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Abstract

Background—Dexrazoxane may reduce anthracycline-associated cardiotoxicity in pediatric
cancer patients. However, concerns of secondary acute myeloid leukemia (AML) have led to
restrictions on pediatric dexrazoxane use in Europe. Published data about dexrazoxane-associated
secondary AML are limited and conflicting. We sought to estimate the secondary AML risk in
children receiving dexrazoxane after anthracycline exposure.

Procedure—A retrospective cohort of children with newly identified malignancies (excluding
AML) receiving anthracyclines between January 1, 1999 and March 31, 2011 was established
using the Pediatric Health Information System (PHIS). Patients were followed for all subsequent
admissions to identify dexrazoxane exposures and secondary AML, defined by AML ICD-9 codes
and AML induction chemotherapy. Logistic regression was used to model the association of
dexrazoxane and secondary AML risk. A propensity score was used to adjust for measurable
confounding.
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Results—Of 15,532 patients in the cohort exposed to anthracyclines, 1,406 received
dexrazoxane. The secondary AML rate was 0.21% (3 of 1,046) in dexrazoxane-exposed and
0.55% (77 of 14,126) in unexposed patients. In a propensity score-adjusted multivariate analysis,
dexrazoxane exposure was not associated with an increased risk of secondary AML, OR =0.38,
95% CI1 0.11-1.26.

Conclusions—Dexrazoxane was not associated with an increased risk of secondary AML in a
large cohort of pediatric cancer patients receiving anthracyclines in US hospitals. While these data
support dexrazoxane’s safety in the general pediatric oncology population, additional studies are
needed to confirm these findings and to quantify dexrazoxane’s long-term cardioprotective effects.
Pediatr Blood Cancer

cardiotoxicity after cancer therapy; epidemiology; secondary malignancy; dexrazoxane

INTRODUCTION

Nearly 50% of childhood cancer survivors are exposed to anthracyclines, which are
associated with both early and delayed cardiac toxicity [1]. Approximately 5% of survivors
of childhood cancer will eventually develop congestive heart failure (CHF), and nearly 10%
of children treated with higher cumulative doses of anthracyclines (=300 mg/m?2) will
develop CHF [2-4]. Anthracy-cline-associated cardiotoxicity is associated with female sex,
younger age at exposure, higher cumulative anthracycline dose, and time from exposure to
anthracyclines [5-7].

The mechanism by which anthracyclines and structurally related anthracenediones exert
cardiotoxic effects differs from the mechanism primarily responsible for the anti-cancer
effect of these drugs. Evidence suggests that anthracyclines produce iron-dependent oxygen
free radicals that lead to intracellular damage and cardiac myocyte death [8]. Dexrazoxane is
a topoisomerase Il inhibitor that also chelates intracellular free iron and iron bound to
anthracyclines, thereby reducing the formation of iron-dependent oxygen free radicals [9].
Dexrazoxane has been shown to be an effective cardioprotectant in adults [10,11]. Evidence
for the effectiveness of dexrazoxane in children is limited, but the available data support
both a short and long-term cardioprotective benefit [12-15]. Dexrazoxane is currently
approved by the US Food and Drug Administration (FDA) for use as a cardioprotectant in
adult breast cancer patients and as a treatment for extravasation of anthracyclines [16,17].

Despite the cardioprotective benefits of dexrazoxane, its use in children is relatively rare in
the United States [18]. Furthermore, the European Medicines Agency (EMA) restricted
dexrazoxane use to patients over the age of 18 years in 2011 due to concerns about the risk
of secondary acute myeloid leukemia (AML) [19]. This restriction of dexrazoxane use in
children is based on data from two randomized trials of dexrazoxane in 239 children with
Hodgkin lymphoma from the Pediatric Oncology Group (POG 9425 and 9426) that reported
an increased risk of secondary malignant neoplasms (SMN), particularly AML/
myelodysplasia (MDS), in a secondary analysis of SMN occurring as a first event [20].
However, long term follow-up data from Dana Farber acute lymphoblastic leukemia (ALL)
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trials (n =553) and the POG 9404 T cell ALL (n =363) trial showed no increased risk of
secondary AML/MDS after dexrazoxane exposure [21-23]. The efficacy of dexrazoxane is
currently being studied in the Children’s Oncology Group ALTE11C2 trial to determine
whether patients on POG 9404, 9425, and 9426 randomized to receive dexrazoxane have
decreased markers of congestive heart failure in long-term follow-up.

Given these conflicting data, the impact of dexrazoxane exposure on the development of
secondary AML was evaluated by analysis of a retrospective cohort of cancer patients
treated in 43 children’s hospitals contributing data to the Pediatric Health Information
System (PHIS) database from January 1, 1999 to March 31, 2011. The hypothesis was that
dexrazoxane exposure would not significantly increase the risk of secondary AML in this
cohort.

METHODS

Study Design and Cohort Definition

A retrospective cohort design was used. All children admitted to a PHIS member hospital
between January 1, 1999 and March 31, 2011 with International Classification of Diseases,
9th Revision (ICD-9) diagnosis codes consistent with malignancy and with an anthracycline
or anthracenedione exposure within one year of first identified cancer admission were
eligible for cohort inclusion. Patients with an AML or unspecified leukemia ICD-9 code
(140. XX-204.XX; 235.XX-239.XX; excluding 205.XX-208.XX) [24] either as a primary or
secondary diagnosis were excluded. All index admissions of patients that had more than one
malignancy code or were assigned a non-malignancy code as the primary diagnosis code
were individually reviewed (DW). Patients were further excluded if the index admission
contained an ICD-9 discharge diagnosis code consistent with: (1) a relapsed malignancy; (2)
history of stem cell transplantation; or (3) pre-malignant disorder, such as myelodysplasia,
in order to limit the population to patients with new onset malignancies. Patients entered the
cohort on the day of the first admission that contained an ICD-9 malignancy code and were
followed through all subsequent admissions through March 2011. Patients were censored at
death or diagnosis of secondary AML. Length of follow-up was defined as the time from
first anthracycline exposure to last observed inpatient day within the study period.

Data Source

Data contained in the PHIS database includes the following: encrypted patient medical
record number; demographics; dates of admission and discharge; up to 41 ICD-9 discharge
diagnosis and procedure codes per hospital admission; and billing data corresponding to
specific resources utilized, including pharmaceutical agents, blood products, laboratory tests,
radiology imaging studies, and clinical services utilized. All resource utilization data are
associated with a date on which they were billed. Additionally, pharmaceutical data includes
medication name and route of administration. Laboratory and radiology results are not
available, nor are outpatient ICD-9 or billing data.

Oversight of PHIS data quality is a joint effort between the Children’s Hospital Association
(data management center), Truven Health Analytics (data processing partner), and
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participating hospitals. After submission to Truven Health Analytics, quality checks are
performed for data entries (e.g., valid ICD-9 diagnosis codes) and reasonable patient
information (e.g., birth weight). Reports are generated that identify errors needing correction
by the respective hospitals. Error rates above threshold values require hospitals to review
their data and resubmit until error rates fall below the threshold values. Known data quality
issues are transparently communicated to all PHIS data users, and data quality reports allow
the users to exclude specific portions of the dataset based on concerns of data quality.

The PHIS database was queried to extract each patient’s data for each hospital day identified
during the study period of interest. SAS version 9.2 (Cary, NC) and STATA statistical
software version 11.0 (College Station, TX) were used to convert the PHIS data into a
database format representing information for the daily inpatient experience of each child in
final cohort. For each inpatient day, information on medications ordered was available.
Disposition at hospital discharge was recorded for each admission.

Study Variables

Demographics—~Patient age at admission, gender, race, treating institution, and discharge
disposition were collected for all admissions. Age was analyzed as a categorical variable (<1
year, 1 to <5 years, 5 to <10 years, 10 to <15 years, 15 to <20 years and =20 years). Race
(white, black, Asian, Native American, other, and missing) and insurance status (private,
government, self-pay, and other) were also analyzed as categorical variables. Since a
substantial number of patients had missing data on Hispanic ethnicity, no analyses by
ethnicity were conducted.

Anthracycline, Dexrazoxane, and Etoposide Exposure—Medication exposure was
determined by pharmacy billing data. The specific anthracyclines and the anthracenedione
evaluated were: doxorubicin, daunorubicin, idarubicin, epirubicin, and mitoxantrone.
Dexrazoxane and etoposide exposures were defined using billing codes for either
dexrazoxane or etoposide occurring concurrently or after exposure to an anthracycline or
anthracenedione but prior to onset of a secondary AML diagnosis.

Outcome Definition—The primary outcome was onset of secondary AML. A patient was
determined to have secondary AML if an ICD-9 code for AML (205.xx) was assigned in a
hospitalization starting at least 90 days after the first observed hospitalization containing an
anthracycline exposure and manual review of the chemotherapy billed during the
hospitalization inclusive of an AML ICD-9 code was consistent with a standard AML
chemotherapy induction regimen [25].

Statistical Analysis

Patient demographics, diagnosis group, and length of follow-up were summarized with
standard summary statistics. Patients exposed and not exposed to dexrazoxane were
compared on these characteristics using a Chi-square test or Wilcoxon test. The incidence of
secondary AML and death in the two groups and unadjusted odds ratios (OR) were
estimated and 95% confidence intervals (CI) provided.
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A logistic regression model was built with occurrence of secondary AML as the outcome
and dexrazoxane exposure as the exposure of interest. A propensity score was established to
balance patient-level confounders that may have altered the likelihood of exposure to
dexrazoxane. The propensity score represents the probability that a patient would receive
dexrazoxane based on specified observed covariates [26]. The propensity scores were
calculated using multivariable logistic regression with dexrazoxane exposure as the
outcome, and covariates including age, gender, race, insurance, diagnosis group, and
hospital as predictors. The scores were then grouped into quintiles, and the distributions of
the five propensity score categories in the two exposure groups were described. The five-
strata propensity score was included as a categorical covariate in the logistic regression
model to adjust for possible confounding. Etoposide exposure was also included in the final
logistic model as an individual covariate. This allowed for an estimate of the association of
etoposide with the occurrence of secondary AML and adjustment for etoposide as a possible
confounder of any association of dexrazoxane and secondary AML. The same analyses were
also conducted in the subgroups of patients with lymphomas and non-lymphoma diagnoses
separately.

A post hoc power analysis was conducted to investigate the minimal detectable increase of
secondary AML rate for dexrazoxane exposed vs. non-dexrazoxane exposed groups, with
80% power, assuming the current study sample size and the observed baseline secondary
AML rate in the non-dexrazoxane group. Sensitivity analyses were performed to evaluate
the impact of potential misclassification of dexrazoxane exposure on the results.

Initially 79,149 patients were identified in the PHIS database with an index admission for
malignancy other than AML between January 1, 1999 and March 31, 2011. After excluding
patients who had not been billed for an anthracycline and/or anthracenedione during any
PHIS admission, had incomplete or missing data, or had any 1CD-9 code suggesting the
index admission was for a relapsed cancer or pre-malignant diagnosis excluding them from
the cohort on individual review, 15,532 patients remained (Fig. 1).

Table | displays the patient characteristics, length of follow-up, and time to secondary AML
for the entire cohort and by dexrazoxane exposure status. Leukemia (excluding AML) was
the most common primary cancer (36.57%), followed by lymphoma (22.5%) and
malignancies of the bone/joints (15.18%). Overall, 1,406 (9.1%) patients were exposed to
dexrazoxane. All dexrazoxane exposures were intravenous, as expected for cardioprotection
rather than for anthracycline extravasation, which would be administered subcutaneously.
Patients who received dexrazoxane were more likely to be between the ages of 10 and 20
years and have a malignant bone tumor. Black patients accounted for a higher percentage of
children receiving dexrazoxane than among those who did not receive it or among the cohort
as a whole; the reverse is true for white patients. Patients with a dexrazoxane exposure had a
longer median length of follow-up than those who were unexposed (295 days, interquartile
range [IQR] 178-667, vs. 249 days, IQR 95-570, P <0.0001) and were more likely to have
an etoposide exposure (51.3% vs. 46.2%, P =0.0003).
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The rate of secondary AML was 0.52% for the entire cohort. The incidence of secondary
AML in the dexrazoxane-exposed and unexposed groups was 0.21% (95% CI 0.04-0.62)
and 0.55% (95% CI 0.43-0.68), respectively, with a resultant unadjusted OR of 0.39 (95%
Cl1 0.12-1.24). In an unadjusted subgroup analysis exclusive to patients with lymphoma,
there was no difference in the incidence of secondary AML in dexrazoxane-exposed versus
unexposed patients (0.87% and 0.56%, respectively; P =0.6675). Among patients with
diagnoses other than lymphoma, there was also no difference in secondary AML incidence
(0.15% and 0.54%, respectively; P =0.0638). A time-to-event analysis showed similar
results (not shown).

Table Il displays the distribution of the quintiles of the propensity score by dexrazoxane-
exposed and unexposed groups. In the dexrazoxane-exposed group, the majority of patients
(73%) were in the highest quintile of likelihood for dexrazoxane exposure. In contrast,
patients in the dexrazoxane-unexposed group were more equally distributed among
propensity score quintiles. After including etoposide exposure and the propensity score as a
categorical covariate in the primary model, there was an association between etoposide
exposure and secondary AML (OR =2.36, 95% CI 1.48-3.79, P =0.0003) but still no
observed association between dexrazoxane exposure and secondary AML (OR =0.38, 95%
Cl1 0.12-1.27, P =0.1166). Subgroup analyses in the lymphoma-only subgroup and
lymphoma-excluded subgroup also did not show a statistically significant association (OR
=1.41, 95% CI 0.17-11.46, P =0.75, and OR =0.25, 95% CI 0.06-1.07, P =0.0608,
respectively).

Given the low incidence of secondary AML in this cohort, we conducted a post-hoc power
analysis to determine the detectable difference in secondary AML rates between patients
with and without dexrazoxane exposure. The cohort sample size provides 80% power to
detect an increase in incidence from 0.55% in the dexrazoxane-unexposed group to 1.23% in
the dexrazoxane-exposed group, or an absolute increase in incidence of 0.68%.

Since dexrazoxane could have been given in the outpatient setting and therefore not
observed, sensitivity analyses were performed to estimate the magnitude of dexrazoxane
exposure misclassification necessary to prevent the observation of a statistically significant
increased risk of secondary AML after dexrazoxane exposure. If patients were classified as
“unexposed” but actually received dexrazoxane and if these misclassified patients had an
increased secondary AML rate of 0.75% (50% increase above the observed rate),
approximately 5,650 patients (40%) would need to be misclassified as “unexposed” to
prevent detection of a statistically significant association of dexrazoxane exposure with
increased risk of secondary AML. Likewise, if the misclassified patients had a secondary
AML rate of 1% (100% increase), then approximately 2,400 (17%) of dexrazoxane-
unexposed patients would need to have been misclassified to prevent observation of a
statistically significant association. For these analyses, the secondary AML rate was held
fixed at the observed rate of 0.55% in the dexrazoxane-unexposed group.
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DISCUSSION

Our study demonstrated no increased risk of secondary AML in children with cancer that
received dexrazoxane, either with standard bivariate or propensity score-adjusted
multivariate analyses. Furthermore, significant associations were not observed in subgroup
analyses both limited to and excluding patients with lymphoma.

Our findings are consistent with the work of Vrooman et al. [23] who studied the effects of
dexrazoxane on the development of SMNs in patients receiving anthracyclines for high-risk
ALL. With 3.8 years’ median follow-up, only one out of 553 patients developed secondary
AML, for an estimated 5-year cumulative incidence of SMNSs of 0.24 + 0.24% (95% ClI
0.02-1.29). Additionally, Salzer et al. [22] reported no significant difference either in event-
free survival or in the cumulative incidence of SMNs in 363 patients treated on the Pediatric
Oncology Group (POG) T cell ALL trial 9404, in which patients were randomized to receive
dexrazoxane versus no dexrazoxane.

Our findings are in contrast to a POG study that randomized dexrazoxane use in 478 patients
with Hodgkin lymphoma [20]. The overall 4-year cumulative incidence rates (CIR) for
SMNs and AML/MDS were not significantly different; however, when development of
AML/MDS and secondary malignant neoplasms as a first event were evaluated in a
secondary analysis, the 4-year CIR of AML/MDS was 2.1% in the dexrazoxane-exposed
group versus 0.42% in the unexposed group (P =0.1052). The CIRs of all SMNs as first
event in the two groups were 2.98% and 0.42%, respectively (P =0.0355). In a follow-up
paper, the authors hypothesize that the use of three topoisomerase inhibitors concurrently
(etoposide, doxorubicin, and dexrazoxane) may be the source of this observed increase in
SMNs in their studies [27]. Our data supported the well-known association of etoposide
exposure with secondary AML, but in the adjusted model including etoposide, dexrazoxane
was still not significantly associated with secondary AML. Importantly, both etoposide and
dexrazoxane exposures are analyzed as binary coefficients measuring any exposure to either
drug during the study period. Timing of administration of the three topoisomerase inhibitors
and cumulative dosing may be relevant but are not evaluated in the present model.

While PHIS data offer many advantages for conducting pharmacoepidemiology studies,
several limitations should be recognized. First, the outcome of secondary AML was not
confirmed histologically but rather was ascertained by a combination of ICD-9 codes and
manual chemotherapy review. This approach is associated with a high positive predictive
value but may fail to identify some cases of AML [25]. The assessment of secondary AML
was done without knowledge of dexrazoxane exposure status. Therefore, ascertainment rates
of secondary AML should not have differed between dexrazoxane-exposed and unexposed
patients. Such a non-differential bias should primarily impact study power [28]. Given the
available sample size and the concordance between secondary AML rates in our study and
other studies, this impact is likely modest.

Second, PHIS data are limited to inpatient data, thus outpatient administration of
anthracyclines and dexrazoxane was not captured, resulting in a potential misclassification
bias of exposure status. Specifically, patients who received dexrazoxane in the outpatient
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setting would have been classified as dexrazoxane-unexposed. If dexrazoxane were truly
associated with an increased risk of secondary AML, this direction of exposure
misclassification could result in an underestimation of the secondary AML risk after
dexrazoxane exposure. However, a simulation of the rate of misclassification needed to alter
estimates of secondary AML risk demonstrated that a very substantial misclassification
would be required to mask a true association between dexrazoxane exposure and secondary
AML. As a related potential bias, patient transfers between PHIS institutions and admissions
to non-PHIS hospitals are not available in PHIS data. The expected magnitude of this bias is
modest given low rates of transfer between PHIS centers and the low rates of provision of
care for serious medical conditions such as secondary AML at non-PHIS sites. As noted
previously, both these biases would need to occur non-differentially in dexrazoxane-exposed
and unexposed patients to result in biased effect size ratios. Although the median follow-up
time was relatively short, the median follow-up time for patients who developed AML is
significantly longer than for the entire cohort.

PHIS data do not include drug dosage or radiation therapy details, thus preventing analysis
of dose-dependent interactions between dexrazoxane and specific chemotherapy agents or
radiation exposure. This is of particular concern as certain medication combinations with
overlapping mechanisms of action (e.g., the cumulative topoisomerase activity of etoposide,
doxorubicin, and dexrazoxane used in combination, as posited by Tebbi et al. [27]) may
increase the risk of secondary AML in a dose-dependent manner. This limitation is
compounded by the modest sample sizes for specific diagnoses such as Hodgkin lymphoma
in the PHIS data set. While neither our subgroup analysis for the lymphoma-only nor the
lymphoma-excluded group had an elevated rate of secondary AML in the dexrazoxane-
exposed patients, conclusions about the safety of this intervention in patients with
lymphoma should be drawn with caution, given the small number of patients in our analysis
with this diagnosis. Finally, lack of access to laboratory and radiology data limited our
ability to identify patients with disseminated disease who might have received higher-
intensity therapy potentially resulting in either a higher risk of secondary malignancy or a
higher risk of dying before developing a SMN.

Despite these limitations, this analysis of PHIS administrative and billing data provides an
important complement to the data available from clinical trials. First, this analysis presents
an estimation of the absolute secondary AML risk after dexrazoxane exposure in the general
pediatric oncology population in a large sample set. The large sample size enables detection
of modest increases in secondary AML risk after dexrazoxane exposure, and post-hoc power
estimates indicate that this study was powered to detect a less than 1% absolute increase in
secondary AML risk. These results provide evidence that dexrazoxane exposure does not
substantively increase the risk of secondary AML in the general pediatric oncology
population.

Future work should include analyses to validate our estimate of the risk of dexrazoxane-
associated secondary AML and to define anthracycline dose-specific risks of cardiac toxicity
with current pediatric oncology treatment regimens. The currently open COG ALTE11C2
study is designed to study the long-term efficacy of dexrazoxane as a cardioprotectant in
pediatric patients who were randomized to therapy on POG 9404, 9425, and 9426 and will
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provide critical additional data to guide future treatment decisions. More precise estimates of
these competing risks are needed if clinicians and regulatory authorities wish to provide
patients with evidence-based treatment recommendations. While obtaining precise risk
estimates is difficult, the integration of cooperative group clinical trial data and
administrative/billing data may facilitate this work, particularly if such work occurs within
an international collaborative framework.
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Fig. 1.

Cghort selection process. Patients with non-AML malignancy ICD-9 codes were identified
in PHIS. Patients with poor data quality, from hospitals joining PHIS less than 90 days prior
to the index admission, without anthracycline/anthracenedione exposures, with relapsed
ALL, or without malignant diagnoses were excluded.
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TABLE Il

Distribution of Patients by Propensity Score Quintile and Dexrazoxane Exposure Status

No dexrazoxane (n =14,126) Dexrazoxane (n =1,406)

Propensity Score Quintile n % n %
1 3,092 21.89 16 1.14
2 3,051 21.60 53 377
3 3,013 21.33 95 6.76
4 2,894 20.49 212 15.08
5 2,076 14.70 1,030 73.26
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