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ABSTRACT

Background: Dexrazoxane reduces the risk of anthracycline-related cardiotoxicity. In a
study of children with Hodgkin lymphoma, the addition of dexrazoxane may have been
associated with a higher risk for developing second malignant neoplasms (SMNs) including
acute myelogenous leukaemia (AML) and myelodysplastic syndrome (MDS). We deter-
mined the incidence of SMNs in children and adolescents with acute lymphoblastic leukae-
mia (ALL) who were treated with dexrazoxane.

Methods: Between 1996 and 2010, the Dana-Faber Cancer Institute ALL Consortium con-
ducted three consecutive multicentre trials for children with newly diagnosed ALL. In
the first (1996-2000), high risk patients were randomly assigned to receive doxorubicin
(30 mg/m?/dose, cumulative dose 300 mg/m?) preceded by dexrazoxane (300 mg/m?/dose,
10 doses), or the same dose of doxorubicin without dexrazoxane, during induction and
intensification phases. In subsequent trials (2000-2005 and 2005-2010), all high risk and
very high risk patients received doxorubicin preceded by dexrazoxane. Cases of SMNs
were collected prospectively and were pooled for analysis. The frequency and 5-year
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cumulative incidence (CI) of SMNs were determined for patients who had received dex-

razoxane.

Findings: Among 553 patients treated with dexrazoxane (1996-2000, N =101; 2000-2005,
N =196; and 2005-2010, N = 256), the number of SMNs observed by protocol was 0 (median fol-
low-up 9.6 years), 0 (median follow-up 5.2 years), and 1 (median follow-up 2.1 years). The only
SMN was a case of AML, which developed in a patient with MLL-rearranged ALL 2.14 years after
initial diagnosis. The overall 5-year CI of SMNs for all 553 patients was 0.24 + 0.24%.
Interpretation: In alarge population of children with high risk ALL who received dexrazoxane
as a cardioprotectant drug, the occurrence of secondary AML was a rare event.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Childhood acute lymphoblastic leukaemia (ALL) is curable in
more than 80% of patients.’™ Treatment protocols utilise more
intensive regimens for patients with ‘high risk’ disease charac-
teristics previously associated with inferior outcomes. Anthracy-
clines, including doxorubicin and daunorubicin, are commonly
utilised for the treatment of high risk ALL patients.>®” Anthracy-
cline-associated cardiomyopathy is a well-characterised toxicity
resulting from this class of drugs.®™° One strategy aimed at min-
imising heart damage includes the use of dexrazoxane, an agent
that reduces both the acute and long-term cardiac toxicity asso-
ciated with doxorubicin.'*** We have previously reported that,
in high risk ALL patients, dexrazoxane was cardioprotective
without adversely impacting event-free survival.***

In 2007, a report from the Pediatric Oncology Group de-
scribed an increased risk of second malignant neoplasms
(SMNss) in children treated with dexrazoxane for Hodgkin lym-
phoma.’ In the context of a randomized comparison, Tebbi
and colleagues reported a 4-year cumulative incidence (CI) of
SMNs of 3.43 +1.2% in patients receiving dexrazoxane, and
0.85 + 0.6% in those receiving doxorubicin without cardiopro-
tectant (P =0.06). The 4-year cumulative incidence of acute
myelogenous leukaemia (AML) and myelodysplastic syndrome
(MDS) was reported to be 2.55 + 1.0% for those receiving dex-
razoxane, and 0.85 + 0.6% for those not receiving dexrazoxane
(P =0.160). We previously reported the absence of SMNs in chil-
dren with high risk ALL randomized to receive dexrazoxane in
our prospective trial, Dana-Farber Cancer Institute (DFCI) ALL
Consortium Protocol 95-01, that randomized treatment with
or without dexrazoxane (1996-2000).° In the setting of contin-
ued uncertainty about the risk of SMNs, particularly AML/MDS,
with dexrazoxane, we have updated the analysis of SMNs in
dexrazoxane-treated patients on Protocol 95-01, and have
pooled data from patients treated with dexrazoxane on two
subsequent DFCI ALL Consortium protocols conducted be-
tween 2000 and 2010. We report here our experience with over
500 children treated for high risk ALL with multi-agent chemo-
therapy that included both doxorubicin and dexrazoxane.

2. Methods

2.1. Patients

Between January 1996 and February 2010, the DFCI ALL Consor-
tium conducted three consecutive multicentre treatment pro-
tocols for children and adolescents with newly diagnosed ALL

(excluding mature B-cell ALL): Protocol 95-01 (1996-2000,
N = 491), Protocol 00-01 (2000-2004, N = 492), and Protocol 05-
01 (2005-2010, N = 551). Patients were enroled from the follow-
ing DFCI ALL Consortium institutions: DFCI/Children’s Hospital
Boston, MA (1996-2010); Albert Einstein College of Medicine,
Bronx, NY (2005-2010); Columbia University Medical Center,
Morgan Stanley Children’s Hospital of New York-Presbyterian,
NY, NY (2000-2010); Hasbro Children’s Hospital, Warren Alpert
Medical School of Brown University, Providence, RI (2005-
2010); Hospital Sainte Justine, Montreal, Canada (1996-2010);
Le Centre Hospitalier de L'Universite Laval, Quebec, Canada
(1996-2010); Maine Medical Center/Maine Children’s Cancer
Program, Portland, ME (1996-2005); McMaster Children’s Hospi-
tal, Ontario, Canada (1996-2010); Mount Sinai Medical Center,
NY, NY (1996-2000); Ochsner Clinic, New Orleans, LA (1996-
2000); Tulane Hospital for Children, New Orleans, LA (2000-
2005); San Jorge Children’s Hospital, San Juan, Puerto Rico
(1996-2010); and the University of Rochester Medical Center,
Rochester, NY (1996-2010). The institutional review board of
each participatinginstitution approved the protocols. Informed
consent was obtained from parents or guardians for each pa-
tient prior to study enrolment and the initiation of therapy.

Patients on each of the three protocols were stratified into
risk groups according to NCI age and leucocyte count criteria,
on the basis of presenting characteristics. Standard risk patients
met all of the following criteria: age 1-9.99 years, white blood cell
(WBC) count less than 50,000/pL, B-precursor phenotype, no evi-
dence of central nervous system (CNS) leukaemia (defined as
CNS-1 or CNS-2 on Protocols 00-01 and 05-01, and CNS-1 on Pro-
tocol 95-01), and absence of a mediastinal mass (Protocol 95-01
and 00-01). All other patients were designated as high risk,
including all patients with T-cell phenotype. Patients with Phila-
delphia chromosome-positive (Ph+) ALL were initially treated as
high risk, but underwent allogeneic haematopoietic stem cell
transplantation after achieving complete remission (CR). On
Protocol 05-01, Ph+ patients received imatinib prior to stem cell
transplantation. On Protocol 00-01, patients with MLL-rear-
ranged ALL received one additional intensification cycle (includ-
ing high-dose methotrexate and high-dose cytarabine). On
Protocol 05-01, a third risk group, very high risk, was established.
Patients were assigned to the very high risk arm in the setting of
MLL gene rearrangement, hypodiploidy, or high minimal resid-
ual disease at the end of the 4-week induction phase.'’

2.2. Therapy

We analysed data from children and adolescents with high
risk and very high risk ALL who received dexrazoxane as a
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cardioprotectant. Standard risk patients received a cumula-
tive dose of doxorubicin of only 60 mg/m? never received
dexrazoxane, and are not included in this analysis. Details
of the treatment regimens have been previously pub-
lished.®'®° Therapy on the high risk arm of Protocols 95-01
and 00-01 consisted of the following four phases: (1) a 4-week
induction phase with vincristine, prednisone, doxorubicin,
methotrexate, and r-asparaginase; (2) a CNS-intensification
phase, including intrathecal chemotherapy, cranial radiation
(18 Gy on Protocol 95-01, 12 Gy on 00-01) as well as doxorubi-
cin, vincristine and 6-mercaptopurine; (3) a 30-week intensifi-
cation phase with weekly asparaginase and every 3 week
cycles with vincristine, 5-day pulses of steroid, 14-day courses
of 6-mercaptopurine, and doxorubicin 30 mg/m?*/dose; and (4)
a continuation phase consisting of cycles once every 3 weeks
of vincristine, steroid, 6-mercaptopurine, and methotrexate.

Protocol 05-01 was composed similarly, with the following
differences: the addition of a 3-day methylprednisolone pro-
phase prior to remission induction, some high risk patients
were treated without cranial radiation, and the intensification
phase was divided into two phases (consolidation I and II)
separated by the CNS intensification phase. The consolidation
I phase included high-dose methotrexate, doxorubicin, vin-
cristine, 6-mercaptopurine, and intrathecal methotrexate;
very high risk patients received a more-intensified consolida-
tion I phase with the addition of two cycles including
cyclophosphamide, low-dose and high-dose cytarabine,
6-mercaptopurine, dexamethasone, L-asparaginase, and eto-
poside (100 mg/m?/day for three doses). The consolidation II
phase included 30 consecutive weeks of L-asparaginase and
every 3 week cycles with vincristine, steroid, 6-mercaptopur-
ine, and doxorubicin as above. Prednisone was utilised as
the post-induction steroid in Protocol 95-01, Protocol 00-01 in-
cluded a randomised comparison of prednisone and
dexamethasone, and dexamethasone was utilised in Protocol
05-01. Therapy for each patient was continued until
24 months of continuous complete remission.

On all three protocols, each doxorubicin dose was admin-
istered at 30 mg/m? to a total cumulative dose of 300 mg/m?
in high risk and very high risk patients. On Protocol 95-01,
children with high risk ALL were randomly assigned to re-
ceive doxorubicin preceded by dexrazoxane (300 mg/m?/dose,
10 doses) or the same dose of doxorubicin without dexrazox-
ane. On Protocols 00-01 and 05-01, all high risk and very high
risk patients received doxorubicin preceded by dexrazoxane.
Dexrazoxane was administered by rapid intravenous infusion
immediately prior to each dose of doxorubicin during the
induction and intensification phases.

2.3.  Reporting of second malignant neoplasms

Cases of SMNs were collected prospectively through required
reporting by participating institutions. Institutions were re-
quired to report annually on relapse, incidence of SMN, and
survival status for each patient. Following relapse, annual
survival data was required. For deceased patients, cause of
death was collected, and SMN was provided as the possible
cause of death. A SMN was defined as any malignancy occur-
ring after the primary diagnosis of ALL, and was intended to

include skin cancers, meningioma, AML/MDS or any other
malignancy.

2.4. Statistical methods

We determined the frequency and estimated the 5-year
cumulative incidence of AML/MDS and of all SMNs for high
risk and very high risk patients who had received dexrazox-
ane with doxorubicin on Protocols 95-10, 00-01 and 05-01. In-
cluded in this pooled analysis were all high risk and very high
risk patients who achieved CR; those with induction failure or
who died during induction were excluded from the analysis.
Relapse and death in remission were identified as competing
risks. SMNs after relapse were not included in this analysis
because of the possibility of incomplete ascertainment of
SMN following relapse and the potential impact of relapse
therapy on the development of SMN. We note that this did
not exclude any known SMNs. Data after stem cell transplan-
tation was included. The rate of SMNs, along with the stan-
dard error of that rate, was estimated using the method of
cumulative incidence, as implemented in the cmprsk package
in R.?>?! patients who were last known to be alive without re-
lapse and without SMN were censored in the cumulative inci-
dence analysis. Although SMNs were collected prospectively
on each protocol, this combined analysis of SMNs was not
pre-specified.

Protocols 95-01 and 00-01 ended when full accrual was
met, and Protocol 05-01 continues to actively accrue patients.
Patients registered on Protocol 05-01 through February 2010
were included in the analysis.

Protocol 95-01 is registered with ClinicalTrials.gov with
identifier NCT00165087, Protocol 00-01 with identifier
NCT00165178, and Protocol 05-10 with identifier NCT00400946.

2.5.  Role of the funding source

The funding source had no involvement in the study design,
data collection, analysis or interpretation, or writing of the
manuscript. The corresponding author had full access to all
data and the final responsibility to submit the manuscript
for publication.

3. Results

3.1. Patient characteristics

Between January 1996 and February 2010, 590 patients from
the three protocols were classified as high risk or very high
risk, and were to receive dexrazoxane as a component of pro-
tocol therapy. This included 105 high risk patients from
Protocol 95-01 who were randomly assigned to receive dex-
razoxane, all 210 high risk patients from Protocol 00-01, and
275 high risk or very high risk patients on Protocol 05-01. Ex-
cluded from this analysis were 26 patients who did not
achieve a CR with induction therapy (3 patients on 95-01, 13
on 00-01, and 10 on 05-01), and 11 patients who died during
induction therapy (1 on 95-01, 1 on 00-01, and 9 on 05-10)
(Fig. 1). Therefore, the analysis included 553 high risk and very
high risk patients; 101 from Protocol 95-01, 196 from Protocol
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00-01, and 256 from Protocol 05-01 (190 high risk and 66 very
high risk). Patients presenting clinical characteristics are dis-
played in Table 1. The 5-year incidence of relapse or death in
remission for these 553 patients was 17.8 + 2.0%.

3.2.  Frequency and cumulative incidence of second
malignant neoplasms and AML/MDS

The number of SMNs observed by protocol was 0 on Protocol
95-01 (median follow-up 9.6 years, range 1.3-13.6 years), 0 on
Protocol 00-01 (median follow-up 5.2years, range
0.2-8.5years), and 1 on 05-01 (median follow-up 2.1 years,
range 0.2-5.1years). The SMN was a case of AML that oc-
curred in a patient with MLL-rearranged ALL treated on the
very high risk arm of Protocol 05-01. Cytogenetic analyses of
bone marrow aspirate samples were notable for a karyotype
with a t(1;11) translocation at the initial ALL diagnosis and a
t(11;19) translocation at the subsequent diagnosis of AML,
suggesting that this was a case of secondary leukaemia and
not due to phenotypic shift of the original leukaemic clone.
The SMN was diagnosed 2.14 years after enrolment on Proto-
col 05-01. With 3.8years median follow-up (range 0.2-
13.6 years), the overall 5-year estimated cumulative incidence
of SMNs for all 553 patients was 0.24 + 0.24% (95% confidence
interval 0.02-1.29%).

4. Discussion

Dexrazoxane is a cardioprotective agent that has been shown
to prevent the cardiotoxicity associated with anthracycline
exposure.’™™? We have reported that dexrazoxane provided
long-term cardioprotection without compromising oncologic
efficacy in children treated for high-risk acute lymphoblastic
leukaemia.’™** Here, we report that in a large population of
children with high risk ALL who received dexrazoxane as a
cardioprotectant drug, occurrence of a SMN was an extremely
rare event, observed in only 1 out of 553 patients.

Our findings contrast with a previous report from the Pedi-
atric Oncology Group assessing a population of children with
Hodgkin lymphoma who also received dexrazoxane as a car-
dioprotectant in the context of a randomised trial.'® On that
trial, among 239 patients treated with dexrazoxane, there
were eight SMNs (six AML/MDS and two solid tumours) com-
pared with two SMNs in those treated without dexrazoxane
(one AML and one MDS). With a median follow-up of
4.8 years, the 4-year cumulative incidence rate for any second
malignancy was 3.43 + 1.2% in the group receiving dexrazox-
ane, compared with 0.85+ 0.6% for those not receiving dex-
razoxane (P =0.06). Of note, two of the SMNs occurred after
relapse, so the increased risk of SMN observed in dexrazox-
ane-treated patients on that trial may have been, in part,
due to the effects of salvage therapies. The difference in the
incidence of SMN did not effect the event-free survival of
the two groups (86% versus 88%). Possible explanations for
the discrepancies in findings between our paediatric ALL pop-
ulation and the Hodgkin lymphoma population include differ-
ences in the underlying malignancy, other concurrently
administered therapies, as well as cumulative dexrazoxane
dose and schedule. In addition, our analysis did not include
SMN after relapse therapies.

Although SMNs are known to occur after treatment for
either ALL or Hodgkin lymphoma, the overall incidence of
SMNs has been recognised to be higher in long-term survivors
of Hodgkin lymphoma.?? The cumulative incidence of SMNs
in survivors of Hodgkin lymphoma in childhood has been re-
ported to be as high as 7-18% at 15 years of follow-up,”*?*
although lower rates are described with reduced alkylator
exposure and lower radiation doses.*?*?” In long-term fol-
low-up reports from a series of clinical trials of over 4000 chil-
dren treated for ALL, the cumulative incidence of SMNs
ranged from less than 1-9.9%, with the highest rates in etopo-
side-containing regimens, reflecting cases of secondary
AML.?82° Most studies that did not include etoposide reported
rates of SMNs from less than 1-2%.>”?° Our findings are

| Protocol 95-01 |

| Protocol 00-01 |

Protocol 05-01

v

105 HR patients
randomized to
dexrazoxane

v

210 HR patients

A

A

| 275 HR and VHR patients |

Excluded from SMN analysis
-Induction failure (N=3)

-Induction death (N=1)

Excluded from SMN analysis
-Induction failure (N=13)

-Induction death (N=1)

Excluded from SMN analysis
-Induction failure (N=10)
-Induction death (N=9)

v

|

v

101 HR patients
Included in analysis

196 HR patients
Included in analysis

256 HR + VHR patients
Included in analysis

A

4

/

553 patients included
in SMN analysis

Fig. 1 - Selection process of 553 patients with high risk or very high risk acute lymphoblastic leukaemia in an analysis of the
incidence of second malignant neoplasms after treatment with dexrazoxane.
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Table 1 - Patient characteristics of children and adolescents treated for high risk or very high risk acute lymphoblastic

eukaemia (ALL) who achieved complete remission (CR) and received dexrazoxane on Protocols 95-01, 00-01, or 05-01.

N (%) N (%) N (%) N (%)
Protocol Overall 95-01 00-01 05-01
N 590 105 210 275
Induction failure 26 3 13 10
Induction death 11 1 1 9
N evaluable 553 101 196 256
Age (years), median (range) 10 (<1, 17) 7 (<1, 17) 10 (1, 17) 10 (1, 17)
Sex
Female 226 (41) 39 (39) 85 (43) 102 (40)
Male 327 (59) 62 (61) 111 (57) 154 (60)
White blood cell (WBC), median (range) 33.1 (0.6, 875.0) 41.9 (1.9, 875.0) 36.4 (1.2, 655.0) 29.9 (0.6, 793.5)
Immunophenotype
T-cell 131 (24) 24 (24) 42 (21) 65 (25)
B-cell 419 (75) 76 (75) 152 (78) 191 (75)
Unknown 3(2) 1(1) 2 (1) 0 (0)
CNS status
1 389 (70) 68 (67) 153 (78) 168 (66)
2 102 (18) 20 (20) 28 (14) 54 (21)
3 27 (5) 5 (5) 15 (8) 7 (3)
Traumatic tap 32 (6) 6 (6) 0 (0) 26 (10)
Unknown 3(1) 2(2) 0 (0) 1 (<1)
Mediastinal mass
Yes 69 (12) 15 (15) 25 (13) 29 (11)
No 480 (87) 84 (83) 171 (87) 225 (88)
Not evaluated 4 (1) 2 (2) 0 (0) 2 (1)

consistent with these regimens, none of which contained
dexrazoxane, reporting low SMN rates.

The use of etoposide in the study reported by Tebbi and col-
leagues is an important difference in treatment exposures
when considering their SMN results and those reported here.
Etoposide is a topoisomerase II inhibitor associated with the
development of SMNs, particularly acute myeloid leukaemias
and myelodysplasia.>**> Dexrazoxane is a bisdioxopiperazine
that acts as a topoisomerase II inhibitor,?® and doxorubicin is
considered a weak topoisomerase Il inhibitor.>” Our data dem-
onstrate the absence of any SMNs in 487 high risk children with
ALL who achieved a CR, treated with dexrazoxane, but not eto-
poside. Since 2005, treatment on our protocol for very high risk
patients has included three doses of etoposide (cumulative
dose 300 mg/m?). It is interesting to note that the single SMN
in this analysis occurred in a very high risk patient. Continued
follow-up of the very high risk cohort will be required to deter-
mine whether the inclusion of etoposide (even at a relatively
low cumulative dose not previously associated with an in-
creased risk of secondary leukaemias)*® significantly impacts
the incidence of secondary AML. While it is also possible that
the SMN noted in our cohort may not be treatment-related,
but rather a relapse with lineage shift in a patient with MLL
rearrangement at initial diagnosis, the karyotype findings sug-
gest that this was not a case of clonal evolution.*

The Pediatric Oncology Group conducted a randomised
trial of dexrazoxane in 363 patients with T-ALL (POG 9404).*
The backbone of therapy for POG 9404 was based on DFCI
ALL Consortium Protocol 87-01, which was similar to the high
risk/very high risk treatment of the patients described here,

except that the cumulative anthracycline dose on Protocol
87-01 was higher (360 mg/m?).** On POG 9404, the use of dex-
razoxane did not adversely impact event-free survival. SMNs
occurred in 2.8 + 1.2% of all patients, with a trend towards in-
creased SMN in dexrazoxane-treated patients (cumulative
incidence 4.2 + 2.2% in those treated with dexrazoxane com-
pared with 1.3+ 0.9% in those treated without dexrazoxane),
although the result did not reach statistical significance
(P =0.15). Our finding presented here, assessing a larger co-
hort of patients treated with a nearly identical regimen, did
not suggest an elevated risk of SMN when dexrazoxane was
included in this therapeutic backbone.

Included in our report are 101 patients from Protocol 95-01
who were randomised to receive dexrazoxane with doxorubi-
cin rather than doxorubicin alone. We previously reported
that there were no SMNs among those receiving dexrazoxane
and a total of three SMNs in high risk patients receiving doxo-
rubicin alone, one of which occurred in the first 5 years fol-
lowing diagnosis.’®*? Now, with a median follow-up of
9.6 years, there have been no additional second malignancies
in the dexrazoxane-treated group.

5. Limitations of the study

There are limitations to this analysis. Excluded from this
analysis were those with induction failure, as our information
with regard to further treatment or the development of SMNs
following induction failure may be limited. No SMNs after
induction failure were reported. In addition, the median fol-
low-up on our most recent protocol was relatively short.
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Although our pooled analysis has a median follow-up of only
3.8 years, cases of MLL-rearranged AML and MDS (the most
common type of SMN associated with topoisomerase II inhib-
itors, like dexrazoxane) typically manifest within 2-3 years
from initial diagnosis.*® Indeed, the overall median follow-
up of our pooled cohort is comparable to the report from Teb-
bi and colleagues, in which the median time to AML/MDS was
relatively early (26 months). Finally, this analysis was not pre-
specified at the time of protocol creation. Nonetheless, this
pooled analysis represents a large group of childhood ALL pa-
tients exposed to dexrazoxane as a cardioprotectant.

6. Conclusions

Our findings suggest that dexrazoxane was not associated
with an elevated risk of AML/MDS in children and adolescents
with high risk ALL. We recommend continued use of dex-
razoxane as a cardioprotectant in doxorubicin-containing
childhood ALL regimens. Given that anthracyclines are used
in a variety of paediatric malignancies and, while efficacious,
are associated with significant risk of cardiotoxicity, the con-
tinued investigation of dexrazoxane as a cardioprotectant in
other neoplasms is warranted, with close surveillance of
SMN incidence.
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