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Abstract
Background Advanced myelodysplastic syndrome (MDS) and juvenile myelomonocytic leukemia (JMML) are rare hema-
tological malignancies in children. A second allograft is recommended if a relapse occurs after hematopoietic stem cell 
transplantation, but the outcome is poor.
Objective We conducted a phase I/II multicenter study to evaluate the safety, pharmacokinetics, and activity of azacitidine 
in children with relapsed MDS/JMML prior to the second hematopoietic stem cell transplantation.
Methods Patients enrolled from June 2013 to March 2019 received azacitidine intravenously/subcutaneously once daily on 
days 1–7 of a 28-day cycle. The MDS and JMML cohorts followed a two-stage design separately, with a safety run-in for 
JMML. Response and safety data were used to evaluate efficacy and establish the recommended dose. Pharmacokinetics 
was also analyzed. The study closed prematurely because of low recruitment.
Results Six patients with MDS and four patients with JMML received a median of three and five cycles, respectively. 
Azacitidine 75 mg/m2 was well tolerated and plasma concentration–time profiles were similar to observed in adults. The 
most prevalent grade 3–4 adverse event was myelotoxicity. No responses were seen in patients with MDS, but 83% achieved 
stable disease; four patients underwent an allotransplant. Overall response rate in the JMML cohort was 75% (two complete 
responses; one partial response) and all responders underwent hematopoietic stem cell transplantation. One-year overall 
survival was 67% (95% confidence interval 38–100) in MDS and 50% (95% confidence interval 19–100) in JMML.
Conclusions Azacitidine 75 mg/m2 prior to a second hematopoietic stem cell transplantation is safe in children with relapsed 
MDS/JMML. Although the long-term advantage remains to be assessed, this study suggests that azacitidine is an efficacious 
option for relapsed JMML.
Clinical Trial Registration EudraCT 2010-022235-10.

1 Introduction

Myelodysplastic disorders in childhood comprise a group of 
hematological malignancies that include advanced myelo-
dysplastic syndrome (MDS) and juvenile myelomonocytic 
leukemia (JMML) [1]. Juvenile myelomonocytic leukemia, 
which represents around 2–3% of all pediatric leukemias [2], 
is caused by the excessive proliferation of cells of mono-
cytic and granulocytic lineages that lead to massive tumor 
cell infiltration of organs [3]. Myelodysplastic syndrome is 
a group of heterogeneous conditions associated with ineffec-
tive hematopoiesis, functional cellular defects, and persistent 

peripheral blood cytopenia that comprises about 3% of child-
hood cancers [4]. Pediatric MDS have different cytogenetic 
findings, somatic genetic landscapes, and therapeutic aims 
than found in adults [1, 5, 6].

Allogeneic hematopoietic stem cell transplantation 
(HSCT) is the only potentially curative treatment option 
for children with advanced MDS and for most children 
with JMML, but there is currently no pre- or post-HSCT 
treatment established to avoid disease progression or pre-
vent relapse [7, 8]. The role of irreversible DNA methyl-
transferase inhibitors such as azacitidine has been inves-
tigated in adults with MDS demonstrating significant 
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Key Points 

This is the first prospective trial designed to assess 
the safety and efficacy of azacitidine in children with 
relapsed myelodysplastic syndrome and relapsed juvenile 
myelomonocytic leukemia.

Pharmacokinetic analyses show azacitidine exposure in 
subcutaneous and intravenous administration in children 
in line with results in adults.

Azacitidine 75 mg/m2 prior to a second hematopoietic 
stem cell transplant is safe in children with relapsed 
myelodysplastic syndrome and relapsed juvenile myelo-
monocytic leukemia.

prolongation of survival [9]. Based on that, azacitidine 
has been approved by the US Food and Drug Administra-
tion (FDA) for the first-line treatment of adult patients 
with MDS [10], and by the European Medicines Agency 
for adult patients with MDS who are not eligible for HSCT 
[11]. Azacitidine in the first-line setting prior to HSCT 
showed promising results also in a pediatric MDS pop-
ulation, but only in retrospective real-world experience 
cohorts [12, 13]. In JMML, a recent trial demonstrated 
azacitidine is well tolerated and provides valuable clinical 
benefit prior to HSCT in the upfront line [14]. This study 
reported in May 2022 led to the approval of azacitidine 
for pediatric patients with newly diagnosed JMML by the 
FDA [15].

Nevertheless, disease recurrence represents the main 
cause of treatment failure in children with advanced MDS 
and JMML. The 5-year probability of event-free survival 
for children after the first allograft is 59% [16] in MDS and 
52% in JMML [17]. Furthermore, there are no standard 
treatments for advanced MDS and JMML at relapse, and 
treatment strategy is limited to achieve a second allogeneic 
HSCT. However, the majority of patients who relapse after 
a first allogeneic HSCT do not achieve long-term survival 
[18–20].

Given the relatively high number of relapses after 
HSCT [16, 17], and the lack of a consensus on the therapy 
recommended in relapses, additional therapeutic options 
for children with relapsed MDS and relapsed JMML are 
needed. Here, we report the results of a prospective, open-
label, phase I/II study evaluating the safety, pharmacoki-
netics, and activity of azacitidine monotherapy in children 
with relapsed advanced MDS or JMML.

2  Methods

2.1  Study Design

This phase I/II study of azacitidine in pediatric patients 
with relapsed advanced MDS or JMML (ITCC-015/
EWOG-MDS-Azacytidine-2010) was a collaborative study 
between the European Working Group of Myelodysplastic 
Syndromes in Childhood (EWOG-MDS) Working Group 
and the Innovative Therapies for Children with Cancer 
Consortium, with Erasmus MC as the international spon-
sor, and with the free drug provided by Celgene, who was 
also responsible for the bioanalysis of the pharmacokinetic 
samples. Financial support was provided by the Go4Chil-
dren foundation (EUDRACT: 2010-022235-10). The trial 
was open at five centers in five European countries and 
enrolled from June 2013 to March 2019. The study was 
closed prematurely in February 2020 because of a low 
inclusion rate for different reasons.

This study was approved by the appropriate national 
research ethics committee of each participating country. It 
was conducted in accordance with the guidelines of Good 
Clinical Practice and the principles of the Declaration of 
Helsinki. The investigators obtained informed consent 
from each participant’s legal guardian and each partici-
pant where applicable.

2.2  Patients

The study was open for two indications: relapsed advanced 
MDS and relapsed JMML. Diagnostic criteria for relapsed 
MDS were determined as the reappearance of blasts in the 
peripheral blood, or ≥ 5% blasts in the bone marrow (BM) 
not attributable to any other cause and confirmed with flow 
cytometry after a documented complete response (CR) or 
partial response (PR).

Diagnostic criteria for relapsed JMML were specified 
as the reappearance of organomegaly in combination with 
elevated white blood cells with peripheral blood monocy-
tosis (greater than 1 ×  109/L), and/or the reappearance of a 
cytogenetic or molecular lesion indicative of prior disease, 
and/or blast crises/transformation to acute myeloid leukemia 
(AML) after a documented CR or PR. In addition, clinical 
criteria may be used, which include objective parameters 
such as an increase in spleen size of > 50% from baseline, 
and/or the appearance of new skin lesions, and/or oxygen 
need.

Main inclusion criteria were: age 1 month to 18 years; 
Lansky play score or Karnofsky Performance Status > 60; 
normal renal function (National Cancer Institute Common 
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Terminology Criteria for Adverse Events version 4.0 grade 
1, maximum 1.5× the upper limit of normal), and normal 
liver function (National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events version 4.0 grade 1, maxi-
mum 2.5× the upper limit of normal for transaminases and 
bilirubin); no prior treatment with a demethylating agent, no 
chemotherapy within 3 weeks of the start of the study medi-
cation, and recovery of all acute toxic effects of prior chemo-
therapy/HSCT. Exclusion criteria included germline molec-
ular aberrations indicative of AML; patients with JMML 
in whom a diagnosis of Noonan syndrome was suspected; 
patients with secondary MDS with underlying BM failure 
syndromes or with familial MDS and isolated extramedul-
lary disease. Detailed inclusion and exclusion criteria are 
provided in the Electronic Supplementary Material (ESM).

2.3  Treatment

Eligible patients were treated with intravenous (IV) or sub-
cutaneous (SC) azacitidine on days 1–7 of a 28-day cycle, 
with preference for a minimum of three cycles, after which 
retransplantation was allowed. Dose level 1 (DL1) [starting 
dose] was 75 mg/m2/day (2.5 mg/kg/day for patients < 10 kg 
body weight or < 1 year of age), dose level 2 (DL2) was 100 
mg/m2/day (3.3 mg/kg/day for patients < 10 kg body weight 
or < 1 year of age), and dose level-1 (DL-1) was 50 mg/m2/
day (1.7 mg/kg/day for patients < 10 kg body weight or < 1 
year of age). Azacitidine administration was allowed to be 
IV or SC, and the decision on method of administration was 
made by the patient and the local investigator.

If, by cycle 3 day 28, a patient had a CR or PR, the patient 
could receive cycles up to six of azacitidine at the investi-
gator’s discretion. Patients were taken off the study when 
they did not show any response after the sixth course of 
treatment, or when there was clear progressive disease (PD). 
For advanced patients with MDS, PD was defined as evolu-
tion to MDS-related AML (> 30% BM blasts). In JMML, 
PD was defined as clinical progression including objective 
parameters such as an increase in spleen size of > 50% from 
baseline, and/or the appearance of new skin lesions, and/
or oxygen need, and/or blast crises/transformation to AML.

Patients who showed a benefit and for whom no donor 
was available or who could not be transplanted for other 
reasons were offered to continue azacitidine as long as they 
received a benefit, in the absence of major safety concerns. 
The follow-up period was 1 year after HSCT or until 1 year 
after the last azacitidine administration when HSCT did not 
take place.

2.4  Objectives and Endpoints

The primary objective for this study was to establish the 
recommended dose and preliminary efficacy of azacitidine 

in children with relapsed MDS or JMML. Response data 
combined with safety data were used to evaluate effi-
cacy and establish the recommended dose in both cohorts 
independently.

Dose-limiting toxicities (DLTs) were reported and con-
sidered in the dose escalation during the first course of azac-
itidine. A definition of DLTs for this study can be found in 
the ESM.

The primary efficacy endpoint was the overall response 
rate (ORR), defined as the number of patients with either a 
CR or PR, over the total number of patients evaluable for the 
analysis. The response definition was adapted from Cheson 
et al. [21] for patients with advanced MDS. For patients with 
JMML, the response definition was adapted from Chan et al. 
[22] Detailed response criteria are reported in the ESM. 
Secondary objectives included the safety and tolerability of 
azacitidine, additional efficacy measures, and the pharma-
cokinetic profile of azacitidine.

The safety analysis included the frequency, severity, and 
relatedness of all adverse events (AEs), frequency of dose 
interruptions, dose reductions and treatment discontinuation 
for toxicity, and use of concomitant medications. Adverse 
events were graded according to the National Cancer Insti-
tute Common Terminology Criteria for Adverse Events 
version 4.0 and recorded until 28 days after the last dose of 
azacitidine. As additional efficacy measures, HSCT rate, 
progression-free survival (PFS), and overall survival (OS) 
were analyzed. Pharmacokinetic parameters of azacitidine 
were calculated from the concentration–time profiles using 
non-compartmental analyses.

2.5  Statistical Analyses

The data cut-off for this analysis was 30 November, 2020. 
Each disease indication was considered an independent 
treatment arm that ran in parallel with each other. One dose 
escalation was allowed for each arm.

Dose escalation in both study arms followed a two-stage 
design, with the option of a safety run-in in the case of the 
JMML arm. Each stage (stage one and stage two) consisted 
of a minimum of three patients per disease indication.

Progression-free survival was defined as the time from 
the date of the first administration of azacitidine until pro-
gression, relapse, or death, whichever occurred first. Overall 
survival was defined as the time from the first dose of azac-
itidine until death due to any cause. Survival curves for PFS 
and OS were generated using the Kaplan–Meier method. 
For confidence intervals (CIs) of survival rates, the standard 
error was computed using Greenwood’s formula. Median 
PFS and OS were obtained along with 95% CIs using the 
Brookmeyer and Crowley method.
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3  Results

3.1  Patient Characteristics

From June 2013 to March 2019, ten pediatric patients were 
recruited: six with relapsed advanced MDS and four with 
relapsed JMML. All patients were included in all analyses 
as they all received at least one dose of the study medication 
and had at least one post-baseline assessment. Their demo-
graphics and baseline characteristics are shown in Table 1.

Three male individuals and three female individuals with 
MDS were recruited with a median age of 14.3 years (range 
9.7–18.2 years). Median time from diagnosis to relapse was 
458 days (range 214–755 days). All patients received prior 
HSCT.

Four male individuals with JMML were recruited with a 
median age of 4 years (range 3.1–7.3 years). Median time 
from diagnosis to relapse was 588 days (range 328–1645 
days). Methylation class was high in three patients and low 
in one patient based on the JMML-specific DNA methyla-
tion score [23]. The spleen tip was palpable at a median of 
4 cm (range 0–11 cm) below the costal margin. All patients 
received prior HSCT.

3.2  Therapy Delivered

A total of 36 cycles of azacitidine at 75 mg/m2/day (DL1) 
were administered, 25 intravenously and 11 subcutaneously. 
No patients were dose escalated to DL2.

Patients with relapsed advanced MDS received a total 
of 17 cycles. The median duration of treatment was three 
cycles (range 2–4 cycles). Four patients (67%) completed 
three cycles of azacitidine but two patients (33%) discontin-
ued therapy before completing three cycles because of dis-
ease progression and complications (Table 2). Patients with 
relapsed JMML received 19 cycles. The median duration of 
treatment was five cycles (range 3–6 cycles). All patients 
with JMML completed at least three cycles of azacitidine 
(Table 2).

3.3  Safety

All patients had more than one AE. The most common grade 
3 or 4 treatment-related AEs were neutropenia, thrombocy-
topenia, anemia, and febrile neutropenia reported in seven, 
five, four, and four patients each, respectively. Other related 
grade 3 and 4 events consisted of elevation of liver functions, 
anorexia, and headache (Table 3).

Five patients (50%) experienced a serious AE, due to 12 
grade 2/3 AEs that required hospitalization (Table 4). Five 
out of 12 serious AEs were considered as suspected unex-
pected serious adverse reactions, all clustered in the same 
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patient with MDS: grade 3 pulmonary hemosiderosis, grade 
3 erythrocytosis, grade 3 splenomegaly, and grade 3 and 
grade 2 erythema nodosum. These events were considered 
related as there was no clear alternative explanation.

Only one patient with MDS experienced three DLTs: 
pulmonary hemosiderosis in cycle 1 and splenomegaly and 

erythrocytosis in cycle 2. The patient was discontinuing 
because of toxicity after cycle 2. No other DLTs were seen 
in any of the participants. No other AEs lead to a dose reduc-
tion or dose interruption in any other patient. No treatment-
related deaths were recorded.

3.4  Efficacy

Details of the individual patients' clinical responses are 
shown in Table 2.

3.4.1  MDS Cohort

At C1D28, five out of six patients (83%) achieved stable dis-
ease and one patient (17%) presented with PD. No responses 
were achieved. Importantly, four of the five patients with sta-
ble disease (67%) underwent allogeneic HSCT. There were 
no graft failures. Grade I acute graft-versus-host disease was 
diagnosed in one patient and chronic graft-versus-host dis-
ease in another patient.

With a median follow-up of 8.7 months (interquartile 
range 4.09–9.57), three of six patients (50%) were alive at 
the end of the study. The patient who progressed during the 
treatment trial died before HSCT, one patient died before 
undergoing a transplantation following a splenectomy 
because of respiratory insufficiency and multi-organ failure, 
and one other patient died after a transplant because of dis-
ease progression despite HSCT. The 1-year OS from the start 
of treatment was 67% (95% CI 38–100) for the MDS cohort.

3.4.2  JMML Cohort

The ORR was 75%: two patients (50%) achieved CR at 
C1D28 and at C4D28, respectively, and one patient (25%) 

Table 2  Dosing and response details per patient

C cycle, CR complete response, D day, ID identification number, IV intravenous, JMML juvenile myelomonocytic leukemia, MDS myelodysplas-
tic syndrome, PD progresive disease, PR partial response, SC subcutaneus, SD stable disease

Patient 
ID

Stratum Method of 
administration

Number of 
cycles

Best response 
obtained

Time when best 
response was obtained

Status at second 
transplant if 
applicable

Status at last 
follow-up

1 MDS IV 3 SD C2D1 SD Alive
2 JMML SC 3 SD C2D1 SD Death
3 JMML SC 5 PR C2D1 – Death
4 JMML IV 6 CR C2D1 CR Alive
5 MDS IV 2 PD C2D1 – Death
6 MDS IV 2 SD C2D1 – Death
7 MDS IV 3 SD C2D1 SD Alive
8 MDS SC 3 SD C2D1 SD Death
9 MDS IV 4 SD C2D1 SD Alive
10 JMML IV 5 CR C5D1 CR Death

Table 3  List of the grade 3–4 adverse events

Number of patients

Grade 3 Grade 4 Total

Alanine aminotransferase increased 2 0 2
Anemia 4 0 4
Anorexia 1 0 1
Blood total bilirubin increased 1 0 1
Blood direct bilirubin increased 0 1 1
Bronchial infection 1 0 1
C-reactive protein increase 1 0 1
Erythema nodosum 1 0 1
Erythrocytosis 1 0 1
Febrile neutropenia 4 0 4
Flu-like symptoms 1 0 1
Headache 1 0 1
Lymphocyte count decreased 1 0 1
Lung infection 1 0 1
Multifocal leukoencephalopathy 1 0 1
Neutrophil count decreased 0 7 7
Parotitis 1 0 1
Platelet count decreased 0 5 5
Pulmonary hemosiderosis 1 0 1
Sepsis 1 0 1
Splenomegaly and extramedullary 

hematopoiesis
1 0 1
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achieved PR at C1D28. One (25%) patient achieved stable 
disease. There were no PDs during the study treatment. 
Three of the four patients (75%) underwent allogeneic 
HSCT. There was one graft failure and one patient presented 
with grade II acute graft-versus-host disease.

With a median follow-up of 14.7 months (interquartile 
range 6.59–14.42 months), only one of four patients was alive. 
After transplantation, one patient died following a graft failure 
and one because of veno-occlusive disease and macrophage 
activation syndrome. The other patient died after relapse 
before undergoing a transplant. The 1-year OS from the start 
of treatment was 50% (95% CI 19–100) for the JMML cohort 
(Fig. 1).

3.5  Pharmacokinetics

The pharmacokinetic data were analyzed by route of admin-
istration, seven patients received IV azacitidine and three 
patients received SC azacitidine. In one subject, the infusion 
duration was 48 min relative to 15 min per protocol and this 
patient had unusually high azacitidine concentrations and 
exposure parameters (maximum plasma concentration [Cmax] 
more than ten-fold higher than highest Cmax observed in the 
other subjects and an area under the concentration–time curve 
more than 35-fold higher than highest area under the concen-
tration–time curve value observed in the other subjects), there-
fore summaries are provided excluding this subject (Fig. 2).

Following IV administration, azacitidine rapidly reached 
 Cmax with a mean Cmax of 1920 ng/mL and then was rapidly 
eliminated with a mean terminal elimination half-life of 0.34 
h. Following SC administration, azacitidine reached lower 
Cmax with a mean Cmax of 1263 ng/mL and showed slower 
elimination with a mean terminal elimination half-life of 

0.54 h. High interpatient variability was observed for both 
routes of administration.

4  Discussion

This is the first prospective trial designed to assess the safety 
and efficacy of azacitidine in children with relapsed MDS 
and relapsed JMML. In this azacitidine monotherapy study, 
the dose of 75 mg/m2/day on days 1–7 of a 28-day cycle was 
well tolerated. No patients were treated with 100 mg/m2. 
Pharmacokinetic analyses showed drug exposure in line with 
results in adults, including SC administration that showed 
a half-life time approximately 1.5-fold greater than the IV 
half-life time. No responses were obtained in the MDS 
cohort, although five out of six patients achieved stabiliza-
tion of the disease for a median duration of three cycles, 
enabling an HSCT in 80% of them. In the four patients with 
JMML, clear signs of activity were seen. The ORR was 75%, 
with a CR in two patients and a PR in one patient, which 
enabled all responders to undergo a second HSCT.

Azacitidine monotherapy was well tolerated in this 
patient population. Most prevalent grade 3–4 AEs were neu-
tropenia, thrombocytopenia, anemia, and febrile neutrope-
nia, which is consistent with the safety profile revealed in 
first-line pediatric patients [13, 14] and in adults [24, 25]. 
Intriguingly, a 9-year-old female child with relapsed MDS 
experienced three different DLTs with several as suspected 
unexpected serious adverse reactions, including pulmonary 
hemosiderosis and erythema nodosum. These findings have 
not been reported earlier with azacitidine. They are not with-
out doubt attributable to azacitidine and may be related to 
an auto-immune phenomenon that can be observed in MDS; 

Table 4  List and characteristics of the severe AEs

AE adverse event, CRP C-reactive protein, ID identification number, JMML juvenile myelomonocytic leukemia, MDS myelodysplastic syn-
drome, SAE severe adverse event

Patient ID Stratum AE term SAE category Timing Outcome

1 MDS Increased CRP level Prolongation of hospitalization Cycle 1 Resolved
1 MDS Increased CRP level Prolongation of hospitalization Cycle 2 Resolved
2 JMML Fever Prolongation of hospitalization Cycle 1 Resolved
2 JMML Febrile neutropenia Prolongation of hospitalization Cycle 2 Resolved
3 JMML Jaundice Prolongation of hospitalization Cycle 2 Resolved
6 MDS Pulmonary hemosiderosis Prolongation of hospitalization Cycle 1 Resolved
6 MDS Erythrocytosis Prolongation of hospitalization Cycle 2 Resolved
6 MDS Febrile neutropenia Prolongation of hospitalization Cycle 2 Resolved
6 MDS Erythema nodosum Prolongation of hospitalization Cycle 2 Resolved
6 MDS Splenomegaly with extramedul-

lary hematopoiesis
Prolongation of hospitalization Cycle 2 Ongoing

6 MDS Erythema nodosum Prolongation of hospitalization Cycle 1 Resolved
9 MDS Febrile neutropenia Prolongation of hospitalization Follow-up Resolved
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however, the events occurred after drug exposure in both 
course 1 and course 2.

Unfortunately, we did not find responses for patients with 
MDS, but stabilization of the disease was achieved in five 
out of six patients. This is in accordance with the previous 
retrospective experience of the EWOG-MDS [13]. Cseh 
et al. reported a retrospective analysis of 24 children and 

young adults with MDS who received azacitidine at the 
time of the first diagnosis or relapse after an allotransplant. 
Ten children received azacitidine for relapsed MDS after 
an HSCT over 5–7 days at a single dose of 50–100 mg/
m2 per IV or SC route. Of these, seven experienced stable 
disease for a median of three cycles. Additionally, in adults, 
response to azacitidine occurs in less than 50% of treated 
patients, and duration of response is transient [26].

New drugs and innovative combinations with hypometh-
ylating agents in MDS have emerged in recent years. One 
drug that has received a breakthrough therapy designa-
tion from the FDA for MDS in adults is magrolimab [27]. 
Magrolimab is a monoclonal antibody that blocks the mac-
rophage inhibitory immune checkpoint CD47, a “do not 
eat me” signal overexpressed on tumor cells that allows for 
evasion of immune destruction [28]. In a phase Ib study of 
adults with newly diagnosed high-risk MDS, the combina-
tion of magrolimab and azacitidine was found to be tolerable 
and demonstrated encouraging activity with a 74.7% ORR 
[29]. Another drug that is currently under investigation is 
venetoclax. Venetoclax is a BCL2 inhibitor that can induce 
apoptosis in tumor cells that are dependent on BCL2 for sur-
vival [30]. The association of venetoclax and azacitidine has 
shown efficacy in adults patients with newly MDS who were 
not candidates for HSCT [31] and, in addition, the triplet 
is under development for high-risk de novo and secondary 

Fig. 1  Overall survival (OS) 
from the start of treatment for 
patients with juvenile myelo-
monocytic leukemia (JMML) 
and myelodysplastic syndrome 
(MDS) differentiated to trans-
plantation status. The risk table 
shows the number of patients 
at a certain timepoint. CI confi-
dence interval, NA 

MDS: Myelodysplas�c syndrome, JMML: Juvenile myelomonocy�c leukemia, OS: Overall 
survival 

Number at risk 

Not transplanted              2                                                                      0                                                                       0
Transplanted                     8                                                                      6                                                                       3

                                            0                                                                      6                                                                      12

                                                                          Months from MDS/JMML start treatment

IV: Intravenous; SC: Subcutaneous; hr: Hours 

Fig. 2  Intravenous (IV) and subcutaneous (SC) log mean (± standard 
deviation) concentration versus time profile (excluding Subject 9). hr 
hours
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AML (NCT05079230) [32]. Although these therapies seem 
promising also in children [33, 34], pediatric data are scarce 
and preliminary so far. Multicenter clinical trials should be 
developed to explore these novel regimens in pediatric sub-
jects with newly and relapsed MDS.

Although the number of patients with JMML is limited 
in our study, the findings support the hypothesis of effi-
cacy in relapsed JMML. The EWOG-MDS study group 
presented a retrospective compilation of 12 children with 
JMML who received individual off-label treatment with 
azacitidine before HSCT (N = 9) or for relapsed disease (N 
= 3). Of three children with JMML who received azacitidine 
for disease recurrence after the second HSCT, all achieved 
clinical PR or could be maintained in a stable disease for 
four cycles before progressing [35]. Other investigators 
focused on patients with newly diagnosed JMML recently 
reported the results of a phase II trial with azacitidine prior 
to HSCT. Eighteen patients were treated with azacitidine 
(75 mg/m2) administered intravenously once daily on days 
1–7 of a 28-day cycle. After three cycles, 11 patients (61%) 
reached partial remission (PR) and in seven patients (39%), 
the disease had progressed [14]. In our study, fetal hemo-
globin levels were not collected in patients with JMML. As 
high hemoglobin levels indicate aggressive disease [36], 
additional studies should be carried out to assess the role of 
hemoglobin levels in this setting.

Given the most favorable response in JMML than in 
MDS, one could speculate that distinct variations in the 
epigenetic make-up between these disorders might underlie 
a potential discrepancy in susceptibility to azacitidine. Addi-
tionally, our study reveals that, following IV and SC admin-
istration of azacitidine, plasma concentration–time profiles 
in pediatric patients were similar to profiles observed in 
adults. Adult studies assessed that the bio-availability of 
azacitidine was lower after SC administration when com-
pared with 10 minutes IV administration [37]. Later studies 
showed that SC administration was as effective in adults 
[10, 38]. However, pharmacokinetic parameters in pediat-
ric patients cannot simply be extrapolated from adult data 
because of differences in growth and development and 
changes in kidney and liver functions. Hence, in this study, 
pharmacokinetics was assessed within nine patients for IV 
and SC administration. Mean SC half-life time was 32 min 
(0.54 ± 0.20 h), compared with approximately 41 minutes 
(0.69 ± 0.14 h) in the adult population. Twenty minutes for 
mean half-life time after IV administration (0.34 ± 0.09 h) in 
children was comparable to 22 min (0.36 ± 0.02 h) in adult 
studies administration of 75 mg/m2 azacitidine [36].

Limitations of the study are the small sample size and 
short follow-up time. The low recruitment rate, especially 
for patients with JMML, let to stop the study prematurely. 
Possible explanations for the lack of inclusion of patients 
with JMML are that the outcomes after transplantation for 

patients with primary JMML have improved [17, 39]. As a 
result, fewer patients were available than anticipated when 
setting up the study. In addition, azacitidine is also commer-
cially available for pediatric patients, albeit not on-label, but 
this probably resulted in a lack of referrals to a study center 
to participate in the study. Furthermore, strict inclusion and 
exclusion criteria, such as the need of recovery of all acute 
toxic effects of prior treatments, could have made the inclu-
sion of patients even more difficult. Another limitation is the 
short follow-up time. Whether a response to azacitidine prior 
to a second HSCT will translate into improved long-term OS 
remains to be determined.

5  Conclusions

Although the long-term advantage of azacitidine therapy 
remains to be fully assessed, this prospective clinical trial 
suggests that azacitidine therapy prior to a second HSCT is 
safe in children and an efficacious option for patients with 
JMML. In children with relapsed advanced MDS, new strat-
egies have to be evaluated.
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