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Introduction
Myelodysplastic syndromes/neoplasms (MDS)
are characterized by:
• The accumulation of somatic mutations
• Chromosomal abnormalities
• The disruption of epigenetic marks

Hypomethylating agents (HMAs) such as
azacitidine (AZA) or decitabine remain the
standard of care for patients with high risk
MDS.

However, nearly 50% of these patients fail to
respond to HMAs, substantially increasing the
risk of progression to acute myeloid leukemia
(AML).
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Epigenetic profiling in MDS
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Discovery cohort (N=31)

39 differentially methylated 
CpGs between responders 
and non-responders to AZA

Random forest supervised 
model training

EPIAZA signature

Validation of the 
EPIAZA signature

AUC=0.89
Accuracy= 0.92

Kappa=0.82

Validation cohort (N=12)

Epigenomic profile (850k)

86 paired-BM samples
(Pre-treatment & Post-treatment)

Responders 
to AZA

N = 25

Non-Responders 
to AZA

N = 18

Noguera-Castells et al. British Journal of Haematology (2024)

Methylation
1

0.5

0

Responder
Non-
Responder

AZA response

EPIAZA +

EPIAZA -

EPIAZA

1

0.5

0

Methylation

Responder

Non-
Responder

AZA response

EPIAZA +

EPIAZA -

EPIAZA

Validation 
cohort

Discovery 
cohort



Single-cell proteogenomics in MDS
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Hypothesis and objectives

To date, there are no reliable prognostic markers to predict the efficacy of AZA
or the risk of transformation to AML, largely due to the poorly understood clonal
heterogeneity driving disease progression.

To investigate the genetic, transcriptomic and epigenetic dynamics underlying
MDS-to-AML transformation using single-cell multi-omics approaches.
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Clonal evolution from MDS to AML
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Clones & immunophenotypes in MDS/AML
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AML-risk signature: from MDS to AML

Phylogenetics of MDS-to-AML Progression at Single-Cell Resolution: A Genetic and Epigenetic Approach to Unravel Clones Resistant to 
Hypomethylating Agents > Results11

DX AZA AML RNA signature
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Single-cell DNA methylation in LSCs
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Protocol adapted from
Gu et al. Nature protocols (2021)



Epimutation rate 
in MDS & AML
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Epiphylogenetics in MDS-to-AML transition
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Take-home messages
• The expansion of initially minor clones at MDS diagnosis and the emergence of new

ones drive the progression from MDS to AML, despite the significant reduction of the
clonal size in responders after HMA treatment.

• Patient-specific clusters associated with both stem and myeloid compartments of the
BM reveal distinct trajectories of MDS-to-AML transformation.

• The AML-risk signature is preferentially found in HSPCs at both the MDS and AML
stages and also appears in patient-specific clusters.

• Focusing on LSCs, two distinct trends are uncovered based on the initial response to
AZA: in most responders, pre-AZA, post-AZA and AML stem cells form different
clusters, whereas in non-responders, post-AZA and AML stem cells cluster together,
distinct from pre-AZA.
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