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A B S T R A C T

Purpose
To improve survival rates in children with acute myeloid leukemia (AML), we evaluated
gemtuzumab-ozogamicin (GO), a humanized immunoconjugate targeted against CD33, as an
alternative to further chemotherapy dose escalation. Our primary objective was to determine
whether adding GO to standard chemotherapy improved event-free survival (EFS) and overall
survival (OS) in children with newly diagnosed AML. Our secondary objectives examined
outcomes by risk group and method of intensification.

Patients and Methods
Children, adolescents, and young adults ages 0 to 29 years with newly diagnosed AML were
enrolled onto Children’s Oncology Group trial AAML0531 and then were randomly assigned to
either standard five-course chemotherapy alone or to the same chemotherapy with two doses of
GO (3 mg/m2/dose) administered once in induction course 1 and once in intensification course 2
(two of three).

Results
There were 1,022 evaluable patients enrolled. GO significantly improved EFS (3 years: 53.1% v 46.9%;
hazard ratio [HzR], 0.83; 95% CI, 0.70 to 0.99; P � .04) but not OS (3 years: 69.4% v 65.4%; HzR, 0.91;
95% CI, 0.74 to 1.13; P � .39). Although remission was not improved (88% v 85%; P � .15),
posthoc analyses found relapse risk (RR) was significantly reduced among GO recipients overall (3
years: 32.8% v 41.3%; HzR, 0.73; 95% CI, 0.58 to 0.91; P � .006). Despite an increased
postremission toxic mortality (3 years: 6.6% v 4.1%; HzR, 1.69; 95% CI, 0.93 to 3.08; P � .09),
disease-free survival was better among GO recipients (3 years: 60.6% v 54.7%; HzR, 0.82; 95%
CI, 0.67 to 1.02; P � .07).

Conclusion
GO added to chemotherapy improved EFS through a reduction in RR for children and adolescents
with AML.

J Clin Oncol 32:3021-3032. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Acute myeloid leukemia (AML) is among the
most difficult to treat of the childhood cancers
because of its disease heterogeneity, high relapse,
and toxic mortality.1,2 Therapeutic advances have
included chemotherapy intensification and add-
ing allogeneic stem-cell transplantation (SCT).
Children’s Oncology Group (COG) legacy AML tri-
als evaluated time-intensive induction and observed
improvement in event-free survival rates (EFS) from

27% to 42%.3,4 Matched family-donor (MFD)
transplantation improved disease-free survival rates
(DFS) by between 8% and 10% and postremission
overall survival (OS) by between 5% and 13% in two
previous phase III trials.4,5 However, treatment-
related mortality (TRM) increased substantially
with therapy intensification. Supportive care im-
provements reduced TRM (from 19% to 12%).4

However, it is increasingly evident that the limits of
treatment intensificationhavebeenreached,4,6,7 neces-
sitating alternative approaches.

JOURNAL OF CLINICAL ONCOLOGY O R I G I N A L R E P O R T

VOLUME 32 � NUMBER 27 � SEPTEMBER 20 2014

© 2014 by American Society of Clinical Oncology 3021



The cell-surface antigen, CD33, is present in more than 80% of
patients with AML but is absent from pluripotent hematopoietic stem
cells and is a well established immunoconjugate target.8,9 Early studies
with gemtuzumab-ozogamicin (GO), a humanized anti-CD33 anti-
body linked to the DNA-binding cytotoxin calicheamicin, showed
single-agent activity in refractory pediatric and adult patients with
AML (28% to 30% overall response).10-13 Phase II regimens demon-
strated safety and efficacy in combination with chemotherapy.14-17

Single-agent efficacy resulted in GO’s accelerated approval in 2000 by
the US Food and Drug Administration14,18 which mandated a subse-
quent randomized controlled trial. This trial was the Southwest On-
cology Group’s trial (SWOG) S0106, and its primary end points of
remission induction and safety failed to improve with GO,19 and in
2010 GO was voluntarily withdrawn. Based on study design and con-
trol group outcomes, these results have been controversial,20 particu-
larly with concurrent adult randomized controlled trials showing
reduced relapse with GO in low-risk (LR) and intermediate-risk (IR)
subsets of AML patients.21,22

Concurrently performed, our trial’s primary objective was to
determine whether GO added to standard chemotherapy im-
proved EFS and OS in children with newly diagnosed AML. Our
secondary objectives examined outcomes by risk group and
method of intensification.

PATIENTS AND METHODS

Between August 2006 and June 2010, COG trial AAML0531 enrolled 1,070
patients, ages 1 month to 29.99 years, who had previously untreated primary
AML.23 Data were entered through the COG Web portal by each enrolling
institution, and were frozen March 31, 2013, with a median follow-up period
of 4.1 years (range, 0 to 7.1 years) for patients alive at last contact. After six
patients with Down syndrome 42 patients who failed to meet eligibility criteria
were excluded, 1,022 patients were eligible for analysis (Fig 1). No minimal
performancestatuswasrequired.Exclusioncriteria includedpriorchemother-
apy (except intrathecal cytarabine), acute promyelocytic leukemia [t(15;17)],
juvenile myelomonocytic leukemia, bone marrow failure syndromes, or sec-
ondary AML. Pathologic (84%) and cytogenetic findings (96%) were centrally
reviewed. The National Cancer Institute’s central institutional review board
and institutional review boards at each enrolling center (n � 181) approved
the study; patients and their families provided informed consent or assent as
appropriate. The trial was conducted in accordance with the Declaration of
Helsinki. The trial was registered at www.clinicaltrials.gov as NCT00372593.

Patients were randomly assigned once at enrollment. They were assigned
to one of two study arms (511 patients in each arm): standard therapy alone
(No-GO) or with GO (each dose 3 mg/m2) administered once on day 6 of
induction course 1 (IND1) and once on day 7 of intensification course 2
(INT2; Table 1). Chemotherapy cytoreduction preceded GO administration
to maximize CD33 target saturation,24,25 rather than administering higher GO
doses. Concurrent anthracycline administration was avoided to minimize
additive hepatotoxicity risk. Risk stratification of both arms determined allo-
cation to SCT based on diagnostic molecular/cytogenetic risk criteria and
disease response after IND1 as follows.

LR was defined by the presence of t(8;21)(q22;q22), inv(16)(p13.1q22),
or t(16;16)(p13.1;q22). LR patients were not allocated to SCT. High risk (HR)
was defined by presence of monosomy 7, monosomy 5/5q deletion, or persis-
tent disease (PD) at the end of IND1 (bone marrow blasts � 15% by morphol-
ogy). After 374 eligible patients were enrolled onto the study, FLT-3 internal
tandem duplication high allelic ratio (�0.4; FLT3-ITD HAR) was added to the
HR group assignment.26 Cytogenetics outweighed response in risk classifica-
tion, whereas FLT3-ITD HAR outweighed favorable cytogenetics.27,28 All HR
patients received best allogeneic SCT (nonsyngeneic MFD or unrelated) after

INT1 (delays in donor availability resulted in SCT given after INT2 [n � 6] or
INT3 [n � 1]). Choice of alternative donors were at the transplantation
center’s discretion and included matched or 1-antigen mismatched unrelated
donors, 4-to-6 antigen matched cord blood, or mismatched family donor with
at least one haplotype match or 5-of-6 antigen phenotypic match. HR patients
without donors continued with assigned chemotherapy. IR was defined by the
absence of low- or high-risk factors, and they only received an MFD SCT if
available. Patients allocated to SCT underwent this after INT1. Consequently,
those patients randomly assigned to GO only received one dose during IND1
(n � 157).

Response classification was based on morphologic examination of bone
marrow blasts: complete remission (CR) had fewer than 5%, partial remission
5% to 15%, and PD more than 15%. Patients with refractory disease (RD) were
removed from protocol therapy. Refractory disease was defined as the pres-
ence of CNS disease after IND1, or bone marrow blasts � 5%, or any ex-
tramedullary disease at the end of IND2.

Blocked randomization with blocks of size 4 that were concealed from
enrolling centers was used for treatment arm assignment. The COG Data and
Statistical Center assigned patients to the treatment arms, after they were
enrolled by the patient’s institution through an automated Web portal. The
study had a goal to enroll 1,000 eligible patients who did not have Down
syndrome and was designed to have 80% power with one-sided 2.5% type I
error to detect a 9% improvement in long-term EFS (54% v 45%) and long-
term OS (59% v 50%) between the two study arms. The study was monitored
by a data safety monitoring committee. The alpha-spending function �t2

(truncated at three standard deviations) and 2.5% type I error was used to
monitor OS and EFS while futility monitoring was performed by testing the
alternative hypothesis at the .005 level.

The primary end points were OS and EFS from study entry. OS was
defined as time from study entry, and from end of IND2 for patients in CR,
until death. EFS was defined as the time from study entry until death, induc-
tion failure, or relapse of any type. The secondary end points were remission
rates, relapse risk (RR), postinduction DFS, EFS and OS censoring SCT pa-
tients, TRM, and OS and EFS by risk group. RR was defined as the time from
the end of IND2 for patients in CR to relapse, where deaths without a relapse
were considered competing events. DFS was defined as the time from end of
IND2 for patients in CR until relapse or death. TRM was defined as the time
from either study entry, or from end of IND2 for patients in CR, to deaths
without a relapse with relapses considered as competing events. Patients lost to
follow-up were censored at their date of last known contact.

The significance of observed difference in proportions was tested using
the �2 test and Fisher’s exact test when data were sparse. The Kruskal-Wallis
test was used to determine the significance between differences in medians of
groups. The life-table estimates of OS, EFS, and DFS were calculated using the
Kaplan-Meier procedure along with corresponding Greenwood SEs.29

The significance of predictor variables was tested with the log-rank sta-
tistic for OS, EFS, DFS and with Gray’s statistic for RR and TRM.30 Cox
proportional hazards models were used to estimate hazard ratios (HzR) for
univariable and multivariable analyses of OS, EFS, and DFS.31 Competing risk
regression models were used to estimate the subgroup HzR for univariable and
multivariable analyses of RR and TRM.32 All P values are two-sided.

RESULTS

Demographic Characteristics

Random assignment resulted in balanced study arms, except
FLT3-ITD HAR was more prevalent (P � .09) and HR cytogenetics
was less prevalent (P � .03) in GO recipients (Table 2). Risk-group
assignment was similar between arms. Overall, 65% of patients com-
pleted all courses of therapy (Fig 1), with no significant difference
between arms (Appendix Table A2 [online-only]). The trial remained
open until accrual goals were met.
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Induction

Remission was assessed after each induction course (Tables 2, 3,
and Appendix Table A1) and was compared between GO and No-GO
arms. At the end of IND1, early death, refractory CNS disease, and
prevalence of PD were similar (Table 2). At the end of IND2 (Table 3),
neither CR (P � .15) nor RD (P � .12) were significantly different
between arms. RD was significantly reduced only among LR and IR

GO recipients; no LR GO recipient experienced RD. Overall, induc-
tion mortality was similar between the arms.

Outcome From Study Entry

Among all patients (Table 3; Fig 2A), from study entry EFS was
significantly improved among GO recipients (HzR, 0.83; 95% CI, 0.70
to 0.99; P � .04; 3-year EFS: 53.1% � 4.4% v 46.9% � 4.4%) though

)84 = n( dedulcxE
  Did not meet eligibility criteria (n = 41)

)7 = n( SD  

AAML0531 enrollment
(N = 1,070)
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Fig 1. CONSORT diagram. (*) Elective reasons included terminating therapy because of physician’s choice or patient’s refusal of further protocol therapy. (†) Donor
availability defined for intermediate- and high-risk patients only. Alt, alternative donor; DS, Down syndrome; Int, intensification course; MFD, matched family donor; SCT,
stem-cell transplantation.
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OS was not improved (HzR, 0.91; 95% CI, 0.74 to 1.13; P � .39; 3-year
OS: 69.4% � 4.2% v 65.4% � 4.4%). By risk group (Figs 2B to 2D),
only EFS in the LR and IR groups suggested improvement with GO.
No difference in EFS or OS was detected in the HR patients when
analyzed from study entry.

Postremission Outcomes

Postremission analyses suggested consistent differences by arm (Ta-
ble 3; Figs 3A to 3D). DFS among all GO recipients suggested improve-
ment overall and by risk group (P � .07). Exploratory analyses
demonstrated a significant decrease in RR overall (HzR, 0.73; 95% CI,
0.58 to 0.91; P � .006; 3-year RR: 32.8% � 4.6% v 41.3% � 4.9%), with
qualitatively similar improvements within each risk group. In HR pa-
tients, the FLT3-ITD HAR cohort was the only one to benefit from GO
(Appendix Figs A1B to A1C). However, OS after induction in the entire
cohort and in each risk group was not improved. This was partially be-
cause of a higher postinduction TRM for GO recipients, particularly for
LR patients.

Stem-Cell Transplantation

SCT was recommended for all patients with HR AML and for
patients with IR AML if a MFD was available. Thus, the ability to

directly analyze the affect of SCT is restricted to IR AML. Fewer
No-GO patients (45of 62 patients) received SCT as assigned than did
GO recipeients (48 of 53 patients; P � .015), primarily because of
donor availability. Intent-to-treat analysis (Appendix Table A3; Ap-
pendix Fig A1A) showed significantly improved DFS (P� .02) and OS
(P � .02) with SCT. This benefit was limited to GO recipients and,
conversely, GO only benefited those patients who received SCT.

Univariable and Multivariable Analyses

Risk factors found to be significant in univariable analysis (Ap-
pendix Tables A4 and A5) were included in multivariable models to
better define the impact of GO (Table 4). In multivariable analyses
adjusted for age, diagnostic WBC, race, and risk group, GO was inde-
pendently associated with better EFS (HzR, 0.80; 95% CI, 0.67 to 0.96;
P � .02), DFS (HzR, 0.80; 95% CI, 0.64 to 0.99; P � .04), and RR
(HzR, 0.72; 95% CI, 0.57 to 0.91; P � .006), as well as higher TRM
(HzR, 1.84; 95% CI, 0.97 to 3.47; P � .06).

Toxicity

Common Terminology Criteria for Adverse Events v4 grade 3 to
5 toxicities were similar between study arms (Appendix Table A6).
Life-threatening sinusoidal obstruction syndrome (SOS) was similar
with one event in the No-GO arm during IND1, during SCT (No-GO
v GO: two of 76 patients v three of 82 patients; P � not significant
[NS]), as was SOS of any degree (14 of 511 patients v 18 of 511 patients;
P � NS). Acute left-ventricular systolic dysfunction was equivalent in
both arms (4.9% � 1.9% v 4.0% � 1.8%; P � NS). Hematologic
toxicity was similar between study arms, including median time to
neutrophil recovery, which was more than 500/uL. However, posthoc
analysis to examine causes for TRM differences found a higher pro-
portion of GO patients during INT2 with prolonged (� 59 days)
neutrophil recovery times (12.0% v 6.3%; P � .01).

Though therapy reductions occurred in similar proportions be-
tween arms (Appendix Table A6), death in remission was qualitatively
higher among GO recipients (4.2% v 2.6%; P � .21). Cumulative TRM
from enrollment through last follow-up without relapse or induction
failure was higher in GO recipients (5-year TRM: GO, 8.6% � 2.5% v
No-GO, 5.9% � 2.1%; P � .09). This difference was primarily limited to
the LR patients (two v eight patients; P � .02) during INT2 and INT 3
(AppendixTableA6),amongthosepatients11yearsoldorolder(eightof
10 patients). All but one non-SCT TRM event during intensification
occurred before neutrophil recovery and primarily late in the course
(mean, 56 days; range, 17 to 93 days) and was infection-related. Day-100
TRM rates for MFD and alternative-donor SCT patients were 1.8% (n �
2) and 10.9% (n � 5), respectively, and were similar between arms. TRM
beyond day 100 was equivalent.

DISCUSSION

Using the largest randomized pediatric de novo AML trial to date and
the only pediatric randomized controlled trial that added GO to in-
duction and intensification, we have shown that EFS is significantly
improved by a significant reduction in relapse. These findings are
consistent with recent randomized controlled trials in adults21,22,33

and together strongly supports the need to pursue therapeutic options
usinganti-CD33antibody-drugconjugatesaddedtotraditionalchem-
otherapy and allogeneic SCT.

Table 1. COG AAML0531 Therapeutic Regimen

Course and Agent Dose Days

IND1
Cytarabine 100 mg/m2/dose twice per day IV 1 to 10
Daunomycin 50 mg/m2/dose IV 1, 3, 5
Etoposide 100 mg/m2/dose IV 1 to 5
Gemtuzumab, arm B only 3 mg/m2/dose IV over 2 hours 6

IND2
Cytarabine 100 mg/m2/dose twice per day IV 1 to 8
Daunomycin 50 mg/m2/dose IV 1, 3, 5
Etoposide 100 mg/m2/dose IV 1 to 5

INT1
Cytarabine 1,000 mg/m2/dose twice per day IV 1 to 5
Etoposide 150 mg/m2/dose IV 1 to 5

For patients not undergoing
stem-cell transplantation

INT2
Mitoxantrone 12 mg/m2/dose IV 3 to 6
Cytarabine 1,000 mg/m2/dose twice per day IV 1 to 4
Gemtuzumab, arm B
only

3 mg/m2/dose IV over 2 hours 7

INT3
Cytarabine 3,000 mg/m2/dose twice per day IV 1, 2, 8, 9
Escherichia coli L-
asparaginase

6,000 mg/m2/dose IM 2, 9

For patients receiving
matched family-donor
stem-cell
transplantation

Busulfan, 16 total doses Age and weight based �9
� 10 kg or � 4 years
old

0.8 mg/kg/dose once every 6 hours
IV

� 10 kg and � 4 years
old

1 mg/kg/dose every 6 hours IV

All patients Adjusted AUC based on first dose �8 to �6
Cyclophosphamide 50 mg/kg/dose IV once per day �5 to �2

Abbreviations: AUC, area under the concentration-time curve; COG, Chil-
dren’s Oncology Group; IM, intramuscular; IND1, induction course; INT,
intensification course; IV, intravenous.
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Table 2. Demographic Characteristics and Risk Classification

Characteristic

All Patients No-GO Arm GO Arm

No. of
Patients %

No. of
Patients %

No. of
Patients %

Total enrolled 1,070 538 532
Ineligible, non-DS 41 20 21
Ineligible, DS 1 1 0
Eligible, DS 6 6 0
Eligible, non-DS 1,022 511 511

Patient characteristics
Sex

Male 508 49.7 264 51.7 244 47.7
Female 514 50.3 247 48.3 267 52.3

Age at diagnosis, years
Median 9.7 9.5 9.9
Range 0.003-29.8 0.003-29.8 0.02-29.4
0-1 �0-730 days old� 207 20.3 114 22.3 93 18.2
2-10 354 34.6 167 32.7 187 36.6
11-15 298 29.2 157 30.7 141 27.6
16-20 150 14.7 69 13.5 81 15.9
� 21 13 1.3 4 0.8 9 1.8

Race
American Indian or Alaska Native 4 0.4 3 0.7 1 0.2
Asian 50 5.4 27 5.9 23 5.0
Native Hawaiian or other Pacific Islander 2 0.2 1 0.2 1 0.2
Black or African American 116 12.6 61 13.3 55 12.0
White 748 81.3 368 80.0 380 82.6
Unknown 102 51 51

Ethnicity
Hispanic or Latino 189 19.2 97 19.8 92 18.7
Not Hispanic or Latino 794 80.8 394 80.2 400 81.3
Unknown 39 20 19

WHO classification
AML WHO disease classification

AML with t(8;21)(q22;q22), AML1/ETO 131 12.8 65 12.7 66 12.9
AML with abnormal bone marrow eosinophils and inv(16)(p13q22) or t(16;16)(p13;q22), CBF/MYH11 100 9.8 47 9.2 53 10.4
AML with 11q23 (MLL) abnormalities 183 17.9 93 18.2 90 17.6
AML with multilineage dysplasia 61 6.0 35 6.9 23 5.1
AML with multilineage dysplasia: following MDS or MDS/MPD 1 0.1 0 0 1 0.2
AML with multilineage dysplasia: without antecedent MDS or MDS/MPD 3 0.3 2 0.4 1 0.2
AML, not otherwise categorized 19 1.9 10 2.0 9 1.8
AML, minimally differentiated 32 3.1 13 2.5 19 3.7
AML without maturation 107 10.5 56 11.0 51 10.0
AML with maturation 104 10.2 50 9.8 54 10.6
Acute myelomonocytic leukemia 111 10.9 55 10.8 56 11.0
Acute monoblastic/acute monocytic leukemia 97 9.5 45 8.8 52 10.2
Acute erythroid leukemia 15 1.5 6 1.2 9 1.8
Acute megakaryoblastic leukemia 49 4.8 31 6.1 18 3.5
Acute panmyelosis with myelofibrosis 1 0.1 0 0 1 0.2
Myeloid sarcoma 8 0.8 3 0.6 5 1.0

Leukemic burden
WBC, 	 103/�L

Median 24 24.3 23.6
Range 0.2-827.2 0.2-526 0.4-827.2
No. of patients with � 100 	 103/�L 198 19.4 95 18.6 103 20.2

CNS disease classification at study entry
CNS1 712 70.8 360 71.3 352 70.3
CNS2 197 19.6 99 19.6 98 19.6
CNS3 97 9.6 46 9.1 51 10.2
Unknown 16 6 10

Extramedullary disease 140 13.7 74 14.5 66 12.9
(continued on following page)
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In 2010, GO was withdrawn when the SWOG trial S0106 found
GO use failed to improve CR (as a primary end point) and had higher
induction mortality.19 This trial was criticized for daunomycin reduc-
tion in the GO arm (45 mg/m2/dose v 60 mg/m2/dose),20 considering
later evidence that anthracycline dosing significantly affects OS.34,35

Our trial and earlier COG efforts show that intensifying induction,
targeted or nontargeted, subsequently reduces RR without improving
CR.3 Similarly, other trials in adult patients have since reported that
GO improves survival rates in the LR and IR subtypes of AML without
improving CR and without high mortality.19,21,22,33 A recent meta-
analysis of randomized controlled trials of GO in adults further
strengthened this association of reduced relapse when adding GO.36

AML is a heterogeneous disease caused by a variety of molecular
mutations conferring varied prognoses.9 This led to our a priori sec-
ondary objectives to examine how GO might affect AML risk groups’
survival rates differently and, by our selective incorporation of SCT
(based on benefit in prior COG trials5), onto a backbone of intensive
induction and high-dose intensification chemotherapy (modified
from the Medical Research Council AML12 trial37). Adapting the
MRC’s risk classification,27 AAML0531 varied from prior COG trials
by subdividing patients for selective use of SCT during intensification,
permitting further analysis of this and GO’s impact on DFS.

Analyzed from study entry by risk group, patients with LR AML
at 3 years (Table 3) exhibited a 7% improvement in EFS, primarily
from a 10% reduction in relapse consistent with trials of adult pa-
tients.19,21,22 Despite this benefit in first remission, OS was not signif-

icantly improved. This is not unusual for LR patients who have high
salvage rates after relapse.38,39 Within the IR-patient group, GO did
improve CR rates (P � .03) and, with a reduced RR (P � .13), saw EFS
(P � .09) and OS (P � .19) improve as well. However, as intensifica-
tion therapy varied based on availability of MFD SCT, we prospec-
tively evaluated GO’s impact without SCT. We found no reduction in
RR, DFS, or OS in those patients not receiving SCT. However, in IR
SCT patients, despite the small numbers, we saw qualitative improve-
ment in RR (P � .15) without a difference in TRM, resulting in similar
degrees of DFS (P � .14) and OS (P � .17) rate improvements with
GO (Appendix Table A3; Appendix Fig A1A).

Within the HR cohort, there was no benefit with GO when
measured from study entry. However, in our exploratory analyses for
this risk group in which all received SCT, RR was nonsignificantly
(P � .08) reduced and, as TRM was similar between arms, improve-
ment in DFS (P � .16) and OS (P � .13) was suggested, though they
did not achieve statistical significance. Additional inquiry suggests this
was limited to patients with FLT3-ITD HAR, a mutation associated
with high CD33 expression.40 These positive interactions with SCT are
the likely reason we saw benefit in HR patients alone. If validated in
future trials, this is particularly important for this cohort of patients
which rarely can receive salvage treatment after relapse.38,39,41

TRM was increased when GO was added, despite a lack of differ-
ence in overall toxicity incidence between arms. However, increased
TRM was limited to the LR cohort and occurred in individuals with a
markedly delayed recovery of neutrophils in the last two (of five)

Table 2. Demographic Characteristics and Risk Classification (continued)

Characteristic

All Patients No-GO Arm GO Arm

No. of
Patients %

No. of
Patients %

No. of
Patients %

Risk factors and classification
Cytogenetics, affecting risk classification

t(8;21)� 137 13.4 69 13.5 68 13.3
Inv16, t(16;16)� 109 10.7 52 10.2 57 11.2
�7† 25 2.5 16 3.1 9 1.8
�5/5q-† 14 1.4 10 2.0 4 0.8

Institution FLT3 results‡
High FLT3-ITD allelic ratio (� 0.4)† 63 9.7 25 7.7 38 11.7

End of IND1 response, BM aspirate
Complete remission 727 72.4 350 69.6 377 75.6§
Partial remission, 5%–15% blasts 122 12.2 71 14.1 51 10.2
Persistent disease, � 15% blasts by morphology† 114 11.4 61 12.1 53 10.6

No IND1 marrow evaluation¶
Died before end of IND1¶ 18 1.8 9 1.8 9 1.8
Refractory CNS disease¶ 23 2.3 14 2.8 9 1.8
Not evaluable 18 2.9 6 1.2 12 2.3

Risk-group assignment�
Low 246 24.1 121 23.7 125 24.5
Intermediate 607 59.4 302 59.1 305 59.7
High 169 16.5 88 17.2 81 15.9

Abbreviations: AML, acute myeloid leukemia; BM, bone marrow; DS, Down syndrome; GO, gemtuzumab-ozogamicin; IND, induction course; MDS, myelodysplastic syndrome;
MDS/MPD, myelodysplastic/myeloproliferative neoplasms; MLL, mixed-lineage leukemia; No-Go, did not receive gemtuzumab-ozogamicin (control arm).

�Low-risk factors (override response at end of IND1; high FLT3-ITD ratio overrides low-risk factors).
†High-risk factors.
‡FLT3 totals and percentages derived from after study point when this was added to risk classification (n � 324 in each arm).
§P � .05.
¶These patients were not completely defined for risk classification owing to early death, removal because of refractory CNS disease, or failure to have an end of induction marrow.
�Risk group assignments are based upon the presence of various factors, and some patients may have had more than one (eg, persistent disease and � 7);

numbers in rows are the total for each factor and therefore their total may exceed the No. in the risk group assignment.
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courses of therapy. These last two courses were associated with the
most prolonged median times to neutrophil recovery and adding GO
seems to have worsened this in a subset of patients. Recent MRC
reports showed no benefit with a fifth course of therapy.7,42 COG no
longer includes the final course of chemotherapy, which may lessen
this risk in future GO trials. Also, the use of GO after remission may
not be beneficial as seen in the NOPHO (Nordic Society of Pediatric
Hematology and Oncology) trial.43

Although early GO studies saw increased SOS,44 we did not experi-
ence this. This is likely a result of our 3 mg/m2 GO dose selection and
timing,asGOdosesof�6mg/m2 orSCTreceivedwithin120daysofGO
administration primarily increased this risk.44 Overall, toxicity during
SCT was not significantly greater in the GO arm. Acute cardiotoxicity, a
concern that affected SWOG’s choice of anthracycline dosing, was not
increased in our trial (although long-term observation is ongoing). De-
spite a higher infection-related TRM that attenuated GO’s affect on DFS
and OS in our study, TRM observed in this trial compares favorably with
recent COG trials (Appendix Fig A2).3-5,16

Limitations of this trial include its ability to show a statistically
significant improvement by AML risk group. This is, and will increas-
ingly be, a challenge and a result of expanding heterogeneity of AML
with ever smaller cohorts of relevant biologic factors. Even in adults in
whom AML is much more prevalent, a five-trial meta-analysis was
needed for adequate statistical power to determine GO’s impact on
outcome.36 Nevertheless, this is the largest pediatric AML trial re-
ported and likely represents the strongest evidence possible in a pedi-
atric randomized clinical trial.

Our exploratory analyses determining reasons for a postin-
duction improvement in DFS are admittedly posthoc. However,
rather than a broad net of possible factors, this posthoc analysis
focused on those associations that have repeatedly been found
in recent trials of adult patients. Our findings are consistent
with other GO trials and further strengthen the accumulated
literature. A new finding from our exploratory analyses was that
the benefit of GO was limited to IR patients receiving SCT. This
association was further consistent with our finding that HR
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patients, all of whom received best available donor SCT, specif-
ically those who had FLT3-ITD HAR, also benefited from GO.
This will require validation in future trials, though is consistent
with recent evidence that GO reduces minimal residual disease
and that reduced or absent minimal residual disease pre-SCT is
associated with improved post-SCT DFS.45-47

Finally, our findings confirm CD33-targeted therapy added to
intensive chemotherapy improves EFS in de novo AML owing to a
reduced relapse risk. As doses and schedules have varied among the
reported randomized trials,19,21,22 further investigation into optimal
methods of GO administration and other CD33-targeted agents in
development should be pursued in future trials.10,48
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35. Löwenberg B, Ossenkoppele GJ, van Putten
W, et al: High-dose daunorubicin in older patients
with acute myeloid leukemia. N Engl J Med 361:
1235-1248, 2009

36. Hills RK, Petersdorf S, Estey EH, et al: The
addition of gemtuzumab ozogamicin (GO) to induc-
tion chemotherapy reduces relapse and improves
survival in patients without adverse risk karyotype:
Results of an individual patient meta-analysis of the
five randomised trials. Blood 122:356, 2013

37. Gibson BE, Wheatley K, Hann IM, et al: Treat-
ment strategy and long-term results in paediatric
patients treated in consecutive UK AML trials. Leu-
kemia 19:2130-2138, 2005

38. Webb DK, Wheatley K, Harrison G, et al:
Outcome for children with relapsed acute myeloid
leukaemia following initial therapy in the Medical
Research Council (MRC) AML 10 trial: MRC Child-
hood Leukaemia Working Party. Leukemia 13:25-31,
1999

39. Burnett AK, Goldstone A, Hills RK, et al:
Curability of patients with acute myeloid leukemia
who did not undergo transplantation in first remis-
sion. J Clin Oncol 31:1293-1301, 2013

40. Pollard JA, Alonzo TA, Loken M, et al: Correlation
of CD33 expression level with disease characteristics
and response to gemtuzumab ozogamicin containing
chemotherapy in childhood AML. Blood 119:3705-3711,
2012

41. Forman SJ, Rowe JM: The myth of the sec-
ond remission of acute leukemia in the adult. Blood
121:1077-1082, 2013

42. Burnett AK, Russell NH, Hills RK, et al: Opti-
mization of chemotherapy for younger patients with
acute myeloid leukemia: Results of the Medical
Research Council AML15 Trial. J Clin Oncol 31:
3360-3368, 2013

43. Hasle H, Abrahamsson J, Forestier E, et al:
Gemtuzumab ozogamicin as postconsolidation ther-
apy does not prevent relapse in children with AML:
Results from NOPHO-AML 2004. Blood 120:978-
984, 2012

Gemtuzumab Ozogamicin COG Phase III Trial in Pediatric AML

www.jco.org © 2014 by American Society of Clinical Oncology 3031



44. Wadleigh M, Richardson PG, Zahrieh D, et al:
Prior gemtuzumab ozogamicin exposure signifi-
cantly increases the risk of veno-occlusive disease in
patients who undergo myeloablative allogeneic stem cell
transplantation. Blood 102:1578-1582, 2003

45. O’Hear C, Inaba H, Pounds S, et al: Gemtu-
zumab ozogamicin can reduce minimal residual dis-
ease in patients with childhood acute myeloid

leukemia. Cancer 119:4036-4043, 2013
46. Walter RB, Buckley SA, Pagel JM, et al:

Significance of minimal residual disease before my-
eloablative allogeneic hematopoietic cell transplan-
tation for AML in first and second complete
remission. Blood 122:1813-1821, 2013

47. Horan JT, Meshinchi S, Loken MR, et al:
Impact of residual disease on survival in pediatric

patients receiving allogeneic hematopoietic cell
transplantation for acute myeloid leukemia in first
complete remission. Blood 122:65, 2013

48. Kung Sutherland MS, Walter RB, Jeffrey SC,
et al: SGN-CD33A: A novel CD33-targeting antibody-
drug conjugate using a pyrrolobenzodiazepine dimer
is active in models of drug-resistant AML. Blood
122:1455-1463, 2013

■ ■ ■

Participate in ASCO’s Practice Guidelines Implementation Network and
Influence Cancer Care

ASCO members are invited to serve in the society’s Practice Guidelines Implementation Network (PGIN), a network of oncol-
ogy professionals who raise awareness of ASCO’s evidence-based recommendations on cancer care.

Participation in PGIN provides an opportunity for members to positively influence the way that clinical oncology is delivered
now and in the future. PGIN members have the opportunity to:

● Participate in Guideline Panels and Advisory Groups

● Aid in developing and reviewing Guidelines and Guideline Clinical Tools and Resources

● Serve as an “ambassador” to state societies

● Better implement Guidelines

To learn how you can participate, visit asco.org/guidelines, or contact PGIN@asco.org.

Gamis et al

3032 © 2014 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

asco.org/guidelines
PGIN@asco.org


Acknowledgment

We thank Tanya Wallas-Shannon, the Children’s Oncology Group (COG) protocol coordinator, and Laura (Burden) Francisco, the COG
research coordinator, for their great efforts throughout this trial’s duration. We also thank the COG institutions and their principal
investigators for their diligent efforts in completing this trial. Finally, we thank the patients and their families for their participation.

Appendix

Table A1. Remission Induction by Risk Factor: Percent of Patients Achieving Remission

Risk Group�

End of IND1
(CR/PR %; cyto- or molecular risk factors only)� End of IND2 (CR only; %)

No. of Patients† % of Patients

P§

No. of Patients‡ % of Patients

P§No-GO GO No-GO GO Total No-GO GO No-GO GO Total

Low risk 121 125 NA NA NA NA 120 123 95.0 97.6 96.3 .33
t(8;21) 69 68 92.8 86.8 89.8 .25 69 68 92.8 98.5 95.6 .21
inv(16)/t(16;16) 52 57 98.1 94.6 96.3 .62 51 55 98.0 96.4 97.2 1.00

Intermediate risk 302 305 NA NA NA NA 294 289 87.4 92.7 90.1 .03
High risk 88 81 NA NA NA NA 77 74 61.0 55.4 58.3 .48

�7 16 9 75.0 66.7 72.0 .67 13 8 69.2 75.0 71.4 1.00
�5/5q- 10 4 90.0 33.3 76.9 .11 10 3 90.0 100 92.3 1.00
Course 1 � 15% blasts 44 36 NA NA NA NA 36 32 41.7 25.0 33.8 .15
FLT3-ITD: high allelic ratio 25 38 65.2 78.4 73.3 .26 25 37 68.0 73.0 71.0 .67

Total eligible patients¶ 511 511 83.4 85.8 84.6 .29 491 486 85.1 88.3 86.7 .15

NOTE. Twenty No-GO patients and 25 GO patients were not evaluable (withdrawal or failure to obtain bone marrow examination) by the end of IND2 and are not
included in the remission percentage calculations.

Abbreviations: CR, complete remission; GO, gemtuzumab-ozogamicin arm; IND, induction course; NA, not applicable because risk classification group assignment
is defined partially by response at end of IND1; No-GO, did not receive gemtuzumab-ozogamicin (control arm); PR, partial remission (5-15% blasts; only used at end
of IND1).

�End of IND1 response rates refer only to the specific, nonresponse-based risk factors.
†No. of patients at start of IND1 for diagnostic risk factors.
‡No. of patients at start of IND2, excluding patients who electively withdrew at IND1 or were not evaluable for response at IND2.
§P values compare the complete remission percentages between the No-GO and GO arms of therapy.
¶Overall CR/PR rate regardless of risk group.

Table A2. Treatment Completion Comparisons Between Study Arms

Cumulative Reasons for Not Completing All Therapy Control Arm (No. of Patients) GO Arm (No. of Patients) P

Total enrolled 511 511
Total completing all therapy 327 334 .65
Total of those not completing all therapy 184 177
Reasons for not completing all therapy

Elective withdrawal 42 41 .94
Withdrawal because of toxicity 43 45 .65
Toxic mortality 16 20 .41
Refractory disease/relapsed before therapy completion 82 71 .39
Lost to follow-up 1 0 1.00

Abbreviation: GO, gemtuzumab-ozogamicin arm.
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Table A4. Univariable Risk Factor Analyses From Study Entry

Characteristic

EFS From Study Entry OS From Study Entry

No. of Patients HR 95% CI P HR 95% CI P

Treatment Arm
No-GO 511 1 1
GO 511 0.83 0.70 to 0.99 .04 0.91 0.74 to 1.13 .39

Age, years
2-10 354 1 1
0-1 207 1.41 1.11 to 1.79 .005 1.38 1.03 to 1.86 .03

� 11 461 1.13 0.92 to 1.38 .24 1.32 1.03 to 1.69 .03

WBC
� 100,000 824 1 1
100,000 198 1.58 1.29 to 1.94 < .001 1.36 1.06 to 1.75 .02

Weight group, � 1 year old
Middleweight 660 1 1
Underweight 69 0.8 0.54 to 1.18 .25 0.59 0.35 to 1.02 .06
Overweight 167 1.01 0.79 to 1.28 .96 1.16 0.87 to 1.54 .32

Race
Not black 855 1 1
black 116 1.4 1.09 to 1.81 .010 1.98 1.50 to 2.62 < .001

Cytogenetic risk group
Intermediate 702 1 1
Low, t(8;21) or inv(16) 244 0.46 0.36 to 0.59 < .001 0.38 0.27 to 0.53 < .001

High, mono5/del5q or mono7 35 1.32 0.88 to 2.00 .19 1.88 1.22 to 2.91 .004

Institutional risk group
Intermediate 607 1 1
Low 246 0.53 0.42 to 0.68 < .001 0.40 0.29 to 0.56 < .001

High 169 1.95 1.58 to 2.41 < .001 1.67 1.30 to 2.15 < .001

NOTE. Boldfaced P values represent statistically significant differences.
Abbreviations: EFS, event-free survival; GO, received gemtuzumab-ozogamicin; HR, hazard ratio; No-GO, did not receive gemtuzumab-ozogamicin (control arm);

OS, overall survival.
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Fig A1. Outcome by study arm in patients who underwent stem-cell transplantation (SCT). (A) Disease-free survival (DFS) and relapse risk (RR) from end of
intensification (INT) 1 in intermediate-risk patients by intent-to-treat with matched family donor (MFD) SCT versus chemotherapy and by study arm. (B) DFS from end
of induction (IND) 2 by high-risk (HR) factor (FLT-3 internal tandem duplication high allelic ratio [ITD HAR] or other, such as poor-risk cytogenetics or persistent disease
at end of IND1) by study arm. (C) RR from end of IND2 by HR factor (ITD HAR or other, such as poor-risk cytogenetics or persistent disease at end of IND1) by study
arm. GO, gemtuzumab-ozogamicin arm; No-GO, did not receive gemtuzumab-ozogamicin (control arm).
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Fig A2. Comparison of Children’s Oncology Group Acute Myeloid Lymphoma trials. (A) Event-free and (B) overall survival by AAML0531 treatment arm compared with
AAML03P1 (gemtuzumab pilot similar to the gemtuzumab-ozogamicin arm [GO] arm, ie, arm B of AAML0531) and CCG-2961 (used Ida-DCTER [idarubicin, decadron,
cytarabine, thioguanine, etoposide, daunorubicin] intensive timing chemotherapy) pre- and postsuspension to add supportive care measures that included mandatory
hospitalization until count recovery, avoidance of corticosteroids, prophylactic fluconazole, and intravenous immunoglobulin.
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