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Allogeneic hematopoietic stem cell transplantation (HSCT) is the only curative therapy

for most children with juvenile myelomonocytic leukemia (JMML). Novel therapies

controlling the disorder prior to HSCT are needed. We conducted a phase 2, multicenter,

open-label study to evaluate the safety and antileukemic activity of azacitidine monother-

apy prior to HSCT in newly diagnosed JMML patients. Eighteen patients enrolled from

September 2015 to November 2017 were treated with azacitidine (75 mg/m2) administered

IV once daily on days 1 to 7 of a 28-day cycle. The primary end point was the number of

patients with clinical complete remission (cCR) or clinical partial remission (cPR) after 3

cycles of therapy. Pharmacokinetics, genome-wide DNA-methylation levels, and variant

allele frequencies of leukemia-specific index mutations were also analyzed. Sixteen

patients completed 3 cycles and 5 patients completed 6 cycles. After 3 cycles, 11 patients

(61%) were in cPR and 7 (39%) had progressive disease. Six of 16 patients (38%) who

needed platelet transfusions were transfusion-free after 3 cycles. All 7 patients with inter-

mediate- or low-methylation signatures in genome-wide DNA-methylation studies

achieved cPR. Seventeen patients received HSCT; 14 (82%) were leukemia-free at a

median follow-up of 23.8 months (range, 7.0-39.3 months) after HSCT. Azacitidine was

well tolerated and plasma concentration-–time profiles were similar to observed profiles

in adults. In conclusion, azacitidine monotherapy is a suitable option for children with

newly diagnosed JMML. Although long-term safety and efficacy remain to be fully
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Key Points

� Azacitidine
monotherapy is well
tolerated in a
pediatric patient
population, with a
safety profile
consistent with that
seen in adults.

� Azacitidine
monotherapy is an
effective agent in
patients with JMML
prior to stem cell
transplantation
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elucidated in this population, these data demonstrate that azacitidine provides valuable

clinical benefit to JMML patients prior to HSCT. This trial was registered at www.

clinicaltrials.gov as #NCT02447666.

Introduction

Juvenile myelomonocytic leukemia (JMML) is a rare, unique myelo-
proliferative/myelodysplastic neoplasia of early childhood driven by
canonical Ras-pathway mutations in PTPN11, NRAS, KRAS, NF1,
or CBL.1 The clinical course of the disease varies widely, but the
majority of patients require early allogeneic hematopoietic stem cell
transplantation (HSCT) for long-term survival.2,3 Age $2 years,
severe thrombocytopenia, and a high fetal hemoglobin (HbF) level
indicate aggressive disease with high risk for early death or relapse
after HSCT.2-5 Recently, genome-wide DNA-methylation profiling
identified distinct signatures that correlated with clinical and genetic
features and seemed highly predictive of outcome.6-8 The objective
of this prospective, open-label, phase 2 study was to evaluate the
pharmacokinetics and pharmacodynamics, safety, and activity of the
DNA-hypomethylating agent azacitidine prior to HSCT in patients
with newly diagnosed JMML.

Methods

Study design

The Study With Azacitidine in Pediatric Subjects With Newly Diag-
nosed Advanced Myelodysplastic Syndrome (MDS) and Juvenile
Myelomonocytic Leukemia (JMML) (AZA-JMML-001) trial was
designed as a prospective, open-label, phase 2 study for children
with newly diagnosed JMML. The trial was open at 39 centers in 13
European countries (supplemental Table 1) and enrolled from Sep-
tember 2015 to November 2017. Inclusion criteria were: age 1
month to ,18 years; somatic mutation in PTPN11, KRAS, NRAS
(with percentage HbF .53 the upper limit of normal [ULN] for age)
or a clinical diagnosis of neurofibromatosis type 1 (NF1); peripheral
blood (PB) monocyte count of $1.0 3 109/L; blast percentage in
PB and bone marrow (BM) ,20%; Lansky play score or Karnofsky
performance status $60; normal renal function (National Cancer
Institute Common Terminology Criteria for Adverse Events version
4.0 [NCI CTCAE v4.0] grade 1, maximum 1.53 the ULN) and nor-
mal liver function (NCI CTCAE v4.0 grade 1, maximum 2.53 ULN
for transaminases and bilirubin); and SO2 .92% without additional
supply of O2. Exclusion criteria included germline molecular aberra-
tions in CBL, PTPN11, NRAS, or KRAS; prior treatment with
another anticancer therapy or DNA-hypomethylating agent; treat-
ment with any investigational agent within 4 weeks of signing
informed consent/informed assent; central nervous system involve-
ment; and isolated extramedullary disease. This study was con-
ducted in accordance with the guidelines of Good Clinical Practice
(defined by the International Council for Harmonization E6 guide-
lines) and the principles of the Declaration of Helsinki. The investiga-
tors gained approval from the local Human Investigations
Committee at all 39 centers in 13 countries and obtained informed
consent from each participant or each participant’s legal guardian
where applicable.

Treatment

Following a screening period of #14 days, eligible patients were
treated with azacitidine 75 mg/m2 IV over 10 to 40 minutes on days
1 to 7 of a 28-day cycle for a minimum of 3 and a maximum of 6
cycles. Patients ,10 kg body weight or ,1 year of age were
treated with 2.5 mg/kg IV on days 1 to 7 of a 28-day cycle for a
minimum of 3 and a maximum of 6 cycles. If, by cycle 3 day 28, a
patient was in clinical complete remission (cCR) or clinical partial
remission (cPR), the patient could receive cycles 4 to 6 of azaciti-
dine at the investigator’s discretion. Patients were discontinued from
treatment if they had disease progression at any point, were ready
for HSCT between cycles 4 and 6, or had a neutrophil count ,0.5
3 109/L on cycle 3 day 28 or on day 1 of cycles 5 or 6. The
follow-up period was $1 year after the last dose, regardless of
whether a patient had started a new anticancer treatment or had
undergone HSCT.

Study end points

The primary end point was the proportion of patients with cCR or
cPR at cycle 3 day 28. Response evaluation was based on interna-
tional JMML response criteria,9 modified to allow for splenic
response assessment in patients with a splenic longitudinal diame-
ter greater than or equal to the ULN on ultrasound, and for initiation
of preparative therapy for HSCT within 4 weeks from day 28 of
cycle 3 or 6 (supplemental Table 2). Secondary end points included
leukemia-free survival (LFS) after HSCT, overall survival (OS), per-
centage of patients undergoing HSCT, time to first HSCT, and
DNA-methylation status in BM granulocytes.

Pharmacokinetics

Samples for the determination of plasma azacitidine levels were col-
lected predose on cycle 1 days 5 to 7 and postdose (5 minutes, 30
minutes, and 1, 2, 4, and 6 hours) on cycle 1 day 7. For patients
weighing #20 kg, day 7 predose and 2-hour postdose samplings
were omitted. Samples were frozen and later analyzed using vali-
dated high-performance liquid chromatography/tandem mass spec-
trometry. Parameters were calculated using noncompartmental
methods, including maximum observed plasma concentration, time
of maximum observed plasma concentration, area under the plasma
concentration–time curve (AUC1), apparent total clearance, and
apparent volume of distribution.

Pharmacodynamics

Genome-wide DNA-methylation analysis was performed using Infin-
ium EPIC BeadChip arrays (Illumina, San Diego, CA) in DNA
isolated from BM granulocytes collected at baseline and posttreat-
ment. Overall, 61 samples from 18 patients that met quality control
criteria were available for raw data processing.10 After filtering,
738776 probes were retained for calculation of global DNA-
methylation score (GDMS; mean b value of all cytosine guanine
dinucleotide [CpG] probes retained with a b-value $0.75 predose
on cycle 1 day 1), and JMML-specific DNA-methylation score
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(JDMS; defined as the mean b value of all JMML-specific CpG
probes).6

Variant allele frequency of leukemia-specific

index mutations

DNA from BM granulocytes was used for amplicon-based, next-gen-
eration deep sequencing to determine the variant allele frequencies
(VAFs) of leukemia-specific index mutations. Targets (KRAS
[NM_004985.4], NRAS [NM_002524.4], and PTPN11
[NM_002834.3]) were enriched using a custom in-house panel
(AmpliSeq JMML panel v2, IAA11909_192; Thermo Fisher Scien-
tific, Waltham, MA) and processed with the NEBNext Ultra II DNA
library preparation kit (New England Biolabs, Ipswich, MA). Deep
sequencing was performed using MiSeq (Illumina). The sequencing
depth was at least 30 independent reads for each base position. A
minimum of 30 reads carrying the mutation was required to call a
variant (“Q30” score) and a minimum of 10% mutated reads was
applied for variant detection.

Safety

Adverse events (AEs) were graded according to the NCI CTCAE
v4.0 and recorded until 28 days after the last dose of azacitidine.
Thereafter, only serious AEs suspected of being related to azaciti-
dine were recorded.

Statistical methods

The data cutoff for this analysis was 24 May 2019. The primary end
point response rate was assessed using the Simon optimal 2-stage
design. Using a lower boundary of interest of 10% and an upper
boundary of 30% in the response rate, with a significance level of
5% and 90% power, it was determined that 35 patients were
required (18 in stage 1 and 17 in stage 2). Stage 2 of the study
was not executed because the threshold for confirmed response for
the whole study (7 of 35 responders in stages 1 and 2 combined)
was met in stage 1, with 9 patients achieving a confirmed clinical
response. In patients receiving HSCT, LFS was defined as time
from the date of HSCT until leukemia progression, relapse, or death,
whichever occurred first, and was evaluated using the Kaplan-Meier
method. OS was defined as the time from first dose of azacitidine
until death due to any cause, and was evaluated using the Kaplan-
Meier method. DNA-methylation levels were evaluated using a
repeated measures analysis-of-variance test.

Results

Patient characteristics

From September 2015 to November 2017, 18 children with newly
diagnosed JMML were enrolled; the median age was 2.1 years
(range, 0.3-6.9 years) (Table 1; supplemental Table 3). JMML
genetic subtype was defined by a somatic mutation in PTPN11 (13
of 18 [72%]), NRAS (3 of 18 [17%]), or KRAS (1 of 18 [6%]), or
by the clinical diagnosis of NF1 (1 of 18 [6%]). Methylation class
was high, intermediate, and low in 11 (61%), 5 (28%), and 2
(11%) patients, respectively. The spleen tip was palpable at a
median of 4 cm (range, 2-14 cm) below the costal margin and HbF
was elevated for age in 15 patients (83%). Median time from diag-
nosis to azacitidine initiation was 25 days (range, 6-80 days).
Twelve patients (67%) were platelet transfusion dependent at cycle
1 day 1 and 16 (90%) at cycle 2 day 1.

Therapy delivered and clinical response

Sixteen patients (90%) completed 3 cycles of azacitidine, and 5 of
these 16 completed 6 cycles. Two patients (11%) discontinued
therapy before completing 3 cycles due to disease progression
(supplemental Table 3). At cycle 3 day 28, 11 of 18 patients (61%;
95% confidence interval, 26.0-74.0) achieved cPR (Table 2). Over-
all, all patients of the low-methylation (LM; n 5 2) and intermediate-
methylation (IM; n 5 5) classes, as well as 4 of the 11 patients of
the high-methylation (HM) class, achieved cPR. At cycle 3 day 28,
7 patients (39%), all belonging to the HM class, had clinical pro-
gressive disease (cPD).

Patients who achieved cPR tended to be younger than patients
without response (Table 2), with 7 of the 8 children (88%) ,2
years achieving cPR (supplemental Table 3). Importantly, 6 of the
16 patients (38%) who needed platelet transfusions at or shortly
after therapy initiation were transfusion-free after 3 cycles of azaciti-
dine. Five of these 6 patients (all responders) had platelet counts
.100 3109/L at the end of treatment (supplemental Tables 3 and
4). The palpable spleen size in the 11 responders decreased by a

Table 1. Baseline patient and disease characteristics

Characteristic N 5 18

Age, median (range), y 2.1 (0.3-6.9)

Time from initial diagnosis to C1D1, median (range), d 25 (6-80)

Sex, no. (%)

Male 11 (61)

Female 7 (39)

Somatic mutation/genetic subtype, no. (%)

PTPN11 13 (72)

NRAS 3 (17)

KRAS 1 (6)

NF1 1 (6)

Methylation class, no. (%)

High 11 (61)

Intermediate 5 (28)

Low 2 (11)

Karyotype, no. (%)

Normal 12 (67)

27 3 (17)

2Y 1 (6)

del(9) 1 (6)

121c 1 (6)

WBC, median (range), 3109/L 19.7 (4.3-59.0)

HbF, median (range) 18.4 (0.7-59.1)

Elevated, no. (%) 15 (83)

Normal for age, no. (%) 3 (17)

Platelet count, median (range), 3109/L 28 (7-85)

Patients receiving platelet transfusion, no. (%) 12� (67)

Blasts in BM, median (range), % 6 (0-19)

Spleen tip palpable below costal margin, median (range), cm 4 (2-14)

C, cycle; D, day; WBC, white blood cell.
�At C2D1, 16 patients (90%) were platelet transfusion dependent.
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median of 3.5 cm after 3 cycles and ranged from 0 to 2 cm below
the costal margin after 6 cycles. Spleen diameter by ultrasound (a
variable for response assessment) decreased, but remained above
the ULN for age in all but 1 responder; hence, this patient was
assessed in cCR at the secondary end point after 6 cycles of azaci-
tidine (supplemental Table 3).

OS and HSCT

With a median follow-up time from cycle 1 day 1 of 26.9 months
(range, 18.2-44.4 months), 16 of 18 patients (90%) were alive

(Table 3; supplemental Table 3; supplemental Figure 1). Seventeen
of the 18 patients (94%) underwent allogeneic HSCT from a
matched sibling donor, unrelated donor (9 of 10 or 10 of 10 allelic
match), or a haploidentical parent in 2, 14, and 1 children, respec-
tively (supplemental Table 5). The median time from diagnosis and
last dose of azacitidine to HSCT was 5.5 months (range, 3.4-20.2
months) and 2.3 months (range, 1.2-17.0 months), respectively.
Thirteen patients (77%) and 4 patients (24%) were grafted with
BM or PB cells, respectively. Preparative regimens consisted of
busulfan, cyclophosphamide, and melphalan in 13 patients (77%);
2 patients (12%) received busulfan, fludarabine, and melphalan;
and 2 patients (12%) received treosulfan, thiotepa, and fludarabine.
There were 2 primary graft failures; grade II-IV acute graft-versus-
host disease was diagnosed in 4 patients (24%). One patient expe-
rienced mild chronic graft-versus-host disease. With a median
follow-up time from HSCT of 23.0 months (7.0-39.3 months) for
patients still alive at time of analysis, 1 patient had succumbed to
nonrelapse mortality and 2 patients (12%) experienced relapse
post-HSCT, 1 of whom was successfully regrafted. Of the 17
patients who underwent HSCT, 14 (82%) were leukemia-free at a
median follow-up of 23.8 months (range, 7.0-39.3 months) (Table
3; supplemental Figure 1).

Pharmacokinetics

Following IV administration, azacitidine rapidly reached maximum
plasma concentrations and then was rapidly eliminated with a termi-
nal elimination half-life of 0.3 hours (supplemental Table 6). Maxi-
mum observed plasma concentration was 1066.3 ng/mL, and
overall exposure (area under the plasma concentration–time curve,
[AUC0-t]) was 240.2 h 3 ng/mL and 386.9 h 3 ng/mL for patients
with JMML, respectively. High interpatient variability, typical of azaci-
tidine pharmacokinetics, was observed (coefficient of variation
range, 53.4% to 215.3%).11

Pharmacodynamics

To characterize the pharmacodynamic activity of azacitidine in JMML
cells, genome-wide DNA-methylation analysis was performed in BM
granulocytes at cycle 1 day 1, cycle 1 day 15, cycle 3 day 28, and
pre-HSCT. At baseline, patients exhibited uniform GDMS but vari-
able DNA-methylation levels at JDMS CpG sites (Figure 1), reflect-
ing the DNA-methylation classes in the study cohort (Table 1). The
JDMS was higher in patients $2 years of age (supplemental Figure
2), consistent with their overrepresentation in the HM group (supple-
mental Table 3). In addition, male patients had higher DNA-
methylation levels at baseline, possibly reflecting their older median
age compared with female patients. Profound reductions in both
GDMS and JDMS at cycle 1 day 15 were attained in all 18 patients
(Figure 1), confirming the DNA-hypomethylating activity of azaciti-
dine in JMML. Remethylation occurred at end-of-cycle time points
(cycle 3 day 28 and pre-HSCT), but DNA methylation did not fully
revert to baseline levels in all but 2 patients. Of note, there was no
difference in the extent of DNA hypomethylation or completeness of
remethylation between clinical responders and nonresponders. The
maximum plasma concentration of azacitidine or area under the
concentration-time curve did not correlate with the extent of DNA
hypomethylation (supplemental Figure 3). A correlative analysis of
DNA-methylation class with clinical response to azacitidine revealed
a 16.0 odds ratio for IM/LM patients to respond (95% confidence
interval, 1.3-194.6; P 5 .049) compared with HM patients.

Table 2. Achievement of the primary end point

Response at C3D28

cPR responders,

n 5 11

cPD nonresponders,

n 5 7

Total, no./Total no. (%) 11/18 (61) 7/18 (39)

Age, median (range), y 1.2 (0.3-4.7) 3.0 (1.8-6.9)

Genetic subtype, no. (%)�

PTPN11 8 (73) 5 (71)

KRAS 1 (9) 0

NRAS 2 (18) 1 (14)

NF1 0 1 (14)

HbF, median (range)� 16.5 (0.7-56.8) 38 (10.0-59.1)

Elevated, no. (%) 8 (73) 7 (100)

Normal for age, no. (%) 3 (27) 0

Karyotype, no. (%)�

Normal 7 (64) 5 (71)

27 3 (27) 0

2Y 0 1 (14)

121c 1 (9) 0

del(9) 0 1 (14)

Methylation, no. (%)�

Low 2 (18) 0

Intermediate 5 (46) 0

High 4 (36) 7 (100)

C, cycle; D, day.
�Percentage based on 11 responders with cPR and 7 nonresponders with cPD.

Table 3. LFS after HSCT and OS

no. (%) or median (range)

LFS after HSCT, n 5 17�

Patients who were leukemia-free 14 (82)

Post-HSCT relapse 2 (12)

HSCT-related deaths 1 (6)

Follow-up time from HSCT, mo 23.8 (7.0-39.3)

OS, n 5 18

Patients alive 16 (90)

Follow-up time from C1D1, mo 26.9 (18.2-44.4)

C, cycle; D, day.
�17 patients who received HSCT; 1 nonresponding patient died prior to HSCT.
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VF of leukemia-specific mutations

VAFs of individual heterozygous index point mutations were mea-
sured during azacitidine treatment in 15 of the 18 patients (83%)
(not performed in 1 NF1- and 2 PTPN11-mutated patients; all HM)
(supplemental Table 7). The mean VAF at baseline (cycle 1 day 1)
was 45.19% 6 2.22%. Four patients achieved a reduction in VAF
by at least 10%, attaining a mean VAF of 27.05% 6 6.08% (com-
pared with 44.0% 6 3.27% in the remaining patients). Among
these 4 patients, the clinical response was cPR in 3 and cPD in 1
patient.

Safety

All patients had $1 AE, with 10 patients (55.6%) experiencing
treatment-related AEs. The most common treatment-related

treatment-emergent AEs were anemia, thrombocytopenia, neutrope-
nia, and constipation reported in 2 patients each (11%) (supple-
mental Table 8). Six patients (33%) experienced $1 grade 3 or 4
treatment-related AEs. One patient discontinued treatment due to a
serious AE of abdominal pain that was not treatment-related. No
AEs leading to dose reduction, dose interruption, or death were
recorded during the study.

Discussion

In this study of upfront azacitidine monotherapy in children with
newly diagnosed JMML, 11 of 18 patients achieved cPR after 3
cycles of therapy. Both the decrease in spleen size and the con-
siderable platelet responses demonstrate that the drug was effective
in JMML. Severe thrombocytopenia with platelet transfusion

Figure 1. DNA-methylation levels in JMML BM granulocytes during treatment with azacitidine. (A) GDMS for all CpG probes with b $0.75 at predose on C1D1.

(B) JDMS derived from differentially methylated probes (JMML DMPs) across all time points. Data illustrated as absolute values or relative change. Statistics performed via

Kruskal-Wallis one-way analysis of variance/Dunn test. Significance vs C1D1: �P , .05; ��P , .01; ���P , .001; ����P , .0001. C, cycle; D, day; NR, nonresponder;

R, responder.
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refractoriness is a major clinical challenge in high-risk JMML.2 Six-
teen of the 18 patients in this study were transfusion dependent at
initiation of therapy or shortly thereafter. Following 3 cycles of azaci-
tidine treatment, 6 of the 16 patients were transfusion-free, and 5 of
these 6 had platelet counts .100 3 109/L. Intriguingly, early plate-
let response is an independent positive predictor of OS in adult
patients with MDSs or chronic myelomonocytic leukemia treated
with DNA-hypomethylating agents.12,13

This is the first prospective study designed to apply the international
response criteria on JMML therapy.9 Clinical variables for response
assessment proved suitable, but had to be modified by reducing the
required longitudinal spleen diameter by ultrasound for response
assessment and by allowing preparative therapy of HSCT within 4
weeks from cycle 3 day 28. Spleen size decreased slowly in res-
ponders; after 3 or 6 cycles of azacitidine, the spleen was no longer
palpable below the costal margin in 4 children, whereas spleen
diameter by ultrasound remained above the ULN in all but 1 patient.

The study design excluded patients with JMML at low risk for early
death, such as those with canonical CBL mutations or NRAS muta-
tions with only moderately elevated HbF. Not surprisingly, 17 of the
18 patients enrolled presented with $1 of the established clinical4,5

or molecular14 high-risk factors including age $2 years (10 of 18),
HbF $10% (13 of 18), platelet count ,33 3 109/L (13 of 18), or
presence of PTPN11 mutation (13 of 18) (supplemental Table 3).

Recently, using genome-wide DNA-methylation analysis, methylation
subgroups of JMML have been described by 3 independent study
groups.6-8 DNA methylation correlated with clinical and molecular
risk factors and emerged as the strongest predictor of OS in multi-
variate analysis. Consistent with these observations, 11 of the 18
study patients belonged to the HM subgroup (Table 1).6

Pharmacodynamics analysis examined the course of DNA methyla-
tion in JMML BM granulocytes during azacitidine therapy. There was
a drastic short-term (cycle 1 day 15) reduction in both global and
JMML-specific CpG methylation, consistent with inhibition of cellular
DNA methyltransferases. Remethylation occurred toward the end of
treatment cycles, as previously observed in other diseases.15,16

However, DNA methylation did not return to baseline levels except
in 2 patients. Although clinical responses did not correlate with the
extent of DNA hypomethylation or occurrence of DNA methylation,
the DNA-methylation analysis predicted the probability of response,
as all 7 LM/IM patients and 4 of 11 HM children (36%) responded.
Considering that a DNA-hypomethylating agent like azacitidine
would be expected to have a more pronounced effect in hyperme-
thylated phenotypes, this result may appear surprising. However,
other mechanisms of action are known for azacitidine that do not
depend directly on DNA hypomethylation (ie, induction of apoptosis
through RNA incorporation by disrupting RNA synthesis, activation
of DNA-replication stress, reactivation of endogenous retroviral ele-
ments, and immune-modulatory mechanisms).17-19 Likely, the better
response in LM/IM patients confirms the concept that these methyl-
ation groups represent lower-risk variants of the disease.

Following IV administration of azacitidine, plasma concentration-time
profiles in patients with JMML were similar to profiles observed in
adults with MDS, demonstrating rapid time of maximum observed
plasma concentration and elimination half-life.11 Arithmetic mean
(standard deviation) of the area under the plasma concentration–
time curve (AUC0-t) for adult and pediatric populations was 1025

(298.06) vs 744.2 (1152) (data not shown), respectively, demon-
strating similar exposures with high variability for adult and pediatric
patients. Azacitidine monotherapy was well tolerated in this patient
population, with a safety profile consistent with that seen in adults.

Following previous case reports, this is the first prospective study
on azacitidine therapy in children with JMML.20-23 Limitations of the
study are the small sample size and short follow-up time. Whether a
response to azacitidine prior to HSCT will translate into improved
OS with longer observation time remains to be determined. With a
median time of 23.8 months from HSCT, 14 of the 17 patients with
high-risk features who received transplants were in first cCR, 2
relapsed (1 was rescued with a second allograft), and 1 had nonre-
lapse mortality. In conclusion, although the long-term advantage of
azacitidine therapy remains to be fully assessed, this prospective
clinical trial has shown that azacitidine therapy prior to HSCT is a
safe and efficacious option for patients with JMML. Whether
response to upfront therapy like azacitidine or combination chemo-
therapy24 is simply a biomarker for favorable disease or can effec-
tively reduce post-HSCT JMML recurrence will have to be
addressed in future clinical trials.
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