL + CNS DFCI + HDM 3.7 Acute myelomonocytic leukemia
T-ALL DFCI + HDM 5.1 NHL, diffuse large B-cell

Treatment with doxorubicin plus DRZ
T-ALL DFCI + DRZ 1.0 Acute myeloid leukemia
T-ALL DFCI + DRZ 9.4 Medulloblastoma
L-NHL DFCI + DRZ 10.6 Papillary carcinoma, thyroid
T-ALL DFCI + DRZ + HDM 1.9 Acute myeloid leukemia
T-ALL DFCI + DRZ + HDM 11.9 Glioblastoma
T-ALL + CNS DFCI + DRZ + HDM 12.1 Glioblastoma
L-NHL DFCI + DRZ + HDM 12.0 Astrocytoma, anaplastic type
L-NHL DFCI + DRZ + HDM 6.5 Astrocytoma

Abbreviations: DFCI, standard with doxorubicin alone without dexrazoxane or high-dose methotrexate; DRZ, dexrazoxane; HDM, high-dose methotrexate; L-NHL,
lymphoblastic non-Hodgkin lymphoma; T-ALL, T-cell acute lymphoblastic leukemia.
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