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A B S T R A C T

Purpose
In pediatric relapsed acute myeloid leukemia (AML), optimal reinduction therapy is unknown. Studies
suggest that liposomal daunorubicin (DNX; DaunoXome; Galen, Craigavon, United Kingdom) is effective
and less cardiotoxic, which is important in this setting. These considerations led to a randomized phase
III study by the International Berlin-Frankfurt-Münster Study Group.

Patients and Methods
Patients with relapsed or primary refractory non–French-American-British type M3 AML who were
younger than 21 years of age were eligible. Patients were randomly assigned to fludarabine,
cytarabine, and granulocyte colony-stimulating factor (FLAG) or to FLAG plus DNX in the first
reinduction course. The primary end point was status of the bone marrow (BM) sampled shortly
before the second course of chemotherapy (the day 28 BM). Data are presented according to
intention-to-treat for all 394 randomly assigned patients (median follow-up, 4.0 years).

Results
The complete remission (CR) rate was 64%, and the 4-year probability of survival (pOS) was 38%
(SE, 3%). The day 28 BM status (available in 359 patients) was good (� 20% leukemic blasts) in
80% of patients randomly assigned to FLAG/DNX and 70% for patients randomly assigned to
FLAG (P � .04). Concerning secondary end points, the CR rate was 69% with FLAG/DNX and 59%
with FLAG (P � .07), but overall survival was similar. However, core-binding factor (CBF) AML
treated with FLAG/DNX resulted in pOS of 82% versus 58% with FLAG (P � .04). Grade 3 to 4
toxicity was essentially similar in both groups.

Conclusion
DNX added to FLAG improves early treatment response in pediatric relapsed AML. Overall
long-term survival was similar, but CBF-AML showed an improved survival with FLAG/DNX.
International collaboration proved feasible and resulted in the best outcome for pediatric relapsed
AML reported thus far.

J Clin Oncol 31:599-607. © 2013 by American Society of Clinical Oncology

INTRODUCTION

Survival is currently achieved in more than 60% of
children with acute myeloid leukemia (AML).1-3

The most frequent type of treatment failure is re-
lapse, occurring in 30% to 40% of patients. Pediatric
relapsed AML has a probability of overall survival
(pOS) of 16% to 34%, with more recent studies
showing relatively better outcome.4-12 There have
been no randomized studies in these patients, and
much is unknown, including optimal reinduc-
tion therapy.

Cardiotoxicity owing to higher cumulative
doses of anthracyclines is a concern, especially in

children.13-15 Moreover, Webb et al11 reported that
different reinduction regimens with and without an
anthracycline had more or less similar efficacy in
pediatric relapsed AML, although numbers were
small. Fludarabine, cytarabine, and granulocyte
colony-stimulating factor (FLAG) is a well-known
reinduction regimen in AML.16,17 Because there is
no evidence that anthracyclines improve survival
from relapsed AML, whereas there is evidence that
higher cumulative doses of anthracyclines increase
the risk of late cardiotoxicity, study Relapsed AML
2001/01 was designed to randomly assign for FLAG
versus FLAG plus an anthracycline, instead of com-
paring different anthracyclines added to FLAG.
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Liposomally entrapped daunorubicin (DNX; DaunoXome; Galen,
Craigavon, United Kingdom) was selected, because preclinical and
animal studies and limited clinical data suggest that DNX is less
cardiotoxic.18-22 Indeed, liposomal anthracyclines in general cause less
cardiotoxicity than conventional anthracyclines.23 This study was also
based on the AML Berlin-Frankfurt-Münster (BFM) REZ97 study,
which applied DNX plus cytarabine in reinduction, showing no clin-
ically relevant cardiotoxicity.24

This worldwide study is the largest of its kind and is the first
randomized study in pediatric relapsed AML.

PATIENTS AND METHODS

Patients

Patients were eligible if they were in first relapse or had primary
refractory AML and were younger than 21 years. All randomly assigned
patients with information on leukemic blast percentage in the bone marrow
(BM) on day 28 were included, independent of that percentage pretreatment,
the latter to allow evaluating any differential effect on progressive disease (Fig
1). Ineligible patients included those with acute promyelocytic leukemia,
patients older than 18 years at initial diagnosis, and patients with symp-
tomatic cardiac dysfunction, fractional shortening less than 29%, and/or
performance status less than 40%. Patient enrollment (13 groups, 20
countries) lasted from November 2001 until April 1, 2009. Human inves-
tigations were performed after approval by a local human investigations
committee and in accordance with an assurance filed with and approved by
the Department of Health and Human Services. The study was conducted
in accordance with the Declaration of Helsinki.

Treatment

Courses were not to commence less than 28 days from the start of the
previous course and should start on blood cell count recovery (platelets �
50 � 109/L, neutrophils � 1.0 � 109/L; Fig 2A).

Reinduction. Patients were randomly assigned to FLAG or FLAG/
DNX 1:1 in the first reinduction course (Fig 2B). The 5-day FLAG
regimen without DNX was the second course. DNX was not provided
free of charge for the international study, and there was no outside
funding for the trial.

Consolidation. Consolidation was advised to bridge the time to trans-
plant, if necessary. High-intensity consolidation consisted of cytarabine
(500 mg/m2/d via continuous infusion for 4 days) and etoposide (100
mg/m2/dose twice daily for 4 days). Low-intensity consolidation, for pa-

tients with a poor condition and/or shorter time to transplant, consisted of
thioguanine (100 mg/m2/dose once daily, maximum of 4 weeks) and
cytarabine (75 mg/m2/dose once daily subcutaneously for 4 days, every
other week).

CNS-directed treatment. Each course started with intrathecal cytara-
bine. In case of CNS involvement, triple (methotrexate, cytarabine, pred-
nisolone) intrathecal medication at age-adjusted doses was given every 7 days
until 1 week after complete clearance of leukemic blasts. Then two more doses
were given. Cranial irradiation was not recommended.

Allogeneic stem-cell transplantation (alloSCT) was indicated in all pa-
tients achieving complete remission (CR), preferably using a matched sibling
donor, alternatively with a matched unrelated donor. If not available, patients
in early relapse and those with primary refractory disease were permitted to
undergo haplo-identical donor SCT, whereas patients with late relapsed AML
were to undergo autologous SCT. Guidelines for conditioning regimens con-
sisted of either total-body irradiation with cyclophosphamide, or busulphan,
cyclophosphamide, melphalan.

Treatment Response Monitoring

Early treatment response was documented by BM examination shortly
before the start of the second reinduction course (the day 28 BM). If the day 28
BM showed more than 20% blasts, patients were removed from protocol and
became eligible for more experimental therapy such as gemtuzumab ozogami-
cin25 or methotrexate,26 or received no further treatment. This was based on
unpublished data from the BFM-AML group that such patients have a very
poor outcome (Appendix Fig A1, online only), even with the limitation that
blast percentage was determined by morphology. There were no guidelines for
additional immunophenotyping of blasts, but control by flow cytometry was
done in most patients. A second BM aspiration was performed 28 to 42 days
after start of the second course of chemotherapy. Patients not achieving CR
were taken off protocol but resumed in follow-up. BM and cytogenetic results
were centrally reviewed at the national level.

Toxicity Monitoring

Toxicity monitoring was performed after each treatment course accord-
ing to National Cancer Institute Common Toxicity Criteria version 2.0.

Definitions

Definitions were as reported previously (Appendix Table A1, online
only).9,27,28 CR was defined as � 5% leukemic blasts in BM with signs of
normal hematopoiesis and of regeneration of normal peripheral-blood cell
production (platelets � 50 � 109/L without transfusions, neutrophils �
1.0 � 109/L) and no leukemic cells in the peripheral blood or any-
where else.

Randomly assigned
(N = 394)

FLAG
(n = 197)

Refractory
(n = 71)

Early death
(n = 9)

FLAG/DNX
(n = 197)

CR (n = 117)
  CCR (n = 61)
  Death in CR (n = 19)
  Relapse (n = 37)
    Alive (n = 5)
    Death (n = 32)

Refractory
(n = 54)

Early death
(n = 8)

CR (n = 135)
  CCR (n = 63)
  Lost to follow-up (n = 2)
  Death in CR (n = 15)
  Relapse (n = 55)
    Alive (n = 7)
    Death (n = 48)

Fig 1. Flow diagram of randomly as-
signed patients enrolled in study Relapsed
AML 2001/01. CR, complete remission;
CCR, complete continuous remission; DNX,
liposomal daunorubicin; FLAG, fludara-
bine, cytarabine, and granulocyte colony-
stimulating factor.
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Statistics

The primary end point of the study was the day 28 BM status. Secondary
end points included CR after two courses, relapse, long-term survival, and
toxicity. All living patients were censored at the time of last follow-up, but no
later than January 1, 2011. The Kaplan-Meier method was used to estimate
survival rates, and differences were compared with the two-sided log-rank test.
The Cox proportional hazards model was used for univariate and multivariate
analyses. Cumulative incidence functions for competing events were con-
structed by the method of Kalbfleisch and Prentice and compared with Gray’s
test. Results are presented as probability of death in CR, estimated cumulative
incidence of relapse (pCIR), and estimated 4-year pOS with SE (� SE). Possi-
ble heterogeneity of the therapeutic effect of DNX in subgroups was analyzed
post hoc by estimation of the odds ratios for early treatment response and
overall survival (OS) for each of several subgroups, defined according to time
to relapse (early and late relapse) and cytogenetics (favorable (t(8;21) and
inv(16)) and nonfavorable; there were not enough patients to allow a subdivi-
sion of the nonfavorable subgroup). Differences in the distribution of individ-
ual parameters among patient subsets were analyzed using Fisher’s exact test
for categorized variables and the Mann-Whitney U test for continuous vari-
ables. Analyses were conducted using SAS (SAS-PC, version 9.1; SAS Institute,
Cary, NC).

This open-label study needed to enroll 360 fully eligible and randomly
assigned patients, with information on the primary end point, to demonstrate
(with 80% power and a two-sided � level of .05) that adding DNX to FLAG
resulted in at least a 15% higher good early treatment response rate. Block
randomization with block size 4 was done with a central interactive comput-
erized system, stratified by study group and time to relapse on a 1:1 basis.
Ultimately, 394 randomly assigned patients resulted in 359 patients with in-
formation on the primary end point.

RESULTS

General Information

Data are presented according to intention to treat, with a median
follow-up time of 4.0 years. Most data concern the group of 394
randomly assigned patients, including 35 patients in whom the pri-
mary end point was unknown (Fig 1). In total, 568 patients with
refractory or relapsed AML were registered. Reasons not to randomize
(n � 174) included lack of availability of DNX in two time periods and
the decision to opt for palliative or experimental treatment. Registra-
tion of patients was done independent from the decision to participate
in this trial. Treatment administered in the first course matched treat-
ment assigned in 96% of patients. Adherence to FLAG as second
course was lower, and 11% of patients received another type of second
course of treatment.

Detailed Information on Treatment

The distribution among different types of consolidation and SCT
was well-balanced (Appendix Table A2, online only). Type of alloSCT
was also well-balanced among both treatment arms in the total group
of patients as well as in the subgroup of patients with core-binding
factor (CBF) AML. Time to transplant did not differ between patients
who received FLAG (from CR, median 107 days) or FLAG/DNX
(median, 105 days).

A

B

Time (days)

R

Fludarabine 30 mg/m2/day
(after administration of filgrastim)

Cytarabine 2,000 mg/m2/day
(begin 4 hours after start of fludarabine)

Filgrastim (G-CSF)
200 µg/m2/dose, immediately
followed by fludarabine

DNX 60 mg/m2/day
after administration of fludarabine

Intrathecal medication

0 1 2 3 4 5

Reinduction Consolidation Stem-cell transplantation

No CR

If CR

If CR

No CR

Early relapse/refractory/etc
1. MSD
2. MUD
3. Autologous/haplo-identical

Late relapse
1. MSD
2. MUD
3. Autologous

SCT

Off study

Off study

Intensive
or
low
intensive

FLAG FLAG

If BM blasts > 20%:
off study

FLAG
+ DNX

FLAG

Fig 2. (A) Outline of pediatric study
Relapsed Acute Myeloid Leukemia (AML)
2001/01; (B) fludarabine, cytarabine, and
granulocyte colony-stimulating factor
(FLAG) � liposomal daunorubicin (DNX)
schedule. Consolidation chemotherapy
guidelines were provided for patients in
whom allogeneic stem-cell transplantation
(alloSCT) was not available immediately
after achieving complete remission (CR).
Otherwise, alloSCT was advised immedi-
ately after the two reinduction courses.
BM, bone marrow; G-CSF, granulocyte
colony-stimulating factor; MSD, matched
sibling donor; MUD, matched unrelated
donor; R, random assignment.
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Characteristics of Randomly Assigned Patients and

Overall Outcome Results

Randomly assigned patients seem to be an unselected cohort, except
that fewer patients with primary refractory disease were randomly as-
signed. Patients with relapsed and refractory AML had to be registered,
even if salvage treatment was not considered (Appendix Table A3,
online only).

Table 1 shows characteristics of the randomly assigned pa-
tients, which were as expected, although CBF-AML was detected in
20% of all randomly assigned patients. Patients with less than 20%

BM blasts before treatment were well-balanced between both arms

(Table 1), as were patients with less than 5% BM blasts (eight with

FLAG and 12 with FLAG/DNX). Table 2 shows outcome parame-

ters in the total group of randomly assigned patients. Refractory

disease and relapse were the most frequent events, occurring in

56% of patients. The overall 4-year pOS was 38% (SE, 3%). When

analyzing the 568 patients together, to allow a comparison with

outcome reported by other groups, overall 4-year pOS was 36%

(SE, 2%; Fig 3A).

Table 1. Comparability of Both Treatment Arms for Patients Treated With FLAG or FLAG/DNX in the First Course of Reinduction Chemotherapy

Characteristic

FLAG (n � 197) FLAG/DNX (n � 197)

No. % No. %

Sex
Female 79 40 84 43
Male 118 60 113 57

Age, years
Median 10 9
Range 0-19 0-19

WBC, � 109/L
Median 4.2 3.7
Range 0.4-267 0.4-950

Pretreatment % blasts in bone marrow�

Median 50 50
Range 0-99 0-100

Patients with � 20% leukemic blasts pretreatment 39 20 31 16
Platelet count, � 109/L

Median 67 70
Range 1-477 6-587

FAB type (percentages calculated without “unknown”)
M0 13 8 14 8
M1 24 15 28 17
M2, all cases 52 32 36 22

With Auer rods 40 27
M4, all cases 32 20 31 19

With eosinophilia 8 11
M5 23 14 38 23
M6 6 4 8 5
M7 13 8 12 7
Unknown 34 30

Cytogenetics† (percentages calculated without “unknown”)
Favorable‡ 34 19 36 21
Nonfavorable 141 81 134 79
Unknown 22 27

Site of relapse (percentages calculated without “unknown”)
Isolated BM 155 86 151 82
Combined including BM 19 11 26 14
Extramedullary 6 3 8 4
Unknown 17 12

Disease status§
Early relapse 90 46 95 48
Late relapse 95 48 87 44
Primary refractory disease 12 6 15 8

Abbreviations: BM, bone marrow; DNX, liposomal daunorubicin; FAB, French-American-British; FLAG, fludarabine, cytarabine, and granulocyte colony-stimulating
factor.

�Unknown in 22 and 24 patients, respectively.
†In 43 patients, cytogenetics were known at initial diagnosis but not at relapse; in these patients, that information was used; in all other patients, cytogenetics at

relapse was used.
‡Favorable: t(8;21), inv(16) or t(16;16); nonfavorable: all other patients with known cytogenetics. There were not enough patients with adverse cytogenetic features

to allow a meaningful further subdivision of the nonfavorable subgroup into an adverse and intermediate one.
§Early relapse occurs within 1 year from initial diagnosis; late relapse occurs after 1 year.
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For comparison of both treatment arms in terms of characteris-
tics and outcome, see Figure 1, Tables 1 and 2, and Appendix Table A4,
online only.

Clinical and cell biologic features were not significantly differ-
ent between both treatment arms for the total group (Table 1), nor
for the subgroup of patients with favorable cytogenetics (Appendix
Table A4).

Patients randomly assigned to FLAG/DNX had a 10% higher
early good response rate than those randomly assigned to FLAG
(80% v 70%; P � .04; difference 10%, 95% CI, 1% to 18%; odds
ratio, 0.60; 95%, CI 0.37 to 0.97). Among patients with less than
20% BM blasts before randomization, 10 of 39 patients assigned to
FLAG had more than 20% BM blasts on day 28, as compared with
only three of 31 assigned to FLAG/DNX (P � .088). In patients
with 10% to 20% BM blasts before treatment, four of seven patients

assigned to FLAG had more than 20% BM blasts on day 28, as
compared with one of 10 patients assigned to FLAG/DNX (P �
.62). The median absolute percentages of leukemic blasts in the
BM on day 28 was 4% (range, 0 to 100%) in the FLAG arm and
1% (range, 0 to 97%) in the FLAG/DNX arm (P � .001). In a
logistic regression model with the variables treatment arm, time
to relapse (early or late), and cytogenetics, the odds ratio for
early treatment response was 0.48 (95% CI, 0.25 to 0.91, P �
.03) in favor of FLAG/DNX.

In patients with early relapsed AML (47% of all patients), the
difference in obtaining a good early treatment response was 16% in
favor of FLAG/DNX (70% v 54%; P � .04; odds ratio, 0.49; 95% CI,
0.26 to 0.94), whereas in patients with late relapsed AML, it was 6% in
favor of FLAG/DNX (90% v 84%; P � .36; odds ratio, 0.60; 95% CI,
0.25 to 1.52). In patients with CBF-AML, there were only two poor

Table 2. Clinical Outcome for the Total Group of Randomly Assigned Patients With Pediatric Relapsed AML and Per Treatment Arm in the First Course of
Reinduction Chemotherapy

Parameter

Randomly Assigned Group FLAG FLAG/DNX

P�% SE 95% CI % SE 95% CI % SE 95% CI

No. of patients 394 197 197

Early treatment response on day 28† .04

Day 28 BM � 20% leukemic blasts (good)

No. 269 127 142

% 75 70 80

Day 28 BM � 20% leukemic blasts (poor)

No. 90 54 36

% 25 30 20

Data on remission

No CR

No. 142 80 62

% 36 41 32

Early death rate .80

No. 17 9 8

% 4 5 4

Refractory disease .07

No. 125 71 54

% 32 36 27

CR after 2 courses .07

No. 252 117 135

% 64 59 69

Survival data

Probability of death in CR at 4 years 8 1 10 2 7 2 .48

pCIR at 4 years 24 2 19 3 29 3 .02

pOS at 4 years 38 3 33 to 43 36 4 29 to 43 40 4 33 to 48 .54

pOS at 4 years in subgroups

Primary refractory 39 10 20 to 58 33 14 7 to 60 47 13 21 to 72 .69

Early relapse 28 3 21 to 35 29 5 19 to 39 28 5 18 to 37 .74

Late relapse 48 4 40 to 56 43 5 33 to 54 54 6 42 to 65 .41

Favorable cytogenetics 70 6 59 to 81 58 9 40 to 75 82 6 69 to 95 .04

Nonfavorable cytogenetics 32 3 26 to 38 34 4 26 to 42 30 4 21 to 38 .50

Unknown cytogenetics 34 4 26 to 42 17 8 2 to 33 38 9 20 to 56 .24

Abbreviations: BM, bone marrow; CR, complete remission; DNX, liposomal daunorubicin; FLAG, fludarabine, cytarabine, and granulocyte colony-stimulating factor;
pCIR, estimated cumulative incidence of relapse; pOS, probability of overall survival.

�Based on comparisons between randomly assigned patients treated with FLAG or FLAG/DNX.
†Not available in 16 and 19 patients treated with FLAG and FLAG/DNX, respectively (P � .60), because of early death (nine and eight patients, respectively)

and because of persisting or progressive disease in the peripheral blood or elsewhere leading to the decision not to sample BM (seven and 11 patients,
respectively).
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early treatment responders, both treated with FLAG only, whereas 31
of 33 and all 36 patients treated with FLAG and FLAG/DNX, respec-
tively, achieved a good early treatment response. Within the relatively
large subgroup of patients without favorable cytogenetics, the early
good response rate was 10% higher with FLAG/DNX than with FLAG
(76% v 64%; P � .048; odds ratio, 0.57; 95% CI, 0.33 to 0.99).

Data on secondary end points are shown in Table 2. The
CR rate was 10% higher with FLAG/DNX (69% v 59%;
P � .07). The same trend was seen within the early and late relapsed
AML subgroups, with respectively a 14% and 10% higher CR rate
with FLAG/DNX. Within cytogenetic subgroups, comparing out-
come in the FLAG and FLAG/DNX arms, the CR rate was 91% and
97%, respectively, for CBF-AML; 55% and 62%, respectively, for
the subgroup with other cytogenetics; and 39% and 61%, respec-
tively, for the subgroup with unknown cytogenetics. The better
initial treatment response with FLAG/DNX was counterbalanced
by a higher CIR, with a pCIR at 4 years of 29% (SE, 3%) versus 19%
(SE, 3%) with FLAG only (P � .02). Probability of death in CR at 4
years was similar in both treatment arms (7% [SE, 2%] with
FLAG/DNX and 10% [SE, 2%] with FLAG only; P � .46). Thus
4-year pOS was not significantly better with FLAG/DNX than with
FLAG (40% [SE, 4%] and 36% [SE, 4%], respectively; P � .54; Fig
3B). Within the subgroup of patients with CBF-AML, the 4-year
pOS with FLAG/DNX was 82% (SE, 6%) versus 58% (SE, 9%) with
FLAG (P � .04; Fig 3C). pCIR at 4 years was 17% (SE, 7%) versus
22% (SE, 8%), respectively (P � .59). Treatment after course 1 did
not differ between both arms in this subgroup either (data
not shown).

At univariate and multivariate analysis, treatment with FLAG or
FLAG/DNX was not a prognostic factor regarding OS. At Cox regres-
sion analysis of all randomly assigned patients regarding pOS, includ-
ing treatment arm, time to relapse, and cytogenetics, the P value for the
interaction of favorable risk by cytogenetics and the effect of DNX/
FLAG is 0.034 (hazard rate, 0.3; 95% CI, 0.1 to 0.9), indicating a
favorable effect of liposomal daunorubicin in the subgroup of patients
with favorable cytogenetics.

Toxicity

Toxicity was essentially similar in both groups, except for
skin toxicity, which occurred in 4% of patients treated with
FLAG/DNX and in 1% in patients treated with FLAG (P � .04;
Appendix Table A5, online only). Grade 3 and 4 acute cardio-
toxicity was seen in five patients (2.7%) treated with FLAG/
DNX (grade 4, n � 1; grade 3, n � 4) and in one patient (0.6%)
treated with FLAG (grade 3), which was not statistically signif-
icantly different. Moreover, cardiotoxicity always coincided
with fever and infections, and no episode was fatal. Long-term
cardiotoxicity data are not yet available.

DISCUSSION

We report the first (to our knowledge) randomized study in pediatric
relapsed AML. In this multinational setting, we achieved the best
outcome for these children reported thus far, with a 4-year pOS of
38% in a group of 394 children.4-12
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Fig 3. (A) Overall survival in pediatric study Relapsed Acute Myeloid Leukemia (AML)
2001/01 for 568 randomly assigned and nonrandomly assigned patients together.
Median follow-up for patients at risk 4 years; (B) for fludarabine, cytarabine, and
granulocyte colony-stimulating factor (FLAG) � liposomal daunorubicin (DNX) in the total
group of randomly assigned patients; (C) for FLAG � DNX in the cytogenetically
favorable subgroup with core-binding factor AML (ie, patients with t(8;21) and
inv(16)). Unadjusted hazard ratios (HRs) regarding probability of overall survival
indicate that treatment arm had no significant impact for the total group of patients
(HR, 0.9; 95% CI, 0.7 to 1.2; P � .56), nor for the subgroup of patients with “other
cytogenetics” (HR, 1.3; 95% CI, 0.9 to 1.8, P � .20), whereas patients with favorable
cytogenetics seemed to have benefited from FLAG/DNX (HR, 0.37; 95% CI, 0.1 to
0.98; P � .04).
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DNX added to FLAG in the first reinduction course signifi-
cantly improved the early response rate as primary end point from
70% to 80%. The CR rate also improved from 59% to 69%. OS was
similar with FLAG and FLAG/DNX. However, patients with CBF-
AML had a 24% higher 4-year pOS if treated with FLAG/DNX (P �
.04; Fig 3C). Subgroup analyses were not predefined in the original
protocol, and this finding must be confirmed. However, it is not
unexpected that a subgroup with a generally more favorable prog-
nosis benefits from additional therapy. A recent study in adult
AML showed a clear benefit of gemtuzumab ozogamicin added to
chemotherapy in prognostically more favorable subgroups, such as
patients with CBF-AML.29 Webb et al11 have also reported that
within pediatric relapsed AML, patients with CBF-AML have a
better outcome. However, early treatment response was better with
FLAG/DNX in relapsed patients with and without CBF-AML in
this study. The fact that a better early treatment response did not
translate into a significantly better OS may partly be explained by
the fact that several patients were treated with FLAG plus an
anthracycline or gemtuzumab ozogamicin, introducing an unin-
tended cross-over effect. In addition, the quality of remissions
achieved with FLAG/DNX may have been relatively poor in many
patients, and subsequent therapy could not prevent second relapse.
The latter is likely to be true in view of the high incidence of second
relapse, being even higher in patients who achieved CR after FLAG/
DNX. This hypothesis is also supported by literature demonstrat-
ing the clinical relevance of minimal residual disease (MRD) in
childhood AML and showing increased relapse rates in patients
with poor-quality remissions with higher MRD levels.3,30,31 Obvi-
ously, maintaining the better early treatment response achieved
with FLAG/DNX requires additional therapeutic improvements.

The increased antileukemic activity with FLAG/DNX was
not associated with increased toxicity during chemotherapy,
except for a modest increase in skin toxicity. Concerns for late
cardiotoxicity associated with higher cumulative doses of an-
thracyclines and related drugs are valid.13-15 DNX is a liposomal
anthracycline that might be less cardiotoxic because of its phar-
macology, as discussed elsewhere.13 The present study has de-
tailed guidelines for long-term follow-up with special attention
to cardiac function. Cumulative doses of anthracyclines, in-
cluding information on exposure to anthracyclines in the up-
front therapy, will then be taken into account.

This investigator-initiated, multicenter study has several lim-
itations. It was not possible to have close monitoring of all details.
This limited the possibility to study the significance of factors such
as type of consolidation and quality of response by sophisticated
MRD monitoring. We also could not determine the CR rate after
one course of therapy because of insufficient data on regeneration
of normal hematopoiesis. However, the main study end point is
robust and can be used in future studies in relapsed AML, even
though more detailed immunophenotyping of blasts to discrimi-
nate them from normal regenerating normal blasts and informa-
tion on MRD will be useful in addition. One may argue that the
clinical benefit of DNX is unknown at best, because OS did not
improve significantly. However, it should be taken into account
that therapy after induction was heterogeneous and may have been
intensified in patients with a poor early treatment response. More-
over, a better early treatment response and an improved CR rate
are clinically positive findings, as is the significantly higher pOS

with FLAG/DNX for CBF-AML. Apparently, treatment after the
first course of reinduction therapy should improve further for
patients with nonfavorable cytogenetics. Another limitation of this
study is the heterogenous first-line treatment used in the study
patients. On the other hand, all groups applied cytarabine-based
treatment combined with an anthracycline, and alloSCT had been
used in a limited number of patients.

Despite an encouraging improved outcome in pediatric relapsed
AML in this and several other recent studies, prognosis is unsatisfac-
tory. Targeting leukemia-specific abnormalities such as mutated ty-
rosine kinases is an important area of clinical research, although
instability of the targets must be taken into account.32 In our next
international randomized pediatric Relapsed AML 2010/01 study, the
benefit of adding gemtuzumab ozogamicin to a backbone of fludara-
bine, cytarabine, and liposomal daunorubicin will be studied, and
patients with FLT3-mutated AML cells will be treated with sorafenib.

Meanwhile, pediatric relapsed AML is curable in a significant
proportion of patients. International collaboration is feasible in the
treatment of pediatric relapsed AML and should be pursued, even
with the current challenges of the European Union directive in the
setting of investigator-initiated studies.33
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