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Introduction
Myelodysplastic syndromes (MDS) are heteroge-
neous bone-marrow failure disorders which cause 
clonal ineffective hematopoiesis with dysplastic 
morphology. They are typically seen in patients in 
the seventh decade of life and usually without a 
predisposing factor.1 Owing to their heterogene-
ity, prognosis and progression to acute myeloge-
nous leukemia (AML) can vary among patients 
depending upon the risk of their disease. Upon 
initial evaluation of de novo MDS, the International 
Prognostic Scoring System (IPSS) may be used. 
In the IPSS, identified factors are marrow blast, 
karyotype, and cytopenias, however, the more 
recent revised system, IPSS-R, incorporates the 
depth of cytopenias into its scoring system. Those 

scored as low/intermediate-1 in IPSS and very 
low/low/intermediate in IPSS- R are character-
ized as low-risk MDS.2,3 However, missing from 
the scoring system is the impact of somatic muta-
tions, some of which identify a significantly worse 
prognostic risk. These are TP53, EZH2, ETV6, 
RUNX1, and ASXL1, whereas SF3B1 alone por-
tends a favorable risk.1,4–6 Despite the type of 
somatic mutations, each additional acquired 
mutation increases the risk of disease. Patients 
with intermediate-risk disease scored by IPSS-R 
are further stratified into higher or lower risk 
groups based on the presence of high-risk somatic 
mutations, an IPSS-R score of >3.5, the presence 
of circulating myeloblasts, or transfusion 
dependency.7–10
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In addition to the prognostic scoring system, 
morphology of the disease based on World Health 
Organization 2016 criteria can herald behavior. 
Patients with MDS-ring sideroblasts (RS)-single-
lineage dysplasia/MDS-RS are considered to have 
better prognosis, especially those harboring the 
SF3B1 somatic mutation. Also associated with 
good prognosis is MDS with del(5q) alone or 
with one additional abnormality (not involving 
chromosome 7). This is seen in contrast to 
patients with MDS with excess blasts who carry a 
significantly poor prognosis with median overall 
survival ranging from 5 months to 12 months and 
high time-to-disease evolution to AML.11

The degree and symptoms of cytopenias and 
increasing blast percentage may call for the initia-
tion of treatment. While low-risk disease may be 
indolent, the impact of even mild anemia on these 
elderly patients can disrupt quality of life and 
exacerbate underlying comorbid conditions.12,13

How to treat?
Our approach to evaluating patients is to first 
confirm the diagnosis. Studies suggest discrepan-
cies in diagnosis due to the complexity of mor-
phology.14 We use the IPSS-R complemented by 
data from somatic mutations identifying patients 
with low-risk MDS (LR-MDS). We consider 
LR-MDS for very low-risk IPSS-R +/– 1 high-
risk somatic mutations, low-risk IPSS-R +/– 1 
high-risk somatic mutations, very low/low/inter-
mediate-risk IPSS-R with SF3B1 somatic muta-
tions, intermediate-risk IPSS-R with no high-risk 
mutation or clinical adverse variables such as 
heavy transfusion dependency, circulating myelo-
blasts, or bone-marrow fibrosis.

If patients with LR-MDS are asymptomatic or 
have no profound cytopenia, we elect to observe 
those patients. In the majority of cases, anemia 
and red blood cell (RBC) transfusion dependency 
are the indications for treatment. Profound throm-
bocytopenia or neutropenia, if associated with 
recurrent infections, are rarely a sole indication for 
therapy in LR-MDS, however, if concomitant 
with anemia may dictate choice of therapy.

Anemia

Erythropoiesis-stimulating agents
Anemia is usually the most common cytopenia 
present in LR-MDS. Low transfusion requirement 

and serum erythropoietin levels <500 can predict 
the probability of adequate response to erythro-
poiesis-stimulating agents (ESA), such as recombi-
nant erythropoietin (EPO) or darbepoetin 
(DAR).12 Clinical studies in low-risk MDS have 
revealed response rates of 40–60% with improved 
quality of life.15–18 In a randomized controlled trial 
of EPO-alpha versus placebo in patients with 
LR-MDS, erythroid responses were evaluated by 
International working group (IWG) criteria. It was 
found that patients treated with EPO-alpha had a 
response rate of 31.8% versus 4.4% in placebo. 
However, an independent response review com-
mittee reviewed blinded data with modified IWG-
2006 criteria which resulted in a 45.9% erythroid 
response in the EPO-alpha group and continued 
4.4% in the placebo group.17 (Figure 1).

A phase III trial randomizing those with DAR-
alpha versus placebo in LR-MDS found a signifi-
cant decrease in transfusion and increased rates 
of erythroid response.18

There is no consensus about ESA, however, most 
responses have a median duration of 15–
18 months. In a phase II study, DAR, with or 
without granulocyte colony-stimulating factor 
(G-CSF), was evaluated. DAR was given once 
every 2 weeks for 12 weeks with G-CSF given at 
12 weeks to nonresponders. Erythroid response 
rate by IWG criteria was 48% and 56% at 12 
months and 24 months, respectively. In nonre-
sponders, the addition of G-CSF showed an 
erythroid response in 22% of these patients.19 
Similarly, another phase II study evaluated the 
addition of G-CSF to DAR to nonresponders and 
showed a response rate of 47%, mostly seen in 
refractory anemia with ringed sideroblasts 
(RARS).20 Additional retrospective studies 
showed that ESA + G-CSF was safe and effective 
without increasing the rate of progression to 
AML.21,22 In those patients who have lost response 
or never had a response to ESA alone, the addi-
tion of G-CSF may be able to salvage a 
response.19,22

In a small cohort of patients with LR-MDS, 
somatic mutations were evaluated for an associa-
tion with a response to ESA. In the results of a 
univariate analysis, the number of mutations cor-
related with lower hematologic improvement-
erythroid (HI-E), however it was not significant.23 
In addition, patients with LR-MDS who harbor 
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specific somatic mutations such as ASXL1, 
RUNX1, ETV6, EZH2, or TP53 may ‘step up’ 
the risk of disease despite R-IPSS.5,24

How to treat.  Our approach is to consider a trial 
of ESA as a first step for managing anemia in LR-
MDS at 40,000–60,000 units epoetin dose equiv-
alent for 8–12 weeks in patients with endogenous 
serum EPO level <500 or non-heavily RBC 
transfusion dependency. If a response is observed, 
we continue until loss of hematologic response. If 
there is no response, the addition of G-CSF is 
safe and may be appropriate to evoke a response.

Lenalidomide
In 2005, a phase I clinical trial evaluated the safety 
and efficacy of lenalidomide in patients with LS- 
MDS with refractory anemia, transfusion depend-
ency, and ESA-resistance. Of those patients, 56% 
had a hematologic response, and 63% achieved 
transfusion independence. Cytogenetic responses 
were seen in 55% of patients. Complete cytoge-
netic response was seen in 75% of patients with 
long-arm deletion of 5q31.1, and a more rapid 
time to response was observed in this group as 
well.25 Further, a phase II trial, MDS-003, evalu-
ated transfusion-dependent patients with 
LS-MDS with del(5q). Results showed 67% of 
patients achieved transfusion independence and 

45% showed complete cytogenetic resolution with 
the use of lenalidmide.26 The phase III MDS-004 
trial was a randomized, blinded, placebo-con-
trolled study conducted to further assess findings 
in the MDS-003 trial. In the treatment group, the 
dose of lenalidomide was given at 5 mg or 10 mg. 
Transfusion independence in the lenalidomide 
group (5 mg and 10 mg) compared with placebo 
was 56.1% and 42.6% versus 5.9%, respectively. 
Cytogenetic response rates were seen in 50% and 
25% of the lenalidomide group 10 mg versus 5 mg, 
respectively, and 0% in the placebo group. Risk 
reductions in AML progression and death were 
also seen in both lenalidomide groups.27 In 
patients with non-del(5q), use of lenalidomide 
alone resulted in transfusion independence rates 
of approximately 20–30%, especially in those who 
were refractory to ESA.28 Myelosuppression seen 
with neutropenia and thrombocytopenia is a com-
mon adverse effect and laboratory values need 
close monitoring during the initial weeks of treat-
ment. While most patients with del(5q) respond 
to lenalidomide, approximately 50% lose the 
response or progress in 2–3 years.26

Lenalidomide was evaluated in combination 
with ESA in patients with LS-MDS who had a 
suboptimal response to lenalidomide monother-
apy and ESA refractoriness. With combination 
therapy, erythroid response rate was 26%, and 

Figure 1.  Anemia management algorithm in LR-MDS 2020.
AZA, azacitidine; EPO, erythropoietin; ESA erythropoiesis-stimulating agents; IST, immunosuppressive therapy;  
LEN, lenalidomide; LR-MDS, low-risk myelodysplastic syndromes; MDS-RS, myelodysplastic syndromes-ring sideroblasts; 
RBC, red blood cell.
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22% achieved transfusion independence.29 A 
larger phase III confirmatory trial randomized 
patients to LR-MDS, non-del5(q), who were 
unresponsive to ESA or transfusion dependent 
with serum EPO (sEPO) >500  to receive lena-
lidomide or lenalidomide with EPO. Those with 
combination therapy had a significantly better 
major erythroid response than those with lenalid-
omide alone, 28.3% versus 11.5%, respectively. 
In addition, this response was durable with a 
median duration of 23.8 months versus 13 months. 
This demonstrated that lenalidomide restores 
sensitivity to those who are refractory to ESA.30

How to treat.  Our approach is to consider lenalid-
omide at 10 mg daily for patients with del5(q) 
LR-MDS if there is a low chance of response/no 
response to ESA. A 3-month trial of lenalidomide 
is adequate to assess response in 90% of patients. 
More than two-thirds of patients will require dose 
interruption during the first month for 3–4 weeks 
and subsequent dose reduction to 5 mg daily after 
count recovery to 70% of baseline; cytopenias are 
predictive of response. Gastrointestinal toxicity, 
rash, and muscle cramps are common side effects. 
In non-del5(q) LR MDS, we restrict use of 
lenalidomide with or without ESA to those with 
pure anemia with platelets >100 and absolute 
neutrophil count (ANC) >1000 and no prior use 
of hypomethylating agents (HMA). Cytopenias in 
non-del5(q) LR-MDS are less severe compared 
with del5(q) and nonpredictive of response.

HMA
In 2002, the CALGB reported a phase III clinical 
trial which showed HMA improved survival, 
decreased leukemic transformation, and improved 
quality of life.31 HMA use in patients with 
LR-MDS may be utilized after ESA and lenalido-
mide failure. The use of HMA resulted in hemato-
logic responses in 30–40% of cases.32,33 Dosing 
strategies were also investigated for safety and effi-
cacy. Lyons et al. developed a phase II trial which 
randomized patients to one of the three dosing 
schedules. 32 These schedules were azacitidine 
75 mg/m2 at 5 days, 5 days with a 2-day break fol-
lowed by an additional 2 days of treatment, and 
5 days with a 2-day break followed by an additional 
5 days of treatment. These were administered over 
a 28-day dosing schedule. This trial was not 
designed to compare statistical significance between 
the groups, however it did demonstrate transfusion 
independence (50–64%) and hematologic 

improvement (44–55%) in all groups within the 
first two cycles. In addition, azacitidine 5-day dos-
ing showed better tolerability and more conveni-
ence in dosing compared with the other two dosing 
schedules.32 A further study investigated azaciti-
dine 75 mg/m2 or decitabine 20 mg/m2 given over 
3 days of a 28-day dosing schedule. Hematologic 
improvement was seen in 18% of patients and 
transfusion independence was seen in 25%. 
Decitabine however did show a higher overall 
response rate, transfusion independency, and 
cytogenetic response compared with azacitidine.34 
In patients with LR-MDS, outcome after HMA 
failure is poor. One study evaluated 290 patients at 
the time of HMA failure and found that median 
transformation-free survival was 15 months and 
overall survival was 17 months.35 Some have evalu-
ated the addition of ESA to HMA but have failed to 
show a significant improvement and thus combina-
tion is not recommended due to limited efficacy 
with potential increased toxicity.8,36,37

After failure of ESA, a retrospective study evalu-
ated two groups of patients with LR-MDS: those 
who received lenalidomide before azacitidine and 
those who received it after azacitidine. It was 
found that HI-E was achieved in 38% of those 
who had received lenalidomide before azacitidine 
compared with 12% of those who had received 
lenalidomide after azacitidine.38 Further, a single 
institution, large cohort, retrospective study eval-
uated those who ultimately lose response to lena-
lidomide and the subsequent use of HMA. It was 
identified that HMA can result in a 50% response 
rate and those who had a response were found to 
have a median overall survival of 32 months.39

How to treat.  Our approach is to consider 3–5 days 
of HMA regimens in patients with LR-MDS after 
ESA/lenalidomide failure or in those with concom-
itant profound thrombocytopenia or neutropenia. 
Neutrophil response is observed in 20% of treated 
patients only. It is reasonable to consider a clinical 
trial prior to HMA in patients with LR-MDS.

Immunosuppressive therapy
Disease-specific mechanisms of MDS have been 
reported as ineffective marrow hematopoiesis, 
bone-marrow apoptosis, and potential autoim-
mune T cell-mediated cell death. Immuno
suppressive therapy (IST) has been investigated 
for targeting the autoimmune T cell-mediated 
pathogenesis of MDS. Initial prospective studies 
evaluated antithymocyte globulin (ATG) in 
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unselected patients with MDS. Response rate was 
seen in 34–50% of patients.40–42 An additional 
phase III study investigated the addition of cyclo-
sporine (CSA) to ATG compared with the best 
supportive care in all subtypes of MDS. It was 
found that hematologic response was higher with 
IST than the supportive care, however transforma-
tion-free survival and overall survival were not 
impacted.43 In addition, treatment with horse ATG 
and cyclosporine induced improved response.44

Studies looked to identify factors predictive of 
response. Factors such as young age, limited 
transfusion requirements, normal karyotype, and 
HLA-DR15, were shown to predict better 
response.45 These studies however had small 
numbers of patients for evaluation. Further, a 
recent multicenter study involving other tertiary 
care cancer centers identified a large cohort of 
patients with MDS treated with IST. This study 
evaluated these predictive factors but found them 
to be less impactful, rather, patients with hypocel-
lular bone marrow (<20%) and treatment naïvety 
were more likely to have increased rates of trans-
fusion independence.44 Additionally, a recent 
meta-analysis reviewed the use of IST in LR-MDS 
and was unable to associate specific biomarkers 
predictive of response given the overall lack of 
prospective, randomized, controlled studies.46

How to treat.  Our approach is to consider ATG/
CSA in patients with LR-MDS early in the dis-
ease and if the patient is young, has no response 
or low chance of response to ESA, no high-risk 
somatic mutations, and no SF3B1 mutation. In 
our experience bone-marrow cellularity is not 
predictive of response and IST can offer an option 
for patients with trilineage cytopenias.

Luspatercept
Treatment failure after ESA, HMA, and lenalido-
mide is an unmet need in LR-MDS. In preclinical 
data, transcription growth factor (TGF)-beta has 
proved to have an important role in MDS patho-
genesis. The TGF-beta receptor is grouped into 
three types. Activin II receptors, part of the type 
II TGF-beta superfamily, allows for recruitment 
and phosphorylation of downstream targets includ-
ing activation of inhibitory SMAD proteins. In 
MDS, TGF-beta is constitutively activated which 
contributes to ineffective erythropoiesis. Activin 
receptor II ligand traps have been found to neutral-
ize the TGF-beta superfamily and inhibition of 

SMAD proteins to allow for effective erythropoie-
sis. These novel agents, luspatercept and sotater-
cept, have been studied and found to be of benefit 
in LR-MDS.47,48

The phase II PACE-MDS trial was a single-arm 
study which evaluated the safety and efficacy of 
luspatercept in low or intermediate 1 risk MDS 
and nonproliferative chronic myelomonocytic 
leukemia with anemia regardless of RBC trans-
fusion need. Response rate of HI-E was 63% 
and transfusion independence was 38%. 
Although HI-E and RBC transfusion independ-
ence were higher in those with RS (69% and 
42%), SF3B1 somatic mutation (77% and 
44%), and sEPO <200 IU/L (76% and 53%), 
patients with contrasting characteristics still 
achieved HI-E and RBC transfusion independ-
ence: no RS (43% and 29%), no SF3B1 muta-
tion (40% and 39%), and with sEPO level 
200–500 IU/L (58% and 44%) and >500 IU/L 
(43% and 14%), at 58% and 43%, respectively. 
The safety profile was found to be favorable 
with a significant difference in adverse effects at 
increased doses.49

In further investigation, the MEDALIST trial ran-
domized patients to receive placebo or luspater-
cept subcutaneously every 3 weeks. Those included 
in the trial were patients with very low, low, and 
intermediate-risk MDS-RS, had been receiving 
frequent transfusions, and were refractory or 
unlikely to respond to ESA. Result showed that 
38% of the patients in the luspatercept group were 
transfusion independent for 8 weeks or longer, 
compared with 13% of those in the placebo group. 
Further, higher responses were observed in patients 
in the luspatercept group with a low transfusion 
burden,.50 Luspatercept was also associated with a 
very tolerable side-effect profile with infrequent 
discontinuation of treatment.49,50

In addition, a phase II study evaluated sotatercept 
in patients with LR-MDS who were transfusion 
dependent and ESA refractory. Further, previ-
ously half had received HMA or lenalidomide. 
Patients enrolled were stratified to 0.1, 0.3, 0.5, 
1.0, or 2.0 mg/kg once every 3 weeks with a pri-
mary endpoint of rate of erythroid hematologic 
improvement. Results demonstrated 49% HI-E 
according to IWG-2006. Patients were further 
classified as high transfusion burden (HTB) 
(⩾4 RBC units in 56 days) or low transfusion bur-
den (LTB) (<4 RBC units in 56 days). Results 
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demonstrated HI-E in 49% of patients, and 47% 
and 58% in those with HTB and LTB with a 
median duration of response of 169 days and 
652 days, respectively. It is important to note that 
a morphological subset of patients may have 
greater benefit with sotatercept as 59% of patients 
with at least 15% RS achieved HI-E compared 
with 22% with less than 15% RS.51

How to treat.  Our approach is to consider luspa-
tercept as first line after ESA failure or with a low 
chance of response in those patients with MDS-
RS or MDS/myeloproliferative neoplasm (MPN)-
RS-thrombocytosis. Responses seem to be higher 
if introduced before heavy RBC transfusion 
dependency. Responses can be observed early 
and dose titration may be required every third 
dose. We monitor blood pressure prior to therapy 
and fatigue is commonly observed in first two 
cycles. No data exist on use following HMA fail-
ure, however responses were observed in the 
sotatercept study.

Thrombocytopenia
Thrombocytopenia in MDS can cause significant 
bleeding and substantially impacts morbidity. 
Thrombopoietin agonists have been evaluated 
for use in this setting. In a phase I/II study, 
eltrombopag was compared with placebo in 
patients with LR-MDS and severe thrombocyto-
penia. Platelet responses were observed in 47% 
of eltrombopag recipients. Of these responses, 11 
were partial responses and 17 complete responses. 
In the placebo group, 3% of patients had a plate-
let response. Of those who were platelet transfu-
sion dependent in the eltrombopag group, 54% 
had transfusion independence whereas no 
patients in the placebo group had transfusion 
independence. Evolution to AML was seen more 
frequently in patients with refractory anemia with 
excess blasts 1. However, there was no significant 
evidence of an increased risk in eltrombopag 
recipients.52

How to treat
Our approach is to consider eltrombopag as a sin-
gle agent for patients with isolated thrombocyto-
penia LR-MDS.

Iron overload
Patients with MDS are at risk for iron overload not 
only from transfusions but also from ineffective 
iron metabolism due to ineffective erythropoiesis 

and inflammation. Iron overload in these patients 
has been associated with reduced survival. Iron 
deposition may be seen in vital organs including 
the liver, pancreas, and heart causing endorgan 
damage. Though many trials evaluating the use of 
iron chelation therapy (ICT) in LR-MDS have 
been retrospective or nonrandomized, improved 
outcomes were often seen.53–56 The TELESTO 
trial was the first prospective randomized control 
trial to evaluate the event-free survival and safety of 
ICT with deferasirox in patients with LR-MDS. 
Patients with LR-MDS and ferritin levels >1000 
were enrolled and randomized to ICT or placebo. 
The primary endpoint of event-free survival was 
defined as time to randomization to nonfatal or 
death. Results showed that patients who were 
treated with ICT had a median event-free survival 
of 3.9 years compared with 3 years in the placebo 
group. Most of the benefit was observed in reduc-
ing hospitalization for cardiac events (0.7% versus 
3.9%). Unfortunately, this trial did require a rede-
sign from phase III to phase II due to slow accrual 
causing it to be underpowered in determining 
overall survival. The side-effect profile was similar 
in both groups except for an increase in serum cre-
atinine in the ICT group.57

How to treat
Our approach is to consider oral ICT in patients 
with ferritin levels >1000 ng/ml and >15–20 units 
RBC transfusion history with a goal of a ferritin 
level <500 ng/ml. It is important to monitor kid-
ney function during treatment. We individualize 
the decision to start treatment based on risks and 
potential benefit.

Novel therapies

Roxadustat
The expression of EPO is regulated through oxy-
gen tension by oxygen-sensing enzymes, prolyl 
hydroxylase enzymes. When oxygen is decreased, 
prolyl hydroxylase activity decreases and allows for 
accumulation and transcription of hypoxia-induci-
ble factor (HIF) leading to upregulation of EPO. 
Roxadustat is a reversible HIF prolyl hydroxylase 
inhibitor which promotes the physiologic response 
to hypoxia to increase EPO. It has been used for 
the treatment of anemia in patients with chronic 
kidney disease.58 In an open-label, dose-finding 
study, roxadustat was administered to 24 transfu-
sion-dependent but LTB patients with LR-MDS. 
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Patients who had an sEPO level >400 were not 
included in this trial. Results showed 9 out of 24 
patients (38%) had achieved transfusion inde-
pendence and 58% had achieved ⩾50% reduction 
in RBC units in any 8-week period compared with 
baseline.59 The study is continuing in a phase III 
trial (NCT03263091).

Imetelstat
Telomerases help to protect regions of chromo-
somes from genomic instability causing poten-
tially catastrophic events. Telomerases are not 
constitutively active in normal tissue, however 
they have been found to be upregulated in human 
cancers.60 Imetelstat is a novel telomerase inhibi-
tor which, in preclinical data, showed activity in 
hematologic and solid tumors.61–64 With regard to 
MPNs, two pilot studies found that with ime-
telstat treatment patients were able to achieve 
durable hematologic responses with some achiev-
ing complete or partial remission.6,7 In one study, 
it was suggested that those who harbored SF3B1 
or U2AF1 mutations had higher response rates 
than those who did not.7 The most common 
adverse effect was myelosuppression.65,66 The use 
of imetelstat was evaluated in a phase II/III trial in 
patients with LR-MDS who were heavily transfu-
sion dependent and refractory to ESA. Although 
data are preliminary, hematologic improvement 
was seen in 68%, RBC transfusion independ-
ence was seen in 42%, and 24% achieved either 
a complete remission (CR) or marrow CR. 
Myelosuppression again was seen as the most 
common adverse effect. Those with the SF3B1 
mutation were associated with prolonged 
responses with reduction of variant allele fre-
quency suggesting the potential for disease-
modifying activity with use of imetelstat.65

Conclusion
As we have seen over the last decade, the treat-
ment landscape of LR-MDS is evolving from its 
backbone of ESA and HMA to becoming fur-
ther personalized based on cytogenetics, somatic 
mutations, and MDS morphology. Those with 
del5(q) have had impressive responses to lena-
lidomide allowing for its frontline use.6,25,26,29,38 
Current investigations with luspatercept in 
those with MDS-RS and SF3B1 mutation have 
also shown improved hematologic response47,49,50 
leading to its US Food and Drug Administration 
approval and now clinical trials evaluating its 

frontline use in this population (NCT03682536). 
As we continue on this trajectory to identifying 
novel therapies and molecular diagnostics, the 
future for improved LR-MDS treatment is 
promising.
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