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Abstract: Although survival in pediatric acute myeloid leukemia (AML) has increased considerably over the past decades, refractory 
disease and relapse rates remain high. Refractory and relapsed disease are difficult to treat, with overall survival rates less than 
40–50%. Preventing relapse should, therefore, be one of the highest priorities. Current conventional chemotherapy regimens are hard 
to intensify due to associated toxic complications, hence more effective therapies that do not increase toxicity are needed. A promising 
targeted agent is the CD33-directed antibody–drug conjugate gemtuzumab ozogamicin (GO). Because CD33 is highly expressed on 
leukemic cells in the majority of AML patients, GO can be useful for a broad range of patients. Better relapse-free survival (RFS) after 
therapy including GO has been reported in several pediatric clinical trials; however, ambiguity about the clinical value of GO in newly 
diagnosed children remains. Treatment with GO in de novo AML patients aged ≥1 month, in combination with standard chemotherapy 
is approved in the United States, whereas in Europe, GO is only approved for newly diagnosed patients aged ≥15 years. In this review, 
we aimed to clarify the clinical value of GO for treatment of newly diagnosed pediatric AML patients. Based on current literature, GO 
seems to have additional value, in terms of RFS, and acceptable toxicity when used in addition to chemotherapy during initial 
treatment. Moreover, in KMT2A-rearranged patients, the clinical value of GO was even more evident. Also, we addressed predictors of 
response, being CD33 expression and SNPs, PgP-1 and Annexin A5. The near finalized intent-to-file clinical trial in the MyeChild 
consortium investigates whether fractionated dosing has additional value for pediatric AML, which may pave the way for a broader 
application of GO in pediatric AML. 
Keywords: antibody–drug conjugates, calicheamicin, immunotherapy, single-nucleotide polymorphism, tailored therapy

Introduction
Over the past decades, the prognosis of patients with de novo pediatric acute myeloid leukemia (AML) has improved 
considerably, resulting in current survival rates around 75%.1,2 However, 5–10% of pediatric AML patients suffers from 
refractory disease, and 20–35% experiences disease relapse.2,3 In relapsed patients, overall survival (OS) rates are merely 
40%, despite intensive therapies including hematopoietic stem cell transplantation (HSCT).2 To further improve OS, 
preventing the occurrence of relapse should be one of the highest priorities. However, intensifying the conventional 
chemotherapy regimens that are currently used for the treatment of newly diagnosed pediatric AML patients will likely 
increase treatment-related mortality (TRM). Hence, there is a need for more targeted, and thereby less toxic therapies that 
can be integrated safely into the current chemotherapy backbone. A therapy based on targeted delivery to leukemic cells 
that has been widely used for the treatment of AML is gemtuzumab ozogamicin (GO; Mylotarg®). GO is a CD33- 
directed monoclonal antibody linked to the cytotoxic agent calicheamicin.4,5 Once the monoclonal antibody is connected 
to the IgV domain of CD33, the antibody–drug conjugate (ADC) is rapidly internalized and transits to the lysosomes. In 
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the lysosomes, calicheamicin is detached from the antibody and localizes to the nucleus, where it causes double-strand 
DNA breaks.4,5 These breaks are extremely toxic for proliferating cells and subsequently trigger apoptosis (Figure 1).4,5 

Because CD33 is expressed on AML blasts in 85–90% of the patients,4 this therapy holds the potential to be used widely 
among pediatric AML patients despite the heterogeneous nature of the disease.

The clinical use of GO is dependent on its approval status, which has had a remarkable journey over the past years.6–14 GO 
was first approved in 2000 by the United States Food and Drug Administration (US FDA) for use in older patients with 
relapsed AML. However, in 2010 GO was voluntarily withdrawn from the market by the company, due to preliminary results 
from a Phase III study by the Southwest Oncology Group (SWOG). In hindsight, this withdrawal appeared to be premature.4,15 

Specifically, the French ALFA-0701 trial led to re-approval of GO by the FDA in 2017 for adults, and to European Medicines 
Agency (EMA) approval in 2018 for patients ≥15 years. In this trial, the addition of GO in three fractionated doses of 3 mg/m2 

led to a significant improvement in 3-year EFS of 31% (vs 19%) and 3-year RFS of 38% (vs 25%), both in favor of GO, 
without significant OS benefit. This was mainly caused by improvements in the favorable and intermediate cytogenetic risk 
group.16 Subsequently, results of the Children’s Oncology Group (COG) AAML0531 trial led to FDA approval for de novo 
AML patients aged ≥1 month.11,16,17 However, despite several studies suggesting the additional value of GO in pediatric 
AML, it is currently not registered for the treatment of children with de novo AML <15 years in Europe.6,7,11–13,18

The aim of this review is to address the clinical value of GO in combination with current chemotherapy regimens in 
the treatment of de novo pediatric AML. We summarize the findings of pediatric clinical trials, with a special focus on 
the optimal dose and time point during treatment to administer GO. Furthermore, we describe potential predictors of 
response of GO: CD33 expression, CD33 single-nucleotide polymorphisms (SNPs), the PgP-1 drug efflux transporter, 
and Annexin A5.19–26

Figure 1 Mechanism of action of gemtuzumab ozogamicin.

https://doi.org/10.2147/OTT.S263829                                                                                                                                                                                                                                  

DovePress                                                                                                                                                            

OncoTargets and Therapy 2023:16 298

Wijnen et al                                                                                                                                                          Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Methods
Search Strategy
This literature review was conducted in May 2022, using a triplex approach. First, PubMed was searched using the 
following search terms: “gemtuzumab ozogamicin, mylotarg, GO, gemtuzumab”. In addition, ClinicalTrials.gov and 
Embase were searched using equal search terms, to cross-check previously identified clinical trials, and to identify any 
potentially missed or ongoing trials (Figure 2). Reference lists of the included articles were screened (which did not yield 
additional articles). Last, duplicates were removed.

Eligibility
Articles were eligible for inclusion if they described clinical trials (randomized controlled trials [RCTs], prospective or 
retrospective cohort studies) that investigated either clinical efficacy (OS, event-free survival [EFS], relapse rate [RR], 
and relapse-free or disease-free survival [RFS/DFS]) as well as toxicity, or response predictors of GO in newly diagnosed 
pediatric AML patients. Studies were also eligible if the study population was a combination of pediatric and adult 
patients. Only English, peer-reviewed articles were included.

Screening
Endnote version X9 (Clarivate analytics) was used to process and to identify potential articles. Titles and abstracts were 
independently screened for eligibility (JK, NW). Discrepancies were discussed (JK, NW). Figure 2 shows a flow chart of 
the literature selection process.

Inclusion after 
screening title and 

abstract, and removing 
duplicates

(n=41)

Clinicaltrials.gov
(n=103)

Exclusion
(n=23)

Inclusion after reading 
full text
(n=18)

Articles on clinical 
efficacy
(n=10)

Articles on response 
predictors

(n=8)

Embase
(n=382)

PubMed 
(n=241)

Exclusion
(n=685)

Figure 2 Flow chart of the literature selection process.
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Results
Clinical Trials Investigating the Clinical Efficacy of GO
Over the past years, the clinical efficacy of GO for the treatment of newly diagnosed pediatric AML has been assessed in 
various clinical trials. Ten articles encompassing six trials met our inclusion criteria.6–13,19,27 These trials investigated the 
clinical efficacy of GO using different dosing regimens that were administered at different time points during treatment. 
Table 1 provides a summary of all the published trials that assessed the efficacy of GO in children with newly diagnosed 
AML. An overview of all trials and associated articles including the study group, dose, and treatment time point is 
presented in Figure 3.

Gemtuzumab Ozogamicin During Induction 1 and Consolidation 1
The UK-based Medical Research Council (MRC) initiated two clinical trials investigating the efficacy of GO, in 
combined adult-pediatric studies. First, the randomized AML15 trial8 examined the addition of GO to chemotherapy 
in de novo AML patients <60 years. The trial enrolled 1113 patients, of whom 8 patients aged 0–14 years received GO 
during induction 1 (3 mg/m2; vs 6 no-GO), and 29 patients aged 0–14 years received GO during consolidation 1 (3 mg/ 
m2; vs 29 no-GO in the same age group).8 In the total cohort, there were no statistically significant differences in OS, 
RFS and cumulative incidence of relapse (CIR) with the addition of GO. Although this trial demonstrated a significant 
benefit in terms of OS for the favorable cytogenetic subgroup28 (79% vs 51%, p<0.001), there was no observed OS 
benefit for the patients aged ≥30 years in the other subgroups, neither for all patients aged 0–29 years. Overall, the 
addition of GO was well tolerated with no significant increase in toxicity.8

The AML17 trial9 investigated the effect of adding GO to the first induction course in a randomized setting at a dose 
of either 6 mg/m2 or 3 mg/m2. In this trial, 788 patients were enrolled, of whom only 29 were <16 years. In the total 
cohort, a single dose of 6 mg/m2 GO as compared to 3 mg/m2 GO did not improve 4-year OS (47% vs 50%, p=0.3), or 4- 
year RFS (38% vs 44%, p=0.3). Concerning toxicity, the 30-day and 60-day mortality were both significantly increased 
in the 6 mg/m2 group in the total cohort (7% vs 3%, p=0.02, and 9% vs 5%, p=0.01, respectively). Causes of death 
mostly concerned infection (11 vs 10), hemorrhage (4 vs 3), resistant disease (6 vs 2) and veno-occlusive disease (VOD) 
(5 vs 0), in the the 6 mg/m2 vs 3 mg/m2 group, respectively. Among the 29 patients aged <16 years, there was no benefit 
for OS (OR: 0.56 [95% CI 0.14–2.23]). Other outcomes were not reported for this subgroup. Hence, the use of GO at 6 
mg/m2 increased toxicity without improving clinical efficacy in comparison with 3 mg/m2 during induction therapy, 
indicating that 3 mg/m2 was the more favorable dose.9

Gemtuzumab Ozogamicin During Induction 2
The St. Jude Study group assessed the clinical efficacy of GO, either alone or in combination with chemotherapy, in a 
multi-intervention non-randomized clinical trial in AML patients ≤21 years. Initially, the combination of chemotherapy 
(ADE: Ara-C, daunorubicin and etoposide) and GO at a dose of 3 mg/m2 as induction 2 was used in patients with 
refractory disease (>25% bone marrow blasts after induction 1; n=9). Also, patients with a measurable residual disease 
(MRD) level >0.1% after induction 2 were given GO at a dose of 6 mg/m2 as induction 3. Three years after study 
initiation, the protocol was amended to give ADE plus GO at a dose of 3 mg/m2 as induction 2 to patients with an MRD 
level >1% after induction 1, and eliminated the use of GO monotherapy as induction 3. In total, 29 patients received ADE 
and GO (3 mg/m2) as induction 2, and 17 received GO monotherapy (6 mg/m2) as induction 3. Twenty-seven of the 29 
patients who received GO during induction 2 had a decrease in MRD.6,7 Before the amendment, MRD became negative 
in 4 of the 9 refractory patients receiving GO. After the amendment, MRD became negative in 9 of 20 patients receiving 
GO with MRD levels >1%.7 The 5-year OS and 5-year EFS from start of induction 2 were not significantly improved 
using GO (OS: 55.0% vs 36.4%, p=0.28, EFS: 50.0% vs 31.8%, p=0.28, respectively). Of the 17 patients who received 
GO monotherapy at 6 mg/m2 as induction 3 (patients with MRD >0.1% after induction 2), 13 became MRD negative.7 

Even though the efficacy of GO was not the main focus of this multi-intervention study, the administration of GO 
resulted in a decrease in MRD in most patients, without significantly improving OS. Notably, GO was exclusively 
administered to patients with poor early responses, which limits the generalizability of the findings to all newly 
diagnosed AML patients.6,7
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Table 1 Clinical Trials Investigating the Clinical Efficacy of Gemtuzumab Ozogamicin in Newly Diagnosed Pediatric Acute Myeloid Leukemia

Study Name Recruitment Period Patients (n) Age Range GO Dose Regimen Clinical Efficacy Toxicity

NRCI MRC AML158 July 2002 – June 2006 1113, 58 patients 
aged 0–14 years

0–71 years Patients were randomized to receive:  

Induction 1 (n=1113):
● a single dose of GO (3 mg/m2), in combination 

with 1) DA, or 2) ADE, or 3) FLAG-Ida (n=8, 
patients aged 0–14 years), or

● no-GO (n=6, patients aged 0–14 years) 

Consolidation 1 (n=948):
● a single dose of GO (3 mg/m2) in combination 

with 1) MACE, or 2) Ara-C (n=29, patients aged 
0–14 years), or

● no-GO (n=29, patients aged 0–14 years)

● Total cohort: GO vs no-GO:
○ 5-year OS: 43% vs 41%, 

p=0.3
○ RFS: 39% vs 35% p=0.09
○ 5-year CIR: 46% vs 50%, 

p=0.12
● Total cohort: GO vs no-GO in 

patients with favorable cytoge-
netics (n=194):
○ 5-year OS: 79% vs 51%, 

p<0.001
● Total cohort: GO vs no-GO in 

intermediate risk patients:
○ OS: OR: 0.86 (95% CI 0.70– 

1.07)
● Patients aged 0–14 years:

○ OS: OR: 0.09 (95% CI 0.01– 
1.43)

● GO was well tolerated. No significant increase in 
toxicity vs the no-GO group.

● No increased liver toxicity.
● No results separately for pediatric population.

NRCI MRC AML179 June 2009 – October 
2011

788, 29 patients 
aged 0–16 years

0–60 years Patients were randomized to receive:  

Induction 1 (n=788):
● a single dose of GO (3 mg/m2) in combination 

with ADE (n=14, patients aged 0–16 years), or
● a single dose of GO (6 mg/m2) in combination 

with ADE (n=15, patients aged 0–16 years)

● Total cohort: 6 mg/m2 vs 3 mg/ 
m2 GO dose:
○ 4-year OS: 47% vs 50%, 

p=0.3
○ 4-year RFS: 38% vs 44%, 

p=0.3
● Patients 0–16 years:

○ OS: OR: 0.56 (95% CI 0.14– 
2.23)

● Total cohort: 6 mg/m2 vs 3 mg/m2 GO dose:
○ VOD: 5.6% vs 0.5%, p<0.001
○ 30-day mortality: 7% vs 3%, p=0.02
○ 60-day mortality: 9% vs 5%, p=0.01
○ alanine transaminase (ALT): 17% vs 7%, p=0.01
○ creatinine: 1% vs 2%, p=0.02
○ hematuria: 1% vs 2%, p=0.02

● No results separately for pediatric population.

St. Jude AML 026,7 2002–2008 216 2 days – 21.4 years Patients were non-randomly assigned to receive:  

Induction 2:
● ADE with or without GO (3 mg/m2), for patients 

with >25% bone marrow blasts after induction 1 
(GO: n=9)

Induction 3:
● GO monotherapy (6 mg/m2) for patients with 

MRD >0.1% after induction 2 (GO: n=17)

Amendment: 
Induction 2:

● ADE with GO (3 mg/m2), for patients with MRD 
>1% after induction 1 (GO: n=20)

● GO vs no-GO:
○ 5-year OS: 55.0% vs 36.4%, 

p=0.28
○ 5-year EFS: 50.0% vs 31.8%, 

p=0.28
● In the GO group: 27 of the 29 

patients had decreased MRD 
levels after treatment

● Toxicity was not separately reported for the GO 
group.

COG 
AAML03P110,12,13

December 2003 – 
November 2005

350 25 days - 21.6 
years

All patients non-randomly received (n=350):  

Induction 1 (day 6):
● a single dose of GO (3 mg/m2) in combination 

with ADE10

Consolidation 2 (day 7):
● a single dose of GO (3 mg/m2) in combination 

with MA (for patients not undergoing HSCT)

● CR: 83% after 1 course, 87% 
after course 2

● 3-year OS: 66%
● 3-year EFS: 53%

● The toxicities were comparable to a normal AML 
chemotherapy regimen, with infections being 
most frequently reported.

● VOD rate did not differ significantly from those 
seen with other regimens.

(Continued)

O
ncoTargets and T

herapy 2023:16                                                                                                 
https://doi.org/10.2147/O

T
T.S263829                                                                                                                                                                                                                       

D
o

v
e

P
r
e

s
s
                                                                                                                         

301

D
o

v
e

p
r
e

s
s
                                                                                                                                                          

W
ijnen et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 1 (Continued). 

Study Name Recruitment Period Patients (n) Age Range GO Dose Regimen Clinical Efficacy Toxicity

COG 
AAML053111−13,18

August 2006 – June 
2010

1022 30 days – 29 years Patients were randomized to receive:  

Induction 1 (day 6):
● a single dose of GO (3 mg/m2) in combination 

with ADE10 (n=511), and:

Consolidation 2 (day 7):
● a single dose of GO (3 mg/m2) in combination 

with MA (n=511) (for patients not undergoing 
HSCT)

Or standard five course chemotherapy alone 
(n=511)

● Total cohort: GO vs no-GO:
○ 3-year OS: 69.4% vs 65.4%, 

p=0.39
○ 3-year EFS: 51.3% vs 46.9%, 

p=0.04
○ RR: 32.8% vs 41.3%, p=0.01
○ 3-year DFS: 60.6% vs 54.7%, 

p=0.07
● In FLT3-ITD patients (AAML03P1 

and AAML0531): GO vs no-GO:
○ 3-year OS: 50% vs 49%, 

p=0.74
○ RR: 37% vs 59%, p=0.02
○ DFS: 47% vs 41%, p=0.5
○ TRM: 16% vs 0%, p=0.01

● In KMT2A-rearranged patients: 
GO vs no-GO:
○ 3-year OS: 63% vs 53%, 

p=0.05
○ 3-year EFS: 48% vs 29%, 

p<0.001
○ RR: 40% vs 66%, p<0.001
○ DFS: 57% vs 33%, p<0.01

● In infant patients (age <1 year): 
GO vs no-GO:
○ 5-year OS: 66% vs 57%, 

p=0.22
○ 5-year EFS: 47% vs 37%, 

p=0.19
○ RR: 37% vs 55%, p=0.06
○ DFS: 57% vs 42%, p=0.09

● GO vs no-GO:
○ 5-year TRM: 8.6% vs 5.9%, p=0.09 (especially 

in the low-risk group (8 vs 2 patients, 
p=0.02)).

○ VOD rate was similar in both groups.

NOPHO-AML 200427 January 2004–2010 120 0–18 years Patients were randomized to receive:  

Post-consolidation:
● No-GO (n=61), or
● GO (5 mg/m2) 4 weeks after the last consolida-

tion course, and repeated after 3 weeks (n=59)

● GO vs no-GO:
○ 5-year OS: 74% vs 80% (non- 

significant)
○ 5-year EFS: 55% vs 51% 

(non-significant)
○ Relapse: 24 vs 25 patients

● GO postponed time to relapse 
with a median of 5 months (non- 
significant)

● Overall, the toxicity profile for GO as monother-
apy was acceptable.

● No patients showed signs of VOD.

Abbreviations: ADE, Ara-C + daunorubicin + etoposide; AML, acute myeloid leukemia; CIR, cumulative incidence of relapse; COG, Children’s Oncology Group; CR, complete remission; DA, daunorubicin + cytarabine; EFS, event-free 
survival; GO, gemtuzumab ozogamicin; HSCT, hematological stem cell transplantation; FLAG-Ida, fludarabine, cytarabine, and idarubicin; MA, mitoxantrone + cytarabine; MACE, amsacrine, cytarabine and etoposide; MRC, Medical 
Research Council; NOPHO, Nordic Society of Paediatric Haematology and Oncology; NRCI, National Cancer Research Institute; OS, overall survival; RFS, relapse-free survival; RR, relapse rate; VOD, veno-occlusive disease.
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Gemtuzumab Ozogamicin as Remission Induction and Post-Remission Consolidation
The COG AAML03P1 pilot trial primarily investigated the safety of the addition of two doses of GO (3 mg/m2) to 
chemotherapy in a non-randomized setting, one during induction and one during consolidation, in patients ≤21 years 
(n=340) (Table 1).10 The second dose of GO during consolidation was administered to children not undergoing HSCT. In 
this study, 3-year OS was 66%, and 3-year EFS was 53%. Toxicity was similar compared with conventional AML 
chemotherapy regimens. The most frequently reported adverse events were infections (grade ≥3).10 This pilot study 
demonstrated that the addition of GO was safe and feasible, and that the outcomes were more favorable compared to 
other clinical trials in that era reporting 5-year OS of around 67% and 5-year EFS of around 55%.10

Based on these results, the aim of the subsequent randomized AAML0531 phase III trial was to determine whether 
GO added to standard chemotherapy improved OS and EFS in children with newly diagnosed AML. The study design 
and backbone chemotherapy were similar to the AAML03P1 trial, although patients in the AAML0531 trial were 
randomized to receive GO or not (Table 1).11 In total, 1022 patients aged 0–29 years were included (n=1009 aged 0–20 
years) and half of these patients received two doses of GO (3 mg/m2). The 3-year EFS in this group was significantly 
higher compared with controls (53.1 vs 46.9%, p=0.04), mainly because of a reduction in RR (32.8% vs 41.3%, p=0.01), 
while 3-year OS was similar (69.4% vs 65.4%, p=0.39). This may in part be explained by the somewhat increased 5-year 
TRM in the GO group compared to the no-GO group (8.6% vs 5.9%, p=0.09). Specifically, there was significantly more 
TRM in the low-risk group (t(8;21) or inv(16)): 7.5% vs 1.8%, p=0.04, respectively.11 Furthermore, Pollard et al18 

reported a sub-analysis of 215 patients with KMT2A-rearranged AML who showed similar TRM with or without GO, but 

AML02 
GO 3mg/m2

2002-2008
Rubnitz (2010)6 &

O’Hear (2013)7: n=29

Course 1
De novo

AML Course 2 Course 5Course 4Course 3

AML02 
GO 6mg/m2**

2002-2008
Rubnitz (2010)6 & 

O’Hear (2013)7: n=17

COG 
AAML03P1
GO 3mg/m2

2003-2005
Cooper (2012)10: n=350
Tarlock (2016)13: n=30
Guest (2017)12: n=142

COG 
AAML03P1
GO 3mg/m2

2003-2005
Cooper (2012)10: n=350
Tarlock (2016)13: n=30
Guest (2017)12: n=142

COG 
AAML0531
GO 3mg/m2

2006-2010
Gamis (2014)11: 

n=1022
Tarlock (2015)13: n=153
Pollard (2021)19: n=215
Guest (2017)12: n=142

COG 
AAML0531
GO 3mg/m2

2006-2010
Gamis (2014)11: 

n=1022
Tarlock (2015)13: n=153
Pollard (2021)19: n=215
Guest (2017)12: n=142

MRC AML15
GO 3mg/m2

2002-2006
Burnett (2011)8: n=164*

MRC AML15
GO 3mg/m2

2002-2006
Burnett (2011)8: n=58*

MRC AML17
GO 3 or 
6mg/m2

2009-2011
Burnett (2016)9: n=29

NOPHO-
AML2004

GO 5mg/m2***
2004-2010

Hasle (2012)27: n=120

Post-
consolidation

Figure 3 Overview of study groups assessing the effect of gemtuzumab ozogamicin during different time periods in treatment of pediatric acute myeloid leukemia. 
Notes: The number of patients concerns pediatric patients who were randomized to either receive GO or not. *Patients 0–14 years. **Initially, the combination of ADE + 
GO was used only in patients with >25% bone marrow blasts after induction 1. Patients with an MRD level >0.1% after induction 2 were given GO at a dose of 6 mg/m2 as 
induction 3. The protocol was amended in 2005 to give ADE + GO as induction 2 to patients with an MRD level >1% after induction 1, and thereby eliminate the use of 
single-agent GO as induction 3. ***As post-consolidation therapy, repeated after 3 weeks. 
Abbreviations: ADE, Ara-C + daunorubicin + etoposide; AML, acute myeloid leukemia; COG, Children’s Oncology Group; GO, gemtuzumab ozogamicin; MRC, Medical 
Research Council; NOPHO, Nordic Society of Paediatric Haematology and Oncology.
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with a trend towards improved OS (63% vs 53%, p=0.05, respectively), together with improved EFS (48% vs 29%, 
p<0.01, respectively) and reduced RR (40% vs 66%, p<0.001, respectively).18 Likewise, a sub-analysis on the efficacy of 
GO in 142 infants ≤1 year showed similar TRM in both groups, and a non-significant 5-year OS and EFS (OS: 66% vs 
57%, p=0.22; EFS: 47% vs 37%, p=0.19).12 In FLT3-ITD positive patients within the AAML03P1 and AAML0531 trials 
(n=30 and n=153, of whom 112 received GO), findings were similar to what was reported for the total cohort: RR was 
significantly decreased (37% vs 59%, p=0.02), but OS did not differ (50% vs 49%, p=0.74, respectively), while TRM 
was significantly increased in the GO group (16% vs 0%, p<0.001).13

Gemtuzumab Ozogamicin as Post-Consolidation Therapy
The Nordic Society of Paediatric Haematology and Oncology (NOPHO) AML 2004 study investigated the effect of GO 
(5 mg/m2) as post-consolidation therapy in de novo pediatric AML patients, in a randomized setting, at least 4 weeks 
after the last consolidation course, and repeated once after 3 weeks.27 In patients receiving GO (n=59) compared to no 
further therapy (n=61), the median time to relapse increased non-significantly (15 months vs 11 months), while the 
number of relapses was similar in both groups (24 [41%] vs 25 [41%]). Outcome was similar for both the GO and no-GO 
groups (5-year OS: 74% vs 80% and 5-year EFS: 55% vs 51%, respectively). Regarding toxicity, GO appeared to be well 
tolerated with only modest elevations of transaminase and bilirubin levels in the intervention group, and no signs of 
VOD.27

Clinical Trials Addressing Response Predictors
In order to aid the selection of pediatric AML patients that will most likely benefit from GO, it is crucial to investigate 
possible response predictors to GO. In this review, we included 8 articles19–26 that identified several response predictors: 
CD33 expression, CD33 SNPs, the drug transporter PgP-1, and Annexin A5.

CD33 Expression
The relation between CD33 expression and clinical benefit of GO in both adults and children has been addressed in 
multiple studies, often showing that a higher CD33 expression correlates with better GO response.19,25,29–31 In children 
with AML, Pollard et al25 prospectively quantified CD33 expression levels in samples of 825 patients in the AAML0531 
trial, and found that patients in the lowest quartile of CD33 expression had no clinical benefit from GO, whereas patients 
in quartiles 2–4 had a significant improvement in 5-year EFS (53% vs 41%, p<0.01), a reduction in RR (32% vs 49%, 
p<0.001) and an improvement in 5-year RFS (47% vs 61%, p<0.01). There was no difference in OS in both groups.19 

Although this study did not establish an absolute CD33 expression threshold, it does provide evidence that the expression 
level of CD33 is a relevant predictive factor for response to GO. In the MRC15 trial (n=418), the researchers 
differentiated CD33 expression levels between either positive (>20% of the blasts expressed CD33) or negative, and 
demonstrated a lower RR (OR: 0.80 95% CI 0.64–0.99) and increased 5-year RFS (OR: 0.81 95% CI 0.67–0.98) in 
CD33-positive patients that received GO. However, the group classified as negative was very small (n=43), possibly 
distorting adequate analysis.8

CD33 Single-Nucleotide Polymorphisms
Another response predictor of GO concerns the contribution of host genetic factors, such as single-nucleotide poly-
morphisms (SNPs), which have been identified by several studies.20–22,26 SNP rs12459419 C>T was found to lead to the 
loss of the V-set antibody binding domain.4,20 Because most diagnostic antibodies are directed at this V-set domain, these 
patients would appear to be CD33 negative, while actually being CD33 positive. Most importantly, the lack of this V-set 
domain impacts the GO binding capacity and hence, the efficacy of GO. Thus, this SNP C>T influences the ability to 
adequately identify the level of CD33 expression, but also the binding capacity of GO, making the CD33 expression non- 
functional. This was demonstrated in the AAML0531 trial. In this trial, patients with the CC genotype in rs12459419, 
hence without the T allele, had nearly a 50% reduction in RR (26% vs 49%, p<0.001) and an improved DFS (65% vs 
46%, p<0.01) when treated with GO compared to those who were not, respectively. OS did not differ significantly (66% 
vs 58%, p=0.16).20 In contrast, in patients with at least one T allele, the addition of GO did not result in any clinical 
benefit.20,22 These results suggest that this loss of V-set domain compromises the efficacy of GO.4 This finding was 
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supported by Lamba et al,26 who found that the presence of the T allele was significantly associated with poor response to 
GO in pediatric AML patients.26

Drug Transporter PgP-1
The efficacy of GO also relies on the intracellular levels of calicheamicin, which can be influenced by PgP-1, a drug 
efflux transporter encoded by the ABCB1 gene.32 Due to its mechanism of action, the expression of the ABCB1 gene 
inversely correlates with GO response. Rafiee et al24 evaluated the impact of ABCB1-SNPs on GO response in DNA 
samples of patients in the AAML0531 study (n=942).24 The rs1045642 SNP CT/TT allele was associated with lower 
ABCB1 expression and consequently, lower PgP-1 expression. Patients with this genotype had better outcome in terms of 
EFS (p=0.02) and RR (p=0.01), compared to patients with the CC genotype.24 Hence, the CT/TT genotype may increase 
intracellular levels of calicheamicin due to reduced activity of the PgP-1 drug transporter.4,24

Annexin A5
Lastly, another proposed response predictor is the cellular protein annexin A5, encoded by ANAX5. Annexin A5 plays a 
role in the regulation of cellular growth, differentiation, inflammation and signaling.23 It also functions as an anti- 
inflammatory and anti-apoptotic agent under stress, aiming to protect cells from dying.23 In line with this, high 
expression levels of ANXA5 have been associated with adverse outcomes in pediatric AML patients upon conventional 
chemotherapy.23 Zhang et al23 re-analyzed data from the AAML03P1 and AAML0531 trials, and identified that high 
ANXA5 expression was an independent favorable factor for OS and EFS upon GO treatment, compared with low ANXA5 
expression (p<0.01 and p<0.001, respectively; exact numbers not reported). Thus, the addition of GO to standard 
chemotherapy may be a way to overcome the adverse prognostic effect of high expression of ANXA5 in pediatric 
AML patients.23

Discussion
In this review, we aimed to clarify the clinical value of GO in newly diagnosed pediatric AML. Currently, there is no 
EMA market approval for GO for children with de novo AML aged <15 years, in contrast to FDA approval in the 
USA.4,5,16,33 In the largest, randomized trial (AAML0531) that investigated the use of GO in addition to chemotherapy in 
pediatric AML, an improved EFS and reduced RR were reported, although this did not result in superior OS. The lack of 
OS benefit may be explained at least in part by the increased TRM in the low-risk group that received GO. This is 
supported by a sub-analysis in KMT2A-rearranged patients, where TRM was similar in both groups, and OS showed a 
trend towards improvement (63% vs 53%, p=0.05).11 Despite the lack of benefit in terms of OS in the total cohort, the 
results of this trial ultimately led to FDA approval for de novo AML patients aged ≥1 month. Likewise, all other, smaller 
trials in de novo pediatric AML, and several sub-analyses in the AAML0531 trial, showed similar results in terms of EFS 
and RR, without OS benefit with the addition of GO.10,11,13,19,27 Overall, the results in pediatric AML were in line with 
those in adult AML. For instance, in the French ALFA-0701 trial, the addition of GO resulted in a 3-year EFS of 31% (vs 
19%, p<0.01) and a RFS of 38% (vs 25%, p=0.01), both in favor of GO, without significant OS benefit.16,33 Moreover, 
the NCRI AML 16 trial demonstrated an improved 2-year OS (35% vs 29%, p=0.04) and an improved 2-year RFS (28% 
vs 23%, p=0.03).34 These findings may suggest that GO is most effective early in treatment, in combination with 
chemotherapy.35–37

One of the major concerns with the use of GO is liver toxicity, VOD in particular, which has been reported in a 
previous adult trial.38 Overall, GO given at a dose of 3 mg/m2 was well tolerated in the studies included in this review, 
with no increased VOD rate and no increased overall toxicity.6–8,10,11,13,18 Albeit TRM was increased in both low-risk 
and FLT3-ITD patients that received GO in the AML0531 trial, TRM in the no-GO groups was remarkably low (1.8% 
and 0%, respectively) as compared to what is common (4–5%).11,13 Altogether, a dose of 3 mg/m2 of GO appears to be 
safe and feasible when used in combination with most conventional chemotherapy regimens. In the MRC17 trial, the use 
of a single dose of 6 mg/m2 GO as compared to a single dose of 3 mg/m2, led to an increased VOD rate (5.6% vs 0.5%, 
p<0.0001), with no clinical benefit. Hence, GO at a dose of 3 mg/m2 was considered the more favorable dose in terms of 
toxicity.9 Whether fractionated dosing has additional value for pediatric AML is unknown, but this is currently being 
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investigated in the intent-to-file MyeChild study (EudraCT Number: 2014–005066-30), in the context of a Pediatric 
Investigational Plan. Whether GO is useful as monotherapy, often given on compassionate use basis in the relapsed and 
refractory disease (R/R) setting, has been extensively studied.39–44 For instance, treatment with single-agent high-dose 
GO was effective for bridging children with advanced AML to HSCT in different Phase I and II trials.40,44 Moreover, 
Parigger et al45 reviewed the dose-related efficacy and toxicity of GO, mainly in R/R patients, and reported favorable 
outcomes and acceptable toxicity using a dose of 3 mg/m2, while doses of >6 mg/m2 led to more adverse events.45

Additionally, the different toxicity profile of GO, due to its targeted delivery to leukemic cells, raises the question 
whether parts of the backbone therapy can be replaced by GO in patients that experience severe toxicity with 
conventional chemotherapy, for example in patients with cardiotoxicity due to anthracyclines. Currently, the use of the 
cardioprotectant dexrazoxane was and will be studied in (future) clinical trials, although another approach could be to at 
least partly replace anthracyclines by GO, without deteriorating OS or EFS.46,47 This is already being applied in 
individual patients.

To improve treatment benefit, one could consider to determine CD33 expression levels on AML blasts and associated 
SNPs, since data from the COG AAML0531 and MRC15 trial showed that a higher CD33 expression correlates with 
better GO response. This is in line with findings in adult trials.8,25 The French ALFA-0701 trial showed that adults with 
higher CD33 expression (>70% blasts were CD33 positive) had an improved outcome in terms of EFS and RFS, 
compared to patients with <70% blasts being CD33 positive.30 In addition, the MRC16 and MRC17 trials showed that 
adults with the lowest quartile of CD33 expression had no benefit from GO, unlike patients in higher quartiles.31 

Additionally, SNP rs12459419 C allele has been found to be associated with significant clinical benefit of GO, whereas 
patients with the T genotype did not derive clinical benefit from GO, due to the loss of the V-set domain.20,26 The latter 
impacts the GO binding capacity and thereby the efficacy of GO. The other biomarkers PgP-1 (encoded by the ABCB1) 
and ANXA5 expression are also associated with poorer or better response to GO, respectively.48 Taken together, by 
identifying predictors of response, GO therapy has the potential to be personalized.

Conclusion
The addition of GO to conventional chemotherapy in the treatment of de novo pediatric AML may improve EFS and 
reduce RR, but does not seem to improve OS. Response predictors like CD33 expression and associated SNPs, PgP-1 and 
Annexin A5 may be used to select pediatric AML patients who are mostly likely to benefit from GO. Future studies on 
the addition of GO could focus on decreasing toxicity, thereby possibly leading to an OS benefit. We feel that the 
documented clinical efficacy of GO in the frontline treatment of pediatric AML warrants its use. Hopefully, the ongoing 
MyeChild study will further support its clinical utility and ultimately lead to EMA approval.
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