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Summary

SUMMARY

This thesis includes several translational and clinical projects related to cytogenetics 
and clinical aspects of pediatric acute myeloid leukemia (AML). The aim of all projects 
outlined in this thesis was to provide more insight in either risk stratification and/or 
clinical aspects of AML treatment. Several of the studies described in this thesis have 
been carried out within the international Berlin-Frankfurt-Munster (I-BFM) study group. 
This thesis includes three parts, all related to important aspects of pediatric AML. 
Part I focusses on epidemiology, outcomes, and mortality of children with AML in the 
Netherlands. Part II focusses on different cytogenetic subgroups and their prognostic 
relevance. Part III focusses more on clinical challenges and supportive care during 
treatment. 

Part I: Epidemiology and Outcome in The Netherlands
In Chapter 2 the incidence and outcome of pediatric AML in the Netherlands over the 
past 26 years is studied. The aim of the study was to report trends in incidence, survival, 
and mortality including subgroup analyses, combining data from the population-
based Netherlands Cancer Registry and the Dutch Childhood Oncology Group (DCOG). 
Between 1990 and 2015, a total of 638 children were diagnosed with AML in the 
Netherlands. On average 25 children per year are diagnosed with AML. The incidence 
slightly increased, especially in the age group 1-4 year olds. Five-year overall survival 
(OS) significantly improved over the past 26 years and nearly doubled from 40% in 
the early 1990s to 74% in 2010-2015. However, 5-year event-free survival (EFS) did not 
exceed 50% during the entire study time.
Findings described in Chapter 3 are part of a large national cohort study on toxicity 
among 245 children treated for AML in one of the three latest DCOG protocols, i.e., ANLL-
97/AML-12 (n=118), AML-15 (n=60), and DB-AML 01 (n=67). Incidence and risk factors 
associated with early death (ED), treatment-related mortality (TRM), and chemotherapy-
related mortality (CRM; excluding stem cell transplantation) were retrospectively 
studied by combining information of the DCOG database and the patient charts. 
The incidence of ED was respectively 5.1%, 6.7%, and 3.0% excluding deaths before 
treatment (P>0.05), and 7.4%, 11.1%, and 4.4% including deaths before the onset of 
treatment. Severe underweight at initial diagnosis was significantly associated with 
more frequent ED, but patient numbers were small. When time and relapse disease as 
competing risk were included, cumulative incidences of TRM in CR1 were 5.9%, 5.0%, 
and 4.6% for ANLL97, AML15, and DB01, respectively. ED and TRM rates decreased 
compared with older Dutch protocols, but remained relatively stable during the latest 
three treatment protocols. The most important cause of TRM included infectious- and 
SCT-related complications.
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Part II: Cytogenetics and Clinical Outcome
Chapters 4-7 focus on the prognostic impact of different cytogenetic aberrations. In 
Chapter 4 the prognostic and clinical consequences of the presence of eosinophilia 
morphology in relation to inv(16)/t(16;16)(p13.1;q22) [inv(16)] is explored in Dutch 
children with AML FAB-type M4. Of the 119 included patients, 60% had AML-M4 only 
(M4eo-), 10% had AML-M4eo- with inv(16), 13% had AML-M4 with eosinophilia (M4eo+) 
without inv(16), and 17% had both AML-M4eo+ and inv(16). Patients with M4eo+ 
showed a non-significant trend toward better outcome than patients with M4eo-. 
In line with previous reports, patients with inv(16) had significantly better outcomes 
than patients without inv(16). Contrary to what has been reported for adults, pediatric 
patients with AML-M4eo+ plus inv(16) had no significantly superior probability of 
EFS (pEFS) or OS (pOS) compared with patients with M4eo- plus inv(16). Hence, the 
prognostically favorable impact of distinct morphology with eosinophilia probably 
relies on its association with inv(16). 
The international cohort study described in Chapter 5 evaluates the clinical 
characteristics, biological aspects, and outcomes in a specific subgroup of 46 core-
binding factor (CBF)-leukemia patients with a rare t(16;16)(p13.1;q22)/CBFβ-MYH11 
[t(16;16)] aberration. Aberrations inv(16)(p13.1q22) and t(16;16) result in the same 
fusion of the CBFβ subunit and are thought to share common biological features and 
outcomes, based on adult studies. Our study confirmed that clinical characteristics and 
outcomes are similar to those reported previously for patients with inv(16). Patient 
outcome was excellent with a 100% CR rate and a 5-year pEFS and pOS of 80% and 87%, 
respectively. Five patients (11%) relapsed. Two patients died after relapse and three 
patients died from toxic complications in CR1. Different fusion types did not impact 
outcome, but patient numbers were small. Given the low relapse rate, the risk of SCT-
related morbidity and mortality, and the high salvage rate after relapse, these patients 
should be considered favorable-risk like inv(16) itself, but may not be transplanted in 
CR1.
Chapter 6 describes the largest international cohort of pediatric AML patients with 
a t(8;21)(q22;q22) [t(8;21)]-aberration. The importance of additional cytogenetic 
aberrations and the role of cumulative doses of the mainly used chemotherapeutic 
agents were evaluated. Of the 838 patients included in final analyses, 92% achieved 
CR. Five-year pOS, pEFS and cumulative incidence of relapse (CIR) were 74%, 58%, and 
26%, respectively. WBC count >20×109/L and central nervous system involvement were 
associated with inferior outcome. cKIT mutations (present in 24% of the patients) and 
RAS mutations (present in 13% of the patients) were not significantly associated with 
outcome. Patients with deletions of chromosome arm 9q [del(9q)] had a lower CR rate, 
without impact on OS. Gain of chromosome 4 (+4) was associated with inferior CIR 
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and (event-free) survival. These patients may not be considered favorable-risk in future 
protocols. High doses of anthracyclines and etoposide during the first induction course, 
high-dose cytarabine during induction and overall high cumulative doses of cytarabine 
and etoposide were associated with lower CIR rates and better pEFS.
Chapter 7 describes an international effort to provide more insight in the prognostic 
impact of cytogenetic aberrations at time of relapse. Cytogenetic reports from 569 
patients registered to the Relapsed AML 2001/01 Study were centrally reviewed and 
classified by two independent researchers and a cytogenetic expert. Patients with 
available cytogenetics at time of relapse (n=403) were included in order to assess 
the prognostic impact of different cytogenetic subgroups at relapse. Patients with 
karyotypes available at both diagnosis and relapse (n=261) were included in order to 
study the impact of karyotype changes. Frequently detected aberrations at relapse were 
t(8;21) and inv(16)2)/t(16;16), both associated with relatively good outcome (4-year 
pOS 61% and 68%, respectively). Monosomy 7/7q–, t(9;11)(p22;q23), t(10;11)(p12;q23), 
and complex karyotypes were associated with poor outcomes (4-year pOS 17%, 19%, 
22%, and 22%, respectively). Although the pEFS of patients with karyotype changes 
(n=128, 49%) was inferior to those of patients without karyotype changes, pOS was not 
significantly different (4-year pOS 32% versus 43%, respectively). Patients with unstable 
karyotypes with both gain and loss of aberrations and structural other aberrations had 
the worst outcome. The cytogenetic subgroup at relapse was an independent risk factor 
for outcome. This study confirms that cytogenetic assessment at the time of relapse 
is of high importance and may contribute to better risk stratification for children with 
relapsed AML.

Part III: Toxicity and Supportive Care
Chapter 8 reviews several aspects of the most frequently used liposomal form of 
anthracyclines in pediatric AML: liposomal daunorubicin (L-DNR). Based on the articles 
reviewed in this chapter, L-DNR appears to improve early treatment response in relapsed 
AML patients, and results in similar early treatment response in newly diagnosed AML 
patients compared with other anthracyclines, with the same or reduced toxicity. In 
patients with CBF-AML, (event-free) survival appears to be significantly better after 
treatment with L-DNR. In general, higher dosages of L-DNR can be administered, without 
increasing (cardio)toxicity. Nevertheless, prognosis in refractory/relapsed leukemia 
remains poor and identifying new therapeutic targets remains necessary —as well as 
optimization of treatment schedules with conventional agents, including L-DNR.
In Chapter 9 we evaluated the in-vitro glucocorticoid (GC) responsiveness of pediatric 
AML cells. MTT-assays and morphology were used to determine GC resistance, GC-
induced proliferation, and GC-induced differentiation. None of the 117 evaluated 
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samples were highly GC-sensitive, and only 15% was intermediately sensitive. GC-
induced differentiation was not observed, while GC-induced cell proliferation was 
observed in 26% of the samples; more often in samples with FAB-type M5 or activating 
FLT3 mutations. Given the lack of beneficial antileukemic effects and GC-induced 
proliferation in a significant subset of our patient samples, routinely usage of GCs in 
pediatric AML-patients should be discouraged.
Using a web-based survey, currently available infection prophylaxis guidelines among 
22 international pediatric AML study groups affiliated with the I-BFM study group 
and 27 hospitals affiliated with the NOPHO-DBH AML study group were evaluated in 
Chapter 10. A minority of the study groups (n=7, 32%) advises Gram-negative antibiotic 
prophylaxis, mainly with fluoroquinolones. Gram-positive prophylaxis is prescribed by 
36% (n=8), of whom two study groups only prescribe this in specific situations. Over 
60% of the study groups prescribe food and social restrictions, but the specific topics 
and strictness differ largely. According to the hospital-based survey, sites roughly 
comply with common study group guidelines. However, the use of any Gram-negative 
antibiotic prophylaxis, the specific prophylactic antifungal agent, and the strictness of 
the food and social restrictions differ substantially between the hospitals. This study 
shows that despite a long history of close collaboration within the I-BFM study group, 
many differences are still present between the affiliated study groups.
During our repeated discussions on the use of antibiotic prophylaxis and the emerging 
need for prospective randomized trials, a novel study was set up. The outline of this 
prospective randomized trial is presented in Chapter 11. The aim of this study is to 
evaluate whether the use of the glycopeptic antibiotic teicoplanin i.v. on alternating 
days reduces the number of specific bacterial infections, i.e., Viridans Group Streptococci, 
in children treated for AML. This international clinical trial will be carried out in several 
countries affiliated with the NOPHO-DBH AML study group.

Chapter 12 provides an overview of the clinical challenges when treating patients 
with AML, including cytogenetic and molecular diagnostics, the current risk-group 
stratification, response measures, treatment aspects, the fragile balance between 
efficacy and toxicity (including supportive care) and future perspectives. 
In the general discussion (Chapter 13) the results of all studies are summarized and 
discussed with respect to current knowledge, previous studies, active recommendations 
and guidelines. Perspectives on risk stratification and supportive care measures are 
discussed, including recommendations for the next pediatric AML protocol in the 
Netherlands.

136788-klein-layout.indd   348136788-klein-layout.indd   348 10/03/2020   10:5110/03/2020   10:51


	136788-Klein_R21_OMS_voorkant.pdf
	Blank Page

	136788-Klein_R21_OMS_achterkant.pdf
	Blank Page

	Blank Page



