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ABSTRACT

Background. The management of pediatric acute myeloid leukemia (AML) is based on the prognostic risk
classification of initial leukemia. Targeted next-generation sequencing (NGS) is a reliable method used to
identify recurrently mutated genes of pediatric AML and associated prognosis.

Methods. In this study, we retrospectively evaluated the prognostic, and therapeutic utility of a targeted NGS
panel covering twenty-five genes, in 21 children with de novo and 8 with relapsed or secondary AML.

Results. Variants were detected in 44.8% of patients, and 63.2% of them were in the signaling pathway genes.
The number of variants per patient and diversity increased with age. The panel results affected hematopoietic
stem cell transplantation decisions, especially in core binding factor AML, and allowed the categorization of
diseases according to current classifications. Panel results also pointed out predisposition to germline leukemia
to the extent of the panel coverage. No targeted therapy was used based on the variants, and none of the variants
were used to monitor minimal residual disease.

Conclusions. Targeted NGS results, along with well-known genetic aberrations and treatment responses, can
guide treatment modalities. The coverage of the routine panels should include proven mutations of childhood
AML and germline leukemia predisposition genes.
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Acute myeloid leukemia (AML) is a molecularly
and clinically heterogeneous clonal disease
characterized by uncontrolled proliferation of
immature myeloid cells due to complex genetic
alterations that impair hematopoiesis. Pediatric
AML comprises less than 20% of childhood
leukemia and, nearly 40% of patients relapse
after first-line therapies."?

Childhood AML development is generally
enhanced by chromosomal rearrangements that
create chimericfusion genes, which ofteninvolve
transcription factors. Subsequently, acquired
mutations in other pathways, often tyrosine
kinase or RAS, cooperate with chromosomal
rearrangements.* The Cancer Genome Atlas
network reported 23 genes that recurrently

B< Dilek Kagar = dilekbank@yahoo.com

Received 1st May 2024, revised 11th Sep 2024, accepted 2nd Nov 2024.

Copyright © 2024 The Author(s). This is an open access article distributed under the Creative Commons Attribution License (CC BY),
which permits unrestricted use, distribution, and reproduction in any medium or format, provided the original work is properly cited.

The Turkish Journal of Pediatrics * November-December 2024

727


https://orcid.org/0000-0003-0825-8316
https://orcid.org/0000-0002-0953-6210
https://orcid.org/0000-0001-6690-721X
https://orcid.org/0000-0002-7503-303X
https://orcid.org/0000-0001-9382-3927
https://orcid.org/0000-0003-2584-3066
https://orcid.org/0000-0001-5793-5606
https://orcid.org/0000-0001-8097-3950
https://orcid.org/0000-0001-6857-0681
https://orcid.org/0000-0001-5488-2385
mailto:dilekbank@yahoo.com
https://creativecommons.org/licenses/by/4.0/

Kagar D, et al

mutated in adult AML patients, which were
grouped into nine functional categories
including; transcription-factor fusions (18%
of cases), nucleophosmin 1 (NPM1) mutations
(27%), tumor suppressor genes (16%), DNA-
methylation-related genes (44%), activated
signaling genes (59%), chromatin-modifying
genes (30%), myeloid transcription-factor
genes (22%), cohesin-complex genes (13%), and
spliceosome-complex genes (14%).>

Management of pediatric AML patients
is constructed on the prognostic risk
classification of leukemia. The morphologic,
immunophenotypic evaluation and specific
cytogenetic and molecular abnormalities are
critical prognostic indicators. Most genetic
methods widely used in developing countries,
such as karyotype analysis, fluorescence in
situ hybridization (FISH), and polymerase
chain reaction (PCR) do not provide adequate

information for the current prognostic
classifications ~and  targeted  treatment
modifications. =~ Targeted  next-generation

sequencing (NGS) is a rapid, precise, and cost-
effective prognostic method that is routinely
used in adult AML patients.® Since the genetic
profiles of adult and pediatric AML patients
are diverse with similar phenotypes, the
applicability of molecular genetic results of
adult AML to children is limited. The value of
NGS for pediatric AML patients has not yet
been entirely determined.

This study aimed to determine the prognostic
and therapeutic benefits of panel-based targeted
NGS results for pediatric AML patients.

Materials and Methods

Study design and patient recruitment

Fifty children with pediatric AML were
diagnosed in Ankara Bilkent City Hospital
Pediatric Hematology Clinic between November
1st, 2019 and July 31st, 2023. Diagnoses were
determined according to morphological,
immunophenotypic, and genotypic criteria. At
diagnosis, cytogenetic analysis by conventional
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G-banding, fluorescence in situ hybridization
(FISH) analysis for t(8;21), t(15;17), t(9;22), inv16,
5q del, 7q del, 11923, TP53 (17p13) del and PCR
analysis for RUNXI-RUNXI1T1, PML-RARA,
CBFB-MYH11, KMT2A-AFF1, and BCR-ABL
were performed in all patients. The targeted
NGS myeloid panel testing was performed for
21 de novo AML and 8 relapsed or secondary
AML patients. None of the relapsed patients had
an NGS myeloid panel study at their primary
diagnosis. De novo AML patients were treated
according to the Berlin-Frankfurt-Munster
(BFM) AML 2019 protocol. Patients with
relapsed AML received various combination
therapies, such as idarubicin - fludarabine -
cytarabine, gemtuzumab - ozogamicin, and
venetoclax.

The results were analyzed according to the
AML subgroups and age groups, as follows;
infants (<3 years), children (3-14 years), and
adolescents (15-18 years).

Next-generation sequencing analysis

The QIAact Myeloid DNA UMI Panel (Qiagen,
Hilden Germany) was performed with
GeneReader NGS System at diagnosis. The
study material was fresh bone marrow in all
patients. The panel included a total of 25 genes,
seven of which with whole coding region
(CEBPA, DNMT3A, EZH2, MPL, RUNX1, TET2,
and ZRSR2); and the remaining 18 genes with
specific exons (ASXL1, CALR, CBL, CSF3R,
FLT3, IDHI1, IDH2, JAK2, KIT, KRAS, NPM1,
NRAS, SETBP1, SF3B1, SH2B3/LNK, SRSEF2,
TP53, and U2AF1). This panel accurately and
sensitively determines significant insertion/
deletion (InDel) mutations and single
nucleotide variants. Utilizing unique molecular
index technology allows the detection of low-
frequency variants. Variants were analyzed
with Qiagen Clinical Insight Software, including
population frequency databases, public variant
databases, and in-silico prediction tools. The
actionable variants were evaluated in the light
of the 2017 recommendations of the Association
for Molecular Pathology, American Society of
Clinical Oncology, and College of American
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Pathologists, which is a four-tiered system to
categorize somatic sequence variations based on
their clinical significances. These include: Tier I
variants with strong clinical significance; Tier 11,
variants with potential clinical significance; Tier
III, variants of unknown clinical significance;
and Tier IV, variants deemed benign or likely
benign.” As a principle of routine clinical
practice, written informed
obtained from the legal guardians of patients
for NGS analysis and other genetic tests, at the
time of AML diagnosis. The ethics committee
of Ankara Bilkent City Hospital approved the
study (E2-23-3712).

consent was

Statistical analysis

Mean, standard deviation, frequency, and
percentage were used for descriptive statistics.
Analyses were conducted using SPSS (version
20.0).

Results

The electronic medical records of 50 children
with 38 de novo AML and 12 relapsed or
secondary AML were examined. Among these
patients, 21 de novo and 8 relapsed/secondary
AML patients were evaluated with the NGS
AML panel at diagnosis and included in the
study. The mean age of de novo AML patients
was 8.3+6.2 years, and 38.1% (n=8) were male,
whereas the mean age of relapsed/secondary
AML patients was 10.8+6.1 years and 75%
(n=6) were male. In 11 patients, metaphases
could not be obtained for karyotype analysis.
Demographic features, disease characteristics,
karyotype analysis, FISH, PCR, and targeted
NGS results of de novo AML patients are shown
in Table I and relapsed or secondary AML
patients are shown in Table II. Twenty patients
(69%) had cytogenetic anomalies detected either
by karyotype analysis or FISH. By NGS panel
study, 19 variants were detected in 13 patients
(44.8%), two of whom didn’t have a cytogenetic
anomaly. The 63.2% of variants (12/19) were in
the signaling pathway genes.

Eight patients (27.6%) were under 3 years of age,
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twelve patients (41.4%) were between 3 and 15
years of age, and nine patients (31%) were 15
years or older. Patients younger than 3 years had
0.38 (3/8) variants per patient, whereas patients
between 3 and 15 years had 0.50 (6/12) and
patients older than 15 years old had 1.11 (10/9).
The variants detected in patients younger than
three years of age were in the signaling pathway
(NRAS, KRAS) and spliceosome (LI2AF) genes.
Patients between 3 and 15 years of age had
mutations in the signaling pathway (FLT3, KIT)
and tumor suppressor genes (TP53). However,
the variants detected in patients older than 15
years were seen in a wide variety of functional
categories, such as chromatin-modifying
(ASXL1), signaling pathway (FLT3, KIT, NRAS),
myeloid transcription factor (RUNX1, CEBPA),
and DNA methylation genes (DNMT3A).

The NGS results were also assessed according
to AML subgroups. Five patients had t(8;21)
and four of them had variants detected by the
NGS panel study. Two de novo AML patients
had KIT variants (Patient #9 and Patient #11),
one de novo AML (Patient #19) had copartner
RUNX1 and DNMT3A mutations and one
relapsed patient (Patient #26) revealed an
NRAS variant. Allogeneic hematopoietic stem
cell transplantation (HSCT) was performed,
considering KIT exon 17 mutation (N228K) in
Patient #11 and copartner mutations in Patient
#19. They had also experienced suboptimal (<3
log reduction in the bone marrow transcripts)
RUNXI-RUNXIT1 transcript reduction after
consolidation chemotherapy.

Six patients had acute promyelocytic leukemia
(APL) and the NGS panel detected aberrations
in two of them. A FLT3-ITD mutation was
detected in a de novo APL patient (Patient
#14) which was not cause to change treatment
protocol. The other variant was a KIT mutation
which was detected in a 17-year-old secondary
APL patient (Patient #28) whose initial diagnosis
was precursor B acute lymphoblastic leukemia
(pre-B ALL) followed by AML with inversion
16, five years later she relapsed as APL. This KIT
mutation, with unknown clinical significance
and 43% variant allele frequency (VAF),

729



m *Kouanbauy afay[e juerrea :JyA ‘Suusanbas uoneraus 1xau :gHN] ‘oW ;A ‘PuaS g aseraysuenAyiaw suISAT [z LI
.N__ ‘uonyejuerdsuer) [[20 wa)s donarodojeway 11 HGH UONeZIPLIGAY NIIS UT JUDSIION] (HS[ “UOHEDIJISSE[d YSHLI-ULDLIOW Y —UOUL] (V] Q[eWd 3] ‘Uorssrwal a3a1dwod 3D
W 6 QAI[R “UOISSTWY ON QUON SUON AX ‘OF ewodres pro[eAA N /1 12
g VI 19LL 9%% SVIN
m, §C  9AI[R “UOISSTWISY SoX VT I9LL 6€% VdddD QUON AX 9% TN V4 N L1 0¢
N VT I9LL % 8EVELINNG
M Cl (¥D) peaqa SoX V1 I9LL % 98 IXNNY (179 AX 9% TN V4 N A 61
= DT 1L %99 SVAN
s L1 9AI[E ‘UOISSIWY SoX DT BIL %ST I'TXSV £ Awosouo [nyssadonsun 0N dvd qd <1 8T
= ¥C  9AIR ‘UOISSTWY ON QUON (z1:61h [nyssadonsun €N dvd qd )8 L1
€7  dAI[E ‘UOISSTaY ON dUON Lrsmn XX ‘9% €N aV4 N 1 91
TT  9AIR “UOISSTWY ON QUON (z1'gTh [nyssadonsun €N dvd qd 45 ]
7€ 9Al[R ‘UOISSIWIDY ON  VCBLL %6¢ ALI-¢L1d € UOTSIOAUL “(£T‘GT)} XX 9% SN dvd q 11 4!
11 (¥D) peaa SO VT IOLL %ET ALI-eLTd uona[ep bg [nyssadonsun N dvd qd 11 €l
8L  9AI[R UOISSIUIY ON QUON SUON XX ‘9% <N dvd qd 1) ClL
€C  9AI[R “UOISSTWIOY SOX DT I9LL %CT MTTC8N 11T (17’8 [nyssadonsun TN V4 qd 1) 11
[ 9AI[E ‘UOISSTWY ON UON (TTgh [nyssadonsun TN V4 N L 1)
€ I9LL, %9¢
¥ oAlle ‘UOISSIWSY pauuel]  DD[PPSSCT ¥STI LI (TTgn [nyssaddonsun 0N dvd N <9 6
9  JAI[E “UOISSTWY] oN QUON SUON [nyssadonsun PN 9V q ¢ 8
[T SAI[e ‘UOISSIUSY ESN SUON SUON  (TT'6°L)1 ‘AX 9% TN avid N [4 L
QWOIpUAS umo(q
G OAI[E “UOISSTWIY] OoN QUON SUON [nyssadonsun /N 9V q Z 9
GL  9Al[R ‘UOISSIWIY ON QUON SUON XX ‘9% SN dvd qd Sl S
(z11d<zib)
i (D) peaa ON VI IL %E SVAN SUON (ZTTH XX F6-1S LN 9Vd 4 I i
0€  9AI[e ‘UOISSTWY SoX QUON SUON XX 9% LN V4 qd 1 €
9SeasIp DT LT %SE IV
01 Azopexpar‘peaq ON VI IRLL%SE SV yuowSuerreal vz LINY XX 9% SN dvd qd 80 C
(dz)ep “(bL)Pp
¥ 9AI[E ‘UOISSIWSY pauue|] 9UON uonaEp ¢GdL AX 'L¥-€V 0N dvd N L0 1
= (syyuouu) (sxeak)
s [eAIAINS 1D uorjedyIssed sisougerp Iaquinu
Dm [rexaaQO awodmnQ ur 1DSH ‘IVA “(SON) yuerrep HISIH ad£johrey  adAigqns aseasiq 1opuen) jeady  juaneJ
m, ‘sjuanyed TNV 0AOU 9P JO SONISLID)OLIRYD dN)auad pue [edrur ayJ, ’[ d[qeL

The Turkish Journal of Pediatrics * November-December 2024

730



Next-generation Sequencing in Childhood Acute Myeloid Leukemia

Turk | Pediatr 2024; 66(6): 727-736

‘Kouanbary
[a[e JueLIRA (VA ‘Suduanbas uonerausd 1xeu :goHN Oreut A Busd yg aserajsuenAypawr sauisA [z LY ‘uonejueidsuen 19> ways opatodojeway [ DGH ‘uonezipiqhy
NJIS UT JU3SIION] : S]] ‘UOEDIISSE]D USHLIG—UEdLIaUIY UL gV O[BWd] : ‘UOIssTwal 9}9[duwod D) ‘erwaynaj projaAur ajnoe (Y ‘eruaynaj onsejqoydwA] ajnoe 11y

9AITe (11V L A[snotaaiy)
¢z ‘pesdey  ON SUON SUON AX ‘9% O 4Vd TNV Arepuodag W Al 6C
(9raur yIm TV
JAIE uona[xp 11V g-21J A[snoraai])
Zguomssiuy  ON € IBIL %y OP0ST'd LI €SdL “(LT/STH XX 9% €N av4d TNV Arepuodag 1 LT 8T
9seasIp (ewoores
K1030e1501 V1 I9LL %G D<VIIGTD 17 yuowaduerrear Surmy A[snoraai )
I ‘pedd ON VI IBLL %/ D<LS0ST? €174 VLN [nysseoonsun PN VA TNV paje[er Adersy, N 91 Y
PI-AX
g (D) pee@ sk DT IBLL % LY SVAN (128N ‘GF / 61-AX ‘% 0N 9v4d TNV pasdey N ST 9
9AITe (11V g-01d A[snoraai)
gz uolssiudy  ON SUON (VAR 9: AX 9% €N av4d TNV Arepuodag N 01 r4
(gsdL
UT SUOT}eINU JUSISJJIP 7)
\a!
AR TOLL %1T £T+836£TD°d €6d.L (1DSH
9z uoIsSIWRY SOk V[ IALL %bz OshTd'd €6d.1 SUON [yssooonsun FIN VA 1oWV) TV posdeay 1 o ¥C
0L (D) pe2d  ON SUON SUON AX ‘T6-1S ZIN 9vd TV posderay N o €T
9SeasIp
ASGRICH (rzbeprbczbizhb) (1DSH
14 ‘Pedd  ON SUON SUON  (TeT)SU‘AX9F SIN VA 193V) TV pasdeay N 14 44
(sypuour) (s1eak)
[eArAIns D Ut UOT)eDIISSE]D adAyqns sisougerp raquinu
[[eroAQ L2wodin0) I1DSH ‘IVA (SON) 1ueLrep HSIA adfjoLrey aseasi(q sisouger(] Iopuan) je a8y  jueneg

‘syuanyed AV Arepuodas 1o pasdefar jo sonsLvdeIeyd dRaUIS puk [edIUID YT, ‘[T A[qEL

731

The Turkish Journal of Pediatrics * November-December 2024



Kagar D, et al

was confirmed as a germline heterozygote
mutation after remission. Four patients had
acute megakaryoblastic leukemia (AMKL). The
myeloid NGS revealed an NRAS variant with
a low VAF in addition to hyperdiploidy and
t(1,22) in one of them (Patient #4).

De novo AML patients, one with 5q deletion
(Patient #13) revealed a FLT3-ITD mutation and
one with monosomy 7 had both ASXL1 and
NRAS mutations (Patient #18). They underwent
HSCT based on high-risk cytogenetics. Another
de novo AML patient (Patient #20) with both
CEBPA and NRAS mutations did not provide
any metaphases or didn’t have any abnormal
results with FISH or PCR techniques. However,
based on 39% VAF of the CEBPA variant
suggesting a monoallelic expression, the case
was classified in the intermediate-risk group
and HSCT was performed due to induction
failure in the first complete remission.

Two patients had KMT2A rearrangements
accompanied by variants detected by the NGS
panel, and both of them died due to refractory
disease. One (Patient #2) was an infant with de
novo AML and had both KRAS and U2AF gene
mutations. The other was an adolescent, who
had therapy-related AML (Patient #27) with
two different FLT3 variants. A 5-year-old girl
who relapsed after HSCT (Patient #24) also had
two distinct variants in the same gene, TP53,
while peripheral blood chimerism was 95%.
Another secondary AML patient (Patient #29)
previously diagnosed with T cell ALL revealed
no mutations detected by the NGS myeloid
panel. Of interest, his sister also had pre-B ALL,
and whole exome sequencing (WES) revealed
a pathogenic splicing ETV6 mutation in a
heterozygote state in both siblings indicating
germline autosomal dominant ETV6-related
leukemia predisposition.

No targeted therapy, even FLT3 inhibitors, had
been used based on the detected variants, and
none of the variants were used for minimal
residual disease (MRD) monitoring in our study

group.
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Discussion

Following the identification of genetic structural
abnormalities and balanced chromosomal
translocations in AML, the classification of
leukemia evolved from a morphology-based
classification to genetic-based criteria. With the
advances in sequencing techniques, awareness
of changes in specific genes has increased over
the last decade. The Therapeutically Applicable
Research to Generate Effective Treatments
(TARGET) AML project revealed that somatic
mutations in children are lower than in adults
but increase with age. These mutations were
commonly found in transcriptional regulators
and signaling mediator genes.® Recently,
European Leukemia Net (ELN) recommended
screening the mutations in FL13, IDH1, IDH?2,
NPM1, CEBPA, DDX41, TP53, ASXL1, BCOR,
EZH2, RUNX1, SF3B1, SRSF2, STAG2, U2AF1,
and ZRSR2 genes at diagnosis of adult AML
to establish the diagnosis, prognosis and
identify therapeutic targets.®” We identified an
increasing number and diversity of variants by
age, mostly in signaling pathway genes (FLT3,
KIT, NRAS, KRAS), almost in half of the patients
by an NGS panel covering most of the ELN
recommended genes. In a more comprehensive
study, NGS of >150 cancer-related genes, Ishida
et al.'’ evaluated 27 pediatric AML patients and
similar to our results, reported the most frequent
variations in KRAS, NRAS, KIT, and FLT3 genes.
Although we didn’t use any variants to detect
MRD, the detection of molecular MRD was
associated with a significantly higher relapse
rate; except DNMT3A, TET2, and ASXLI
mutations which are often present in persons
with age-related clonal hematopoiesis.'

Core binding factor (CBF) AML, shares a
common pathogenic mechanism involving
rearrangements of the CBF transcriptional
complex characterized by the presence
of either t(821) (q22;,q22) or inversion
16(p13q22)/t(16;16). There is growing evidence
for considerable genotypic heterogeneity in this
group. Activating mutations of tyrosine kinase/
RAS pathway genes such as NRAS, KIT, and
FLT3 are commonly found in CBF-AML. Exon
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17 KIT mutations, including D816V, D816H,
D816Y, and NB822K, confer poor outcomes.
Also, mutations in genes of the methylation
group (i.e, DNMT3A, TET2) had a strong
negative prognostic impact in CBF-AML."? The
contribution of cKIT N822K mutation influenced
the HSCT decision in Patient #9 and Patient #11
underwent HSCT considering the co-occurrence
of RUNX1 and DNMT3A mutations in addition
to t(8;21). DNMT3A mutations have also been
reported as frequent concurrent mutations in
RUNXI-mutated AML with a negative impact
on overall survival.®®* Furthermore, those CBF-
AML patients did not have sufficient RUNX1-
RUNXIT1 transcript level decline, which is
recommended for MRD monitoring to predict
relapse and guide treatment in some reports.'*'>
NRAS variants are the most frequently observed
in t(821) positive AML and are associated
with improved outcomes, most likely due to
sensitivity to higher doses of cytarabine.'*'® We
observed an NRAS variant in a relapsed patient
(Patient #26).

Acute promyelocytic leukemia is a distinct type
of leukemia, and FLT3 ITD mutation frequency
is reported as 27% in de novo APL. Somatic
mutations are also found in WTI1, NRAS,
KRAS, ARID1B, and ARIDIA genes whereas,
the mutations of other common AML genes,
including DNMT3A, NPM1, TET2, ASXLI,
IDH1/2, and KIT are usually absent.”” In our
study, FLT3-ITD mutation was detected in a
de novo APL patient who had a high leukocyte
countand inversion 3 (Patient #14). Besides being
a poor prognostic factor in combination with a
chromosomal abnormality like inversion 3, the
high allelic burden of FLT3 ITD is associated
with high leukocyte counts.!®* Interestingly, an
adolescent APL patient (Patient #28) who had
first experienced pre-B cell ALL and then AML
with inv16 had an unusual KIT mutation with a
high VAF (43%), which was later confirmed as a
germline variant.

Acutemegakaryoblasticleukemiaisagenetically
heterogeneous disease. Non-Down syndrome
AMKL patients have several rearrangements
other than t(1;22) and can be classified into risk
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groups according to cytogenetics.** In addition
to rearrangements, recurrent mutations in
GATA1, JAK kinase, STAT, cohesion, CTCF,
RAS pathway genes, and cytokine receptor
genes, mostly MPL, have also been reported in
children with AMKL.? Non-Down syndrome
AMKL patients harboring GATA1 mutations
may have similar biology with Down syndrome
AMKL and reduced intensity chemotherapy
might be efficient in these patients.” Besides,
patients with Down syndrome can also
develop AML without GATAI mutations with
a poorer prognosis, necessitating intensified
chemotherapy.” Bone marrow aspiration may
be difficult due to extensive myelofibrosis in the
course of AMKL. Next-generation sequencing
is a sensitive method to detect variants in the
presence of low blast percentage in fibrotic bone
marrow.” We detected an NRAS variant with a
very low VAF in one AMKL patient (Patient #4),
which didn’t affect our treatment modality.

KMT2Arearrangementsarecommoncytogenetic
abnormalities in AML and have intermediate to
adverse prognosis depending on the various
partner genetic aberrations. KRAS mutations
have been reported to coexist with high-risk
KMT?2A fusions, with significantly lower event-
free and overall survival.?* A KRAS mutation
was detected in a refractory infant patient
(Patient #2) suggesting her worse prognosis.
Our other patient with KMT2A rearrangement
(Patient #27) had two distinct mutations in
FLT3 and was refractory to chemotherapy.
The interaction of menin protein to KMT2A
is critical in leukemia generation. Combined
menin and FLT3 inhibition represents a novel
and promising therapeutic strategy for patients
with KMT2A rearranged AML with concurrent
FLT3 mutation.” It may be possible to add FLT3
inhibitors to menin inhibitors in the future in
the management of patients like Patient #27.

Myeloid malignancies with TP53 mutations
are distinct entities associated with complex
cytogenetic abnormalities, advanced age,
chemoresistance, and poor outcomes. They are
frequently detected in AML related to increased
genomic instability, therapy-related AML, or
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AMLwithmyelodysplasia.” Myeloid neoplasms
with mutated TP53 (AML and myelodysplastic
syndrome) are classified as a separate disease
category in the 2022 International Consensus
Classification (ICC) of myeloid neoplasm
because of their similar aggressive behavior
irrespective of the blast percentage.”” And
recently, TP53 alterations, either mutations or
deletions, were found to be associated with
the most dismal prognosis in pediatric AML
patients and the importance of concurrent TP53
mutation and deletion analysis has since been
underlined.* In addition to TP53 deletions
detected by FISH in two patients (Patient #1
and Patient #28), two different mutations in the
TP53 gene were detected in Patient #24 during
the relapse after HSCT. The presence of multi-
hit TP53 mutations, as it occurred in Patient
#24, can be confirmed by the presence of two or
more distinct TP53 mutations and corresponds
to a highly aggressive disease.**

AML with myelodysplasia-related genetic
alterations is designated by the ICC and World
Health Organization (WHO) 2022 classification.
According to WHO classification, AML,
myelodysplasia-related (AML-MR) is defined
as a neoplasm with >20% blasts expressing a
myeloid immunophenotype with either one
or more cytogenetic abnormality [complex
karyotype, 5q deletion, monosomy 7, 7q
deletion, 11q deletion, 12p deletion, monosomy
13, 17p deletion, isochromosome 17q or idic(X)
(q13)] or somatic mutations in ASXL1, BCOR
EZH2, SF3B1, SRSF2, STAG2, U2AF1, ZRSR2
genes.® With similar cytogenetic abnormalities
and the same mutations, ICC also includes
RUNX1 mutations for this category.” Patient
#18, who had ASXL1 (VAF 15%) and NRAS
(VAF 66%) mutations in addition to monosomy
7, can be classified as AML-MR according to
both groups.

Our study evaluated the contribution of
targeted AML NGS myeloid panel in managing
childhood AML. However, the panel was
created mainly for adult AML and covered
the genes most recommended by the ELN.
The current WHO classification system
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introduced “myeloid neoplasms with germline
predisposition” as a new class of myeloid
neoplasms.® In addition to detecting somatic
mutations in myeloid neoplasms, panels
containing germline gene variations will be
helpful. Non-hematopoietic tissue or post-
treatment remission samples should be tested
with NGS to confirm germline pathogenic
mutations associated with hematological
malignancies. Our panel did not cover the most
common germline mutations, such as ANKRD26
and ETVé. It also did not cover the WT1 gene.
WT1 mutations have poor prognosis and its
combination with FLT3-ITD variants confer a
poorer prognosis.* Another missing gene in the
panel was GATA1, which is important for the
precise diagnosis of AMKL patients, both with
Down syndrome and without Down syndrome.
Our study’s limitations are the coverage of the
used myeloid NGS panel and the small sample
size.

In conjunction with well-known recurrent
cytogenetic abnormalities, the NGS myeloid
panel can identify prognostic risk groups and
treatment responses in children with AML. Our
NGS results provided information regarding
the prognosis and allowed us to guide treatment
individually. For some patients, HSCT decisions
were strengthened. The coverage of the routinely
used AML panels should be expanded with
other proven mutations of childhood AML and
germline leukemia predisposition mutations.
The widespread use of NGS in pediatric
hematology-oncology clinics may also obtain
precise and reliable data for direct targeted
therapies and MRD monitoring.
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