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For patients with MDS today, how significant is the burden of anemia?
Out of all the cytopenias, anemia is by far the most common in myelodysplastic syndromes
(MDS), and particularly so for patients that have lower-risk disease. Anemia is also the
cytopenia that most commonly drives the morbidities of the disease, which are typically
fatigue, shortness of breath, dyspnea on exertion, and inability to perform daily normal
activities, all of which impacts the patient’s functional status over time.
Patients with MDS may experience a downward spiral that is often concordant with the degree
of anemia. Patients with anemia also require frequent follow-up, with patients requiring blood
as often as weekly or sometimes twice-weekly. Each transfusion typically takes 2 hours, so
these patients may be spending a considerable amount of time in cancer centers just related to
blood transfusion. These patients may require platelet transfusions, or have issues with
infectious complications as well, but in general, anemia often may be the main or sometimes
only issue in patients with lower-risk MDS. In patients with higher-risk MDS, addressing anemia
is an important part of therapy; however, we have to think of other disease-modifying
therapies as well.
What is typically your initial approach to the treatment of anemia related to MDS?
I think the first step is always asking the question: Is this patient symptomatic from their
anemia? There's significant heterogeneity in that—some patients are quite sensitive at
different hemoglobin (Hb) cut-offs, and other patients can be quite asymptomatic at very low
Hb levels. So I think the first step is to dive in deeply in with the patient, and family members
should also try to figure out whether or not they are symptomatic from their anemia.
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When Hb levels are above 10 g/dl, we typically aren’t as concerned, though I have had patients
experience symptoms above that level. In general, when we're thinking about treatment, it is in
patients that are less than 10 g/dl. Patients absolutely require blood if the Hb is less than 7 g/dl,
and then there is a gray range of Hb levels between 7 g/dl and 9 g/dl in which therapy could be
indicated depending on factors such as age, comorbidities, or clinical factors. In such cases,
erythropoiesis stimulating agents (ESAs) are typically the first line of therapy, most commonly
darbepoetin alfa, which is typically given every 3 weeks, or epoetin alfa, which is given weekly.
Response to ESAs is fairly predictable—if a patient has an erythropoietin (EPO) level greater
than 500, that predicts a very low chance of response, so a lot of people say there's no reason
to use it in that scenario. In patients that have an EPO level less than 100, response rates can be
quite high, even in the 60% to 70% realm, and they can be durable for months to years. And
then there's a gray range between 100 and 400 that is a little bit is dependent on the patient’s
transfusion burden. When the initial treatment is ESA therapy, we typically give it for at least 12
weeks to determine whether there is a response, and if no response is seen, then we are in the
refractory setting and we need to think about other therapies.
However, all patients will eventually lose response to an ESA. There may be the very rare
patient on ESA therapy for many years, say 5 years or more, but 95% of patients or more will be
off treatment in less than 2 years, and the average time on therapy with a good response is
probably around 1 year. Essentially, all patients are going to need other lines of treatment
because ESA therapy does not change the natural history of the disease. The ESAs do not treat
the underlying mutations of the disease—it’s really a supportive care measure that eventually
runs its course over time.
What is the current approach to treatment of anemia for patients who have failed ESAs?
If we look at the specific population of patients who have MDS with ring sideroblasts (MDSRS)—which means that they either have greater than 15% ring sideroblasts on bone marrow
biopsies, or they have at least higher than 5% ring sideroblasts and have a gene mutation
known as splicing factor 3b subunit 1 (SF3B1)—once these patients are ESA-refractory or
relapsed, then luspatercept would be indicated with the goal of improving anemia.1,2
Luspatercept, an erythroid maturation agent, leads to an improvement of Hb in 50% of
patients, and about 40% of patients will achieve transfusion independence (TI).2 These
responses can be durable, on the order of a year or more, although some patients have been
on luspatercept therapy for over 2 years.
The added side effect burden of luspatercept versus placebo in the randomized phase 3 trial is
very minimal. There are a limited number of side effects, such as fatigue on the day of injection,
so for most patients, it is quite well tolerated. Thus, it's very reasonable to use luspatercept in
that setting—it is not a disease-modifying therapy, but patients can have durable responses,
and biomarkers that may help predict which patients may have a response to treatment are
being sought.
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It’s unclear whether or not luspatercept has any specificity to ring sideroblasts. The MDS-RS
patient population was chosen for the phase 3 trial because they're almost always lower-risk
MDS and have issues with anemia. So although the main indication of the drug is in patients
with MDS with ring sideroblasts, there have been responses to luspatercept in phase 2 studies
in lower-risk MDS patients without the finding of ring sideroblasts.3 This has culminated with
the randomized phase 3 COMMANDS trial,1 which is comparing luspatercept versus ESAs as a
frontline treatment for all patients that have lower-risk MDS and anemia. This trial is accruing
internationally and may change the frontline standard of care for lower-risk MDS patients.
Lenalidomide is the standard of care for MDS patients with deletion 5q [del(5q)].4 We would
consider lenalidomide ahead of luspatercept in the rare del(5q) patient that also has ring
sideroblasts because it is disease-modifying. Separately, lenalidomide, particularly if used in
combination with ESA therapy, does lead to TI at levels in the upper 30-percentile range. This is
based in part on phase 3 data from the randomized phase 3 ECOG-ACRIN trial5 showing that the
combination of lenalidomide and epoetin alfa had a higher response rate compared to epoetin
alfa alone in a lower-risk MDS population who were refractory to recombinant human
erythropoietin (rHu-EPO). These responses are probably at least as durable as those responses
for luspatercept. Although lenalidomide is on-label only for MDS patients with del(5q), this
therapy, with or without ESAs, is utilized frequently in the US given lack of alternative therapies.
Lastly, a majority of US patients with transfusion-dependent MDS will ultimately receive the
hypomethylating agents (HMAs) azacitidine or decitabine.6 There is clear activity—about half of
all patients can achieve a response, and levels of true TI are again in the 30- to 40-percentile
range. However, HMAs haven’t been shown to be disease-modifying, and if patients treated
with HMAs lose response or fail to respond, the disease behaves much more like higher-risk
disease. So I would say that, as a field, we're trying to delay HMA monotherapy longer and
longer, and to use other therapies before that for our patients.7 Potentially, novel HMA
combination therapies which have shown promise in higher-risk MDS will also have more
disease modifying activity in lower-risk MDS patients, although safety will be even more
paramount in the lower-risk cohort.
How do you apply these findings and observations in clinical practice?
Practically speaking, if anemia is the main issue we're trying to mitigate, then of course
supportive care is important, and we think about ESAs upfront. For patients with MDS and ring
sideroblasts, we use luspatercept after ESA therapy. We do consider lenalidomide with ESA for
non-ring sideroblast MDS patients, and of course for patients with del(5q) MDS. Beyond that, I
highly favor clinical investigational agents or novel HMA combinations prior to HMA therapy.
The paradigm in the US for a long time has been to use HMAs because they have been one of
the only options available for so long, and so a high percentage of patients in the community
are getting this therapy. We're really recommending against doing that. Ideally, these patients
would get a second opinion at an expert center so that other therapies can be considered that
may improve their quality of life (QoL) and transfusion burden, without having the potential
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toxicity and possible disease changes that may develop as a result of using HMAs as
monotherapy.
What are some of the more promising novel approaches under investigation for the
treatment of MDS?
One of the agents that's the farthest along is imetelstat, which is a first-in-class telomerase
inhibitor. In the earlier non-randomized portion of the IMerge trial, a high percentage of
patients achieved TI on imetelstat treatment, and responses appeared to be particularly
durable.8 This has now gone into the randomized portion of the IMerge study, which is a 2:1
randomization of imetelstat versus placebo, with the primary endpoint being achievement of TI
in this patient population.9
Along those lines, we are learning a lot more about the underlying drivers of disease
pathogenesis, particularly for low-risk MDS patients. There is a complex pathway of pyroptosis
or inflammasome activation that is ultimately an inflammatory form of cell death that drives
the low blood counts in MDS. It has been shown by multiple groups that if these pathways can
be blocked, effective hematopoiesis can be restored.10 Investigations are continuing that
involve the targeting of several steps in this pathway, including the most important end
cytokine of this pathway, interleukin-1 beta (IL-1β). We and a couple of other centers will be
evaluating canakinumab, an anti-IL-1β monoclonal antibody that is approved for the treatment
of a range of periodic fever syndromes.11 Central to the pathogenesis of this pathway is the
nucleotide oligomerization domain (NOD)-like receptor protein-3 (NLRP3) inflammasome,10 so
there are a number of NLRP3-specific inhibitors that are going to enter clinical investigations
in MDS.
Another important emerging target is IL-1 receptor associated kinase 4 (IRAK4). Promising
phase 1 data on the IRAK4 inhibitor CA-4948 in patients with relapsed or refractory acute
myeloid leukemia (AML) or MDS was presented by Dr. Guillermo Garcia-Manero at the ASH
meeting12; these were higher-risk patients, but we would hypothesize that CA-4948 could also
have benefit in low-risk MDS.
Lastly, there are a number of novel HMA doublets that may change the frontline standard of
care for patients with high-risk MDS, such as azacitidine with magrolimab,13 azacitidine with
pevonedistat,14 and azacitidine with sabatolimab.15 We know that these drugs are synergistic,
so if a doublet is tolerable in patients with low-risk MDS, then I think these will be very
interesting to investigate further in the near future.
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You presented phase 1b results for the combination of magrolimab and azacitidine at the
2019 ASH conference.16 What are the latest findings for this and other HMA combinations?
The magrolimab and azacitidine doublet does have FDA breakthrough designation now for
patients with high-risk MDS. The data, as recently presented, have shown the majority of
patients, over 70%, responding, with a true complete remission rate above 40%, and the
responses appear to be rapid and durable.17 That trial is continuing to read out. There is also a
randomized phase 3 trial called the ENHANCE study14 that has been initiated, which is
evaluating the combination of magrolimab and azacitidine versus azacitidine therapy alone for
patients with high-risk MDS.
Also, far along in development is the combination of the NEDD8-activating enzyme inhibitor
pevonedistat and azacitidine.18A phase 3 trial with the primary endpoint of event-free survival
has been completed19 and we are all eagerly awaiting the results. Similar to what was seen with
magrolimab and azacitidine, the combination of pevonedistat and azacitidine shows synergistic
activity, with the majority of patients responding and 40% to 50% of patients having true
complete remissions and durable responses among patients with MDS. I think if that trial reads
positive, it would support the approval of the medication.
The other combination that is exciting, but has had a setback, is azacitidine with the mutant p53
reactivator eprenetapopt (APR-246) for the treatment of TP53-mutant MDS.22 The data have
shown very nice synergism, both in a US trial20 as well as in the Groupe Francophones des
Myélodypsplasies (GFM) parallel trial.21 However, the primary endpoint of complete remission
was not met in the phase 3 study, according to a press release issued in December 2020,
although responses were higher in the combination group as compared to azacitidine alone.
The trial is ongoing, however, and future presentations may help us understand this
combination better in the phase 3 trial setting.
There are other doublets showing responses. Probably the furthest along is the combination of
sabatolimab, which is a TIM-3 inhibitor, with azacitidine. Recently presented results of a phase
1b study also showed promising activity and durability of responses for this HMA
combination.22
What advances are you most looking forward to over the next few years with regard to the
treatment of MDS?
I think we are actively making major advances in achieving transfusion independence and
decreased transfusion burden in low-risk MDS patients that have anemia. What we really need
to do, and what I'm hopeful for, is to change the natural history of this disease. We want to be
able to treat patients with pancytopenia or other cytopenias, we want to be able to decrease
their risk for ultimately transforming to high-risk MDS or AML, and of course, we ultimately
hope this will lead to an improvement in overall survival and associated QoL improvements. If
we can fundamentally target the underlying drivers of this disease, either through targeting
inflammatory pathways, or maybe in rare patients through targetable mutations such as IDH1
or IDH2, then ideally we can change the natural history of the disease in these patients.
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