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Myelodysplastic Syndromes (MDS) represent a heterogeneous group of clonal hematopoietic disorders
characterized by ineffective hematopoiesis, cytopenias, and a risk of progression to acute myeloid leukemia
(AML). Traditionally, MDS classification relied on morphological and cytogenetic assessments, but
advancements in next-generation sequencing (NGS) have revealed recurrent genetic mutations that have
reshaped the diagnostic and therapeutic landscape. This review article explores the clinical implications of
molecular taxonomy in MDS, focusing on key mutations such as SF3BI1, TP53, TETZ, and ASXL1. The
integration of molecular profiling into diagnostic frameworks, such as IPSS-Molecular (IPSS-M), has
enhanced patient stratification and prognosis prediction. Moreover, targeted therapies, including Luspatercept
for SF3B1I-mutated MDS and hypomethylating agents for 7E£72 mutations, have emerged as promising
treatments. However, challenges persist, including interpatient heterogeneity, clonal evolution, and limited
access to molecular testing in clinical practice. This review article emphasizes the need for ongoing research
and innovation to overcome these challenges, further integrating molecular insights into personalized MDS

management to improve patient outcomes.

Keywords: Myelodysplastic Syndromes (MDS), Molecular Taxonomy, Next-Generation Sequencing (NGS), SF3B1 Mutation, TP53
Mutation

DOI : 10.21608/SMJ.2025.346164.1519 Received: December 20, 2024 Accepted: January 20 , 2025
Published: May 01, 2025
Corresponding Author: Mahmoud Gaber Mahmoud E.mail: mahmoudgaber@med.sohag.edu.eg

Citation: Mahmoud Gaber Mahmoud . et al., Molecular Taxonomy Toward Personalized MDS Management
SMJ,2025 Vol. 29 No (2) 2025. 35- 48

Copyright: Mahmoud Gaber Mahmoud . et al., Instant open access to its content on principle Making research freely available to the
public supports greater global exchange of research knowledge. Users have the right to read, download, copy, distribute, print or share

the link Full texts

35


mailto:mahmoudgaber@med.sohag.edu.eg

Mahmoud Gaber Mahmoud al,2025

Vol. 29 NO (2).2025

Introduction

Myelodysplastic syndromes (MDS) are a heterog-
eneous group of clonal hematopoietic disorders
characterized by ineffective hematopoiesis, bone
marrow failure, and an increased risk of
transformation into acute myeloid leukemia (AML).
&2 These disorders arise from genetic
abnormalities within hematopoietic stem cells,
leading to defective production of one or more
blood cell lines, including erythrocytes, leukocytes,
and platelets. MDS manifests clinically as
varying degrees of cytopenia (anemia, neutropenia,
or thrombocytopenia), with symptoms such as
fatigue, infections, or bleeding episodes. “°
Historically, the classification and diagnosis of
MDS relied on morphology, peripheral blood
findings, and bone marrow examination. The World
Health Organization (WHO) has defined specific
subtypes of MDS using cytogenetic and
morphologic criteria, classifying cases based on the
presence of dys(plasia, blast percentage, and genetic
abnormalities. ® However, traditional diagnostic
methods fail to fully capture the biological compl-
exity of MDS, and patients with similar morpho-
logical features often exhibit different clinical
outcomes. )

In recent years, advances in high-throughput
genomic technologies, such as next-generation
sequencing (NGS), have enabled the identification
of recurrent somatic mutations associated with
MDS. @ 19 These discoveries have shifted the
diagnostic  paradigm from  morphology-based
classification to molecular taxonomy, providing a
deeper understanding of the pathogenesis,
prognosis, and therapeutic potential of MDS. %)
Several recurrent mutations have been identified in
key regulatory genes involved in hematopoietic
processes, including SF3B1, TP53, ASXL1,
DNMT3A, RUNX1, and TET2. 2" These mutations
affect various pathways such as epigenetic regu-
lation, RNA splicing, DNA repair, and transcription
control, influencing disease progression and clinical
outcomes. 314

NGS technologies have made it possible to detect
these mutations with high sensitivity, facilitating the
identification of genetic subgroups within MDS. @
This genomic stratification enables personalized
therapeutic strategies, tailored according to the
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mutational profile of each patient, and improves
prognostic accuracy by revealing high-risk muta-
tions that ma;/ not be evident through conventional
diagnostics. ("

Despite the progress in understanding MDS at the
molecular level, significant clinical challenges re-
main. MDS is a highly heterogeneous disease, with
overlapping clinical features between subtypes and
between MDS and other hematologic malignancies,
such as myeloproliferative neoplasms (MPN) and
AML. @& 1 Additionally, while traditional risk
scoring systems, such as the International Prog-
nostic Scoring System-Revised (IPSS-R), remain
useful, they are insufficient in accounting for the
complex molecular landscape driving disease
heterogeneity: (819

The incorporation of molecular findings into
diagnostic frameworks, such as the WHO and
International Consensus Classification (ICC), offers
the potential for greater diagnostic precision. For inst-
ance, the presence of SF3B1 mutations is now recog-
nized as a defining feature of MDS with ring sider-
oblasts (MDS-RS), a subtype associated with better
prognosis compared to other MDS forms. ®® This
molecular refinement also helps differentiate between
borderline cases of MDS, AML, and MDS/MPN
overlap syndromes. ©

This review article aims to explore the clinical
implications of molecular taxonomy in MDS. It will
provide an in-depth analysis of the current molecu-
lar landscape, focusing on key mutations and their
functional roles. We will also examine how molec-
ular findings are reshaping the diagnosis, prognosis,
and treatment of MDS. Key challenges and future
directions in molecular taxonomy will be discussed.

1- Current Molecular Landscape of MDS

The molecular landscape of MDS is complex and
diverse, marked by the presence of several recurrent
genetic mutations that affect key biological proce-
sses such as DNA methylation, RNA splicing,
transcriJJtion regulation, and chromatin modific-
ation. ®® Understanding this intricate molecular
framework helps in identifying subtypes of MDS,
predicting disease progression, and designing targ-
eted therapies. @ "V
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1.1.Key Mutated Genes in MDS

The molecular pathophysiology of MDS involves
intricate signaling networks that regulate hemato-
poietic differentiation, cell proliferation, and epige-
netic modification. As illustrated in the figure @
key signaling pathways include the JAK-STAT,
PIBK-AKT, and RAS-MAPK pathways, which
interact to maintain normal cellular functions. Mut-
ations in genes like TET2, ASXL1, and RUNX1

disrupt epigenetic regulation and transcriptional di-
fferentiation, contributing to the abnormal hematop-
oiesis observed in MDS. @ Similarly, abnorm-
alities in p53 and dysregulation of receptor tyrosine
kinases (e.g.,, FLT3 and c-KIT) further enhance
disease progression by promoting ineffective
hematopoiesis and clonal expansion. © %29 ( figure
1)
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Figure 1: Molecular Pathways and Mutational Drivers in Myelodysplastic Syndromes (22)

1.2. Genetic Subgroups according to Molecular
Taxonomy of MDS and their Functional
Categories
Currently, the World Health Organization and
the International Consensus categorization are
the two main categorization systems used to
categorize MDS. (%26
Even while several unique genetic entities, such
as del(5q), TP53-mutated, and SF3B1-mutated
MDS, have been identified in their most recent
iterations, they only constitute less than one-
third of cases; the blast count determines the
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remaining MDS cases. Furthermore, phenotype
—rather than genotype—is the primary defining
characteristic of chronic myelomonocytic leuke-
mia and other MDS/MPN groupings. %
These categorization schemes are meant to
identify biologically distinct entities, but they do
not yet account for the genomic overlap with
MDS/MPN entities and the genomic heter-
ogeneity in MDS.

Crucially, classification systems are not the
same as prognostic models (e.g., the Molecular
International Prognostic Scoring System for
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Myelodysplastic Syndromes [IPSS-M]. &
which aid in risk-adapted treatment choices with
a restricted range of noncurative treatments
other than allogeneic bone marrow transplant-
ation. Prognostic models are only useful for
predicting outcomes.

Bernard et al. investigated complex gene-gene
interactions to identify distinct genomic groups
based on comutations, the presence or absence
of genetic aberrations (mutations, copy number
loss of heterozygosity, and aneuploidy), and the
previous use of TP53 allelic state or IDH2 R140

vs. R172 status as inputs for unsupervised
clustering (figure 2).

After clustering, a hierarchical classification
system was created using 21 genes, 6 cytoge-
netic events, and 2 allelic states (TP53 and
TET2) (figure 2). In addition to identifying eight
novel subgroups, the scientists also confirmed
five existing entities and three previously
reported entities by identifying 16 genomically
defined subgroups that classified 86% of
patients with different genotype-phenotype
relationships and clinical outcome .

None of the above

Molecular Unsupervised Hierarchical rules
features clustering molecular taxonomy
Mutated genes (binary) TP53, TET2 allelic states Identify genetic associations and subgroups Simple rules to define 16 molecular groups
Cytogenetic events U2AF1 Q157 vs. S34 Maximum within-group similarity One patient categorized to one group
enLOH events IDH2 R140 vs. R172 Maximum between-group discrimination 21 genes, 6 cytogenetic events, 2 allelic states (TP53, TET2)
Groups % (N)
Entry :' """"""
DDX41 DDX41 3.3 (107)
L ey
s o e PR Y e
s
TP53 multi-hit” or CK LGEEReCIgleld  10.1 (325)
der(1;7) der(1;7) 0.5 (16)
-7 or SETBP1 —7/SETBP1 4.9 (157)
del(5qg) del(5q) 6.9 (222)

(EZH2 & ASXL1)

IDH2'*° or IDH1 or
(STAG2 & ASXL1) or

EZH2-ASXL1 4.0(129)

(STAG2 & SRSF2)

BCOR or BCORL1

IDH-STAG2 8.9 (288)

Bi-allelic TET2® or

BCOR/L1 3.5(114)

(TET2 & SRSF2)"
None of the above

U2AF1 U2AF1"7

bi-TET2 12.8 (411)

U2AF1'S7 2.2(72)

U2AF1*

U2AF1* 2.1 (68)

SRSF2 22(71)

ZRSR2 1.3 (43)

None of the above

DNMT3A, TET2,

SF3B1 14.1 (456)

TP53 mono-allelic, -Y

Other recurrent

CCUS-like 6.9 (224)

mNOS 7.9 (254)

_____

: Denotes germ line enrichment

———e Presence of mutation or combination

—————=& Absence of mutation or combination

1 A TP53 mutation and deletion or ecnLOH, or multiple TP53 mutations
$ TET2 mutation and deletion or enLOH, or multiple TET2 mutations with cumulative VAF above 50%
# TET2 and SRSF2 mutations with cumulative VAF above 50%

CK: complex karyotype (3 or more cytogenetic abnormalities)

No-event 6.5 (210)

Figure 2: Derivation of 16 MDS molecular groups in molecular taxonomy of MDS (3).
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The taxonomy further includes AML-like and
DDX41 subtypes. AML-like MDS is defined by
genetic mutations typically associated with highest
percentage of BM blast. It was also associated with
a younger age, a female predominance, short OS,
and had the highest rate of leukemic transformation.
The DDX41 group, notable for germline and
somatic mutations in the DDX41 gene, presents
clinical profile including elevated blasts and
increased risk of leukemic transformation yet no
excess risk of death, a relatively favorable prognosis
when compared to other high-risk subtypes. The
inclusion of these genetic profiles within the MDS
classification underscores the shared pathogenetic
pathways with AML, emphasizing the value of a
molecular approach. &%

Del(5q) was associated with a female bias, low
hemoglobin values, high platelet counts, and
favorable OS. Notably, 22% of cases from del(5q)
group would be excluded from the WHO 2022/1CC
MDS with isolated del(5q) category because of
excess blasts. The SF3B1 group was the most
prevalent. SF3B1 mutations were frequently seco-
ndary to DNMT3A mutations and dominant to
TET2 mutations. The group had low BM blasts and
favorable outcomes.®

The second largest group was defined by biallelic
TET2 mutations. Patients in this group had distinct
clinicohematological features, including older age,
milder anemia, increased monocytes, and a CMML
enrichment. ©

Novel molecular groups: for example, the -—
7/SETBP1 group was defined by SETBP1 mutat-
ions and/or =7 in the absence of CK. The -
7/SETBP1 group was associated with a younger
age, higher risk and poor outcomes.®"

Two residual groups, mNOS (molecularly not
otherwise specified) and No-event, capture patients
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without specific molecular drivers or those with less
common genetic profiles. These groups exhibit
milder clinical features and comparatively better
outcomes, indicating that absence of significant
driver mutations may correlate with lower disease
aggressiveness. Such findings provide insight into
the role of molecular complexity in MDS
pathology.

In patients with MDS and chronic myelomonocytic
leukemia, all 18 genetic entities were found, and
many of them were also found in other MDS/MPN
subtypes, albeit at varying frequencies.

A number of findings that are clinically important
were found within the novel groups. GATA2
variations were common in the —7/SETBP1 group,
with variable allelic frequencies indicating a germ
line origin in 4% of cases. The results emphasize
the necessity of further analyzing this genetic group
that is probably enriched for patients with a germ
line propensity, even if the targeted panel did not
contain SAMD9 or SAMDOIL and germ line tissue
was not available. Most patients in the EZH2-
ASXL1 group had at least five mutations, indicating
a high level of genetic complexity. The poor
survival results for both the EZH2-ASXL1 and
—7/SETBP1 categories were unaffected by blast
count.

As evidence of the prognostic value of genomes,
this was also true for DDX41 and AML-like groups.
Groups with IDH-STAG and BCOR/L1 had
genomic landscapes resembling secondary AML, as
well as increased blasts and a high incidence of
leukemic transformation (figure 3&4). The use of
blast percentage to establish diagnostic boundaries
in these groups is often not supported by these
results.
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Figure 3: Distribution of the percentage of BM blast for 12 molecular groups [3].
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Figure 4: Association between molecular groups and outcomes, for OS (left) and AML transformation ©.

Bernard et al. provides a foundation for a more
complex MDS classification system that would
more accurately represent the underlying biology of
these neoplasms, keeping in mind that this is a
proposal for additional research rather than a
consensus statement for a new MDS classification.
It acts as a springboard for further studies that con-
centrate on comprehending the functional effects of
these genomic occurrences and determining the
biological distinctions or parallels among the
suggested subgroups.

In order to facilitate medication discovery, such
insights could be used to pinpoint certain weakn-
esses within particular populations. It is not,
however, intended to take the place of the IPSS-M,
which continues to perform better in terms of
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prediction than a model based on these chemical
groupings. ?”

Bernard et al, evaluated the relationship between
genetic subtypes and blasts. In several groups
(AML-like, DDX41, -7/SETBP1, and EZH2-
ASXL1), blast percentages did not stratify patient
outcomes. However, for groups enriched for lower-
risk disease (for example del(5q), bi-TET2, SF3B1,
CCUS-like, and mNOS) blasts percentages
differentiated outcomes. )

1.3.Clonal Evolution and Heterogeneity

MDS exhibits significant interpatient heterogeneity
due to the dynamic nature of clonal evolution. This
process begins with an initial driver mutation,
followed by the accumulation of additional
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mutations over time. As these subclones evolve,
they compete for dominance, leading to a constantly
8h§3r)1ging genetic landscape within the same patient.
Early driver mutations, such as those in TET2 or
DNMT3A, typically establish the primary clone.
Secondary mutations, including ASXL1 or TP53,
may develop later, giving rise to subclones with
more aggressive phenotypes. This evolutionary
pattern contributes to disease progression and
therapy resistance (3, 30).

The presence of multiple mutated clones
complicates the prediction of disease course. For
instance, the acquisition of TP53 mutations often
indicates a transition to a more aggressive disease
form or transformation into acute myeloid leukemia
(AML). “® Monitoring clonal dynamics is thus
crucial for guiding treatment decisions and
understanding therapy resistance. ¢

Molecular profiling not only informs diagnosis but
also plays a critical role in therapeutic decisions.
For example, SF3B1 mutations are associated with
responsiveness to Luspatercept, a therapy that
targets ineffective erythropoiesis. ©2 Similarly,
mutations in TET2 predict favorable responses to
hypomethylating agents like azacitidine and
decitabine. These associations between genotype
and treatment response underscore the need for
molecularly informed clinical trials that tailor
therapies to individual patients. ¥

2. Clinical Implications of Molecular Taxonomy
The molecular taxonomy of MDS has introduced
profound changes to how these disorders are
diagnosed, stratified, and treated. Molecular insights
allow more precise identification of disease
subtypes, facilitate risk stratification, and promote
the development of targeted therapies. @ As
genomic profiling becomes integrated into clinical
practice, it significantly impacts diagnosis,
prognosis, and therapeutic approaches, fostering a
transition toward personalized medicine in MDS
care. ¥

Molecular profiling has augmented traditional
diagnostic frameworks, such as those established by
the World Health Organization (WHO) and the
International Consensus Classification (ICC). These
frameworks increasingly incorporate mutational
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data to distinguish MDS subtypes more accurately
(7). For example, the identification of SF3B1
mutations is critical for diagnosing MDS with ring
sideroblasts (MDS-RS). ¢

Genomic profiling reduces diagnostic ambiguity in
cases where morphology or cytogenetic data are
inconclusive. In situations with overlapping
characteristics between MDS and other hematologic
disorders, molecular markers offer a new level of
diagnostic clarity. ©  Additionally, genomic
classification helps differentiate MDS from related
disorders, such as MDS/MPN overlap syndromes,
by leveraging specific mutation patterns. ©®

Some patients with borderline features between
MDS and acute myeloid leukemia (AML) or other
hematopoietic neoplasms may now be better
categorized using molecular insights. > This
prevents misclassification and ensures that patients
receive appropriate treatment.

Traditional prognostic  tools, such as the
International Prognostic Scoring System (IPSS) and
its revised version (IPSS-R), have relied on factors
like bone marrow blast percentage, cytopenias, and
karyotype abnormalities to stratify patients into risk
categories. ) However, these models do not fully
capture the heterogeneity of MDS, especially given
the expanding knowledge of molecular alterations.
Integrating molecular taxonomy into prognostic
models offers more precise predictions of survival
outcomes, disease progression, and treatment
responses. 7

The IPSS-M is an evolution of the IPSS-R,
designed to include molecular data, particularly
recurrent mutations in MDS-related genes such as
TP53, ASXL1, RUNX1, and SF3B1. ®® This
molecularly informed model provides superior
predictive power by accounting for somatic
mutations that influence the clinical trajectory of
MDS patients.

IPSS-M integrates cytogenetics, clinical features,
and somatic mutations, enabling more accurate risk
stratification. ©® This model offers better
predictions of overall survival (OS) and leukemia-
free survival (LFS), compared to traditional scoring
systems .(") Patients previously classified as low risk
may now be reclassified based on high-risk
mutations, guiding more intensive surveillance or
earlier treatment. ©°
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Molecular profiling allows the customization of risk
models for individual patients. The presence of
multiple mutations (multi-hit status) in genes such
as TP53 can significantly downgrade a patient's
prognosis, even if their cytogenetic profile suggests
low risk. ©

4.1. Impact of Key Mutations on Prognosis

TP53 is one of the most significant prognostic
markers in MDS. It is often associated with high-
risk disease, poor response to therapies, and shorter
overall survival (0S). “9 Patients with multi-hit
TP53 mutations fare worse than those with single
mutations, highlighting the importance of clonal
burden in risk assessment. ®® This mutation is
frequently linked with therapy-related MDS and
complex karyotypes, compounding the challenges
in management.

Mutations in ASXL1 and RUNX1 are associated
with aggressive disease behavior and unfavorable
outcomes, especially in the context of other high-
risk mutations. Their presence in low-risk patients
can result in reclassification to a higher-risk ?roup
under IPSS-M, prompting earlier intervention. ("%
In contrast to other high-risk mutations, SF3B1 is
associated with a more favorable prognosis. Patients
with SF3B1-mutated MDS often present with ring
sideroblasts (MDS-RS) and show prolonged
survival with lower rates of progression to acute
myeloid leukemia (AML). *? Luspatercept, a novel
erythropoiesis-stimulating agent, offers therapeutic
benefits in these cases, reducing transfusion
dependence and improving quality of life. 424349
Mutations in TET2 and DNMT3A are early events in
clonal hematopoiesis. Although they do not always
correlate with poor prognosis, their presence can
guide therapeutic decisions, especially concerning
the use of hypomethylating agents. © Patients with
these mutations may benefit from azacitidine or
decitabine, which modulate epigenetic regulation.

4.2. Clonal Evolution and Its Role in Prognosis
MDS is a dynamic disease, with clonal evolution
playing a significant role in its progression. New
mutations or the expansion of specific subclones
during treatment often herald disease progression or
transformation to AML. Monitoring clonal
evolution through serial genomic testing is therefore
essential for adaptive risk assessment. ¢* 4©)
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The emergence of additional mutations, particularly
in genes such as TP53 or ASXL1, can change the
risk profile during the course of the disease. “”
Tracking these changes in real-time allows
clinicians to anticipate relapse or disease
progression and modify treatment strategies
accordingly. “®

Clonal dynamics also affect therapeutic outcomes.
For instance, the expansion of TP53-mutated clones
during treatment with hypomethylating agents often
indicates impending resistance, necessitating a
switch to alternative therapies or enrollment in
clinical trials. ® )

4.3. Prognostic Tools in Clinical Practice

The incorporation of mutational data into everyday
practice is becoming more accessible with the
increasing  availability ~ of  next-generation
sequencing (NGS). Several clinical centers are now
adopting molecularly informed scoring systems,
such as IPSS-M, to guide decision-making. %051
Patients stratified as high-risk based on molecular
profiling may receive more aggressive treatment,
such as allogeneic stem cell transplantation, at an
earlier stage. Conversely, patients with favorable
mutational profiles may benefit from less intensive
therapy, preserving their quality of life. %59

As clonal evolution occurs during treatment,
molecular profiles can shift. Repeated genomic
testing enables adaptive management, where
treatment plans are adg'usted based on the changing
mutational landscape. "

4.4. Challenges in Molecular Prognostication
While molecular profiling offers enhanced
prognostic accuracy, several challenges remain. The
diverse mutational landscape of MDS complicates
the development of universal prognostic models.
Some mutations may have different prognostic
impacts depending on co-occurring mutations or
clonal context. ©

Although NGS has become more accessible, routine
molecular profiling is still not available in all
clinical ~settings. The cost and technical
(r7e)quirements pose barriers to widespread adoption.

In some cases, the clinical significance of certain
mutations remains unclear. More research is needed
to fully understand how specific genotypes translate
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into phenotypic outcomes, especially in the context
of evolving disease.

5. Therapeutic Implications

The molecular taxonomy of MDS has profoundly
changed the therapeutic landscape by shifting from
generalized  treatment  approaches  toward
personalized medicine. By identifying specific gene
mutations and understanding their functional
impact, clinicians can now better align therapies to
individual molecular profiles, improving treatment
outcomes and reducing adverse effects. “? This
section explores the evolving therapeutic strategies
informed by molecular findings and highlights the
importance of molecular profiling in optimizing
patient care.

5.1. Targeted Therapies and Molecularly Guided
Treatments

Luspatercept, a recombinant fusion protein, targets
the transforming growth factor-beta (TGF-p)
signaling pathway. It is particularly effective in
patients with SF3B1-mutated MDS who experience
anemia and require frequent red blood cell
transfusions. *? By enhancing erythropoiesis,
Luspatercept reduces transfusion dependency and
improves quality of life for these patients. ¢4 %
Clinical trials have demonstrated that SF3B1-
mutated patients treated with Luspatercept show
significant improvements in hemoglobin levels and
a reduction in transfusion requirements, reinforcing
the importance of genomic profiling in treatment
selection. (6%

Hypomethylating agents (HMAs) such as
azacitidine and decitabine have become the standard
of care for high-risk MDS. These agents restore
normal gene expression by modulating DNA
methylation, making them particularly effective in
cases with TET2 mutations, which impair epigenetic
regulation. ¢ %9 ©7)

Studies have shown that TET2 mutations predict
better responses to HMAs, with prolonged overall
survival (OS) and improved hematologic function.
() This highlights the importance of early molecular
testing to identify candidates for HMA therapy. ©®
Patients with TP53 mutations, especially multi-hit
configurations, have poor prognoses and are less
responsive to conventional therapies. Emerging
therapies are now targeting this high-risk group,
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with clinical trials evaluating immune checkpoint
inhibitors and gene-editing approaches. *?

Novel agents targeting the p53 pathway aim to
restore normal cell-cycle control, reduce leukemic
transformation, and overcome resistance to existing
treatments ©¥ Additionally, allogeneic stem cell
transplantation is often pursued early for patients
}g/oitg)TPSs mutations due to their high relapse risk .
The heterogeneity of MDS demands combinatorial
approaches to target multiple mutated pathways
simultaneously. Molecular profiling identifies
patients with complex mutational landscapes who
may benefit from combination therapies. ¢ %% 62
The combination of azacitidine with novel targeted
agents, such as venetoclax (a BCL-2 inhibitor), is
being tested in clinical trials to improve outcomes
for high-risk MDS patients. These trials leverage
molecular profiling to identify candidates with co-
occurring mutations who are likely to benefit from
these approaches. ¢

In cases where patients develop resistance to
HMAs, combination therapies targeting multiple
pathways are employed. For instance, combining
immune checkpoint inhibitors with epigenetic
agents may help overcome therapy resistance and
delay disease progression. ¢*

5.2. Adaptive Molecular
Monitoring

Molecular monitoring allows clinicians to track
clonal evolution and adapt treatment strategies
accordingly. Serial genomic testing provides
insights into the emergence of new mutations or
clonal expansions, signaling the need for
therapeutic adjustments. ©

As clonal architecture shifts during treatment,
therapeutic plans can be modified to address new
resistance mechanisms or emerging high-risk
mutations. This adaptive approach ensures that
therapies remain effective over time, even as the
disease evolves.

Patients whose molecular profiles change during
treatment are often enrolled in clinical trials that
explore innovative therapies for resistant MDS.
Molecular profiling ensures that patients receive the
most relevant experimental therapies, improving the
likelihood of favorable outcomes. 2

Therapy and
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5.3. Challenges in Molecularly Guided Therapy
Despite its promise, molecularly guided therapy
faces several challenges. Not all clinical centers
have access to next-generation sequencing (NGS),
which is essential for molecular profiling. This
limits the widespread adoption of personalized
therapies. ©°

As MDS progresses, new subclones may emerge
that are resistant to targeted therapies. Continuous
monitoring of clonal evolution is necessary to
address resistance, but frequent genomic testing can
be cost-prohibitive. ©

Patients with multiple co-occurring mutations pose
therapeutic challenges. The presence of both
favorable and unfavorable mutations complicates
treatment decisions, necessitating further research to
develop effective combination strategies. %)

54. Future Directions in
Development

The integration of molecular data into MDS
treatment is still evolving, with several promising
avenues under investigation:

Gene-editing technologies, such as CRISPR, offer
the potential to correct mutations at the genomic
level, providing a long-term solution for high-risk
mutations like TP53. * €7

Immune-based therapies, including immune
checkpoint inhibitors and chimeric antigen receptor
(CAR) T-cell therapy, are being explored for MDS
patients,  particularly  those  with  immune
dysregulation linked to their mutational profile. "
Predictive models powered by artificial intelligence
(Al) can integrate molecular data with clinical
parameters to recommend optimal therapies,
enhancing decision-making in complex cases. 9

Therapeutic

6. Challenges and Limitations in Molecular
Taxonomy

Despite its promise, molecular taxonomy faces
several challenges. The wide spectrum of mutations
complicates the identification of universal
biomarkers.  Additionally, continuous clonal
evolution creates difficulties in monitoring disease
and predicting therapeutic responses. Also, the cost
and technical demands of NGS limit its routine
application. Finally, the link between specific
mutations and clinical manifestations is not always
clear, necessitating further studies.
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7. Future Perspectives

The integration of molecular data with clinical
practice holds promise for transforming MDS
management. Predictive algorithms that combine
molecular and clinical data may offer more accurate
prognostic tools. In addition. synergistic approaches
targeting multiple mutated pathways are under
investigation to improve treatment outcomes. Future
iterations of WHO and ICC guidelines are expected
to incorporate molecular taxonomy, further
embedding genetic data into everyday clinical
practice.

8. Conclusion

The molecular taxonomy of MDS has transformed
our understanding and management of this
heterogeneous disease by identifying key mutations
such as SF3B1, TET2, TP53, and ASXL1. These
insights allow for more accurate diagnosis,
prognosis, and personalized treatment, with targeted
therapies like Luspatercept for SF3B1l-mutated
MDS and hypomethylating agents for TET2
mutations. Molecularly informed models, such as
IPSS-M, now offer improved patient stratification,
guiding clinical decisions and ensuring appropriate
therapeutic interventions. Additionally, molecular
profiling plays a crucial role in selecting patients for
clinical trials, promoting precision medicine.
However, challenges persist, including interpatient
variability, clonal evolution, and limited access to
next-generation sequencing in routine practice.
Further research is needed to better understand
genotype-phenotype relationships and address
therapy resistance through adaptive treatment
approaches. Despite these hurdles, molecular
taxonomy marks a significant advancement in MDS
care, paving the way for more personalized
therapies and better outcomes, ultimately improving
the quality of life for patients.

References

1. Gangat N, Patnaik MM, Tefferi A. Myelodysplastic
syndromes: contemporary review and how we treat.
American journal of hematology. 2016;91(1):76-89.

2. Li H, Hu F, Gale RP, Sekeres MA, Liang Y.
Myelodysplastic syndromes. Nature reviews Disease
primers. 2022;8(1):74.



Mahmoud Gaber Mahmoud al,2025

Vol. 29 NO (2).2025

3. Bernard E, Hasserjian RP, Greenberg PL, Arango Ossa
JE, Creignou M, Tuechler H, et al. Molecular
taxonomy of myelodysplastic syndromes and its
clinical implications. Blood. 2024;144(15):1617-32.

4. Sekeres MA, Taylor J. Diagnosis and treatment of
myelodysplastic syndromes: a review. Jama.
2022;328(9):872-80.

5. Shallis RM, Zeidan AM. Management of the older
patient with myelodysplastic syndrome. Drugs &
Aging. 2021;38(9):751-67.

6. Aakash F, Gisriel SD, Zeidan AM, Bennett JM, Bejar
R, Bewersdorf JP, et al. Contemporary Approach to
The Diagnosis and Classification of
Myelodysplastic Neoplasms/Syndromes-
Recommendations  from  The  International
Consortium for MDS (icMDS). Modern Pathology.
2024:100615.

7. Fei F, Jariwala A, Pullarkat S, Loo E, Liu Y, Tizro P,
et al. Genomic Landscape of
Myelodysplastic/Myeloproliferative Neoplasms: A
Multi-Central ~ Study. Int J Mol  Sci.
2024,25(18):323-7. Epub 2024/09/28 22:43. doi:
10.3390/ijms251810214. PubMed PMID:
39337700; PubMed Central PMCID:
PMC11431978.

8. Malcovati L, Stevenson K, Papaemmanuil E, Neuberg
D, Bejar R, Boultwood J, et al. SF3B1-mutant MDS
as a distinct disease subtype: a proposal from the
International Working Group for the Prognosis of
MDS. Blood, The Journal of the American Society
of Hematology. 2020;136(2):157-70.

9. Hasserjian RP, Germing U, Malcovati L. Diagnosis
and classification of myelodysplastic syndromes.
Blood. 2023.

10.Duployez N, Preudhomme C. Monitoring molecular
changes in the management of myelodysplastic
syndromes. British Journal of Haematology. 2024.

11.Luthra R, Patel KP, Reddy NG, Haghshenas V,
Routbort MJ, Harmon MA, et al. Next-generation
sequencing-based multigene mutational screening
for acute myeloid leukemia wusing MiSeq:
applicability for diagnostics and disease monitoring.
Haematologica. 2014;99(3):465.

12.Usuki K, Ohtake S, Honda S, Matsuda M, Wakita A,
Nawa Y, et al. Real-world data of MDS and CMML
in Japan: results of JALSG clinical observational

45

13.

14.

15.

16.

17.

18.

19.

20.

21.

study-11  (JALSG-CS-11). Int J  Hematol.
2024;119(2):130-45. Epub  2023/12/13.  doi:
10.1007/s12185-023-03686-9.  PubMed  PMID:
38091231.

Zhang L, Padron E, Lancet J. The molecular basis
and clinical significance of genetic mutations
identified in myelodysplastic syndromes. Leukemia
research. 2015;39(1):6-17.

ltzykson R, Kosmider O, Fenaux P. Somatic
mutations and  epigenetic  abnormalities in
myelodysplastic syndromes. Best Practice &
Research Clinical Haematology. 2013;26(4):355-64.

Liquori A, Lesende I, Palomo L, Avetisyan G,
Ibafiez M, Gonzalez-Romero E, et al. A single-run
next-generation sequencing (NGS) assay for the
simultaneous detection of both gene mutations and
large chromosomal abnormalities in patients with
myelodysplastic syndromes (MDS) and related
myeloid neoplasms. Cancers. 2021;13(8):1947.

Versluis J, Metzner M, Wang A, Gradowska P,
Thomas A, Jakobsen NA, et al. Risk Stratification in
Older Intensively Treated Patients With AML. J
Clin Oncol. 2024;2(4):230-6. Epub 2024/09/04. doi:
10.1200/jc0.23.02631. PubMed PMID: 392313809.

Tanaka TN, Bejar R. MDS overlap disorders and
diagnostic boundaries. Blood, The Journal of the
American Society of Hematology.
2019;133(10):1086-95.

Mughal TI, Cross NC, Padron E, Tiu RV, Savona
M, Malcovati L, et al. An International MDS/MPN
Working Group’s perspective and recommendations
on molecular pathogenesis, diagnosis and clinical
characterization of
myelodysplastic/myeloproliferative neoplasms.
haematologica. 2015;100(9):1117.

Bejar R. Clinical and genetic predictors of prognosis
in myelodysplastic syndromes. Haematologica.
2014;99(6):956.

Ogawa S. Genetics of MDS. Blood, The Journal of
the  American  Society @ of  Hematology.
2019;133(10):1049-59.

Pellagatti A, Boultwood J. The molecular
pathogenesis of the myelodysplastic syndromes.
European journal of haematology. 2015;95(1):3-15.



22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

Mahmoud Gaber Mahmoud al,2025

Vol. 29 NO (2).2025

Bejar R, Levine R, Ebert BL. Unraveling the
molecular pathophysiology of myelodysplastic
syndromes. J Clin Oncol. 2011;29(5):504-15. Epub
2011/01/12. doi: 10.1200/jc0.2010.31.1175.
PubMed PMID: 21220588; PubMed Central
PMCID: PMC3969457 are found at the end of this
article.

Ganguly BB, Kadam N. Mutations of
myelodysplastic syndromes (MDS): An update.
Mutation Research/Reviews in Mutation Research.
2016;769:47-62.

Fenaux P.
syndromes.

Itzykson R,
myelodysplastic
2014;28(3):497-506.

Epigenetics  of
Leukemia.

Arber DA, Orazi A, Hasserjian RP, Borowitz MJ,
Calvo KR, Kvasnicka H-M, et al. International
Consensus Classification of Myeloid Neoplasms and
Acute Leukemias: integrating morphologic, clinical,
and genomic data. Blood, The Journal of the
American Society of Hematology.
2022;140(11):1200-28.

Khoury JD, Solary E, Abla O, Akkari Y, Alaggio R,
Apperley JF, et al. The 5th edition of the World

Health Organization classification of
haematolymphoid tumours: myeloid and
histiocytic/dendritic neoplasms. leukemia.

2022;36(7):1703-19.

Vaughan L, Pimanda JE. Seeing MDS through the
lens of genomics. Blood. 2024;144(15):1552-4.

Banescu C, Tripon F, Muntean C. The genetic
landscape of myelodysplastic neoplasm progression
to acute myeloid leukemia. International Journal of
Molecular Sciences. 2023;24(6):5734.

Zavras PD, Sinanidis I, Tsakiroglou P, Karantanos
T. Understanding the continuum between high-risk
myelodysplastic syndrome and acute myeloid
leukemia. International journal of molecular
sciences. 2023;24(5):5018.

Schwind S, Jentzsch M, Kubasch AS, Metzeler KH,
Platzbecker ~ U.  Myelodysplastic ~ syndromes:
Biological and therapeutic consequences of the

evolving  molecular  aberrations  landscape.
Neoplasia. 2021;23(11):1101-9.
Bejar R. What biologic factors predict for

transformation to AML? Best Practice & Research
Clinical Haematology. 2018;31(4):341-5.

46

32.

33.

34.

35.

36.

37.

38.

40.

41.

42.

Novak W, Kroiss D, Karlhuber S, Frohne A,
Segarra-Roca A, Simonitsch-Klupp 1, et al.
Importance of genetic clarification in cytopenia
syndromes (childhood myelodysplastic syndrome
forms). MAG EUR MED ONC. 2024;3(2):1-5.

Trsova I, Hrustincova A, Belickova M, Kaisrlikova
M, Lenertovd Z, Kundrat D, et al. Different
Mutations in  SF3B1 Gene Have Specific
Transcriptomic Characteristics in Myelodysplastic
Neoplasms. Blood. 2023;142:3218.

Montalban-Bravo G, Garcia-Manero G.
Myelodysplastic syndromes: 2018 update on
diagnosis, risk-stratification and management.
American journal of hematology. 2018;93(1):129-

47.

Cilloni D, Itri F, Bonuomo V, Petiti J. SF3B1
mutations in hematological malignancies. Cancers.
2022;14(19):4927.

Kurt H, Chergui A, Omer M, Reagan JL, Olszewski
AJ. Improved Risk Stratification of MDS Patients
With IPSS-M: A Single-Institution Experience. Clin
Lymphoma Myeloma Leuk. 2024;24:196-9.

DeZern AE, Greenberg PL. The trajectory of
prognostication and risk stratification for patients
with myelodysplastic syndromes. Blood.
2023;142(26):2258-67.

Cazzola M. Risk stratifying MDS in the time of
precision medicine. Hematology. 2022;2022(1):375-
81.

. Bernard E, Tuechler H, Greenberg PL, Hasserjian

RP, Arango Ossa JE, Nannya Y, et al. Molecular
international  prognostic  scoring  system  for
myelodysplastic  syndromes. NEJM evidence.
2022;1(7):EVID0a2200008.

Haase D, Stevenson KE, Neuberg D, Maciejewski
JP, Nazha A, Sekeres MA, et al. TP53 mutation
status divides myelodysplastic syndromes with
complex karyotypes into distinct prognostic
subgroups. Leukemia. 2019;33(7):1747-58.

Jiang Y, Gao S-J, Soubise B, Douet-Guilbert N, Liu
Z-L, Troadec M-B. TP53 in myelodysplastic
syndromes. Cancers. 2021;13(21):5392.

Chiereghin C, Travaglino E, Zampini M, Saba E,
Saitta C, Riva E, et al. The genetics of



43.

44,

45.

46.

47.

48.

49.

50.

51.

Mahmoud Gaber Mahmoud al,2025

Vol. 29 NO (2).2025

myelodysplastic syndromes: clinical relevance.

Genes. 2021;12(8):1144.

Pellagatti A, Boultwood J. SF3B1 mutant
myelodysplastic  syndrome: Recent advances.
Advances in Biological Regulation.

2021,79:100776.

Molica M, Rossi M. Luspatercept in low-risk
myelodysplastic syndromes: a paradigm shift in
treatment strategies. Expert Opinion on Biological
Therapy. 2024;24(4):233-41.

Giagounidis A, Aul C, Germing U. Prognostic
Factors in the Assessment of Patients with
Myelodysplastic  Syndromes. Myelodysplastic
Syndromes: CRC Press; 2008. p. 369-414.

Guess T, Potts CR, Bhat P, Cartailler JA, Brooks A,
Holt C, et al. Distinct patterns of clonal evolution
drive  myelodysplastic syndrome progression to
secondary acute myeloid leukemia. Blood Cancer
Discovery. 2022;3(4):316-29.

Rocquain J, Carbuccia N, Trouplin V, Raynaud S,
Murati A, Nezri M, et al. Combined mutations of
asxl1, chl, flt3, idhl, idh2, jak2, kras, npml, nras,
runxl, tet2 and wtl genes in myelodysplastic
syndromes and acute myeloid leukemias. BMC
cancer. 2010;10:1-7.

Zawacka JE. p53 biology and reactivation for
improved therapy in MDS and AML. Biomarker
Research. 2024;12(1):34.

Daver NG, Igbal S, Renard C, Chan RJ, Hasegawa
K, Hu H, et al. Treatment outcomes for newly
diagnosed, treatment-naive TP53-mutated acute
myeloid leukemia: a systematic review and meta-
analysis. Journal of Hematology & Oncology.
2023;16(1):19.

Morganti S, Tarantino P, Ferraro E, D’Amico P,
Viale G, Trapani D, et al. Complexity of genome
sequencing and reporting: next generation
sequencing (NGS) technologies and implementation
of precision medicine in real life. Critical reviews in
oncology/hematology. 2019;133:171-82.

Bacher U, Shumilov E, Flach J, Porret N, Joncourt
R, Wiedemann G, et al. Challenges in the
introduction of next-generation sequencing (NGS)
for diagnostics of myeloid malignancies into clinical
routine use. Blood cancer journal. 2018;8(11):113.

47

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Lee E-J, Podoltsev N, Gore SD, Zeidan AM. The
evolving field of prognostication and risk
stratification in MDS: Recent developments and
future directions. Blood reviews. 2016;30(1):1-10.

Cassanello G, Pasquale R, Barcellini W, Fattizzo B.
Novel therapies for unmet clinical needs in
myelodysplastic syndromes. Cancers.
2022;14(19):4941.

Saygin C, Carraway HE. Current and emerging
strategies for management of myelodysplastic
syndromes. Blood reviews. 2021;48:100791.

Hasan M, Vodala S, Hayati S, Garcia-Manero G,
Gandhi AK, Suragani RN. Clonal Hematopoiesis-
Related Mutations Are Associated with Favorable
Clinical Benefit Following Luspatercept Treatment
in Patients with Lower-Risk Myelodysplastic
Syndromes: A Subgroup Analysis from the Phase 3
COMMANDS Trial. Blood. 2023;142:3214.

Odenike O. Incorporating novel approaches in the
management of MDS beyond conventional
hypomethylating agents. Hematology 2014, the
American Society of Hematology Education
Program Book. 2017;2017(1):460-9.

Stolzel F, Fordham SE, Nandana D, Lin W-Y, Blair
H, Elstob C, et al. Biallelic TET2 mutations confer
sensitivity to 5'-azacitidine in acute myeloid
leukemia. JCI insight. 2023;8(2).

Lee P, Yim R, Yung Y, Chu H-T, Yip P-K, Gill H.
Molecular targeted therapy and immunotherapy for
myelodysplastic syndrome. International Journal of
Molecular Sciences. 2021;22(19):10232.

Kwok M, Agathanggelou A, Davies N, Stankovic T.
Targeting the p53 pathway in CLL: State of the art
and future perspectives. Cancers. 2021;13(18):4681.

Rautenberg C, Germing U, Haas R, Kobbe G,
Schroeder T. Relapse of acute myeloid leukemia
after  allogeneic stem cell transplantation:
prevention, detection, and treatment. International
journal of molecular sciences. 2019;20(1):228.

Franke G-N, Lickemeier P, Platzbecker U.
Allogeneic stem-cell transplantation in patients with
myelodysplastic syndromes and prevention of
relapse. Clinical Lymphoma Myeloma and
Leukemia. 2021;21(1):1-7.



62.

63.

64.

Mahmoud Gaber Mahmoud al,2025

Vol. 29 NO (2).2025

Jen WY, Kantarjian H, Kadia TM, DiNardo CD,
Issa GC, Short NJ, et al. Combination therapy
with novel agents for acute myeloid leukaemia:
Insights into treatment of a heterogenous disease.
British Journal of Haematology. 2024.

Daver N, Wei AH, Pollyea DA, Fathi AT, Vyas
P, DiNardo CD. New directions for emerging
therapies in acute myeloid leukemia: the next
chapter. Blood cancer journal. 2020;10(10):107.

Bewersdorf JP, Carraway H, Prebet T. Emerging
treatment options for patients with high-risk
myelodysplastic syndrome. Therapeutic
Advances in Hematology.
2020;11:2040620720955006.

48

65.

66.

67.

Comont T, Treiner E, Vergez F. From immune
dysregulations to therapeutic perspectives in
myelodysplastic ~ syndromes: a  review.
Diagnostics. 2021;11(11):1982.

Karel D, Valburg C, Woddor N, Nava VE,
Aggarwal A. Myelodysplastic Neoplasms
(MDS): The Current and Future Treatment
Landscape. Current Oncology. 2024;31(4):1971-
93.

Chira S, Nutu A, lIsacescu E, Bica C, Pop L,
Ciocan C, et al. Genome editing approaches with
CRISPR/Cas9 for cancer treatment: Critical
appraisal of preclinical and clinical utility,
challenges, and future research. Cells.
2022;11(18):2781.



