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Introduction: Acute Myeloid Leukemia (AML) is an aggres-
sive, molecularly heterogeneous malignancy with limited sur-
vival despite advances in its characterization and treatment.
Nucleophosmin (NPM1) mutations without FLT3-ITD (NPM1-
mut, FLT3-ITDneg) define a subgroup with favorable out-
comes using chemotherapy alone. However, up to 40% of th-
ese patients relapse. Attempts to refine prognosis through ad-
ditional gene mutations have failed. We therefore deeply ana-
lyzed the biological landscape of this clinically relevant sub-
group using an integrated RNA-seq dataset, aiming to identi-
fy novel prognostic and biological biomarkers, including
through machine-learning (ML) approaches.

Methods: Three public and one unpublished RNA-seq da-
tasets were included in the study. We created the 'Gu' algo-
rithm (EHA 2025 - PS1463) to generate an n = 894 unified
RNA-seq dataset with strong biological coherence. Synthetic
data for data augmentation purposes were generated via the
"synthpop" R package, performing a 300x augmentation that
yielded n = 2,682 synthetic samples. Several bioinformatic
and ML analyses were performed to investigate the clinically
relevant NPM1mut FLT3-ITDneg AML subgroup.

Results: The unified dataset demonstrated correct data inte-
gration and biological coherence (Figure 1a), also reproduc-
ing the ELN 2022 risk stratification (Fig. 1b). Within NPM1-
-mutated AML (n = 308, 187 FLT3-wt), the transcriptomic
profile was heterogeneous, contrasting with homogeneous en-

tities such as APL or t(8;21) AML. The NPM1-mut signature
was confirmed, with HOX genes upregulated and
CD34/CD133 downregulated (Figure 1c); new genes related
to NPM1mut were identified. Focusing on the NPM1mut
FLT3-ITDneg AML, a distinct transcriptomic signature based
on FLT3-ITD mutational status was identified (Figure 1d) be-
side a group of genes that was stably upregulated in NPM1-
mut independently of FLT3, allowing definition of an NPM1-
-mut “core” (mainly HOX genes). Transcriptomic dissection
revealed two subgroups (Figure 1e): a “FLT3-like” cluster re-
sembling FLT3-ITD AML, and an “NPM1-pure” cluster en-
riched in inflammatory/immune genes. RAS mutations pre-
vailed in FLT3-like and IDH2 in NPM1-pure cases. No survi-
val difference emerged under standard therapy. Finally,
genes with prognostic value were identified, including genes
related to immune regulation. A scoring system based on the
expression of a 4-gene-panel could effectively stratify progno-
sis (Fig 1f). Validations are ongoing.

Conclusions: Our work opened an innovative window into
the biology of NPM1-mutated FLT3-wild-type AML, revealing
a distinctive transcriptomic signature that had never
emerged from previous analyses, as limited sample size had
so far precluded deep investigations on this subgroup. Sever-
al potential biomarkers for further prognostic stratification
and new targets for therapy have emerged. Biological valida-
tions are ongoing in our lab.
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