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Simple Summary: Current research is exploring the evolving landscape of Myelodysplastic Syn-
drome (MDS) treatment, a challenging condition often progressing to acute myeloid leukemia. For
low-risk MDS, the focus is on personalized care through precise risk assessment and tailored in-
terventions, utilizing means like erythropoiesis-stimulating agents, lenalidomide, and luspatercept.
High-risk MDS treatments are shifting towards upfront doublet or triplet therapies and minimal resid-
ual disease (MRD) monitoring. A holistic approach integrates treatments like stem cell transplants
and post-transplant maintenance, guided by individual patient circumstances. Precision medicine,
driven by Next Generation Sequencing (NGS), aids in early diagnosis, prognosis, and customized
interventions, allowing for investigations through clinical trials within more homogeneous patient
cohorts characterized by similar molecular profiles. Based on these premises, the future of MDS treat-
ment irrefutably moves towards personalized care, leveraging advanced technologies and molecular
insights to enhance patient outcomes in the realm of hematological malignancies.

Abstract: This perspective delves into the evolving landscape of Myelodysplastic Syndrome (MDS)
treatment. MDS presents a significant clinical challenge, often progressing to acute myeloid leukemia.
For low-risk MDS, the emphasis is on personalized care through comprehensive risk assessment,
clinical monitoring, and tailored interventions, including promising agents like erythropoiesis-
stimulating agents, lenalidomide, and luspatercept, with the anticipation of an expanding therapeutic
arsenal and early intervention for improved outcomes. In contrast, high-risk MDS treatment is
evolving towards upfront doublet or triplet therapies with a focus on minimal residual disease (MRD)
monitoring. A holistic approach integrates various modalities, including stem cell transplant and
post-transplant maintenance, all guided by individual patient circumstances. Risk-adapted strategies
are crucial for enhancing patient outcomes. Precision medicine for MDS treatment is budding, largely
driven by Next Generation Sequencing (NGS). NGS aids in early diagnosis, prognostication, and the
targeting of specific mutations, with molecular data increasingly informing treatment responses and
allowing for tailored interventions. Clinical trials within homogeneous patient groups with similar
molecular profiles are becoming more common, enhancing treatment precision. In conclusion, the
future of MDS treatment is moving towards personalized medicine, leveraging advanced technologies
like NGS and molecular insights to improve outcomes in the realm of hematological malignancies.
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1. Introduction

Myelodysplastic syndromes (MDSs) represent a diverse and complex group of neoplas-
tic stem cell diseases that fall within the realm of hematological malignancies, commonly
referred to as blood cancers. Characterized by bone marrow failure leading to cytopenias
and associated complications, MDS is a critical clinical entity. Recent advancements in the
field have led to the identification of clonality in nearly 90% of MDS patients, shedding
light on the molecular underpinnings of this condition [1].

MDS holds a significant place in the landscape of myeloid malignancies and is esti-
mated to affect approximately 50,000 individuals annually. Notably, MDS predominantly
afflicts the elderly population, with an average age of onset around 70 years. Alarmingly,
a substantial fraction of MDS patients, ranging from 30% to 40%, ultimately progress to
acute myeloid leukemia, further accentuating the clinical relevance of this condition [2].

Tragically, MDS carries a considerable burden of morbidity and mortality, with up
to 60% of patients succumbing to disease-related complications, often exacerbated by
concurrent comorbidities. Historically, MDS faced challenges in gaining recognition as
a form of cancer in official registries, although this situation has since been rectified.
The nomenclature itself can be misleading, as “dysplasia” merely denotes morphological
aberrations in cell appearance, rather than indicating a pre-cancerous state. Consequently,
there is a growing belief that cases of MDS may go undiagnosed, particularly in the elderly
population, where anemia, one of the hallmark features of MDS, ranks as one of the top five
causes of this condition [1]. This research perspective is the synthesis of ideas and insights
gained from an interview with Dr Rami Komrokji by the MedNews Week team focused
on the future of MDS treatment with a stratified approach to improve treatment outcomes
for patients.

2. Future of Low-Risk MDS Treatment

The future of low-risk MDS treatment is poised for a paradigm shift towards per-
sonalized care, driven by an enhanced understanding of clinical and molecular features.
Comprehensive risk stratification, encompassing clinical assessment and molecular profil-
ing, is becoming increasingly central to tailoring treatment strategies for lower-risk MDS
patients. Emerging models like the IPSS-R and innovative approaches showcased at events
such as the American Society of Hematology (ASH) annual meeting are offering refined
tools to precisely gauge the risk profile of each patient [3].

In practice, the management of low-risk MDS involves a nuanced approach. Patients
are closely monitored to assess the tempo of disease progression and to identify those with
unfavorable outcomes [4]. This proactive stance allows for the consideration of higher-risk
treatments in selected cases. Conversely, asymptomatic patients with stable blood counts
do not warrant immediate intervention [3].

For patients exhibiting cytopenias, the choice of treatment hinges on the specific cy-
topenia type. Anemia is the predominant concern in the majority of cases, often leading to
transfusion dependence over time. Erythropoiesis-stimulating agents are commonly em-
ployed, with lenalidomide reserved for those with a 5q deletion. Luspatercept specifically
holds promise for patients with refractory anemia characterized by ring sideroblasts, as
well as patients with spliceosome factor 3B1 (SF3B1) mutations. Exploring the potential
of these agents in broader contexts, such as third-line therapy or in cases of concurrent
thrombocytopenia and neutropenia, is underway [3].

Isolated neutropenia usually does not warrant immediate treatment unless recurrent
infections become evident, in which case, limited options like thrombopoietin receptor ago-
nists and cyclosporine (in younger patients) or hypomethylating agents (in older patients)
may be considered [3].

In summary, the future of low-risk MDS treatment aligns with personalized approaches
guided by precise risk assessment. Early intervention and preventive strategies concentrate
on addressing precursor conditions like clonal hematopoiesis of indeterminate potential
(CHIP) and clonal cytopenias of undetermined significance (CCUS). As new therapeutic
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agents continue to emerge, the therapeutic arsenal for lower-risk MDS patients is expected
to expand, offering hope for improved outcomes and ultimately altering the trajectory of
the disease.

3. Future of High-Risk MDS Treatment

To address the challenges of higher-risk MDS, it is essential to set higher standards and
adopt a more comprehensive approach. We need to think beyond the current standards and
consider upfront doublet or triplet therapy in treatment regimens [5,6]. Additionally, the
growing ability to measure minimal residual disease (MRD) offers an exciting opportunity
to customize treatments for each patient.

A total therapy approach should be the goal. This approach involves integrating
various treatment modalities into a cohesive strategy. It begins with upfront treatment,
which can include newer drugs and combinations. For some patients, an allogeneic stem
cell transplant remains a vital component, especially if their MRD status and molecular
profile indicate it is the best course of action [3].

Furthermore, the concept of maintenance therapy after transplant is under investi-
gation. By closely monitoring MRD and risk factors, we can determine whether patients
may benefit from post-transplant maintenance. MRD negativity might suggest that some
patients could thrive without a transplant, and instead, they could continue with mainte-
nance therapy.

On the other hand, data from acute lymphocytic leukemia suggests that patients achiev-
ing MRD negativity might benefit the most from a transplant. Therefore, a risk-adapted
approach is crucial, tailoring treatments to the individual patient’s circumstances [7].

In this era of advanced molecular profiling, we have a wealth of information at our
disposal to guide treatment decisions. Improvements in the utilization of this wealth of data
could potentially lead to better measurements of MRD in higher-risk MDS. By leveraging
this knowledge effectively, we can usher in a new era of personalized care for higher-risk
MDS patients. It is about changing the treatment bar, thinking holistically, and using every
tool in our arsenal to improve patient outcomes and quality of life.

4. Precision Medicine for MDS Treatment

In the current era, access to advanced technologies, particularly Next Generation
Sequencing (NGS), has transformed the landscape of Myelodysplastic Syndrome (MDS)
management. This trend is expected to further evolve, ushering in a new era of preci-
sion medicine.

Dr. Komrokji highlighted the integration of NGS into routine MDS patient evaluation.
While NGS is not yet a formal diagnostic criterion, its role is rapidly expanding, especially
in pre-MDS stages [3]. NGS provides an objective means of detecting clonal events, aiding
in early diagnosis.

Furthermore, NGS plays a pivotal role in prognostication. It enables clinicians to
comprehensively understand the disease spectrum within individual patients, identifying
those with more favorable or adverse prognoses. These data empower the targeting of
specific mutations, a practice already well established in acute myeloid leukemia (AML)
and now extending to MDS. Table 1 demonstrates the spectrum of prognostication possible
with NGS as well as descriptions of some of the variability in the disease manifestation
from the different mutations.

Traditionally, MDS treatment approaches were relatively uniform, categorized into
lower or higher risk groups. However, the advent of molecular profiling has unveiled a
striking heterogeneity in clinical and molecular phenotypes among MDS patients. Conse-
quently, there is a growing emphasis on conducting clinical trials within more homogeneous
patient groups who share similar molecular characteristics. Table 2 outlines a list of muta-
tions with specific responses to therapies that could be considered along the evolution of a
patient’s disease course.
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Table 1. Risk prognosis and disease associations of common mutations in MDS adapted from Bejar,
R. 2014.

Single-Gene Mutations Disease Association Risk Prognosis

TP53 Complex and monosomal karyotype, excess blasts,
thrombocytopenia, few mutations in other genes Very Poor

SRSF2 More common in CMML Poor

U2AF1 Often with del(20q) Poor

DNMT3A Poor

ASXL1 Poor

EZH2 More common in CMML Poor

RUNX1 Thrombocytopenia, excess blasts Poor

ETV6 Poor

NRAS/KRAS Thrombocytopenia, excess blasts, monocytosis, more common in
CMML, often subclonal Poor

CBL Monocytosis, excess blasts, more common in CMML Poor

ZRSR2 On X chromosome, more common in males Neutral

TET2 Normal karyotype, monocytosis, more frequent in CMML Neutral

JAK2 50% of RARS-T, often subclonal Neutral

SF3B1 Ring sideroblasts, fewer mutations in other genes Good

IDH1/IDH2 Mixed

Cytogenetic Abnormalities Disease Association Risk Prognosis

>3 Abnormalities Monosomal karyotype, TP53 mutation Very Poor

3 Abnormalities Poor

der(3q) Often rearrangements near EV11-MDS1 locus Poor

Deletion 7 Often part of monosomal karyotype Poor

del(7q) Often part of complex karyotype Intermediate

Trisomy 8 Rare autoimmune or aplastic features, common in other myeloid
malignancies Intermediate

del(5q) Isolated anemia, normal to elevated platelet count, but often part of
complex karyotype Good

del(20q) Common in other myeloid malignancies Good

del(11q) Very Good

Deletion Y Very Good

Moreover, molecular data are being incorporated into the assessment of treatment
responses. Monitoring disease status using molecular markers, such as minimal residual
disease, is becoming increasingly refined [3]. Patients achieving deeper molecular remis-
sions tend to exhibit better outcomes, highlighting the value of molecular data in treatment
response evaluation.

In summary, the trajectory of MDS management is unequivocally moving towards per-
sonalized medicine. The integration of molecular data into the diagnosis, risk stratification,
and assessment of treatment responses promises to revolutionize the individualization of
MDS therapies, offering patients more tailored and effective treatments.
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Table 2. Genes of interest for precision medicine in MDS and therapeutic considerations adapted
from Garcia-Manero 2023.

Genes of Interest for Precision Medicine in MDS

Genes Decision-Making Considerations

SF3B1 Most commonly mutated gene in MDS. Luspatercept is indicated. New selective inhibitors of SF3B1
are being studied in clinical trials.

IDH1/IDH2 IDH inhibitors, Ivosidenib and Enasidenib indicated.

FLT-3 While rare for MDS, this mutation occurs in 15–30% of patients with HMA failure. Consider sorafenib
with azacytidine in patients with HMA failure. More studies with FLT-3 inhibitors are in progress.

TP53 Major therapeutic need. Tends to be resistant to conventional chemotherapy with sensitive but short
responses to HMA-based therapy. Prognosis is poor.

NPM1 Rare subset (~1% of MDS patients). Cytarabine followed by alloSCT should be considered.

5. Conclusions

In summary, MDS constitutes a significant challenge within hematological malignan-
cies. The evolving approach to its treatment emphasizes tailoring interventions based on
individual patients’ risk assessment and molecular profiling. This is of relevance in low-
risk cases, while higher-risk MDS necessitates more comprehensive strategies, including
innovative therapies and transplant options.

The incorporation of Next Generation Sequencing enhances precision medicine by
enabling early diagnosis, accurate prognosis, and customized treatments. This growing re-
liance on molecular data to assess treatment responses holds promise for more personalized
and effective therapeutic approaches.

Ultimately, the future of MDS management revolves around harnessing technology
and molecular insights with the aim of enhancing patient outcomes.

Author Contributions: All authors jointly agreed to submit this work for publication. All the authors
listed above contributed equally to the work, including its conceptualization, methodology, vali-
dation, formal analysis, investigation, resources, data curation, writing—original draft preparation,
writing—review and editing, visualization, supervision, and project administration. All authors
were involved in the conceptional design of this manuscript, drafting this work along with revisions
critical for intellectual content, and final approval of the manuscript. All authors jointly agree to the
accuracy of this work and are in favor of submitting it for publication. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: No patient data was directly utilized in this study.

Acknowledgments: We thank Rami Komrokji for the opportunity to learn from a global leader in
Medicine. We are grateful to be a part of MedNews Week.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bennett, J.; Komrokji, R. The Myelodysplastic Syndromes: Diagnosis, Molecular Biology and Risk Assessment. Hematology 2005,

10 (Suppl. S1), 258–269. [CrossRef] [PubMed]
2. Goldberg, S.L.; Chen, E.; Corral, M.; Guo, A.; Mody-Patel, N.; Pecora, A.L.; Laouri, M. Incidence and Clinical Complications

of Myelodysplastic Syndromes among United States Medicare Beneficiaries. J. Clin. Oncol. 2010, 28, 2847–2852. [CrossRef]
[PubMed]

3. Garcia-Manero, G. Myelodysplastic syndromes: 2023 update on diagnosis, risk-stratification, and management. Am. J. Hematol.
2023, 98, 1307–1325. [CrossRef] [PubMed]

4. Bejar, R. Clinical and Genetic Predictors of Prognosis in Myelodysplastic Syndromes. Haematologica 2014, 99, 956–964. [CrossRef]
[PubMed]

https://doi.org/10.1080/10245330512331390311
https://www.ncbi.nlm.nih.gov/pubmed/16188686
https://doi.org/10.1200/JCO.2009.25.2395
https://www.ncbi.nlm.nih.gov/pubmed/20421543
https://doi.org/10.1002/ajh.26984
https://www.ncbi.nlm.nih.gov/pubmed/37288607
https://doi.org/10.3324/haematol.2013.085217
https://www.ncbi.nlm.nih.gov/pubmed/24881041


Cancers 2023, 15, 5170 6 of 6

5. Feng, D.; Gip, P.; McKenna, K.M.; Zhao, F.; Mata, O.; Choi, T.S.; Duan, J.; Sompalli, K.; Majeti, R.; Weissman, I.L.; et al.
Combination Treatment with 5F9 and Azacitidine Enhances Phagocytic Elimination of Acute Myeloid Leukemia. Blood 2018, 132
(Suppl. S1), 2729. [CrossRef]

6. Sallman, D.A.; Al Malki, M.; Asch, A.S.; Lee, D.J.; Kambhampati, S.; Donnellan, W.B.; Bradley, T.J.; Vyas, P.; Jeyakumar, D.;
Marcucci, G.; et al. Tolerability and Efficacy of the First-in-Class Anti-CD47 Antibody Magrolimab Combined with Azacitidine in
MDS and AML Patients: Phase IB Results. J. Clin. Oncol. 2020, 38 (Suppl. S15), 7507. [CrossRef]

7. Hunter, A.M.; Komrokji, R.S.; Yun, S.; Al Ali, N.; Chan, O.; Song, J.; Hussaini, M.; Talati, C.; Sweet, K.L.; Lancet, J.E.; et al. Baseline
and Serial Molecular Profiling Predicts Outcomes with Hypomethylating Agents in Myelodysplastic Syndromes. Blood Adv. 2021,
5, 1017–1028. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1182/blood-2018-99-120170
https://doi.org/10.1200/JCO.2020.38.15_suppl.7507
https://doi.org/10.1182/bloodadvances.2020003508
https://www.ncbi.nlm.nih.gov/pubmed/33591325

	Introduction 
	Future of Low-Risk MDS Treatment 
	Future of High-Risk MDS Treatment 
	Precision Medicine for MDS Treatment 
	Conclusions 
	References

