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Abstract

Myelodysplastic syndromes (MDS) involve clonal hematopoiesis and cellular dysplasia, driven by genetic and epigenetic
alterations. Spliceosome mutations and epigenetic dysregulation underscore the intricate pathogenesis of MDS. The bone
marrow microenvironment, stromal dysfunction, chronic inflammation, and immune dysregulation contribute to disease
progression. This complex pathogenesis underscores the necessity for targeted therapies, offering a personalized medicine
approach, particularly in lower-risk patients. The development of risk scores such as the International Prognostic Scoring
System (IPSS), its revision (IPSS-R), and the incorporation of molecular genetics into the IPSS-M have refined the diagnos-
tic and prognostic framework of MDS. These scoring systems facilitate tailored treatment strategies and better prognosti-
cation, especially for lower-risk MDS patients. The progression from IPSS to IPSS-R and now to IPSS-M epitomizes the shift
towards personalized medicine in the management of MDS. In this review we discuss recent developments and positive
phase Ill studies in lower-risk MDS. The review concludes by proposing a treatment algorithm for lower-risk MDS and high-

lighting ongoing trials in this heterogeneous population of patients.

Introduction

Myelodysplastic syndromes (MDS) are a heterogeneous
group of clonal hematopoietic disorders characterized by
ineffective hematopoiesis, leading to blood cell dysplasias
and varying degrees of bone marrow failure! Management
strategies for MDS are dictated by the patient’s risk category,?
which is typically assessed using tools such as the Revised
International Prognostic Scoring System (IPSS-R).2 Treatment
approaches for lower-risk MDS focus on improving quality
of life (QoL), managing symptoms and delaying progression
to higher-risk disease or acute myeloid leukemia (AML). This
review article delves into the emerging treatment modalities
for lower-risk MDS, with an emphasis on recent clinical tri-
als including MEDALIST,* COMMANDS,® and IMerge,* which
spotlight the potential of novel therapeutic agents in altering
the course of the disease.

The MEDALIST trial provided significant progress for the
management of patients with low-risk MDS who have ring
sideroblasts and are refractory to erythropoiesis-stimulating
agents (ESA).* Luspatercept, a recombinant fusion protein
that acts as a ligand trap for transforming growth factor-f
superfamily members, has emerged as a promising therapy

in this context.” The trial’s findings highlight luspatercept’s
ability to achieve transfusion independence in a signifi-
cant proportion of patients. Transfusion independence is
a critical marker of treatment success in lower-risk MDS
because of the impact of anemia on QoL and overall health
outcomes. In contrast, the COMMANDS trial compared the
efficacy and safety of luspatercept versus epoetin alfa in
ESA-naive, transfusion-dependent, lower-risk MDS.®* Mean-
while, the IMerge trial explored the use of imetelstat, a
telomerase inhibitor, in patients with non-del(5q) lower-risk
MDS refractory to ESA.® Imetelstat’s mechanism of action,
targeting the enzyme telomerase, introduces a novel and
potentially targeted approach in the treatment landscape of
MDS. Recently published data suggest that imetelstat not
only improves hematologic parameters but may also alter
the natural progression of MDS by having an impact on the
underlying disease biology. These findings are crucial as they
offer a potential shift from symptomatic management to a
more definitive disease-modifying strategy.

The evolving landscape of treatment for lower-risk MDS as
evidenced by these studies underscores a shift towards
targeted therapies that not only ameliorate symptoms but
potentially modify the disease’s trajectory. This review an-
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alyzes how these novel agents compare with traditional
treatments such as ESA, immunosuppressive therapies and
supportive care, and discuss their implications for clinical
practice. Specifically, it considers how these treatments can
be integrated into current management strategies and their
impact on patients’ outcomes.

Through a detailed examination of recent clinical trials and
emerging therapies, this article aims to provide hematolo-
gists and oncologists with a comprehensive overview of the
current and future landscape of lower-risk MDS treatment
with a European focus, highlighting how these new devel-
opments can be harnessed to improve patients’ care and
outcomes. By focusing on novel agents that have demon-
strated significant promise, this review explores the potential
for these therapies to become cornerstones of treatment
in lower-risk MDS.

Pathogenesis

The pathogenesis of MDS involves a complex and multifac-
eted process characterized by clonal hematopoiesis, cellular
dysplasia, and ineffective hematopoiesis. These syndromes
encompass a spectrum of hematologic disorders that result
from various genetic and epigenetic alterations, environmen-
tal exposure and immune dysregulation, ultimately leading
to bone marrow failure and an increased risk of transfor-
mation to AML.

The pathogenesis of MDS is primarily driven by genetic mu-
tations and epigenetic modifications that disrupt normal
hematopoietic cell function.® These alterations affect sev-
eral key pathways including RNA splicing, DNA methylation,
histone modification and chromatin remodeling. Mutations
in genes such as TP53, TET2, ASXLT and DNMT3A are fre-
quently observed in MDS patients.® These mutations often
lead to impaired differentiation and increased apoptosis of
hematopoietic cells.

Telomere erosion and dysfunctional telomerase activity has
been identified as other hallmarks of the pathogenesis of
MDS.® Telomere dysfunction leads to accumulation of sec-
ondary genetic events and impaired hematopoietic func-
tion. Therefore, targeting telomerase activity has become a
promising new target for the treatment of MDS.
Spliceosome mutations, which are prevalent in about 50%
of MDS cases, exemplify a critical pathogenic mechanism.
Mutations in genes for spliceosome components, such as
SF3B1, SRSF2, U2AFT and ZRSR2 alter RNA splicing, leading to
aberrant mRNA transcripts and dysfunctional proteins that
disrupt cellular homeostasis and differentiation. The high
frequency of spliceosome mutations highlights their central
role in MDS pathogenesis and offers potential targets for
therapeutic intervention.

Epigenetic dysregulation also plays a significant role? DNA
methylation and histone modifications control gene ex-
pression without altering the DNA sequence. In MDS, dys-
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regulation of these processes can lead to the silencing of
tumor suppressor genes or the activation of oncogenes.
Hypomethylating agents, which have become a mainstay
in the treatment of MDS, target these aberrant epigenetic
landscapes to restore normal gene function.

The bone marrow microenvironment, crucial for the main-
tenance and regulation of hematopoiesis, is notably altered
in MDS® Stromal cells, cytokines, and extracellular matrix
components in the marrow can become dysregulated, con-
tributing to the ineffective hematopoiesis and increased
apoptosis characteristic of MDS. Abnormal signaling inter-
actions between hematopoietic stem cells and the bone
marrow stroma further promote the survival and expansion
of the malignant clone while suppressing normal hemato-
poiesis.

Chronic inflammation and immune dysregulation are other
key features of MDS pathogenesis!* Increased levels of in-
flammatory cytokines such as tumor necrosis factor-a and
interferon-y can induce apoptosis of hematopoietic cells
and may contribute to the cytopenias observed in MDS.
Additionally, autoimmunity and immune surveillance mech-
anisms are often impaired, allowing the clonal expansion
of dysplastic cells. This immune dysregulation is not only
a consequence of the disease but also contributes to its
progression and severity.

Clinical implications of the pathogenesis

Understanding the complex pathogenesis of MDS is crucial
for developing targeted therapies. With advances in genomic
and epigenomic technologies, personalized medicine ap-
proaches are increasingly being applied to MDS treatment.
These approaches aim to target specific mutations and
pathways involved in an individual patient’s disease, offer-
ing the promise of more effective and less toxic therapies,
especially in lower-risk patients.

Risk scores for myelodysplastic
syndromes

The diagnosis and prognostication of MDS have evolved sig-
nificantly with the development of various scoring systems
over the last decades, notably the International Prognos-
tic Scoring System (IPSS),® its revision (IPSS-R),® and the
most recent update, the IPSS-Molecular (IPSS-M).® Each of
these scoring systems incorporates a range of clinical and
laboratory features to classify patients into distinct risk
categories, aiding in tailoring treatment strategies appropri-
ately. This progression reflects a deeper understanding of
the aforementioned biological complexity of MDS and has
substantially impacted the management of lower-risk MDS.

Introduction of the International Prognostic Scoring
System
Introduced in 1997, the original IPSS was a groundbreaking
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tool that allowed for a standardized assessment of prognosis
in MDS patients based on three variables: the percentage of
bone marrow blasts, karyotype, and cytopenias!® Patients
were classified into four risk groups (low, intermediate-1,
intermediate-2, and high) which helped in guiding treatment
decisions. The IPSS was primarily derived from untreated
patients who were diagnosed with primary MDS, providing
a baseline for the natural history of the disease.

For lower-risk MDS (low and intermediate-1 risk scores), the
IPSS was instrumental in identifying patients who might
benefit from supportive care or less intensive therapies,
such as growth factor support or immunosuppressive
treatment, instead of aggressive chemotherapy or stem
cell transplantation. However, while effective, the IPSS had
limitations in its ability to capture the full spectrum of ge-
netic diversity and prognostic subtleties within MDS.

Transition to the revised International Prognostic Scoring
System

The IPSS-R, introduced in 2012, was an advancement from
the original system, offering refined risk stratification by
incorporating additional cytogenetic abnormalities and more
detailed gradations of marrow blasts and cytopenias.® The
IPSS-R divides patients into five risk categories (very low, low,
intermediate, high, and very high) and uses a more compre-
hensive cytogenetic scoring system that better reflects the
prognostic impact of specific chromosomal abnormalities.
For patients with lower-risk MDS, the IPSS-R provided a more
nuanced approach to prognosis and treatment. It allowed for
the identification of patients within the low and very low-risk
categories who might have an even more indolent disease
course and could be managed with minimal intervention or
watchful waiting. Moreover, it helped in recognizing those at
the higher end of the lower-risk spectrum who might ben-
efit from early therapeutic intervention to prevent disease
progression.

Emergence of the molecular International Prognostic
Scoring System

The latest advancement, the IPSS-M, incorporates molecular
genetic data into the risk stratification model, acknowledg-
ing the role of specific gene mutations in the pathogenesis
and progression of MDS® Established in 2022, this system
integrates mutations in over 30 genes along with the tradi-
tional IPSS-R metrics of cytogenetics, marrow blasts, and
cytopenias. This enhancement provides an even more pre-
cise prognostic classification and is particularly influential
for patients with lower-risk MDS, in whom the detection of
certain mutations can indicate a propensity for faster pro-
gression or transformation to AML.

In lower-risk MDS, the inclusion of molecular data allows
clinicians to identify subgroups of patients who, despite
having favorable scores based on cytogenetics and blood
counts alone, may have poor outcomes due to the presence
of high-risk mutations. This can lead to earlier and more
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aggressive treatments in patients who would otherwise be
considered for conservative management based on older
models.

The evolution from IPSS to IPSS-R and now to IPSS-M
represents a trajectory towards increasingly personalized
medicine in the management of MDS. These advancements
underscore a growing understanding of the genetic and
molecular underpinnings of the disease, facilitating more
targeted and effective approaches in treating lower-risk
MDS. This progress not only improves prognostic accuracy
but also enhances patients’ outcomes by aligning treatments
with individual risk profiles, thereby optimizing therapeutic
interventions and minimizing unnecessary exposure to po-
tentially harmful treatments.

Recent phase III trials in lower-risk
myelodysplastic syndromes

Historically, the treatment of lower-risk MDS was predom-
inantly supportive, focusing on managing symptoms rather
than altering the disease trajectory. The implementation of
the IPSS-R and IPSS-M, combined with insights gained from
the COMMANDS, MEDALIST, and IMerge trials, has dramati-
cally changed this perspective. Results from the three trials
are described below and summarized in Table 1. There is
now a robust framework for a more proactive and targeted
approach to treatment, which not only addresses symptoms
and immediate complications but also aims to modify the
underlying disease processes.

The integration of advanced risk stratification tools with new
therapeutic options enables a more precise, personalized
treatment regimen, potentially extending survival and im-
proving QoL for patients with lower-risk MDS. As research
continues to unveil the complexities of MDS pathophysiology
and genetics, these strategies are likely to become even
more refined, marking a new era in the management of a
historically challenging group of disorders.

The MEDALIST trial

In the MEDALIST phase lIll, double-blind, placebo-controlled
trial, patients categorized as having very low-risk, low-
risk, or intermediate-risk MDS according to the IPSS-R and
presenting with ring sideroblasts were assigned to receive
either luspatercept or placebo.* Patients needed to be red
cell transfusion-dependent and refractory to or ineligible for
ESA. Luspatercept was administered subcutaneously every
3 weeks, starting at a dose of 1.0 mg/kg, with possible esca-
lations to 1.75 mg/kg depending on the patients’ response.
The primary endpoint was achieving at least 8 weeks of
transfusion independence during the initial 24 weeks. A sec-
ondary endpoint was attaining at least 12 weeks of transfu-
sion independence within the first 24 and 48 weeks. Among
229 enrolled participants, 153 received luspatercept and 76
were given a placebo. Achieving transfusion independence
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Table 1. Summary of the design and results of recent positive phase Il trials (MEDALIST, COMMANDS and IMerge) in lower-risk

myelodysplastic syndromes.

MEDALIST
N of patients 229
Age in years, median (range) 71 (26-95)

Transfusion-dependent very low,
low or intermediate risk MDS
refractory or not eligible for ESA
with RS

Indication

Double-blind, placebo-controlled,
1:2 randomization to placebo or
Intervention

up to 1.75 mg/kg
IPSS-R classification, N (%)

Very low 24 (10)
Low 166 (72)
Intermediate 38 (17)

Transfusion independence for 8
weeks or longer during weeks
1-24

Primary endpoint

Results 38% vs. 13% (placebo)

Fatigue, diarrhea, asthenia,

Side effects in experimental arm o
nausea, dizziness

Lsupatercept reduces transfusions
in lower-risk MDS in patients with

Authors’ conclusion RS who did not or are unlikely to

respond to ESA.

luspatercept sc every 3 weeks for

0 UEES, S W 1D e weekly, starting with 450 IU/kg up

dyspnea, hypertension, headache

lower-risk MDS. Additional studies

COMMANDS IMerge
356 178
74 (69-80) 72 (65-78)

Transfusion-dependent (=4 units
over 8 weeks) low or
intermediate-1 (IPSS) risk MDS
refractory or not eligible for ESA

Transfusion-dependent very low,
low or intermediate risk MDS,
ESA-naive

1:1 randomization to luspatercept
sc every 3 weeks for 24 weeks,
starting with 1.0 mg/kg up to 1.75
mg/kg or epoetin alfa sc once

Double-blind, placebo-controlled,
1:2 randomization to placebo or
imetelstat IV every 4 weeks until
progression or unacceptable side

0 1,050 1U/kg effects, 7.5 mg/kg

33 (9) 5 (3)
257 (72) 133 (75)
62 (17) 28 (16)

Transfusion independence for at

least 12 weeks with a concurrent

mean hemoglobin increase of at
least 1.5 g/dL (weeks 1-24)
59% vs. 31% (epoetin alfa)

Fatigue, asthenia, nausea,

Transfusion independence for 8
weeks or longer

40% vs. 15% (placebo)
Neutropenia, thrombocytopenia

Luspatercept is more effective
than epoetin alfa in ESA-naive,

Imetelstat provides a unique
treatment approach, reduces
transfusions and potentially
modifies disease biology of lower-
risk, ESA-ineligible MDS patients.

in patients without RS/SF3B1
mutations are needed.

MDS: myelodysplastic syndrome; ESA: erythropoietin-stimulating agents; RS: ring sideroblasts; IPSS: International Prognostic Staging System;
sc: subcutaneous; IV: intravenous; IPSS-R: revised International Prognostic Staging System.

for at least 8 weeks was reported in 38% of the luspatercept
group, which was significantly higher than the 13% observed
in the placebo group (P<0.001). The luspatercept group also
outperformed the placebo group in reaching the secondary
endpoint of 12-week transfusion independence (28% vs. 8%
during the first 24 weeks, and 33% vs. 12% up to 48 weeks;
P<0.001 for both intervals). Notable adverse events associ-
ated with luspatercept included fatigue, diarrhea, asthenia,
nausea, and dizziness, all of which decreased in frequency
over time. Luspatercept significantly ameliorated anemia
but had no impact on QoL in patients with lower-risk MDS
and ring sideroblasts who were dependent on red-cell
transfusions and either non-responsive to, intolerant of or
not eligible for ESA. This study, supported by Celgene and
Acceleron Pharma, underscores luspatercept’s potential as
an effective treatment for this population of patients.

The COMMANDS trial

Following the placebo-controlled MEDALIST trial, the COM-
MANDS study investigated luspatercept versus epoetin alfa
in ESA-naive patients with transfusion-dependent IPSS-R
lower-risk MDS (very low risk, low risk, or intermediate risk)
with less than 5% blasts.* Conducted across 142 sites in

26 countries, the trial enrolled patients who had not been
previously treated with ESA and required regular red blood
cell transfusions. Participants were randomly assigned to
receive either luspatercept, administered subcutaneously
at a dose of 1.0 mg/kg every 3 weeks (with escalation up
to 1.75 mg/kg), or epoetin alfa, administered weekly start-
ing at a dose of 450 IU/kg (with possible titration up to a
maximum of 80,000 IU). Achievement of at least 12 weeks
of red blood cell transfusion independence was the primary
endpoint of the study, with a concurrent mean hemoglo-
bin increase of at least 1.5 g/dL within the first 24 weeks.
Out of the 301 patients analyzed in a prespecified interim
analysis, 59% of those in the luspatercept group met the
primary endpoint, compared to 31% in the epoetin alfa group,
reflecting a significant response rate difference (P<0.0001).
Additionally, median treatment exposure was longer in the
luspatercept group. Adverse events observed with luspater-
cept included hypertension, anemia, dyspnea, neutropenia,
thrombocytopenia, pneumonia, COVID-19, and syncope,
whereas epoetin alfa was associated with similar issues,
including iron overload. Treatment-related adverse events
such as fatigue, asthenia, and headache were more frequent
in the luspatercept group. These results demonstrate that
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luspatercept is more effective than epoetin alfa in achieving
transfusion independence and increasing hemoglobin levels
in this patient population, apart from in patients without
ring sideroblasts in whom responses to luspatercept and
epoietin alfa were similar. Notably, QoL was not improved
by luspatercept. Nevertheless, both the American Food and
Drug Administration and the European Medicines Agency ap-
proved luspatercept as first-line treatment in all subgroups
of patients with transfusion-dependent, lower-risk MDS.

The IMerge trial

Imetelstat is a first-in-class telomerase inhibitor, an enzyme
that is preferentially active in clonal cells in MDS. Based
on the positive results from the initial phase Il study,” the
international, double-blind, placebo-controlled IMerge
phase Ill study investigated imetelstat in 178 patients
(118 received imetelstat, 60 placebo) with ESA-relapsed,
ESA-refractory, or ESA-ineligible lower-risk MDS (low or
intermediate-1 risk disease as per IPSS criteria).® Partici-
pants received either imetelstat (7.5 mg/kg) or a placebo
every 4 weeks as an intravenous infusion. The trial aimed
to assess the efficacy of imetelstat in achieving red blood
cell transfusion independence over 8 weeks. At the data
cutoff, 40% of the imetelstat group achieved red blood cell
transfusion independence for at least 8 weeks, compared
to 15% in the placebo group. This marked a significant
improvement, with a difference in response rate of 25%.
Surprisingly, only marginal improvements in QoL were noted.
However, higher rates of grade 3 or 4 treatment-emergent
adverse events were noted in the imetelstat group, par-
ticularly neutropenia (68%) and thrombocytopenia (62%),
which were significantly more common in this group than
in the placebo group. Remarkably, 47% of patients in the
placebo group suffered from at least one grade 3 or 4
treatment-emergent adverse event, underlining the gen-
eral vulnerability of lower-risk MDS patients. Imetelstat
represents a novel approach to the treatment of such
patients, with its mechanism of telomerase inhibition,
offering durable transfusion independence and potential
disease-modifying effects in heavily transfused lower-risk
MDS patients in second line irrespective of the presence of
ring sideroblasts. The treatment appeared especially ben-
eficial for those who had exhausted conventional options.
However, the incidence of cytopenia events necessitates
careful patient selection and management. Imetelstat was
approved by the Food and Drug Administration in June
2024 for adults with low- to intermediate-1-risk MDS and
transfusion-dependent anemia who need four or more red
blood cell units over 8 weeks and are unresponsive to or
ineligible for ESA. Approval from the European Medicines
Agency is awaited shortly.

Based on the introduction of luspatercept and imetelstat
into the treatment landscape of lower-risk MDS, we propose
the following treatment algorithm, which is summarized in
Figure 1.
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Treatment algorithm for lower-risk
myelodysplastic syndromes

The overarching principle of treatment of patients with
lower-risk MDS is adequate supportive care, consisting of
transfusions in the case of symptomatic, transfusion-de-
pendent anemia, iron chelation, as well as reducing the
risk of bleeding events and infectious complications. Fur-
thermore, recent studies demonstrated that patients with
MDS are at higher risk of bone loss Therefore, improving
bone health in patients with lower-risk MDS and osteo-
penia or overt osteoporosis has become another focus of
supportive care.

In the case of isolated symptomatic thrombocytopenia,
administration of thrombopoietin agonists, although still
not approved, is safe and effective including a reduction
in the risk of bleeding events.®

Patients with symptomatic anemia should be delineated
according to transfusion dependency. Based on two ran-
domized trials, all patients with transfusion-dependent
or -independent MDS with del(5q) should be treated with
lenalidomide.?>?" If this treatment fails, the strategy used
for non-del(5q) patients should be followed.

In non-transfusion-dependent patients, ESA remain the
standard of care for first-line treatment. Comparable to
the transfusion-dependent setting, lenalidomide can be
used after treatment failure in patients harboring del(5q).?
Autoimmune phenomena are common in patients with
MDS.2® Moreover, hyperactivation of T cells can lead to sup-
pression of hematopoiesis and the presence of paroxysmal
nocturnal hemoglobinuria or large granular lymphocyte
clones is common in patients with hypoplastic MDS.?* In
hypoplastic MDS patients, immunosuppressive treatment
with horse anti-thymocyte globulin and cyclosporine should
be implemented. Immunosuppression leads to hematologic
improvement and transfusion independency was attained in
30% of patients, with 11% achieving a complete remission.?®
In the non-del(5q) group of transfusion-dependent pa-
tients, treatment should be stratified by the presence or
absence of ring sideroblasts and/or SF3B7 mutations. In
patients presenting with an erythropoietin level exceeding
200 U/L, luspatercept should be administered as the pri-
mary treatment based on the findings from the COMMANDS
study. For individuals with erythropoietin levels below 200
U/L, ESA may be considered, particularly for those without
ring sideroblasts, although both treatments remain viable
options. Notably, patients with ring sideroblasts generally
exhibit better overall response rates with luspatercept
than with ESA.

In the transfusion-dependent group without ring sidero-
blasts or SF3B7 mutations, ESA remain the mainstay of
first-line therapy if justified by low erythropoietin levels
given that in the COMMANDS trial responses to ESA were
similar to those to luspatercept. If nonresponsive to ESA
or treatment failure occurs, imetelstat should be con-
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Supportive care (including transfusion and iron chelation)

Symptomatic
Thrombocythemia

Symptomatic Anemia

§ D NTD
i | I ,
A l l l
TPO-RA ! del(5q) non del(5q) non del(5q) del(5q)
RS/SF3B1 Non RS/SF3B1 ESA +/- GCSF
EPO < 200 EPO > 200 ESA/Luspatercept* l
l\l ¢ Failure
ESA Luspatercept Failure
< v v
v l ‘ l ¢ Hypoplastic Len 5 mg
Len Failure Failure Imetelstat l
i ATG/CsA
Imetelstat
Consideri
if possible
v : v A v
Failure Failure Failure Failure
[ [ |
y
Len**
HMA**

Allogeneic HCT

Clinical Trial

* Luspatercept can be considered as alternative based on COMMANDS trial
** Len/HMA = Lenalidomide/HMA not approved for this indication in the EU

Figure 1. Treatment algorithm for lower-risk myelodysplastic syndromes. Flow chart summarizing a treatment approach to low-
er-risk myelodysplastic syndromes. TPO-RA: thrombopoietin receptor agonist; TD: transfusion dependent; NTD: non-transfusion
dependent; del(5q): deletion of chromosome 5q; RS: ring sideroblasts; ESA: erythropoiesis-stimulating agents; Len: lenalidomide;
EPO: erythropoietin; GCSF: granulocyte colony-stimulating factor; HMA: hypomethylating agents; HCT: hematopoietic cell trans-
plantation; ATG: antithymocyte globulin; CsA: cyclosporine A; EU: European Union.

sidered in second line. However, based on the findings of
the phase Il MDS-PACE study, which enrolled 44 patients
without ring sideroblasts among the entire cohort of 108
patients,?®?” luspatercept (although not approved) can be
considered as an alternative to imetelstat in second-line
treatment of non-del(5q) transfusion-dependent patients
without ring sideroblasts or SF3B7 mutations after the
failure of ESA therapy.

Although the abovementioned treatment suggestions
for the different groups of lower-risk MDS provide a
comprehensive, risk-adapted and clinically as well as
molecularly informed approach, treatment failure due
to side effects, lack of response or progression to AML
reflect the natural history of the disease. Therefore, al-
logeneic transplantation is ultimately the only curative
treatment option for MDS patients.?®?® Hypomethylating

agents or lenalidomide (although not approved in most
of the countries) have become the standard of care for
transplant-ineligible, lower-risk MDS patients who have
none of the aforementioned therapeutic options. Still,
patients should always be evaluated for eligibility for
enrollment into clinical trials.

Ongoing trials and a look at future
treatment options in lower-risk
myelodysplastic syndromes

ELEMENT-MDS
In the phase Il COMMANDS study luspatercept significantly
increased the number of ESA-naive, lower-risk MDS pa-
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tients achieving transfusion independence for 12 weeks or
more, coupled with a hemoglobin increase of at least 1.5
g/dL, performing significantly better than ESA. However, its
effectiveness in transfusion-independent, lower-risk MDS
patients remains unexplored.

The ELEMENT-MDS study (NCT05949684), a phase Ill,
randomized, multicenter trial, is underway to evaluate the
safety and effectiveness of luspatercept versus epoetin alfa
in preventing the progression to transfusion dependence
in ESA-naive, transfusion-independent adult patients with
lower-risk MDS.*° The study targets enrolling 360 patients
with anemia categorized as having very low-, low-, or in-
termediate-risk MDS according to the IPSS-R. Candidates
are adults with a confirmed diagnosis of MDS, baseline
serum erythropoietin levels of 500 U/L or less, and clini-
cally significant anemia.

Eligible participants will be randomized equally to receive
either luspatercept every 3 weeks starting at a dose of 1.0
mg/kg (with possible escalation to 1.75 mg/kg), or weekly
epoetin alfa starting at a dose of 450 IU/kg (with a poten-
tial increase to 1,050 IU/kg). The primary measure of the
study is to determine the proportion of patients becoming
transfusion-dependent during any 16-week period within
the initial 96 weeks of treatment. Secondary outcomes
include duration of transfusion independence, time to
first transfusion dependency, improvement in hemoglobin
levels, and overall QoL. Safety assessments will focus on
types and severity of adverse events, and their connec-
tions to the treatment as well as progression into AML.
This ongoing research is pivotal in determining the poten-
tial of luspatercept as a viable alternative for lower-risk,
non-transfusion-dependent MDS patients.

AG-946

Inhibiting pyruvate kinase in patients with lower-risk MDS
is another principle that is currently being investigated in
a phase lla/b study.®'®? AG-946 acts as a small-molecule,
allosteric activator of both wild-type and mutated pyruvate
kinase R isoforms. Pyruvate kinase R is a crucial enzyme in
the glycolysis pathway, and its activation by AG-946 aims
to boost ATP production, thereby potentially alleviating
the anemia associated with MDS by improving red blood
cell survival and promoting healthier erythropoiesis. The
study of AG-946 consists of two phases: an open-label,
proof-of-concept phase (phase lla) and a randomized, dou-
ble-blind, placebo-controlled phase (phase IIb). The study
involves adult patients with anemia due to lower-risk MDS,
categorized by their transfusion needs into three groups:
non-transfusion-dependent, low transfusion burden and
high transfusion burden. Key inclusion criteria include hav-
ing documented lower-risk MDS as per the IPSS-R, with a
risk score of <3.5 and less than 5% bone marrow blasts,
and hemoglobin levels below 11.00 g/dL. In phase lla, 5 mg
of AG-946 will be administered daily for up to 172 weeks
to 20 patients. The primary endpoints for this phase are
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to achieve a significant hemoglobin response (an average
increase of 21.5 g/dL from baseline between weeks 8 and
16) and transfusion independence (no transfusions for =8
consecutive weeks) among patients with a low transfusion
burden. Safety, changes in hemoglobin levels, reduction
in transfusion requirements, and drug pharmacokinetics/
pharmacodynamics are also key areas of focus. Should
phase lla meet its predefined success criteria, phase Ilb
will proceed with 96 patients randomized to receive vary-
ing doses of AG-946 or a placebo for up to 180 weeks. The
primary endpoint for phase llb is the modified hematologic
improvement-erythroid response, which includes sus-
tained hemoglobin response, transfusion independence,
and a 50% reduction in transfusion requirements across
different groups of patients. Secondary outcomes include
overall safety, time to achieve the modified hematologic
improvement-erythroid response, and the duration of this
response.

While it is impracticable to list all ongoing clinical trials
investigating novel therapeutic options in transfusion-inde-
pendent and -dependent lower-risk MDS patients, it needs
to be mentioned that there is a discrepancy between the
prevalence of lower-risk disease and the clinical trial land-
scape. While the majority of MDS patients is considered
lower risk at primary diagnosis, only a small proportion of
clinical trials is initiated in that population and most trials
focus on higher-risk disease.*-%

Unmet needs in current clinical trials

Health-related QoL in patients with lower-risk MDS is
affected by a wide range of factors including the physical
symptoms of the disease, the side effects of treatments,
emotional well-being and social and economic impacts.
Compared to age- and sex-matched healthy individuals, pa-
tients with lower-risk MDS experience severe impediments
with regards to pain, mobility, anxiety and depression as well
as usual activities of daily living.*®¢ Nevertheless, improve-
ment of health-related QoL is oftentimes neglected as an
endpoint in clinical trials in favor of surrogate endpoints,
such as transfusion independency. While the latter might
be a suitable endpoint to measure in clinical trials, its ef-
fect on patients’ well-being remains to be elucidated and
might differ significantly between certain interventions. It
is, therefore, necessary to integrate improvements of QoL
and patient-reported outcomes as endpoints into future
clinical trials.®” Importantly, from the three aforementioned
clinical phase Il trials in lower-risk MDS, neither MEDAL-
IST nor COMMANDS found a significant improvement of
health-related QoL, although the trials met their primary
endpoints.®® So far, only IMerge found a significant im-
provement of patient-reported outcomes following the
application of imetelstat.*®* This underlines that, especially
in lower-risk patients, transfusion independency is a sub-
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optimal endpoint, since health-related QoL should be at
the center for this population.

Conclusion

Although treatment of lower-risk MDS patients focused
on supportive care in the last decades, novel insights
into the pathogenesis of the disease, improved risk
stratification and the latest positive phase Il trials have
improved the therapeutic landscape for this heteroge-
neous population. The introduction of luspatercept and
imetelstat ushered in a new era of risk-adapted treatment
in lower-risk patients. Future clinical trials will address
currently unmet needs, such as the role of novel agents
in transfusion-independent patients and will explore in-
novative modes of actions to improve the natural history
of lower-risk MDS.
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