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Key Points

• Targeted sequencing
analysis of 54 genes
in 3 cell populations
facilitated classification
of AML-MRC.

Acute myeloid leukemia (AML) is a clonal myeloid neoplasm that typically arises de novo;

however, some cases evolve from a preleukemic state, such as myelodysplastic syndrome

(MDS). Such secondary AMLs and those with typicalMDS-related clinical features are known

as AMLs with myelodysplasia-related changes (AML-MRC). Because patients with AML-MRC

have poor prognosis, more accurate diagnostic approaches are required. In this study, we

performed targeted sequencing of 54 genes in 3 cell populations (granulocyte, blast, andT-cell

fractions) using samples from 13 patients with MDS, 16 patients with clinically diagnosed

AML-MRC, 4 patientswith suspectedAML-MRCbut clinically diagnosed asAMLnot otherwise

specified (AML-NOS), and 11 patients with de novo AML. We found that overlapping

mutations, defined as those shared at least by the blast and granulocyte fractions, were

significantly enriched in patients with MDS and AML-MRC, including those with suspected

AML-MRC, indicating a substantial history of clonal hematopoiesis. In contrast, blast-specific

nonoverlapping mutations were significantly enriched in patients with de novo AML.

Furthermore, the presence of overlapping mutations, excluding DNMT3A, TET2, and ASXL1,

effectively segregated patients with MDS and AML-MRC or suspected AML-MRC from

patients with de novo AML. Additionally, the presence of $3 mutations in the blast fraction

was useful for distinguishing patients with AML-MRC from those with MDS. In conclusion,

our approach is useful for classifying clinically diagnosable AML-MRC and identifying

clinically diagnosed AML-NOS as latent AML-MRC. Additional prospective studies are

needed to confirm the utility of this approach.

Introduction

Acute myeloid leukemia (AML) is a clonal myeloid neoplasm that involves maturation arrest at the myeloid
progenitor (MP) level and dysregulated proliferation of blast cells in the bone marrow (BM).1 Although
AML generally arises de novo, some cases evolve from a preleukemic state, such as myelodysplastic
syndrome (MDS).2-7 Such secondary AMLs comprise a distinct AML entity known as AML with
myelodysplasia-related changes (AML-MRC), which account for 24% to 48% of all AML cases.2,8

Currently, the diagnosis of AML-MRC is based on a history of either MDS or MDS-related clinical
features, such as dysplasia or cytogenetic abnormalities.2,8-10 Although more than half of the patients
present with de novo AML-MRC,2,8 it is unclear whether AML in these patients occurs de novo or if there
was a preceding MDS that was clinically silent.9,11
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Because both clinically diagnosed patients with AML-MRC and
patients with AML not otherwise specified (AML-NOS), who have
variable features of MDS and do not meet the diagnostic criteria for
AML-MRC (termed suspected AML-MRC), have poor prognosis with
refractoriness to conventional chemotherapy against AML,2,8,9 a more
accurate and objective diagnostic approach for AML-MRC is required.

The advent of next-generation sequencing (NGS) has enabled
researchers to identify gene mutations that are both specific and
recurrent in MDS.4,5,12-14 Importantly, a founding clone present in
the BM of patients with MDS persists when patients experience
progression to secondary AML, giving rise to daughter subclonal
cells that contain the founding clone mutation.4,5,7 Given the
presence of this clonal hematopoietic architecture in both MDS and
AML-MRC, these founding and/or subclonal gene mutations may
be detected in both blast cells and granulocytes from patients.

Therefore, in this study, we performed mutational screening of
granulocyte, blast, and T-cell fractions derived from patients
with MDS and AML by flow cytometry to sort the different cell
populations followed by targeted sequencing. This approach
enabled inference of the clonal origin of blast fractions and
revealed a molecular signature that may help to not only classify
clinically diagnosable AML-MRC, but also clinically diagnose AML-
NOS as latent AML-MRC.

Methods

Patients

Our study protocol was approved by our institutional ethical
evaluation committee and was conducted in accordance with the
Declaration of Helsinki. Forty-four diagnostic BM or peripheral blood
samples were collected. Our cohort consisted of 11 patients with
MDS, 2 patients with myelodysplastic/myeloproliferative neoplasms
(MDS/MPNs), 16 patients with clinically diagnosed AML-MRC either
with (ie, secondary AML) or without a history of MDS or MDS/MPNs,
and 4 patients with suspected AML-MRC who were diagnosed as
having AML-NOS.10 The 4 patients with AML-NOS had clinical
features of MDS (ie, dysplasia present in ,50% of cells in myeloid
lineages and/or a history of cytopenia). For comparison, we also
recruited 11 patients with de novo AML, including 1 patient with the
t(8;21) translocation, 5 patients with the t(15;17) translocation, 3
patients with inv16, and 2 patients with mutations in the NPM1
gene.15,16 Patient and clinicopathological characteristics are sum-
marized in supplemental Table 1.

Targeted sequencing

Flow cytometry sorting of the granulocyte, blast, and T-cell fractions
was performed using a FACS Aria II (BD Biosciences, San Jose,
CA; supplemental Figures 1 and 2). Targeted sequencing was
performed using 20 ng of DNA via the TruSight Myeloid Panel
(targeted regions are listed in supplemental Table 2) on the Miseq
platform (Illumina, San Diego, CA). T cells served as a germ line
control in each case. Bioinformatic analysis was performed using
standard procedures. The criteria used to identify driver mutations
and detailed workflow are provided in the supplemental Methods
and in supplemental Table 3.

Statistical analyses

Differences in values were assessed using a 2-sided Student t test.
To ensure unbiased classification of all patients into the 3 clinical

subsets (AML-MRC, de novo AML, and MDS), we performed
recursive partitioning analysis. This analysis automatically forms
subgroups of cases that are homogeneous with respect to the
outcome of interest and concentrates these subgroups in terminal
nodes.17 All procedures were performed using JMP Pro version
12.0 (SAS Institute, Cary, NC). Differences were considered
significant at P , .05.

Results

NGS analysis of 54 genes in 3 different cell types

We performed flow cytometry sorting of the granulocyte, blast, and
T-cell fractions, followed by mutation screening focusing on an
MDS- and AML-related panel of 54 genes using targeted sequenc-
ing from the following patients: 13 patients with MDS or MDS/
MPNs, 16 patients with clinically diagnosed AML-MRC, and 4
patients with suspected AML-MRC. For comparison, we performed
the same targeted sequencing approach for 9 patients with t(8;21),
t(15;17), and inv16 and 2 patients with mutations in NPM1 (ie,
NPM1-AML), which represent cases of de novo AML. We obtained
a mean coverage of 65543 for tumor samples (blast cells and
granulocytes) and 70723 for normal samples (T cells) in the
targeted regions.

Genetic landscape of patients

Targeted sequencing of the blast fractions revealed that 95%
(n 5 42 of 44) of the diagnostic samples contained at least 1
somatic mutation and/or structural abnormality. Collectively, this
represented 109 mutations in 28 genes across 42 patients. The
most common aberrations involved epigenetic regulators (TET2,
ASXL1, DNMT3A, EZH2, and IDH2; mutated in 48% of samples),
signal transduction proteins (NRAS, FLT3, KIT, and CBL; 32%),
spliceosome factors (U2AF1, SF3B1, and SRSF2; 30%), tran-
scription factors (RUNX1, CEBPA, ETV6, and GATA2; 30%), and
tumor suppressors (TP53, WT1, and CDKN2A; 27%; Figures 1
and 2; supplemental Table 4). The spectrum of these mutations
mirrored those reported in previous large cohorts of patients with
MDS and AML-MRC.4,5,7,12,13,15 Additionally, similar to values
found in previous reports, the mean number of mutations identified
in the blast fractions from AML-MRC samples was significantly
higher than that in the de novo AML and MDS samples (mean
number of mutations in AML-MRC, 3.5 vs 1.4 in de novo AML and
2.0 in MDS; P , .05 by 2-sided Student t test; Figure 2).4,15,18

Identification of overlapping mutations in MDS

We next tested whether the mutations present in blast cells were
also present in granulocytes. In the case of MDS, mutations in the
blast fraction were either shared only by the granulocyte fraction
or shared by the granulocyte and T-cell fractions, suggesting
that these mutations originated from MPs or hematopoietic stem/
multipotent progenitor cells (HSPCs), respectively (Figure 3;
supplemental Figure 3A-B). Alternatively, the clonal origin in the
former case may be HSPCs, in which differentiation to the lym-
phoid lineage was inhibited to give rise to MP cells capable of
differentiating into granulocytes (supplemental Figure 3C).We defined
such mutations shared by at least the granulocyte and blast fractions
as overlapping mutations, whereas blast-specific mutations not shared
by granulocytes were defined as nonoverlapping mutations. Overall,
the presence of these overlapping mutations indicated that the blasts
and granulocytes (and T cells) had the same clonal origin and supports
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the antecedent clonal hematopoiesis, which is reported to be a
hallmark of the MDS or pre-MDS state.3-6,12,13,19,20

Overlapping mutations were detected in both

AML-MRC and de novo AML but were significantly

enriched in AML-MRC

We next investigated whether such overlapping mutations were also
present in cases of AML-MRC. As expected, we identified over-
lapping mutations in all cases of clinically diagnosed and suspected
AML-MRC irrespective of the presence (UPN29-UPN40) or absence
(UPN25-UPN28 and UPN41-UPN44) of a history of MDS (Figure 3).
Additionally, we performed targeted sequencing combined with
fluorescence in situ hybridization analysis in HSPC- or MP-enriched
fractions, along with trio fractions in a representative case of AML-
MRC. As a result, we found that most founding overlapping mutations
were shared by both the HSPC and MP fractions except for
presumed late-onset overlapping mutations (NRAS and27q31
abnormality), supporting that the founding overlapping mutations
originated from HSPCs (supplemental Figure 4).

We further examined whether such overlapping mutations were
present in de novo AML cases. In contrast to the results observed
for MDS and AML-MRC, no overlapping mutations were observed
in any patients with de novo AML with t(8;21), t(15;17), or inv16
(Figures 3 and 4). In contrast, overlapping mutations were found in
patients with de novo AML with NPM1-AML (UPN23 and UPN24;
Figures 3 and 4), suggesting the presence of antecedent clonal
hematopoiesis.

On the basis of these findings, we evaluated whether latent
overlapping mutations, such as the chromosomal transloca-
tions t(15;17) and inv16, were present in patients with AML with
t(15;17) and inv16. To achieve this, we performed fluorescence in
situ hybridization analyses of the sorted trio fractions for 2
representative cases (t(15;17), n 5 1; inv16, n 5 1). In these 2
cases, cytogenetic alterations t(15;17) and inv16 present in the
blast fractions were also present in the granulocyte fractions
(supplemental Figure 4). Taken together, the predicted hierarchi-
cal clonal architecture in UPN23, UPN24, UPN16, and UPN18 is
that the overlapping mutation in a single gene, TET2 (UPN23),
DNMT3A (UPN24), INV16 (UPN16), or PML/RARA (UPN18),
defines a single founding preleukemic clone, followed by stepwise
acquisition of nonoverlapping mutations in NPM1 (UPN23 and
UPN24), IDH2 (UPN24), TET2/NRAS (UPN16), or FLT3 (UPN18),

which may contribute to progression toward AML (Figure 3;
supplemental Figures 4 and 5A). These findings agree with those of
previous studies demonstrating that the preleukemic founder mutation
DNMT3A, but not the leukemogenic mutation NPM1, is present in
mature cell subsets, such as T cells and phenotypically normal HSPCs,
even in de novo NPM1-AML.21

Identification of multiple overlapping mutations,

the MDS signatures, in AML-MRC and suspected

AML-MRC samples

Importantly, the mean number of overlapping mutations was signifi-
cantly higher in patients with AML-MRC or MDS than in de novo AML
samples (mean number of overlapping mutations, 3.0 in AML-MRC
and 1.8 in MDS vs 0.3 in de novo AML; P , .05 by 2-sided Student
t test; Figure 5A). In contrast, the mean number of nonoverlapping
mutations in AML-MRC or MDS was significantly lower than in de
novo AML samples (mean number of nonoverlapping mutations, 0.5 in
AML-MRC and 0.3 in MDS vs 1.1 in de novo AML; P, .05; Figure 6).
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These data suggest that overlapping mutations are enriched in
MDS or AML-MRC, whereas nonoverlapping mutations are enriched
in de novo AML. Thus, the accumulation of overlapping mutations,
specifically .2, may be required for the pathogenesis of
MDS and AML-MRC (supplemental Figure 5B). In contrast, the
presence of at least 1 nonoverlapping mutation may be required
for de novo AML (supplemental Figure 5A).

Finally, the mean number of overlapping mutations in samples
isolated from suspected AML-MRC but clinically diagnosed as
AML-NOS was not significantly different from that found in clinically
diagnosed AML-MRC samples, supporting the molecular diagnosis

of AML-MRC (mean number of overlapping mutations in suspected
AML-MRC, 2.8 vs 3.0 in AML-MRC; P 5 .77; Figure 5).

Recursive partitioning analysis identified mutational

indices to discriminate between each disease subset

We further evaluated whether these combinations of mutational
indices could distinguish AML-MRC from de novo AML. Accumu-
lating recent evidence has indicated that mutations in DNMT3A,
TET2, and, to a much lesser extent, ASXL1 are the most frequent
somatic mutations in apparently healthy elderly individuals with
clonal hematopoiesis of indeterminate potential (CHIP).3,6,20,22-26
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Moreover, up to 70% of NPM1-AML cases have been report-
ed to possess either DNMT3A or TET2 as an early founder
mutation,15,18,27,28 as illustrated in our case of UPN23 and UPN24
(Figure 3; supplemental Figures 4 and 5A). On the basis of these
reports, we examined whether an alternative parameter (ie, the
number of overlapping mutations excluding the 3 genes DNMT3A,
TET2, andASXL1, termed overlapping mutation except forDNMT3A,
TET2, and ASXL1) is a more suitable parameter for discriminating
AML-MRC from de novo AML rather than the overlapping mutation
parameter. Using this new parameter, the mean number in MDS or
AML-MRC was significantly higher than that in de novo AML (1.5 in
MDS and 2.4 in AML-MRC vs 0.0 in de novo AML; P , .01;
Figure 5B).

To classify each subset based on these indices in a nonarbitrary
manner, we used a recursive partitioning algorithm. We compared
the ability of these mutational indices, including the number of
overlapping mutations, the number of overlapping mutations except
for DNMT3A, TET2, and ASXL1, or reported indices previously
described in the literature to discriminate between each disease
subset. To construct the diagnostic flow, the mutational indices

used in recursive partitioning of all 44 cases included the following:
number of mutations in blast fraction, number of overlapping
mutations except for DNMT3A, TET2, and ASXL1, number of
nonoverlapping mutations, highest VAF of the overlapping mutation
in granulocytes, VAF of the founding overlapping mutation in blasts,
and whether the case could be assigned as being a secondary AML
using the criteria described by Lindsley et al.15 As a result, we
determined the optimal mutational index that split all 44 cases in the
first 2 nodes, including de novo AML and MDS-related disease
(MDS, AML-MRC, and suspected AML-MRC) as follows: when the
overlapping mutations except forDNMT3A, TET2, and ASXL1were
not present, de novo AML was suspected (Figure 7A; supplemental
Figures 6 and 7). The second mutational index for splitting MDS-
related disease into AML-MRC or MDS was as follows: when the
number of mutations in the blast fraction was more than three, AML-
MRC or suspected AML-MRC was likely (Figure 7A; supplemental
Figures 6 and 7). In contrast, when the number of mutations in the
blast fraction was ,3, MDS was likely (Figure 7A; supplemental
Figures 6 and 7). The C-statistics (area under the receiver operating
characteristic curve for each disease) were as follows: 0.76 for
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AML-MRC, 0.79 for suspected AML-MRC, 0.86 for MDS, and 0.97
for de novo AML (Figure 7B). On the basis of this model, these data
indicate satisfactory diagnostic performance with respect to
classification of each disease, including suspected AML-MRC.

Discussion

In this study, we conducted targeted sequencing for mutation
screening of sorted granulocyte, blast, and T-cell fractions derived
from patients with MDS, AML-MRC, de novo AML, and suspected
AML-MRC to predict the clonal origin in the blast fraction. Overall,
we found 2 types of mutations: the overlapping mutation was
defined as a mutation shared by at least the blast and granulocyte

fractions, and the nonoverlapping mutation was defined as a
mutation detected only in the blast fraction. Using these mutational
indices, we determined the following. First, the overlapping mutation
was significantly enriched in AML-MRC, whereas the nonoverlap-
ping mutation was significantly enriched in de novo AML. Second,
through explorative recursive partitioning analysis, the presence of
overlapping mutations segregated patients with MDS or AML-MRC
from patients with de novo AML; however, the discriminatory power
was best when we used a modified parameter, defined as the
presence of overlapping mutations except for the genes DNMT3A,
TET2, and ASXL1 (Figure 7B; supplemental Figure 7B). We
referred to this as overlapping mutation except for DNMT3A, TET2,
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and ASXL1. In the next classification step, the presence of $3
mutations in the blast fraction was used as a parameter to
distinguish patients with AML-MRC from patients with MDS.

Most previous studies of mutations in secondary AML analyzed bulk
tumor samples,15,18 which typically depend on VAF, or, alternatively,
the recurrence of the same mutations in serial samples before and
after progression to secondary AML.4,7,15 These analyses provided
valuable information regarding the mutational landscape in MDS
and secondary AML. Notably, Lindsley et al15 proposed a genetic
classification for secondary AML based on the presence of 8 MDS-
specific genes identified by targeted sequencing of bulk BM
samples. When we applied the criteria reported by Lindsley et al, we
found that 9 of 16 cases with clinical AML-MRC (UPN26-UPN27,
UPN29-UPN34, and UPN36) were positive for MDS-specific genes
and correctly assigned as AML-MRC. However, the ability to
distinguish clinically diagnosed AML-MRC using our criteria (ie, the
overlapping mutation except for DNMT3A, TET2, and ASXL1) was
comparable or better than that using the previous criteria (15 of
these 16 AML-MRC cases were correctly assigned using our
criteria), although direct comparison is difficult because of differ-
ences in the study methods and study cohorts. Walter et al7

sequenced serial bulk BM samples obtained from 7 patients with
MDS before and after progression to secondary AML. They found
that the dominant secondary AML clone was always derived from
the founding clone at the MDS stage. Overall, the results of Walter
et al are in agreement with our results for AML-MRC samples, in
which stepwise acquisition of overlapping mutations, typically $3,
suggesting a substantial history of clonal hematopoiesis before
progression to AML, could be detected. However, many patients
with suspected AML-MRC generally present de novo,8,11 and
serial samples cannot generally be obtained from these patients.
Therefore, it is difficult to demonstrate such recurrent clonal
architecture by only sequencing of bulk tumor samples from these
patients at diagnosis. Therefore, clinically suspected AML-MRC
cases require more detailed analysis, specifically at the cell-lineage
level, to demonstrate antecedent clonal hematopoiesis and understand
howmutations are sequentially obtained from the preleukemic state up
until leukemic transformation.

Such a sequencing strategy that analyzes the different cellular
fractions in patients with AML or MDS to infer clonal origin is not an
entirely new approach, and similar findings have been reported
previously.21,29-32 However, our results are still significant because
these phenomena were known and suspected in MDS and AML-
MRC but were not clearly demonstrated in previous studies.

Which mutations behave as leukemogenic drivers vs passengers is
controversial.14,19,31-41 In this regard, reconstruction of the flow of
overlapping mutations and/or nonoverlapping mutations using
targeted sequencing can help distinguish which mutations serve
as either preleukemic mutations or leukemogenic mutations at
leukemic transformation. Given the severe blockage in myeloid
differentiation that is the hallmark of AML,1 overlapping mutations
obtained during either the CHIP or MDS phase may serve as
preleukemic mutations that allow granulopoiesis from MPs, whereas
blast-specific nonoverlapping mutations obtained during the trans-
formation to AML may serve as AML-defining leukemogenic
mutations, by which granulopoiesis from MPs can be blocked.
Notably, nonoverlapping mutations are significantly enriched in de
novo AML compared with AML-MRC, which may be another

hallmark of de novo AML. Such findings provide insight into the
pathogenesis of de novo AML.

We initially expected that the overlapping mutation would be
specific to MDS or AML-MRC. However, we found overlapping
mutations in granulocytes from some patients with de novo AML.
This may be because there are antecedent latent preleukemic
states characterized by clonal hematopoiesis by DNMT3A, TET2,
or, presumably, t(15;17) and inv16 in patients with de novo AML
(supplemental Figure 5A). These results are consistent with those
of a previous report showing that NPM1 mutations in adults nearly
uniformly represent secondary mutations and likely occur within
the setting of preceding clonal hematopoiesis with mutations in
DNMT3A or TET2.15,18,21,27,28 It was also previously reported that
AML1/ETO transcripts generated from the t(8:21) translocation in
AML could be detected in mature blood cells such as monocytes
but not in T cells,42 supporting the presence of preceding clonal
hematopoiesis initiated by t(8;21).

Recognition of patients in preleukemic states characterized by
clonal hematopoiesis is likely to increase in the recent era of broadly
available NGS.3,5,6,14,19,20,22,25,26,41 Indeed, recent studies have
revealed a substantial proportion of clonal hematopoiesis in healthy
elderly individuals.19,20 Such individuals with somatic mutations
but without evidence of hematological malignancy such as in MDS
were recently recognized as having CHIP.6,22,23,25 Generally, these
individuals show an increased risk of developing hematological
malignancies.3,6,19,20,22-25 DNMT3A, TET2, and ASXL1 represent
the most commonly mutated genes in these settings.19,20,22-25,27

Taking these and our findings together, even in de novo AML, the
preleukemic state characterized by clonal hematopoiesis by these
founder overlapping mutations of CHIP genes including DNMT3A,
TET2, and ASXL1 or, alternatively, by t(8;21), t(15;17), and inv16
cytogenetic alterations, irrespective of clinical or preclinical state, is
far more common than previously considered.

Distinguishing these preclinical or preleukemic states, such as CHIP,
from clinical myeloid neoplasms, such as MDS, may be clinically
challenging because of the substantial overlap in somatic mutation
profiles observed in these diseases.3,19,20,22,25 In sequencing studies
of patients with MDS and AML, most patients possessed mutations
in $2 driver genes.12,13,15,18,24,41,43 In contrast, studies of CHIP
or unexplained cytopenia showed that most patients had only 1
detectable mutation in driver genes.19,20,23,24,26 Additionally, it has
been shown that patients who developed MDS or AML from
unexplained cytopenia had .2 mutations in prediagnostic BM
samples.23 These results agree with our findings showing that the
mean number of mutations in the blast fraction or overlapping
mutations in MDS was approximately 2.

On the basis of our results, at least 2 overlapping mutations are
required for the pathogenesis of MDS. In support of this, previous
studies of MDS showed that patients with the most frequent
mutation in TET2 or DNMT3A frequently harbored a secondary
mutation, including a mutation in SRSF2 or SF3B1,4,12,13,24,38,44

genes closely associated with MDS. As described, initial mutations
such as DNMT3A, TET2, and ASXL1 are associated with the initial
development of CHIP, whereas subsequent evolution to MDS
or AML is likely guided by the temporal acquisition of secondary
or more overlapping and/or nonoverlapping mutations, which
cooperate to generate overt malignancy.3 Accumulation of over-
lapping mutations may be required either for MDS to evolve into
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AML-MRC or for the pre-MDS state, including CHIP, to also evolve
into MDS, whereas acquisition of leukemogenic nonoverlapping
mutations such as NPM1 may be required for CHIP to evolve into
de novo AML (supplemental Figure 5). Indeed, it was previously
reported that secondary AML, containing secondary-type, MDS-
associated mutations, tended to occur in older individuals, with
approximately 4 mutations per case, whereas de novo AML was
found to be more common in younger individuals and involved fewer
mutations.15,18

Despite these positive findings, there were some limitations to
our study. First, our patient number was small, particularly for
drawing generalized conclusions. Second, there was a major flaw
in our study design. We selected mainly AML cases with t(8;21),
t(15;17), and inv16 as the de novo AML control. Only 2 cases of
NPM1-AML were included in the de novo AML patient group.
Because NPM1-AML has been reported to be present in 30% of
patients with de novo AML,18,28,43,45 our de novo AML cohort
was heavily biased and does not fully represent a true de novo
AML cohort. Third, because our diagnostic algorithm is based
on our own small cohort, our results must be validated in an
independent external cohort. Fourth, because we sequenced
a limited panel of mutated genes, some important mutations
may have been overlooked. Detailed and unbiased sequencing
approaches (eg, whole-exome or whole-genome sequencing) are
needed to determine the full spectrum of mutations. Fifth,
because of the retrospective nature of the study over a limited
observation period, we were unable to obtain prognostic data.
These limitations necessitate careful interpretation of our results.

In summary, targeted sequencing analysis of 54 genes in 3 cell
populations may not only help to classify clinically diagnosable AML-
MRC, but also help to classify AML-NOS as latent AML-MRC using
the current criteria, particularly a history of MDS or the presence of
MDS-related clinical, biological, or cytogenetic features. Thus, our
strategy will further support the categorization of AML and provide
insight into the pathogenesis of these diseases, although a larger
prospective trial is required to confirm our observations.
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