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Abstract: For the majority of patients with lower-risk myelodysplastic syndrome (LR-
MDS), one of the primary clinical goals is to alleviate the symptoms associated with the
resultant cytopenias and to minimize the transfusion burden. While supportive red blood cell
(RBC) transfusions and erythropoiesis-stimulating agents (ESAs) may lead to clinical
improvement, frequent transfusions are often complicated by iron overload and decreased
quality of life; furthermore, most patients either do not respond to ESAs or will eventually
develop resistance. As such, there is a great need for further therapeutic options in the
management of anemia related to MDS. Several additional therapeutics are now available in
select patients with LR-MDS and symptomatic anemia including luspatercept, lenalidomide,
and immunosuppressive therapy. Furthermore, several novel agents are currently in devel-
opment to address this area of clinical need such as imetelstat and roxadustat. In this article,
we review the currently available therapeutic options for symptomatic anemia in LR-MDS as
well as review the therapeutic agents in development.

Keywords: myelodysplastic syndrome, erythropoiesis-stimulating agents, novel agents,
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Introduction

Myelodysplastic syndromes (MDS) are a heterogeneous group of hematologic
clonal malignancies characterized by dysfunctional hematopoiesis, cytopenias,
and an increased risk of progression to acute myeloid leukemia. They occur most
frequently in older adults, with a median age of diagnosis of 70 years, and so
management is often complicated by the presence of comorbidities and an inability
to tolerate intensive treatments.! The presentation of disease is heterogeneous, but
patients often manifest with symptoms related to cytopenias such as fatigue, infec-
tions, or hemorrhagic complications. A diagnostic evaluation of MDS in a patient
with unexplained persistent cytopenia(s) currently requires a bone marrow biopsy
and aspiration to detect dysplasia and assess marrow cellularity. Cytogenetic testing
is a standard of care and there is often a need to exclude other causes of
cytopenias.” Cytogenetic assessment has implications for prognosis as well as
treatment, as is the case with del (5q) and the use of lenalidomide.'” There is an
increasing awareness of the importance of molecular testing in the context of
workup and diagnosis of MDS, though their full integration remains a work in
progress.*
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The 2016 World Health Organization (WHO) classifica-
tion system for MDS differentiates between several subtypes
based on the number of dysplastic lineages and cytopenias,
the presence of ring sideroblasts, the presence of del (5q),
and the presence of excess blasts.” MDS has historically
been risk stratified by use of the International Prognostic
Scoring System (IPSS) for MDS, and more recently with the
revised-IPSS (IPSS-R).®® These tools categorize disease
risk based on cytogenetic abnormalities, the degree of cyto-
penias, and the percentage of bone marrow blasts. The IPSS-
R subdivides patients into five groups (very low-, low-,
intermediate-, high-, very high-risk) that differ in terms of
survival and risk of leukemic transformation. This is clini-
cally relevant as the treatment approach differs between
higher-risk and lower-risk patient subgroups.”'' However,
it has been well recognized that some patients with lower-
risk (LR)-MDS using IPSS or IPSS-R do not fare well.'?
Therefore, inherent limitations of the current prognostic
tools should be recognized in the process of making clinical
decision for individual patients.'”>'> The integration of
molecular assessment in risk stratification tools will likely
increase their precision and utility in clinical practice.

In patients with higher-risk MDS (HR-MDS) the goals
of treatment are to alter the natural history of the disease,
decrease to risk of leukemic progression, and improve

survival. Allogeneic hematopoietic cell transplant is the

recommended treatment option in such patients if they are
candidates for the procedure.'®'® However, most patients
are not transplant candidates, and so they are most often
treated with the hypomethylating agents azacitidine or
decitabine.”'®'7"'’ Targeted therapies are now under
investigation for HR-MDS patients such as the IDH1 and
IDH2 inhibitors which are being evaluated in clinical trials
with 20,21

Furthermore, there is a promising pipeline of novel agents

ivosidenib and enasidenib, respectively.
under active investigation in HR-MDS.?***

For patients with LR-MDS, the goals of treatment are to
improve quality of life by managing the underlying cytope-
nias and their side effects. The majority of patients are
anemic at presentation, and this represents a major clinical
challenge.® Treatment options in this group of patients
include active surveillance, red blood cell (RBC) transfu-
sions, erythropoiesis-stimulating agents (ESAs), lenalido-
mide in patients with del (5q), hypomethylating agents
(HMAs), luspatercept in patients with ring sideroblasts, and
immunosuppressive agents in a select group of patients (see
Table 1).'”?*2% While these modalities have made signifi-
cant improvements in minimizing transfusion requirements
and improving quality of life for LR-MDS patients, most
patients either are or eventually become refractory to treat-
ment and become transfusion dependent. As such, there is

significant interest in developing novel agents to manage

Table | Currently Available Agents for the Treatment of Anemia in LR-MDS

transfusion burden

Treatment | Relevant Trial Trial Population Efficacy Data Reference

Agent

Epoetin alfa NCTO01381809 LR-MDS, anemic, no or HI-E: 49.6% vs 4.4% (placebo), p<0.0001 %6
moderate transfusion burden

Darbepoetin | NCTO01362140 LR-MDS, anemic, low HI-E: 14.7% (q3 week dosing) vs 0% (placebo), p<0.0.016; | *°

HI-E 34.7% with q2 week dosing

NCT02631070
(MEDALIST Trial)

Luspatercept LR-MDS with ring sideroblasts,

transfusion dependent

TI-8w: 38% vs 13% (placebo), p<0.001 68

Lenalidomide | NCT00179621 LR-MDS with del (5q), TI-182d: 57.4% (10mg, p<0.0001 vs placebo), 37.2% (5mg, | *°
(MDS-004) transfusion dependent p=0.0001 vs placebo), 2.2% (placebo)

ATG + CSA | NCT00004208 MDS, transfusion dependent HR: 29% vs 9% (placebo), p=0.0156 %°

Azacitidine NCTO01720225 LR-MDS or MDS/MPN TI: 32% (decitabine) vs 16% (azacitidine), p=0.20 %

Decitabine NCTO01720225 LR-MDS or MDS/MPN TI: 32% (decitabine) vs 16% (azacitidine), p=0.20 %

Note: Azacitidine and decitabine are not currently licensed for use in LR-MDS in Europe.

Abbreviations: ATG, antithymocyte globulin; CSA, cyclosporin; ER, erythroid response (IWG-2006); Tl, transfusion independence; TI-8w, transfusion independence for 8
weeks or longer; TI-182, transfusion independence for 182 days; LR-MDS, lower risk myelodysplastic syndrome; MDS-RS, myelodysplastic syndrome with ring sideroblasts;
MDS/MPN-RS-T, myelodysplastic syndrome/myeloproliferative neoplasm with ring sideroblasts and thrombocytosis; HR, hematologic response (normalized blood counts or

Tl for greater than 60 days).
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Table 2 Investigational Agents for the Management of Anemia in LR-MDS

Name Mechanism of Action NCT Phase | Patient Population Intervention
Arms
Lenalidomide | Immunomodulatory agent (IMiD) NCTO01243476 | lll LR-MDS with del (5q), not transfusion Lenalidomide
dependent vs placebo
Luspatercept | TGF-beta pathway inhibitor NCTO03682536 | I LR-MDS (with or without ring Luspatercept
sideroblasts), transfusion dependent vs epoetin alfa
NCT03900715 | Il LR-MDS (with or without ring Luspatercept
sideroblasts), not transfusion dependent
Galunisertib | TGF-beta pathway inhibitor NCT02008318 | II/ll LR-MDS, transfusion dependent Galunisertib
vs placebo
KER 050 TGF-beta pathway inhibitor NCT04419649 | I LR-MDS with anemia KER 050
CC-486 Oral HMA NCTO01566695 | Il LR-MDS, transfusion dependent CC-486
vs placebo
ASTX727 Decitabine + Cedazuridine (cytidine | NCT03502668 | I/lI LR-MDS ASTX727
deaminase inhibitor)
Imetelstat Telomerase Inhibitor NCT02598661 | Il LR-MDS, transfusion dependent, ESA Imetelstat
refractory vs placebo
Roxadustat HIF-prolyl hydroxylase inhibitor NCT03263091 | I/l LR-MDS, low transfusion burden Roxadustat
vs placebo

anemia in these patients. In this article, we review the current
approach and therapeutics used to manage anemia in LR-
MDS as well as discuss novel agents under investigation (see
Table 2).

Current Treatment Paradigm

Anemia Evaluation

The initial evaluation of anemia in MDS should seek to
identify alternative etiologies for the anemia such as iron
deficiency, nutrient deficiencies, hypothyroidism, renal
disease, or gastrointestinal bleeding.?’ Copper deficiency
should be considered, especially in patients with a history
of gastrointestinal surgery or zinc supplementation, as this
can lead to hematologic abnormalities that are very similar
to MDS and which may resolve completely with supple-
mentation alone.”®?° It is also important to assess for
symptoms, as asymptomatic low-risk patients without
any significant cytopenias can undergo active surveillance
alone with deferred treatment.*°

Supportive Care and RBC Transfusions
The majority of patients with MDS will either have symp-
tomatic anemia at diagnosis or develop symptoms during

the course of their disease requiring RBC transfusion
support.*'*? Transfusion dependence is, however, asso-
ciated with a significant decrease in quality of life, health-
care costs, and complications related to iron
overload.*'**** There is no uniform consensus on transfu-
sion targets in MDS in the absence of other comorbid
conditions (such as coronary artery disease, heart failure,
or stroke); however, the National Comprehensive Cancer
Network (NCCN) recommends using the minimum num-
ber of RBC transfusions to alleviate symptoms and restore
the patient to safe hemoglobin levels.'” A retrospective
study of patients with MDS and anemia found that hemo-
globin levels <9g/dL in males or <8 g/dL in females were
associated with decreased overall survival (OS) and
increased rates of cardiac death and non-leukemic
death.®> However, there is no clear consensus on the low-
est safe threshold to forgo RBC transfusions among MDS
patients.*®*’

Although transfusions may alleviate symptoms of ane-
mia, chronic iron overload from excessive transfusions can
have a detrimental impact on cardiac and hepatic
function.”®>° Furthermore, retrospective data have sug-
gested that transfusional iron overload may be associated

with increased mortality.**** This highlights the
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importance of monitoring serum ferritin levels as well as
end-organ function for all patients receiving frequent
transfusions. Additionally, iron chelation therapy has
been studied in the transfusion-dependent LR-MDS patient
population, and retrospective data suggest that it may
improve overall survival, prolong leukemia-free survival,
and decrease cardiac event-free survival.***’ The use of
deferasirox in heavily transfusion-dependent LR-MDS
was recently evaluated in the randomized placebo-
controlled TELESTO trial, and deferasirox was found to
significantly increase event-free survival (3.9 years vs 3.0
years; HR 0.64 [CI, 0.42-0.96]), defined as time to first
non-fatal event (related to cardiac or hepatic dysfunction,
or progression to AML) or death.*® However, this trial had
several limitations such as significant under-accrual which
limited the
Furthermore, the difference in event-free survival seems

ability to assess for OS difference.
to have been driven primarily by heart failure hospitaliza-
tions and worsening cardiac function while AML progres-
the NCCN

recommends consideration of deferasirox in low and inter-

sion and OS were similar. Currently,
mediate-risk MDS patients who receive more than 20 RBC
transfusions, are anticipated to have ongoing transfusions,

or who have a ferritin above 2500 ng/mL."°

Erythropoiesis-Simulating Agents (ESAs)
For patients with low- to intermediate-risk MDS with
symptomatic anemia and low EPO levels (<500 mU/
mL), ESAs are generally an appropriate frontline treatment
option, either with or without granulocyte-colony stimulat-
ing factor (G-CSF). Both recombinant human erythropoie-
tin (rtHu EPO) and darbepoetin, a longer acting and highly
glycosylated form, are acceptable options, though darbe-
poetin-alfa has a more convenient dosing schedule.*’
Earlier trial data in anemic patients with LR-MDS
showed that erythropoietin (EPO) led to an erythroid
hematologic improvement (HI-E) response rate of 36%,
with HI-E defined as improvement of hemoglobin by at
least 1 g/dl or reduction in transfusion support by >50%
(IWG 2000 criteria).’®>" Although ESA use was not asso-
ciated with improvements in OS or leukemic progression,
those patients who did respond to ESAs had improved
survival compared with nonresponders (5.5 vs 2.3 years
median OS, p=0.004).° Another study of MDS patients
treated with EPO plus G-CSF showed similar HI-E (39%)
but did demonstrate a treatment-associated improvement
in OS (Hazard ratio [HR] 0.61 [CI, 0.44 to 0.83]) and
a median duration of response of 23 months.>® The initial

studies of darbepoetin showed erythroid response rates of
40-71% in patients with low- to intermediate-risk
MDS.>*** More recent Phase 3 data in low-risk MDS
has shown HI-E response rates of 46% in patients treated
with EPO, and 35% in patients treated with darbepoetin
(by IWG 2006 criteria).’>->

Although there is not a standardized regimen or dosing
for use of ESAs, the NCCN panel recommends their use
for symptomatic anemia in MDS with a target hemoglobin
of 10-12 g/dL."® Furthermore, the American Society of
Clinical Oncology (ASCO) and American Society of
Hematology (ASH) guidelines for management of cancer-
related anemia recommend consideration of ESAs in
patients with lower risk MDS and serum erythropoietin
levels (sEPO) below 500 TU/L.>” This is based on numer-
ous clinical trials, which have shown increased efficacy of
ESAs in lower-risk MDS patients with lower sEPO levels;
in studies using an sEPO cutoff of 500 IU/L, those with
lower sEPO levels had a 48—55% response rate to ESAs
versus 10-16% in those with higher sEPO levels.”®
However, data suggest poor compliance with these guide-
lines in use of ESAs in the community.*>>*% Factors
predictive of response to ESAs include low EPO levels,
low baseline transfusion requirements, higher baseline
hemoglobin, fewer bone marrow blasts, and normal
cytogenetics.”>>® Unfortunately, most patients who initi-
ally respond to ESAs will eventually become treatment
refractory.

It remains controversial whether or not the addition of
G-CSF to ESAs improves erythroid response rates. In
randomized trials comparing ESAs alone versus ESAs in
combination with G-CSF, HI-E rates improved by about
35% in patients receiving combination therapy; however,
the applicability of these studies to current practice is not
clear because they used low-/standard dose ESA, rather
than full-dose ESA as is currently recommended.®’*** In
fact, a meta-analysis concluded that full-dose ESA pro-
duced higher rates of HI-E (64.5%) than either standard
dose ESA alone (49%, p<0.001) or ESA in combination
with G-CSF (50.6%, p=0.007).°> Although there have
been additional studies investigating the benefit of
G-CSF in this setting, these trials have been limited by
issues of inadequate EPO dosing as well as the use of
sequential drug administration designs, in which G-CSF is
administered after a minor response or no response to
ESA; this is a suboptimal design approach as it makes it
difficult to differentiate a delayed hematologic response to
ESA from an actual response to the addition of G-CSF.
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Based on this data and these trial limitations, a recent
systemic review concluded that there is insufficient evi-
dence to strongly recommend a benefit of additional
G-CSF over full-dose ESA alone.®*

Luspatercept
Luspatercept is an erythroid maturation agent (EMA) that is
structurally formed as a recombinant fusion protein that acts
as an activin receptor ligand trap inhibiting signaling via the
transforming growth factor-p (TGF-B) pathway.** It consists
of an extracellular domain of activin receptor type IIB fused
to a human immunoglobulin G1 Fc domain. Increased acti-
vation of the TGF- has been associated with ineffective
erythropoiesis in MDS and increased downstream SMAD?2
and SMAD3 signaling.** Use of luspatercept in murine
models has demonstrated decreased SMAD2 and SMAD3
signaling, reduced erythroid hyperplasia, improved erythro-
poiesis, and improved anemia (see Figure 1).°>%°

The Phase 2 PACE-MDS trial studied the use of luspa-
tercept in anemic patients with IPSS low- or intermediate-
risk MDS or non-proliferative chronic myelomonocytic

Lenalidomide

CKla & IKZF1

CDC25C
phosphatase

Telomerase

Imetelstat

Roxadustat

HiFoq b= HIF-PH

HIF a/B heterodimer

leukemia (CMML).®” The primary end point was HI-E (by
IWG 2006 criteria), defined as a hemoglobin improvement
of 1.5 g/dL or higher for 14 days in low transfusion burden
patients, or a reduction in RBC transfusion requirement by 4
or more units over an 8-week period or a 50% reduction
from baseline. Among patients treated with higher doses of
luspatercept, HI-E response was seen in 63% and transfusion
independence was achieved in 38%. Subgroup analysis
revealed that the presence of ring sideroblasts, SF3B] muta-
tion, and positive spliceosome mutational status was asso-
ciated with increased response rates.®’

These results led to the randomized, double-blind, pla-
cebo-controlled, phase 3 MEDALIST trial, which investigated
luspatercept in patients with IPSS-R defined very low- to
intermediate-risk MDS with ring sideroblasts who were trans-
fusion dependent and who were refractory to or unlikely to
respond to ESAs. A total of 229 patients were enrolled, and
153 were assigned to receive luspatercept (1.0 to 1.75 mg/kg).
Thirty-eight percent of patients in the luspatercept group
achieved transfusion independence for 8 weeks or longer,
compared with 13% in the placebo group (p<0.001). The

Luspatercept / EMAs

TGF-B superfamily ligand ...
or activin ligand

/

SMAD 2/3

HMAs

Figure | Mechanism of action for select agents used or under investigation for the management of LR-MDS, Imetelstat directly inhibits telomerase, thus preventing
telomerase from adding telomere repeat sequences to the 3'-end of telomeres. Roxadustat inhibits HIF-PH, thus leading to decreased HIF-alpha degradation and increased
HIF-alpha signaling. Luspatercept and similar erythropoiesis maturation agents (EMAs) act as a ligand trap which prevents TGF-beta activation and leads to decreased
downstream SMAD2 and SMAD?3 signaling. Lenalidomide has a complex mechanism of action; it has a direct antiproliferative effect via inhibition of CDC25C phosphatase
which leads to cell cycle arrest; it also leads to ubiquitination of CKla and IKZFI which leads to apoptosis. Hypomethylating agents (HMA) lead to increased DNA
methylation by causing degradation of DNA methyltransferase (DNMT). This leads to decreased inactivation of tumor suppressor genes.

Abbreviations: Hypomethylating agents, (HMA); lead to increased DNA methylation by causing degradation of DNA methyltransferase, (DNMT); this leads to decreased
inactivation of tumor suppressor genes.
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median duration of the longest period of transfusion indepen-
dence was 30.6 weeks in the luspatercept group vs 13.6 weeks
in the placebo group. The drug was well tolerated; common
adverse effects included fatigue, diarrhea, asthenia, nausea,
and dizziness; however, the majority of these were grade 1
or grade 2.°® Based on these encouraging results, luspatercept
was approved by the FDA in April 2020 for the treatment of
anemia in patients with very low- to intermediate-risk MDS
with ring sideroblasts (MDS-RS) who have failed an ESA and
require at least 2 or more RBC units over 8 weeks.®’

Lenalidomide

Lenalidomide is an immunomodulatory (IMiD) agent with
a complex mechanism of action (see Figure 1), which has
shown significant benefit in patients with MDS who harbor
a deletion in the long arm of chromosome 5, del (5q).”% "%
5q deletions are relatively common in MDS, occurring in
5-15% of patients,”””> and they predict a poor response to
ESAs.”®"

Earlier trials evaluating lenalidomide in transfusion-
dependent low- or intermediate-risk MDS patients with
del (5q) demonstrated a high rate of response, with 76%
of patients having reduced transfusion requirements and
67% having transfusion independence.”® Furthermore,
73% had a cytogenetic response, and 45% had complete
cytogenetic remission. The time to response was quick
(median 4.6 weeks) and the median hemoglobin improve-
ment was 5.4 g/dl; encouragingly the duration of response
was prolonged (median duration of transfusion indepen-
dence not reached). Neutropenia and thrombocytopenia
were the most common grade 3 or 4 adverse effects
(occurring in 55% and 44% of patients, respectively).
Subsequent Phase 2/3 trials have shown similar
results.”’®' The MDS-004 study in low- to intermediate-
risk MDS with del (5q) and transfusion dependence
showed high rates of transfusion independence with lena-
lidomide 10 mg (57% vs 2% with placebo, p<0.0001) and
high rates of cytogenetic response (57% vs 0%, p<0.0001);
although lenalidomide did not improve survival, being
a responder to lenalidomide did predict increased OS.*

In patients without del (5q), lenalidomide has shown
activity, though the results have been more subdued. Phase
2 data in low- or intermediate-risk MDS without del (5q)
showed a 43% overall hematologic improvement with
lenalidomide and a 26% rate of transfusion independence
(TI); median duration of TI was 41 weeks.®® In a phase 3
trial enrolling patients with ESA refractory non-del (5q)
LR-MDS, lenalidomide plus erythropoietin beta was

shown to have higher rates of erythroid response than
23.1%,
p=0.044).®% Currently, lenalidomide is only approved for

lenalidomide alone (39.4% vs respectively,
lower-risk transfusion-dependent MDS with del (5q); how-
ever, it is often used outside this indication.

Of note, 7P53 mutations are present in about a fifth of
LR-MDS patients with del (5q), and are associated with an
increased risk of leukemic progression.** Prior studies
have shown that these patients are less sensitive to
lenalidomide.®

Retrospective data have evaluated the use of lenalido-
mide in non-transfusion dependent MDS patients; no clear
OS benefit was found compared to risk match-controls,
though these patients did appear to have an increased risk
of thromboembolic event (10.8% vs 6.0%, p=0.04) com-
pared to transfusion-dependent patients.*® However, the
question of lenalidomide’s value in non-transfusion depen-
dent patients with LR-MDS with del (5q) is currently
being investigated in a phase 3 trial (NCT01243476).

The issue of impact of sequencing of therapies on
response has been studied in retrospective analyses
which suggested that use of lenalidomide before a HMA
might be a better strategy than the reverse order.*”*® One
study evaluated 63 patients with LR-MDS who had failed
ESA and received both lenalidomide and azacitidine
third-line had
a significantly higher HI-E response rate to lenalidomide

as second- and therapy; patients
when they received it prior to azacitidine (38% vs 12%,
p=0.04), whereas response rates to azacitidine were similar
irrespective of sequencing (38% lenalidomide first vs 35%
azacitidine first, p=0.69). Notably, sequencing of lenalido-
mide and azacitidine had no impact on OS or leukemic
progression.?” In a retrospective analysis of US payer
claims database, patients who received lenalidomide first
followed by a HMA had a longer median time to insurance
disenrollment (22.4 vs 16.1 months, p<0.001), which was
used as a proxy for survival, compared to patients who
received a hypomethylating agent prior to lenalidomide.®®

High-dose lenalidomide has been used in more
advanced MDS states but therapy was poorly tolerated

with minimal activity.®’

Immunosuppressive Therapy (IST)

Immunologic dysregulation has been observed in patients
with MDS and may play a direct role in impaired hema-
topoiesis. Prior studies have observed oligoclonal T-cell
expansion in patients with MDS as well as suppression of
hematopoietic progenitors by cytotoxic T-cells.”’ This
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provides a rationale for the observed efficacy of immuno-
suppressive agents in a subset of patients with hypoplas-
tic MDS.

A 2011 phase 3 study in patients with transfusion-
dependent MDS evaluated the efficacy of horse antithymo-
cyte globulin (ATG) and cyclosporin (CSA) versus best
supportive care (BSC). The rate of hematologic response
(defined as normalization of blood counts or transfusion
independence for greater than 60 days) was significantly
higher in the ATG+CSA group, at 29% versus 9% for
BSC (p=0.0156), though there was no difference in OS or
rates of leukemic transformation.”® Prior studies have shown
that the response rate to ATG combined with CSA is higher
than it is with either agent on its own, suggesting some
degree of synergy.”! Also, it is notably that the effects of
IST have been found to be most beneficial in a subset of
patients with HLA-DR15 positivity, marrow hypoplasia,
normal cytogenetics, low-risk disease, and those with PNH
clone; however, these predictors of response are controver-
sial, as a recent large retrospective center study found only
marrow hypocellularity to be predictive of response to
IST.****% Though its role is not clearly defined, the
NCCN recommends consideration of IST in MDS patients
with symptomatic anemia, elevated EPO (>500), and good
probability of responding to IST (defined by patients <60
years old with no more than 5% bone marrow blasts, or
those with hypocellular marrow, PNH clone positivity, or
STAT-3 mutant cytotoxic T-cell clones).'”

Hypomethylating Agents

Hypomethylating agents (HMA) are thought to function
by leading to decreased methylation at DNA promotor
regions, thereby leading to re-expression of tumor suppres-
sor genes (see Figure 1).°* The HMAs azacitidine and
decitabine are standard treatment options in HR-MDS,
though they have shown modest efficacy in LR-MDS as
well. In a Phase II study of ESA refractory LR-MDS,
patients who received azacitidine had a 16% rate of trans-
fusion independence after 6 cycles, and 35% had an ery-
throid response (IWG 2000).”> Another phase II study
randomly assigned LR-MDS patients to receive either
decitabine or azacitidine; after a median follow-up of 20
months, patients who received decitabine had slightly bet-
ter rates of transfusion independence (32% vs 16%,
p=0.20) and rates of cytogenetic response (61% vs 25%,
p=0.02).”° Real-life analyses have confirmed similar rates
of TI with HMAs.”” HMAs remain a treatment considera-

tion, particularly in younger patients with aggressive

features and those who have failed other treatment options.
However, HMAs are not currently licensed for use in LR-
MDS in Europe.

Emerging Therapeutics for
Management of Anemia in LR-MDS

Erythropoiesis Maturation Agents (EMAs)
While luspatercept represents the only FDA-approved
therapeutic in MDS that functions via promotion of ery-
thropoiesis maturation, there are several other drugs that
also work via TGF-B pathway inhibition and these have
been and currently are under investigation for LR-MDS.
Sotatercept and galunisertib are both TGF-p pathway
inhibitors that lead to downstream SMAD2 and SMAD3
signaling and stimulate hematopoiesis.>*®*’ Although
these agents had promising phase 2 trial results in the
management of transfusion-dependent LR-MDS, further
clinical development has been halted for both.'%%!"!
Sotatercept was halted because the manufacturer chose to
further
development.>® Development of galunisertib was discon-

pursue luspatercept instead for clinical
tinued by the manufacturer in early 2020 for unspecified
reasons.

KER-050 is a ligand trap composed of the activin
receptor type ITA fused to the human immunoglobulin
Gl Fc domain. It has had promising results in murine
models, and is now being developed for the treatment of
cytopenias in patients with MDS and myelofibrosis
(MF).'%% 1t is currently in a phase 2 clinical trial that is
evaluating the drug’s effect on very low- to intermediate-

risk MDS patients with anemia (NCT04419649).

Novel Hypomethylating Agents

ASTX727 is a novel oral medication that combines deci-
tabine with cedazuridine, which is an inhibitor of cytidine
deaminase in the gastrointestinal tract and liver to prevent
decitabine’s breakdown and inactivation. In a recent phase
2 study, 80 patients with intermediate-1/2- or high-risk
MDS or chronic myelomonocytic leukemia (CMML)
were randomized to receive ASTX727 or IV decitabine,
with crossover occurring in cycle 2.'% Clinical responses
were observed in 48 patients (60%) including 17 (21%)
with complete response. The study showed that the effi-
cacy, side effect profile, and systemic decitabine exposure
of ASTX727 are similar to that of IV decitabine, and it
was approved by the FDA in July 2020 for IPSS inter-
mediate-1, intermediate-2, and high-risk MDS. However,
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a phase I/II trial is ongoing with oral cedazuridine/decita-
bine at a lower dose in LR-MDS (NCT03502668).
Azacitidine has also been developed as an oral agent,
CC-486, and this formulation was recently approved by
the FDA for maintenance therapy in AML patients in first
remission after induction therapy, based on the results of
the phase 3 QUAZAR AML-001 study.'® In this trial,
CC-486 maintenance therapy after induction chemother-
apy for AML led to significant improvement in median OS
compared to placebo (24.7 months vs 14.8 months,
p=0.0009). More recently, CC-486 was
a Phase III trial to assess its efficacy and safety in transfu-
sion-dependent LR-MDS (NCT01566695).'% In this trial,
significantly more patients in the CC-486 arm achieved the

studied in

primary endpoint of RBC-TI for >56 days compared to
placebo (31% vs 11%, p=0.0002). Furthermore, rates of
hematologic platelet improvement (HI-P) were greater in
the CC-486 arm (p=0.0003), though rates of HI-E were
comparable (p=0.12). While the sample size (n=215) was
not powered for interim OS analysis, no difference in OS
was seen between CC-486 and placebo (17.3 vs 16.7
months, p=0.88). Furthermore, while there was no differ-
ence in overall death rate between the two arms, there
were an increased number of early deaths in the CC-486
arm, mostly related to infection, which led to the decision
to close enrollment early.

Imetelstat
Telomeres play an important role in maintaining normal
hematopoiesis, and telomere shortening and dysregulation
of telomerase is thought to play a role in the development
of MDS and AML. Prior studies have shown that patients
with MDS have shorter telomere lengths and that shorter
telomere length is independently associated with poor
survival.'%'” While most normal human cells only
express telomerase transiently and thus develop telomere
shortening with each cell division, cancer cells often
express high levels of telomerase allowing for significant
proliferation.'®® In fact, MDS patients with increased
levels of telomerase activity (TA) have worse survival
compared to those with low TA levels.'”

Imetelstat is a potent telomerase inhibitor (see Figure
1), which has been studied in early phase trials for several
malignancies and which has already shown promising
results in the treatment of myeloproliferative neoplasms
(MPNs). In a phase 2 trial of patients with previously
treated essential thrombocythemia, imetelstat induced
a complete hematologic response in 16 of 18 patients

treated.''® A phase 2 trial in patients with myelofibrosis
showed a complete or partial response to imetelstat in 21%
of the patients, though with significant grade 4 thrombo-
cytopenia (18%), grade 4 neutropenia (12%), and grade 3
(30%).""" " The phase  2/3
(NCT02598661) is currently recruiting patients, and it is

anemia IMerge trial
investigating the use of imetelstat in patients with transfu-
sion-dependent lower-risk MDS refractory to ESAs.
Preliminary trial results, with 38 patients enrolled, showed
an 8-week transfusion independence rate of 45% with
a median TI duration of 8.5 months; TI rates did not differ
based on baseline SEPO levels. HI-E was achieved in 68%
of patients. Furthermore, five out of six patients (83%)
with intermediate- or poor-risk cytogenetics achieved
8-week TI''? While these results are preliminary, they
are encouraging.

Hypoxia-Inducible Factor Prolyl
Hydroxylase (HIF-PH) Inhibitors —

Roxadustat

Hypoxia-inducible factors (HIFs) are transcription factors
that mediate the cellular response to hypoxic conditions
via upregulation of several genes that are key to erythro-
poiesis including those for erythropoietin, the EPO recep-
tor, and proteins involved in iron metabolism.'"> In
normoxic conditions, HIF is degraded by hydroxylation
of prolyl residues of the HIF-a subunit by HIF prolyl
hydroxylases.'"* Thus, inhibition of HIF prolyl hydroxy-
lase represents an attractive target to prevent HIF degrada-
tion and thus promote erythropoiesis. In fact, several HIF
prolyl hydroxylase inhibitors have been developed for the
treatment of anemia, including daprodustat, desidustat,
roxadustat, molidustat, and vadadustat.!'>"''° While these
agents have been primarily studied in the setting of anemia
of CKD, Roxadustat is also being investigated in patients
with MDS.

Roxadustat is an oral HIF-PH inhibitor (see Figure 1).
Prior phase 2 studies in patients with anemia of chronic
kidney disease (CKD) have shown that roxadustat
increases hemoglobin levels, increases erythropoietin,
and decreases hepcidin levels.''® Phase 3 data in patients
with anemia of CKD treated with roxadustat, showed
increases in hemoglobin levels by 1.9 g/dL after 8§
weeks and also showed significant reductions in hepcidin
levels. Common adverse effects included hyperkalemia
(16%) and metabolic acidosis (12%), though serious
adverse events were rare (9% overall).'"® The drug is
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now approved for the treatment of CKD with or without
dialysis in China, and a new drug application has been
filed with the FDA in early 2020 seeking regulatory
approval in the United States. Roxadustat is currently
being studied (NCT03263091) in a phase 2/3 trial in
patients with very low- to intermediate-risk MDS and
low transfusion burden, defined as 1-4 RBC units per 8
weeks; patients also needed to have EPO levels<400
mlU/mL and to have not received an ESA within 8§
weeks.'?’ Early results from the open-label dose-finding
portion of the study have been published. Of the 24
recruited patients, 38% achieved transfusion indepen-
dence for at least 8 weeks and 17% (4/24) remained TI
for at least 20 consecutive weeks. Fifty-eight percent
achieved at least a 50% reduction in RBC units required
per 8-week period. There was an acceptable side effect
profile.'*® Based on these results, the randomized pla-
cebo-controlled portion of the trial is currently enrolling.

Enrollment in clinical trials remains very improvement
to continue to advance therapeutic options for patients
with MDS."*!

Conclusion

For patients with lower-risk MDS, the upfront treatment of
choice for the majority of patients is going to involve
supportive care and erythropoiesis-stimulating agents.
Certain subsets of patients will have additional treatment
options available that offer meaningful clinical efficacy —
in particular patients with del (5q) benefit from lenalido-
mide and those with ring sideroblasts benefit from luspa-
tercept. Hypomethylating agents and IST are also an
option for these patients in certain situation (though
HMAs are not currently licenced for use in LR-MDS in
Europe). However, the development of ESA and treatment
refractory anemia is a common and frustrating clinical
scenario. It is encouraging that there are several promising
new therapeutic options in active clinical trial develop-
ment, including EMAs, telomerase inhibitors, and HIF-
PH inhibitors.
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